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Outcomes of Revision Hip Replacement After Resection Arthroplasty
With a Non-Free Muscle Flap Transfer for Difficult-To-Treat
Periprosthetic Infection

Vitaly N. Liventsov, Svetlana A. Bozhkova, Rashid M. Tikhilov, Vasilii A. Artyukh

Vreden National Medical Research Center of Traumatology and Orthopedics, St. Petersburg, Russian Federation

Background. Resection arthroplasty with non-free muscle flap transfer allows to quickly eliminate the
infection, but resulting in functional impairment of hip joint. To date, there are only a few publications with
a small number of observations, where the proportion of patients who underwent the second stage of the
revision hip arthroplasty (frTHA) is extremely small.

The aim of the study was to evaluate the effect of resection arthroplasty on the functional outcomes and
incidence of adverse outcomes in patients with difficult-to-treat (DTT) periprosthetic infection who had
previously undergone resection arthroplasty with a non-free transfer of the axial flap fom the vastus lateralis
muscle.

Methods. The prospective study included 24 patients. During the period 2011-2021, at the first stage of the
treatment for chronic recurrent DTT PJI of the hip, resection arthroplasty was performed with a non-free
transfer of an island flap from the vastus lateralis muscle. Subsequent reimplantation of the endoprosthesis
was performed in at least 1 year after the infection remission. The functional outcomes, degree of the lower
limb shortening immediately before and in two or more years after revision arthroplasty (rTHA), the results
of the microbiological cultures at the first and second stages of P]I treatment, technical aspects of the surgery
as well as the postoperative period and long-term PJI remission were studied.

Results. Revision arthroplasty resulted in a statistically significant improvement of the postoperative
functional outcome and quality of life in patients. The average Harris score agter rTHA increased from 53
to 83 points after surgery, EQ-5D degree of the quality of life increased from 50 points to 80, the overall
score from 0.61 to 0.74 and average intensity of pain via VAS decreased from 3 points to 1 point in 3.1 years
after rTHA (p<0.05). After reEP, complete restoration of the limb length was achieved in 29.1% of cases (n =
7) with an average compensation of the limb length for 4.5 cm. In 66.7% of patients (n = 16), the results of
the intraoperative tissue biopsy microbiological analysis during reEP were culture negative. The recurrence
rate of PJI was 12.5% (n = 3) up to 30 days after rTHA and 4.2% (n = 1) with a follow-up period of 3.1 years
(IQR 2.1-4.1). With a single revision surgery performed without a delay, stable remission of DTT PJI was
95.8%.

Conclusion. Complex two-stage surgical treatment using resection arthroplasty with a non-free muscle flap
transfer at the stage of debridement and subsequent revision has demonstrated high efficiency in eliminating
the infectious process as well as restoring weight-bearing capacity and extremity function. It could be
recommended as a method of choice in the treatment of patients with DTT PJI of hip joint.

Keywords: difficult-to-treat periprosthetic infection, muscle flap, resection arthroplasty, persistent infection
remission, revision arthroplasty, long-term functional outcomes.
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Mcxoabl peBUSMOHHOIO 3HAO0NPOTE3UPOBaHMUS Ta3006eApEeHHOro cycTaBa
nocne peseKuMOHHOMU apTPONIaCcTUKU C HECBOOOAHOM NnepecanKoi
MbILLEYHOrO JIOCKYTa Y NALMEHTOB C TPYAHOU3IEHUMOM

nepunpoTesHon UHdeKuuen

B.H. JIuBeH10B, C.A. boxkkoBa, P.M. Tuxunos, B.A. ApTiox

@OI'BY «HayuoHanwHblii MeduyuHcKuli ucciedogsamenbCckuii yeHmp mpasmamonozuu
u opmoneduu um. P.P. Bpederna» Mun3dpasa Poccuu, 2. Cankm-ITemep6ype, Poccus

AxkmyanvHocms. Oniepaiiyeit BbI6Opa B ciIydae TPyIHOMU3IeYMMOit repurpore3Hoit nHbekuuyu (TU [MIIM) Ta306e1peHHO-
ro cycraBa (TBC) MokeT 6bITh pe3eKLMOHHas apTPOIIacTUKa C HECBOOOAHOI Iepecasikoil MbILIEUHOTO JIOCKYTa, KOTOpast
XapaKkTepu3yeTcst BbICOKOH 3D PeKTUBHOCTBIO KyIMPOBaHMs MHGEKIMH, HO BeleT K yXyALIeHI0 QYHKIMM OllepypOBaHHO-
ro cycraBa. Ha ceropgHsIIHMIt [eHb MpeCcTaBIeHbl TOMbKO eqMHMYHbIe TyOIMKAUU C MaJbIM KOJIMYECTBOM HAOMIOfeHNA,
B KOTOPBIX JIOJISI TAI[MeHTOB, KOTOPBIM ObLT BBITIOIHEH BTOPOIt 3Tall pedHonpoTe3upoBaHus (pedll), KpaitHe HeBelIMKa.
Ilenw uccnedosanuss — OLEHUTD BIMSHUE PEBU3MOHHOTO HAOIMPOTE3MPOBaHMS Ha QyHKI[MOHATIbHBIE Pe3yJIbTaThl U Ya-
CTOTY He6G/IaronpusITHbIX MCXOJOB Y MAI[MeHTOB, TepeHeClInX paHee Pe3eKIIMOHHYIO apTPOIUIaCTUKY C HeCBOGOIHOI rmepe-
Ca/IKO¥ 0CeBOT0 MBIIIEYHOIO JIOCKYTA U3 JIaTepabHOI MMPOKOI MBILIIIbI 6efipa MO MOBOAY TPYILHOM3IEUMMOI IepUIIPO-
Te3HOM MHpEeKLNN.

Mamepuan u memodsl. B poCIIeKTMBHOE UCCIeIOBaHMe ObUIM BKIIOUEeHbI 24 maiyeHTa, KoTopbiM ¢ 2011 mo 2021 r.
Ha TepBOM IJTalle JieyeHUs1 XpoHUUecKoit peuunusupyoueit TU TN obnactu TBC 6bl1a BBIMIOMHEHA pe3eKIMOHHAs
apTpoIUIacTHKa C HeCBOOOIHOI Mepecaikoit OCTPOBKOBOTO JIOCKYTa U3 m. vastus lateralis. [To [oCTVKeHUM IJTUTENbHOM, He
MeHee rojia, peMuccuy MHGEKIMOHHOTO MMPoIiecca BTOPBIM 3TarioM 6bLIO BbIMoNHeHO pedll. M3yuyanyu GdyHKUMOHAIbHbIE
pesynbTaThl IO LIKaje Xappuca, CTelleHb YKOPOUeHMS HYDKHEN KOHEUHOCTH JI0 1 He paHee JBYX JeT nocie pedll, pesynbra-
ThbI Ky/IbTYPaIbHOTO UCCIeIOBAaHMS Ha TIePBOM U BTOPOM 3Tarnax jedeHus [1I11, a Takke TexHUYECKMe 0COO@HHOCTY BbINOJI-
HeHMsI OTIepaTMBHOTO BMellaTelbCTBa, TeUeH)e I0C/IeoepalioHHOro nepuoaa 1 Hanuue pemuccuu IIY B oTnaneHHble
cpoku nocne pedIl.

Pe3ynvmamet. PedIl mpuBeno K CTaTUCTUUECKM 3HAUMMOMY YIy4IIeHMI0 (QYHKUMOHANIbHBIX Pe3yJbTaTOB M KauecTBa
SKM3HU MAlEeHTOB 10 CPAaBHEHMIO C T0OTepallMOHHbIMM Noka3aTensiMu. CpefHMit 6a/u1 1o mikase Xappuca yBeIuuncs
¢ 53 no omnepaiuu [0 83 rmocsie onepaiuu, cornacHo mkanae EQ-5D ymoBaeTBOPEHHOCTb KaUYeCTBOM KM3HU MalieHTaMy
MOBBICMJIACH TIPY MHAMBUIYaJIbHO olieHKe ¢ 50 6a/muioB 10 80, mo obmemy 6amry-koadduimenty c 0,61 go 0,74, a cpen-
HSISI MHTEHCUBHOCTb 60s1ieBOro cuHapoma 1o BAIIl causmnack ¢ 3 1o 1 6amna yepes 3,1 roga mocie BoinmosmHeHus: pedll
(p<0,05). [TonnHOe BocCTaHOBJIEHNME JIMHBI KOHEUHOCTM ObUIO OCTUTHYTO B 29,1% ciydyaeB (n = 7) Ipu cpefHel KOMITeHca-
MM YKOPOUEHMSI JJIMHBI KOHEUYHOCTH 4,5 cM. Y 66,7% 60bHBIX (1 = 16) pe3ynbTaThl MMKPOOMOIOTMYECKOTO MCC/IeN0BaHMS
MHTpaoIepalOHHbIX TKaHEBbIX GMONTATOB MpU BbINOMHeHUM pedll 6bUIM KyIbTypOHETaTMBHBIMU. YacToTa peluanBOB
IIITU cocraBwmia 12,5% (n = 3) B cpoku 10 30 qHeit moce pedll u 4,2% (n = 1) — ripu cpoke Habmogenus 3,1 roga (MK 2,1-
4,1). IIpoBefeHNe CBOeBPEMEHHBIX OJHOKPAaTHBIX PeBU3MOHHBIX BMeEIIAaTe/NbCTB MO3BOMIUIO JOCTUYb CTOVIKOI peMuUccumn
TU IITIN B 95,8% cityuaes.

3axnrouenue. KomniekcHOe IBYX3TallHOE XMPYPruueckoe JieyeHKe ¢ IpUMMeHeHMeM Ha 3Tare caHalMy pe3eKLIIOHHOM ap-
TPOIUIACTUKY C TIepecasikoit 0ceBOT0 MBILIEUHOTO JIOCKYTAa U3 JTaTepaabHO IIMPOKOI MBIIILIbI 6eapa 1 nocieayouum pedIT
MPOIEMOHCTPUPOBAIO BBICOKYIO 3(D(PeKTMBHOCTD B OTHOLIEHUY KyIMPOBaHMsI MHPEKIMOHHOTO Ipoliecca, a Takske BOCCTa-
HOBJIEHMSI OTIOPOCIIOCOOHOCTM U GYHKIVYM KOHeUHOCTU. [IpeyioskeHHAsI METOAVKA MOXKeT ObITh peKOMeH0BaHa Kak MeTO[L
BbIOOpA IpU ieyeHMM nanueHToB ¢ TU ITIIU B o6nactu TBC.

KiroueBble €JI0Ba: peBU3MOHHOE SHAOMPOTE3MPOBaHKe Ta306eIPeHHOr0 CYyCTaBa, TPYJHOM3/IeUMMast HePUIIPOTe3HAS MH-
(dexuMs, MBIILIEYHBIIT IOCKYT, Pe3eKIMOHHAS apTPOILIACTUKE, ITUOIOTHSI IEPUITPOTE3HON MHDERIMMN.

JinBenuioB B.H., BoxkkoBa C.A., TuxmnoB P.M., Apriox B.A. Hcxogbl peBU3MOHHOTO 3SHIOMPOTE3UPOBAHUS
Ta306eIPeHHOTO CYCTaBa MOC/Ie Pe3eKIVIOHHONM apTPOIIACTUKM C HeCBOOOIHON MepecagKoil MbIIIEYHOTO JIOCKYTa Y
MalyeHTOB C TPYAHOMU3IEUMMOI TTepUIpoTe3Hoi nHbekumein. Tpasmamonoeus u opmonedust Poccuu. 2022;28(3):5-15.
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BACKGROUND

Difficult-to-treat periprosthetic joint infection
(DTT PJI) caused by difficultly-to-eradicate (DTE)
pathogens is characterized by a chronic relaps-
ing course [1, 2, 3, 4, 5]. The efficiency of the two-
staged technique with an antimicrobial spacer
installation in PJI caused by DTE pathogens is
extremely low according to our data and publi-
cations by international authors, and excision
arthroplasty with non-free muscle flap grafting
may be the surgery of choice in such cases [6, 7, 8,
9, 10]. Radical surgical debridement with muscle
flap transplantation, which is highly effective in
stopping the infectious process, has been the gold
standard for the treatment of chronic osteomyeli-
tis of any localization, although for a long time,
and this technique is used extremely rarely in the
hip [11, 12]. This is due not only to the lack of tech-
nical skills and the ability to perform the plastic
stage of the surgery in most orthopedists but also
to the predictably low functional result of excision
arthroplasty, according to a few publications [13,
14, 15]. Limb shortening, hip pain, lack of lower
limb support ability, and the inevitable need for
additional support and assistance when walking
worsen not only the functional outcome but also
the quality of life [16, 17, 18]. Therefore, some pa-
tients are not ready to accept excision arthroplasty
as the outcome of the surgical treatment for infec-
tious process and insist on a subsequent stage of
revision total hip arthroplasty (rTHA) [19].

Moreover, extensive HJ bone defects, the risk
of infection recurrence, and/or the poor general
condition of patients are often objective reasons
for refusing further endoprosthesis reimplanta-
tion [17, 20]. Hence, to date, only a few publica-
tions with a small number of cases were reported,
with an extremely small proportion of patients
who underwent stage 2 rTHA. The rTHA was
performed only in 4 out of 18 (22%) patients ac-
cording to Sharma et al. [16] and in 4 out of 26
(15.4%) patients according to Stoklas et al. [19].
Concurrently, the risk of infectious process re-
sumption after endoprosthesis reimplantation
in this category of patients is extremely high,
and the recurrence rate of PJI can reach 43% [21,
22]. For example, Rittmeister et al. revealed pro-
longed healing of the postoperative wound in 17
out of 39 patients who underwent rTHA after ex-
cision arthroplasty, which required repeated sur-
gical intervention [23].

Expectedly, the functional results of rTHA
were predictably worse after multiple sanitizing
surgeries than after primary arthroplasty. The
difference in the length of the lower limbs can-
not be immediately eliminated in all cases due
to the pronounced cicatricial process, the pres-
ence of defects of hip bones, and the high risk
of sciatic nerve neuropathy. Therefore, up to
39% of patients have persistent lameness [22].
Rittmeister et al. revealed that the mean Harris
Hip Score (HHS) after rTHA was 62 (24-93), and
only 11.5% of the results were rated as very good,
while 88.5% were rated as poor. Concurrently,
the causative agent of PJI, the age of the patient,
the disease duration, and the number of previous
surgical interventions did not correlate in any
way with the functional outcome after rTHA [23].

The literature analysis did not reveal pub-
lished studies on the changes over time in long-
term and functional treatment results of patients
with PJI after rTHA in the HJ by DTE agents us-
ing the hip excision arthroplasty in combination
with non-free musculoplasty (NMP) in the his-
tory, which determined the aim of our study.

The study aimed to evaluate the impact of re-
vision arthroplasty on functional outcomes and
the incidence of adverse outcomes in patients
who had previously undergone excision arthro-
plasty with non-free transplantation of an axial
muscle flap from the m. vastus lateralis due to
DTT PJI.

METHODS

Study design

The single-center prospective study was con-
ducted from 2011 to 2021.

Inclusion criteria were the following:

— chronic DTT PJI caused by DTE pathogens,
namely rifampicin-resistant staphylococci, cip-
rofloxacin-resistant gram-negative bacteria, and
Candida genus fungi,

- performance of excision arthroplasty with
non-free transplantation of an island flap from
m. vastus lateralis at stage 1 of the two-staged
treatment of PJI (RF patent for the invention
2299031);

- remission of the infectious process for >1 year,

- technical feasibility of performing rTHA (se-
lection of revision systems depending on bone
defects that form the hip);
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- the absence of contraindications to rTHA
following concomitant pathology.

Of the 57 patients who underwent excision ar-
throplasty with non-free transplantation of the
island flap from m. vastus lateralis for recurrent
chronic DTT PJI in the hip area, 24 (42%) met
the inclusion criteria, including 75% males (n =
18) and 25% females (n = 6). The mean age of pa-
tients at the time of rTHA was 53 years (IQR [in-
terquartile range]: 47-64). Lesions of the left and
right hip were registered in 45.8% (n = 11) and
54.2% (n = 13) of cases.

Evaluation of results

Functional results were immediately assessed
before the excision arthroplasty and not earlier
than 2 years postoperatively. The functional re-
sults were assessed using the Harris Hip score;
the quality of life of patients was assessed using
the EQ-5D scale developed by the EuroQol Group
Association [24]; the degree of pain syndrome
was assessed using the visual analog scale (VAS)
[25]. Additionally, the subjective satisfaction of
patients with the treatment result was assessed
(answer “yes” or “no”).

During the rTHA, at least five tissue biopsies
were taken from different paraarticular tissue ar-
eas for a culture test and compared with the pre-
vious treatment stage.

Additionally, the proportion of patients with
early and delayed adverse outcomes of rTHA was
assessed. Early complications (30 days postoper-
atively) included cases that required repeated re-
vision surgery due to a hematoma in the surgical
site and/or in case of wound exudate for >7 days
and other manifestations of PJI recurrence. Late
complications included any signs of an infectious
and inflammatory process in the operated joint
area during the entire follow-up period, but not
earlier than 1 month postoperatively.

Statistical analysis

The obtained data were recorded in the form of
spreadsheets; the data structure was visualized
and analyzed using Microsoft Office Excel 2007
(Microsoft, USA) and Statistica for Windows (V.
10) software. The median (Me) was used as a
measure of the central tendency for the studied
attributes due to the small number of cases, and
the lower (Q1) and upper (Q3) quartiles (IQR 25—
75%) were used as dispersion measures. A com-
parison of quantitative characteristics between

comparison groups was performed using the
Mann-Whitney test. y2 was used to analyze rela-
tive indicators. Differences in indicators between
the groups were considered statistically signifi-
cant at p-values of <0.05.

RESULTS

The average interval between excision arthro-
plasty with NMP and rTHA in patients with DTT
PJI was 18.6 months (IQR: 12.2-29.3).

All patients used additional support while
walking upon admission for endoprosthesis re-
implantation, and most of them (87.5%) used two
crutches (n = 21). One (4.2%) patient used two
canes while walking and two (8.3%) patients used
one cane all the time.

All the included patients had a history of more
than three surgeries (Me 6, IQR: 5-7), which in-
duced the formation of significant bone defects
in the acetabulum and proximal femur. In 29.2%
of cases (n = 7), the identified defects of the ac-
etabulum corresponded to type IIIA and types
ITA-IIC in other cases; whereas, the defects of the
femur corresponded to types III and IV in 66.7%
(n = 16) of cases, according to the Paprosky clas-
sification and to types I and II in other cases.

The long duration of revision arthroplasty in
the studied group of patients (Me 140 min, IQR:
100-160) was due to several technical difficulties
associated with the altered joint anatomy. The
array of dense cicatricial tissue formed from a
long course of infectious processes and numerous
surgical interventions, and the need to maintain
a rotated muscle flap significantly hindered ac-
cess to the acetabulum. Surgical access was made
along the existing postoperative scar. Most often,
the access was made between the anterior edge
of the acetabulum and the muscle flap, which
was pushed posteriorly with Hofmann retractors.
After endoprosthesis implantation, the flap was
returned to its place, wrapping it around the en-
doprosthesis neck, thereby reducing the hip cav-
ity. In variant 2, the access was made between the
flap and the posterior edge of the acetabulum and
pushed anteriorly. Femoral components with a
cemented type of fixation were used only in 3 out
of 24 (12.5%) patients, while cementless femoral
components, mostly conical with distal fixation,
were installed in the remaining 87.5% of cases
(n = 21). Therefore, trabecular metal components
with a large number of holes were implanted into
the acetabulum. Tantalum acetabular augments
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or allogenic bone with an antibiotic were used to
replace extensive acetabular defects. A cup-cage
system was used with an antiprotrusion ring in-
stallation in three cases and an individual hemi-
spherical acetabular component in one case. The
supply of soft tissues between the fascia and the
femur due to the muscle flap prevented the en-
doprosthesis dislocation, which enabled the use
of the dual mobility system only in 6 (25%) cases,
despite a significant number of patients with a
type III-IV proximal femoral defect according to
the Paprosky classification (n = 16).

Long-term functional treatment results af-
ter rTHA were assessed after an average of 3.1
years (IQR: 2.1-4.1). The weight-bearing func-
tion of the limb was restored in all patients.
Concurrently, the proportion of patients who
used two crutches decreased by >5 times com-
pared to the preoperative period (p < 0.05), and
70.7% of patients used one cane or used no ad-
ditional support while walking (Fig. 1).
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A complete restoration of the limb length was
achieved in 29.1% of cases after the endoprosthe-
sis reimplantation (n = 7). On average, compen-
sation for limb shortening was 4.5 c¢cm, namely
from 6.5 cm (IQR: 5.0-8.0) to 2.0 cm (IQR: 0-3.8)
(p<0.05). The main reasons for the impossibility of
complete restoration of the operated limb length
were the lower limb shortening by >6 cm, the pro-
nounced cicatricial process of the paraarticular
tissues, and the high risk of sciatic nerve neu-
ropathy. Concurrently, gait disturbance of varying
degrees was noted in all patients. Additionally, al-
most all patients compensated for the limb length
with orthopedic shoes. Staged limb lengthening
by 7 cm using the apparatus of external fixation
was performed only in 1 (4.2%) case.

The study of long-term functional results af-
ter rTHA using the HHS, EQ-5D, and VAS ques-
tionnaires showed statistically significant im-
provement compared to the preoperative level
(p < 0.05) (Table 1).

Fig. 1. Distirbution of patients depending on the
used tools for additional support before
and after rTHA

" after rEP before rEP *p<0,05
Table 1
Functional results before and after revision hip arthroplasty, Me (IQR)

Indicator Before rTHA After rTHA
EQ-5D (total score factor) 0.61 (0.54-0.65) 0.74 (0.65-0.85)
EQ-5D (individual), points 50 (40-73) 80 (79-85)
HHS, points 53 (50-57) 83 (78-85)
VAS, points 3(2-3) 1(1-2)
Shortening, cm 6.5 (5.0-8.0) 2 (0-3.5)
Satisfied, n (%) 17 (70.8) 23 (95.8)

p <0.05.
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The Harris questionnaire in all patients admit-
ted for rTHA after excision arthroplasty with NMP
revealed poor functional results. Endoprosthesis
reimplantation provided a statistically signifi-
cant (p < 0.05) improvement in the functional
state of the operated joints in the vast majority
of patients 2 years postoperatively (Fig. 2).

On average, the degree of satisfaction with the
quality of life of patients after rTHA increased
statistically significantly according to individual
assessment and overall score-coefficient based
on the EQ-5D questionnaire responses. A signifi-
cant proportion of patients noted an increased
satisfaction for most of the analyzed indicators.
Preoperatively, 8.3% (n = 2) of patients had no
difficulty in mobility, and 41.7% of patients had
no difficulty postoperatively (p < 0.05). The pro-
portion of patients who noted positive dynamics
concerning pain, anxiety, and depression also in-
creased (Table 2).

Similar results were obtained during the pain
syndrome assessment according to VAS. The av-
erage intensity of the pain syndrome decreased
from 3 points (IQR: 2—-3) upon admission to stage
2 of treatment to 1 point (IQR: 1-2) 3.1 years after
rTHA (p < 0.05). Concurrently, the majority of pa-
tients (79.2%) noted a complete absence of pain

Excellent N
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Good
(80-89 points) 0%

Satisfactory
(70-79 points)

66,6%

| 20,8%
0% '

PO (T o) | —— 100%
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or minimal pain postoperatively (1-2 points)
(Table 1). The pain syndrome was regarded as
moderate by 5 (20.8%) patients postoperatively
and 12 (50%) preoperatively (p < 0.05).

All patients restored the ability to self-service,
performed independently light housekeeping,
and did not need assistance from others after
rTHA.

Of the 24 patients surveyed after rTHA, 23
(95.8%) were satisfied with the treatment results
(answer “yes” or “no”). Only one patient has a
better condition after excision arthroplasty with
NMP. A detailed examination revealed that the
pain syndrome was not arrested in the operated
joint area, which caused the forced use of two
crutches as additional support, thereby indirectly
indicating the possible vertebrogenic genesis of
the latter, although the patient noted a moderate
level of pain syndrome according to VAS.

Notably, patient satisfaction was determined
by the relief of the infectious process after long-
term treatment of repeatedly recurrent PJI,
namely the absence of a fistulous tract with pu-
rulent discharge and the need for further staged
sanitizing manipulations, while dissatisfaction
was associated with impaired limb function due
to the lack of support ability.

Fig. 2. Distribution of patients depending on the
functional outcomes from the modified Harris hip

after rEP m before rEP score before and after rTHA
* p<0,05.
Table 2
Functional results according to the EQ-5D before and after revision hip arthroplasty, n (%)
Category EQ-5D Answer option Be(fﬁrf gg{ A Aifir;l?A p
No difficulties 2 (8.3) 10 (41.7) <0.05
Minor difficulty 6 (25) 12 (50) >0.05
Mobility Moderately difficult 10 (41.7) 2 (8.3) <0.05
Great difficulty 6 (25) - >0.05
Inability to walk - - -
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End of Table 2
Category EQ-5D Answer option Be(fgrze ;Z)HA Ai’;er= r2T4})IA p
No difficulties 3(12.5) 6 (25) >0.05
Minor difficulty 5(20.8) 14 (58.3) <0.05
Self-care Moderately difficult 11 (45.8) 4(16.7) >0.05
Great difficulty 5(20.8) - >0.05
Unable to wash/dress - - -
No difficulties 14.2) 4 (16.7) >0.05
Minor difficulty 8 (33.3) 18 (75) >0.05
Habitual daily Moderately difficult 13 (54.1) 2 (8.3) <0.05
activities Very difficult 2 (8.3) - >0.05
Unable to be engaged in usual - - -
activities
No pain 3(12.5) 13 (54.1) <0.05
Minor pain 14 (58.3) 10 (41.7) >0.05
Pain, discomfort Moderate pain 7(29.2) 1(4.2) <0.05
Strong pain - - -
Extreme pain - - -
No anxiety 16 (66.7) 22 (91.7) <0.05
Minor anxiety 5(20.8) 2(8.3) >0.05
Anxiety, Moderate anxiety 3(12.5) - >0.05
depression
Severe anxiety - - -
Extreme anxiety - - -
Statistically significant results are highlighted in bold.
Table 3

Results of bacteriological examination of intraoperative materials at stages
1 and 2 of surgical treatment of patients

Pathogen

Coincidence rate of bacteriological
examination Stage 1 (excision arthroplasty with NMP) Stage 2 (rTHA)

Mycobacterium abscessus MSSA

. Candida parapsilosis + MRSA + Klebsiella | MRSE
Complete coincidence

pneumoniae

MRSE MSSE

Pseudomonas aeruginosa Pseudomonas aeruginosa + MRSE
Partial coincidence Klebsiella pneumoniae + MRSA Klebsiella pneumoniae

MRSE + Pseudomonas aeruginosa MRSE
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Microbiological examination of intraoperative
tissue biopsies after rTHA in 16 out of 24 (66.7%)
patients showed negative results. The causative
agent of PJI isolated earlier at the stage of NMP
was confirmed in 2 (8.3%) patients. The bacterio-
logical examination results did not coincide com-
pletely in 3 (12.5%) patients, while they partially
coincide in 3 (12.5%) patients (Table 3).

Postoperatively (11 and 21 days), an early re-
vision with endoprosthesis preservation and the
mobile component replacement was performed
due to PJI recurrence in 2 (8.3%) patients after
rTHA. Concurrently, MSSE strain was isolated
from tissue biopsy specimens taken during the re-
vision with the endoprosthesis preservation, while
initial DTT PJI was caused by MRSA, and the bac-
teriological examination results of tissues were
negative during rTHA in one case. The causative
agent of PJI was MRSA in another patient, which
was also confirmed during rTHA and revision with
preservation. No signs of infectious process recur-
rence were detected in these patients at the con-
trol examination from 3.0 to 3.6 years.

A fistulous tract occurred in another patient
(4.2%) with negative tissue biopsy sample culture
test results at the stage of rTHA within 30 days.
He underwent a one-stage replacement of endo-
prosthesis 44 days after rTHA. Concurrently, tis-
sue biopsy specimens were culture-negative.

In the long-term (1.5 years after rTHA), a per-
manent fistulous tract developed in one case
(4.2%); however, the patient refused surgery.
A revision intervention was performed and a
dual mobility system was installed in 2 (8.4%)
more cases, due to repeated endoprosthesis
dislocations.

DISCUSSION

Until the present, chronic PJI cannot be consid-
ered cured because bacteria can remain latent for
many years [26]. In our study, at least five tissue
biopsy specimens were taken from all patients
for bacteriological examination during rTHA.
The results were negative only in 66.7% of cases,
which coincides with the findings of Engelbrecht
et al., who detected a positive growth of micro-
organisms in 31.5% of cases, when performing
rTHA in a similar cohort of patients [27].

The incidence of early relapses of PJI up to 30
days after rTHA that was performed after excision

arthroplasty with NMP for DTT PJI was 12.5% in
our study (n = 3). Concurrently, timely single re-
vision interventions enabled the achievement
of a stable arrest of the infectious process in all
cases. Only one case (4.2%) of PJI recurrence
was identified with a median follow-up period
of 3.1 years (IQR: 2.1-4.1), which is comparable
to the frequency of infectious complications af-
ter “clean” revision interventions for HJ, which
is 4.5%-7.0%, according to several authors [28,
29, 30, 31]. According to the literature, the recur-
rence rate of infection during rTHA after excision
arthroplasty ranges from 2.3% to 43.0% [22, 23].
Notably, these studies did not consider the nature
of the pathogen when forming the study groups.
In our study, persistent remission of PJI caused
by DE agents remained after repeated endopros-
thesis implantation in 95.8% patients with previ-
ous excision arthroplasty with NMP.

The rTHA that we performed had statisti-
cally significantly improved the long-term
functional results and quality of life of pa-
tients compared with preoperative indicators.
According to the survey results, 95.8% of the
respondents were satisfied with the treatment
results. The medium-term functional results
after repeated endoprosthesis implantation,
obtained according to the HHS, were unsatis-
factory only in 8.4% of cases despite the ini-
tial extremely low level of functionality after
excision arthroplasty with NMP. Similar treat-
ment results are demonstrated by Engelbrecht
et al., who received 9% of unsatisfactory re-
sults on the HHS in their work [27]. According
to Charlton et al., the average HHS after rTHA
in a similar category of patients increased from
40 points preoperatively to 78 points postop-
eratively [22], and from 53 to 83 points in our
study, respectively. Notably, the functional
results that we obtained are comparable with
the results of rTHA for non-infectious reasons,
which vary from 80 to 91 points on the HHS ac-
cording to the literature [32, 33, 34].

Klima et al. revealed that the difference in
the length of the lower extremities as a result of
r'THA decreased on average from 6.8 cm to 1.0 cm
[35]. Our study revealed the possibility to restore
the length of the operated limb by an average of
4.5 cm. The average intensity of pain syndrome
according to VAS decreased from 3 (IQR: 2-3)
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points upon admission to stage 2 of treatment to
1 (IQR: 1-2) point 2 years after the rTHA com-
pletion. The supporting function of the limb was
restored in all patients. Preoperatively, 85% of
patients used two crutches, then postoperative-
ly, only 25% (p < 0.05) used one or two crutches
as additional support, 29.1% of patients walked
independently without means of additional sup-
port, and 45.8% of patients used a cane constant-
ly or when walking for a long time.

CONCLUSION

Complex two-staged surgical treatment with
excision arthroplasty with NMP at the stage of
sanitation and subsequent revision arthroplasty
demonstrated high efficiency in terms of arrest-
ing the infectious process, as well as restoring
weight-bearing capacity and limb function. The
obtained results enable us to recommend this
technique as a method of choice in the treatment
of patients with DTT P]JI in the hip area, despite
certain technical difficulties in performing surgi-
cal interventions.
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Background. Surgical treatment of malleoli injuries is performed according to the principles of articular
fractures management. It is particularly true for ankle injuries involving fractures of posterior edge of the tibia.
The posteromedial approach enables to improve the results of surgical treatment of patients due to the direct
reduction of tibia fragments.

Aim of the study — to evaluate the efficacy and advisability of the modified posteromedial approach in patients
with unstable fractures of malleoli and posterior edge of the tibia.

Methods. Twenty two patients with unstable fractures of malleoli and posterior edge of the tibia underwent
surgical treatment via the posteromedial approach. The X-ray control was performed the next day after the
surgery as well as 6, 12, 24 and 48 weeks from the osteosynthesis. The functional results were evaluated in 12,
24 and 48 weeks after the surgery with the use of AOFAS and Neer scales.

Results. The average duration of postoperative period (9.3£3.8 days) was mainly determined by the state of
the soft tissues. 91% of patients had anatomical reduction of posterior edge fragment of the tibia, 17 (77%)
from 22 patients demonstrated fracture consolidation in X-rays 12 weeks after the surgery and all 22 patients
(100%) 24 weeks after surgery. There were no cases of postoperative complications in patients 24 weeks after the
surgery. While managing patients the range of motion in the ankle joint increased from 41.1+6.9° 12 weeks after
the surgery to 57.3%4.6° 48 weeks after the surgery, that was statistically significant (p<0.01). The functional
results improved as well according to both AOFAS and Neer scales and this improvement was also statistically
significant (p<0.01).

Conclusion. The is rather effective in Patients with unstable fractures of malleoli and posterior edge of the tibia
had a statistically significant improvement in function after posteromedial approach.

Keywords: fracture fixation, articular fracture, malleoli fracture, posteromedial approach.
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AxmyansHocms. XUpypruyeckoe jieyeHue MOBPEXIEHMI JIOABIKEUHOTO CerMeHTa OCYILECTB/ISIeTCSI B COOTBETCTBUMU
C NpMHUIMUIIAMU JIeueHUs] BHYTPUCYCTaBHBIX IepeloMoB. [IpuMeHeHMe 3agHeMeIMalbHOIO AOCTyIA 3a CYET MPSIMO
perno3uiuy bparMeHTOB 60/blIe6epIloBOit KOCTHU MO3BOJISET YIYUIINTD Pe3Y/IbTaThl XMPYPrUUeCcKOro JeueHus mocTpa-
JaBUINX.

Liens uccnedosanus — oueHUTH 3G HEKTUBHOCTD U 11€/1eC006Pa3HOCTb IPUMeEHeHMs MOAMU(DUIIPOBAaHHOTO 3aHeMeAab-
HOTO JOCTYyIa y NAl[MeHTOB C HeCTabWIbHBIMM TIepesIoMaMu JIOAbIKeK U 3alHero Kpasi 60/b1Ie6ep1ioBoit KOCTH.
Mamepuan u memoOdsl. [IBaf1aTh ABa NalMeHTa C HeCTabMIbHBIMI MTepeoMaMi JIOAbIKEK U 3aJHero Kpast 6oibliebep-
LI0BOJ1 KOCTM IPOOINEPMPOBaHbl C IPMMEHeHMeM 3aJHeMeAaabHOr0 XUPYyPruyeckoro NOCTyna. PeHTreHomormyeckuii
KOHTPOJIb OCYILeCTBJSIM Ha CIeAyI0lInii IeHb Iocie onepauuu u uyepes 6, 12, 24 u 48 He[l. mocne ocTeocuHTe3a. OyHK-
LIMOHaJbHbIe pe3y/bTaThl JieueH!s oLleHMBaau yepe3 12, 24 u 48 Hep. mocie onepauyy 1o mkanam AOFAS u Neer.
Pezynomamost. Megyiana (Me) IIUTEeNbHOCTY TIpefoNepaliMOHHOTO Tiepuoia cocTaBuia 9 qHeit (min = 6, max = 24 nHeit, Q1-
Q3 = 7-10 gHelt) ¥ BO MHOTOM OTPENEIach COCTOTHMEM MSATKUX TKaHel. Y 91% maimeHTOB ObUIa JOCTUTHYTA aHATOMMUY-
Hasl pero3unyst pparmMeHTa 3aiHero kpasi 60/biIe6epIioBoit KocTu. PeHTreHomornvuecke Ipu3Haky CpalleHns: OTMeUeHbl
y 17 (77%) nauueHTOB Uepe3 12 Hefl. mocie onepauyuy ny 22 (100%) nauyeHToB yepes 24 Hepl. CryyaeB pa3BUTHS OCIOKHEHMIA
He BbISIB/IEHO. 3a BpeMsi Hab/moieHMst 00beM IBIKeHMI B TOJIEHOCTOITHOM CyCTaBe CTaTUCTUUYecKu 3HaunmMo (p<0,01) yBennum-
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CLINICAL STUDIES

BACKGROUND

Malleolar fractures are rather severe injuries with
high complication rate [1]. Failure in achieving
good fracture fragments reduction leads to pro-
nounced functional impairment of the ankle joint
[2]. This is more typical for unstable fractures of
the ankle joint, associated with the fracture of the
posterior edge of tibia. That is why modern trau-
ma surgery pays great attention to such type of in-
juries. The paradigm of treatment of patients with
these complex injuries have changed significantly
over the recent years. Earlier on these fractures
supposed close reduction of the posterior edge of
tibia fragment and its fixation with front to back
screws was preferable. Nowadays more and more
specialists emphasize that only precise restora-
tion of the anatomy of all injured bone structures
can ensure optimal functional recovery of the an-
kle joint and reduce the risk of clinically signifi-
cant posttraumatic arthritis [3, 4]. In accordance
with this concept, an open and precise reduction
of the posterior edge of tibia and its back to front
fixation are required, that can be performed via
posterior surgical approaches only [5].

Posterolateral approach is widely applied in
the surgical treatment of patients with unstable
malleolar fractures associated with posterior tibia
edge fracture [6, 7]. Despite the fact that this ap-
proach allows open and precise (anatomical) re-
duction of the posterior edge of tibia with simul-
taneous osteosynthesis of the lateral malleolus
and fixation of distal tibiofibular syndesmosis, it
may have disadvantages and cannot be used in
all clinical situations. In addition, most surgeons
perform it in prone position of patient, which
complicates the reduction and fixation of the
medial malleolus fragment significantly, as well
as the reduction of the anterior part of the distal
tibiofibular syndesmosis and fixation of the tibia
anterolateral fragment (Tillaux-Chaput fragment)
and the fibula anterolateral fragment (LeFort
fragment) [6]. Therefore, the injuries discussed
suppose intraoperative rotation of the patient in
case of performing posterolateral approach, which
increases the surgery time and the risk of infec-
tious complications.

In addition, the use of posterolateral approach is
also inconvenient with type 3 fracture of the poste-
rior edge of tibia according to J. Bartonicek et al. [8],
which suggests the presence of posterior fragment
of the medial malleolus. The reason is that a direct

access to the specified bone fragment via this ap-
proach is impossible. In such cases, a number of au-
thors recommend to use alternative posteromedial
approach justified in many clinical situations, since
it allows to restore the anatomy of the injured ankle
and achieve stable fixation of the posterior edge of
tibia and medial malleolus fractures [9, 10].

At the same time, the surgical technique of
posteromedial approach, its advantages, disad-
vantages and indications for clinical use for os-
teosynthesis in unstable malleolar fractures and
posterior edge of tibia have not been definitively
determined, and we have not discovered scientific
publications in Russian on this relevant problem
of modern traumatology. These reasons laid sig-
nificant groundwork for the preliminary clinical
trial, and its results are presented and discussed
in this article.

The aim of the study was to evaluate the features
of the modified posteromedial surgical approach
technique and its effectiveness for osteosynthesis
in patients with unstable malleolar fractures and
the posterior edge of tibia, as well as to clarify the
indications for its clinical use.

METHODS
Research design

A prospective multicenter cohort study was con-
ducted on the basis of the traumatology depart-
ments of two hospitals in the Leningrad region:
Vsevolozhsk Region Hospital and Tosnenskaya
Region Hospital, as well as the I.I. Dzhanelidze
St. Petersburg Institute of Emergency Medicine
in the period from 2020 to 2021.

Patients

The study group included 22 patients (5 men and
17 women) with unstable malleolar fractures as-
sociated with posterior edge of tibia fracture, who
underwent surgery performed via posteromedial
surgical approach. An important inclusion crite-
rion was the ability to evaluate the dynamics of
the functional results of treatment 12, 24 and 48
weeks after surgery. The age of patients ranged
from 31 to 80 years: median (Me) — 50.5 years,
interquartile range (IQR) — from 44 to 61 years.
As for the mechanism, most patients got in-
jured by twisting the ankle when falling from
their own height, i.e., the injury had an indirect
low-energy character. High-energy injury was di-
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agnosed in two patients who fell from a bicycle,
and two - from small height.

Preoperative examination

The type of fracture and injury of the ankle joint
structures was assessed based on the analysis of
two views of X-rays with using the classification
of the Association of Osteosynthesis (AO) [11]. 12
(55%) patients had the comminuted trans-syn-
desmotic fracture with involvement of the pos-
terior edge of tibia type 44B3, 3 (14%) patients
had simple supra-syndesmotic fracture type
44C1.3, 5 (23%) patients - comminuted fracture
type 44C2.3. 2 more patients (9%) had fibula frac-
ture localized in its upper third type 44C3.3. The
majority of patients (64%) suffered pronounced
ankle valgus deformation, lateral and posterior
subluxation of the foot.

During the treatment 19 (86%) patients got
primary reduction of fragments and cast immo-
bilization upon admission under local anesthe-
sia. However, three patients (14%) were put on
skeletal traction through the calcaneal bone due
to significant soft tissue edema and irreducible
foot subluxation. For high-quality preoperative
planning and determination of surgical tactics
(selection of approaches), all patients underwent
preoperative CT scanning of the ankle joint area

with an assessment of the fracture pattern and
the existing injury components based on 3D re-
construction, analysis of sagittal, frontal and
axial scans.

The degree of distal tibial syndesmosis disrup-
tion was determined by assessing the contours of
fibula and tibia in the distal fibular notch area by
axial CT scans. Separately the size of the frag-
ment of the posterior edge of tibia was estimated
using common method involving measuring the
proportion of the articular surface of fragment
from the entire tibial articular surface on a lateral
X-ray [7]. The configuration of the posterior edge
of tibia was determined from CT data, mainly
axial sections, using the methodology and classi-
fication of ]. Bartonicek et al. [8]. Analyzing axial
CT scans, it was possible to determine the lo-
calization and dimensions of the identified frag-
ments of the tibial articular surface interposing
the fracture line (Fig. 1).

Bone fragments were measured on lateral ra-
diographs of the ankle joint in Radiant Dicom
Viewer X-ray image viewer. In particular, the
proportion of the articular surface of the poste-
rior edge of tibia fragment was determined, and
the results were presented in the form of decimal
fractions, where the entire articular surface of
the distal tibia was taken as 1.

Fig. 1. Differences in the size of the tibia posterior edge fragment on axial CT sections
of different patients: a — intra-incisural posterolateral fragment involving 1/3-1/4 fibular incisura

(type 2 according to J. Bartonicek et al.);

b — intra-incisural posteromedial two-fragmental fracture, including the posterior part
of the fibular incisura laterally and the posterior part of the medial ankle medially

(type 3 according to J. Bartonicek et al.);

¢ — large posterolateral fragment of triangular shape, including the posterior half of the fibular incisura

(type 4 according to J. Bartonicek et al.)
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Surgical technique

The surgical technique generally corresponded to
the method of extended posteromedial approach
described by Y. Wang et al. [12]. The surgery was
performed in supine position of the patient with
the lower limb bent at the knee joint and rotated
laterally. The skin incision started 10 cm from
the level of the apex of the medial malleolus and
was extended longitudinally in the middle of the
distance between the medial edge of the Achilles
tendon and the malleolus, starting vertically at
the level of the proximal and middle thirds of the
incision, followed by anterior bend in its lower
third and extension just below apex of medial
malleolus. The fascia propria of the lower third of
the leg and the flexor tendon retinaculum were
dissected longitudinally, obtaining two possible
“surgical windows”: between the tendons of the
posterior tibial muscle and the flexor digitorum
longus, as well as between the tendons of the lat-
ter and the flexor hallucis longus. Dissection of
tissues was performed carefully due to the risk of
injury to the posterior tibial vessels and the tibial
nerve. At the same time, the indicated neurovas-
cular bundle was diverted posteriorly without its
mobilization in contrast to the generally accept-
ed technique described in the literature [4].

Bone fragments were reduced by manipulating
the fragment of the tibia posterior edge, focusing
on the upper fracture line — directly in the wound
— and the tibia articular surface, visualized using
C-arm in lateral and AP views. K-wires were used
to temporarily fix the fragment of the posterior
edge of tibia. In 3 cases (14%) it was necessary to
remove a small fragment of the articular surface
interposing between the main fragment of the
posterior edge and its bed to achieve anatomical
reduction of the posterior edge of tibia fragment.
In 1 case (4%) it was possible to perform reim-
paction of the fragment of articular surface of the
tibia posterior edge, since the impact zone was
localized on the posteromedial side of the latter,
which was the reason for choosing posteromedial
approach in this patient.

In number of cases a “pointed” bone clamp
was used for the reduction of posterior edge of
tibia fragment, placing it under visual control. If
there was a tendency to vertical displacement the
method of sequential compression on an anti-
glide plate under C-arm control was applied, i.e.,

due to the pressing of the plate to the tibia dia-
physeal part above the fracture of the posterior
edge, its correct positioning occurs (pressing to
the bed) followed by interfragmentary compres-
sion [7, 13].

Fixation of the fragment of the posterior edge
of tibia was performed using cancellous screws
4.0 mm with partial thread in 6 cases and plates
in 16 cases. Short 1/3-tubular plates with 3-5
holes, T-shaped plates from a set for fixing small
bone fragments were used, introducing 3.5 mm
cortical screws and 4.0 mm cancellous screws
with partial thread (Fig. 2). The reduction of the
medial malleolus was performed via the anterior
window of the posteromedial surgical approach
with its fixation with two cancellous screws 4.0
mm with partial thread in 15 cases, one screw and
a K-wire — in 3 cases of comminuted fractures,
and 1/3-tubular plate with 3.5 mm screws — in
1 case with a vertical fracture line. In 2 patients
without bone injury to the medial structures of
the ankle joint, the suture of the deltoid ligament
was not performed, since foot subluxation could

Fig. 2. Intraoperative image of the posteromedial
approach at the stage of fixation of the posterior
edge of the tibia with a 1/3-tubular plate:

1 — 1/3-tubular plate fixation the posterior fragment
of the tibia;

2 — posterior tibial muscle, flexor digitorum longus,
retracted by the Farabeuf hook;

3 — the flexor hallucis longus and the posterior
neurovascular bundle, retracted by the Farabeuf
hook
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be reduced after osteosynthesis of the tibia pos-
terior edge, lateral malleolus and splinting of dis-
tal tibiofibular syndesmosis.

Reduction and fixation of lateral malleolus
were performed via standard lateral approach in
supine position of the patient. In most cases, fib-
ula osteosynthesis was performed using 1/3-tu-
bular plates, 3.5 mm cortical screws and 4.0 mm
cancellous screws with partial thread. In 2 cases
of type 44 C3.3 fractures osteosynthesis of fibula
was not performed, since the fracture zone was in
its upper third. However, in both cases fixation of
the distal tibiofibular syndesmosis was performed
with a positional screw. The reconstruction of the
ankle joint was concluded by examining the sta-
bility of distal tibiofibular syndesmosis by lateral
stability stress tests [14]. In 10 cases (46%) of the
revealed lateral instability, one 3.5 mm cortical
positional screw was used to fix distal tibiofibu-
lar syndesmosis.

All stages of osteosynthesis were accompa-
nied by intraoperative fluoroscopy in standard
AP, AP with internal rotation at 15° and lateral
views. The time of each surgery was recorded and
their average duration in minutes was calculat-
ed. The surgery ended with active drainage and
wound suturing. Only skin sutures were applied
using the Allgower or Donati suture in case of ex-
cessive tension of the wound edges.

Active movements in the ankle joint were
permitted the day after the surgery. The axial
load was restricted until the appearance of ra-
diological signs of bone union. As a rule, this pe-
riod ranged between 10 and 12 weeks after the
surgery.

Results assessment

The quality of the reduction of posterior edge of
tibia fragments was determined by the presence
or absence of residual displacement along the line
of articular cartilage and/or diastasis in the frac-
ture zone on the lateral radiograph. The result of
the reduction with a complete restoration of the
anatomy of the articular surface, the absence of
diastasis between fragments and subluxation in
the ankle joint was considered excellent. A satis-
factory result suggested the presence of a step of
the articular surface and/or diastasis in the frac-
ture zone up to 2 mm; the displacement of bone

fragments along the line of the articular surface
and/or diastasis in the fracture zone of more than
2 mm and/or subluxation in the ankle joint was
considered unsatisfactory.

X-ray was performed the day after the surgery
and within 6, 12, 24 and 48 weeks after osteosyn-
thesis. All radiographs were evaluated in order to
identify possible signs of osteosynthesis failure,
implant migration, loss of reduction and increase
in deformation, as well as the appearance of ra-
diological signs of bone union of the tibia pos-
terior edge, fibula and medial malleolus. These
signs included a distinct “darkening” or disap-
pearance of the fracture line in the case of simple
fractures, as well as the appearance of a visible
callus in the area of a comminuted fracture. In
addition, standard X-rays were evaluated 24 and
48 weeks after the injury to identify the signs of
post-traumatic arthritis, especially if its symp-
toms (persistent pain syndrome, edema and pro-
nounced restriction of movements in ankle joint)
were present.

During the patients’ follow-up, attention was
paid to the maintenance of the correct relation-
ship of articular surfaces of the ankle joint, the
increase of deformation, secondary displacement
and migration of implants. The functional re-
sults of treatment were evaluated 12, 24 and 48
weeks after surgery according to the AOFAS and
Neer scales. The ankle joint range of motions was
measured within the time specified according
to standard technology using an orthopedic go-
niometer. The ankle joint range of motions was
determined as the sum of deviations from the
zero position of the foot (90° relative to the axis
of the lower leg) with its plantar and dorsal flex-
ion. The data obtained were used to evaluate the
functional results of treatment according to the
AOFAS and Neer scales.

Cases of deep and superficial infection in the
area of surgical intervention, failure of osteosyn-
thesis manifested by migration of implants, de-
layed union of fractures, secondary displacement
of fragments, post-traumatic arthritis were taken
into account analyzing early and delayed compli-
cations of surgical treatment. At the same time,
the relative values characterizing the frequency
of occurrence or proportion were expressed as a
percentage.
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Statistical analysis

Statistical analysis of the obtained quantita-
tive data was performed using Excel, as well as
Statistica 8 for Windows (StatSoft) program. The
median (Me) and interquartile range (IQR) were
calculated using the programs mentioned above
(the values of the first and third quartiles are pre-
sented). The type of distribution of the obtained
digital values was evaluated using the Shapiro-
Wilk test. Non-parametric Friedman test was
used to determine the statistical significance of
the differences between the analyzed samples
due to non-normal type of data distribution. The
statistical significance of changes during the ob-
servation period in the parameters of the ankle
joint range of motion and scores reflecting the
functional results of treatment according to the
AOFAS and Neer scales was determined.

RESULTS

CT scan of all patients before surgery allowed us
to analyze the structure of the ankle joint injury,
identify all its components and evaluate the in-
dividual architectonics of fractures, which facili-
tated preoperative planning greatly, allowing us
to determine the sequence of fixation of all inju-
ry components via rational surgical approaches.

After analysis the CT scans fractures of 3 classi-
cal components were detected in 14 patients: frac-
tures of the lower third of fibula above syndesmo-
sis, medial malleolus with a fragment of its anterior
tubercle or both tubercles, as well as the posterior
edge of tibia. Four patients had only a fracture of
the posterior tubercle of the medial malleolus adja-
cent to the fragment of the posterior edge of tibia.
In these 4 patients and in 3 more with a medial
malleolus fracture, the presence and fracture pat-
tern of its posterior tubercle were revealed only by
analyzing CT scans. Three patients had no bone in-
jury to the ankle joint medial complex, but deltoid
ligament injuries were present. Two of our patients
did not have fibula fractures in the ankle joint area
or in the lower third of the lower leg. Two patients
suffered a fracture with the presence of tibia ante-
rolateral fragment (Tillaux-Chaput fragment), and
2 more patients had a displacement of a similar
fibula anterolateral fragment (LeFort fragment). In
3 patients, according to preoperative CT scans, im-
pacted fractures of the articular surface of the pos-
terior edge of tibia were found.

Division of patients depending on the type of
fracture of the posterior edge of tibia according
to the classification of J. Bartoni¢ek et al. was
performed only after evaluation of CT data. In 13
(59%) patients the 3 type of fracture of the pos-
terior edge of tibia was identified, in 3 (14%) pa-
tients — the 2™ type, in 6 (27%) patients — the 4™
type. The Me of the fragment size of the posterior
edge of tibia was 0.28 (from 0.1 to 0.5 of the tibia
articular surface), the interquartile range was
from 0.2 to 0.4.

Thus, the use of spiral CT at the stage of pre-
operative planning revealed a wide variety of
injuries that occurred in patients with unstable
malleolar fractures and the posterior edge of tib-
ia, and also made it possible to make a reasoned
choice of tactic for fixing bone fragments.

Normalization of the soft tissues condition was
a crucial moment determining the timing of sur-
gery. The optimal time for the surgery was deter-
mined by the appearance of clinical signs of nor-
malization of microcirculation in the injury area,
manifested by regression of soft tissue edema and
epithelization of skin blisters, if they were present.
The Me duration of the preoperative period was 9
days (from 6 to 24 days), IQR — from 7 to 10 days.

Open osteosynthesis of the posterior edge of
tibia via posteromedial surgical approach allowed
to achieve its anatomical reduction in the abso-
lute majority (20 out of 22 or 91%) of patients.

An example of using the technique is shown
in Figure 3.

Results of reduction of only 2 (9%) patients
were recognized as satisfactory due to the pres-
ence of intraarticular step with a size of up to 2
mm between the posterior tibial fragment and
the rest part of articular surface, which was re-
vealed on the lateral view x-rays of ankle joint.
At the same time, no residual subluxation in the
injured joints was detected in any of the patients.

There were no local complications in the early
postoperative period. All wounds healed by pri-
mary tension without inflammation and infec-
tious complications. There was no migration of
implants and secondary displacement of frag-
ments in the early postoperative period.

The studied stage radiographs during the fol-
low-up did not reveal the failure of fixation, sec-
ondary displacement of fragments, migration of
implants in any patient. Bone union of the pos-
terior edge of tibia, lateral and medial malleolus

22 2022;28(3)

TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



CLINICAL STUDIES

was noted on X-rays in 17 (77%) of 22 patients The increment of scores over time according
examined 12 weeks after surgery, and in all pa- to both evaluation scales was statistically signifi-
tients after 24 weeks. cant (p<0.01). Only 3 (14%) patients examined

The increase over time in ankle joint range of 48 weeks after osteosynthesis had complaints
motions in patients was statistically significant of moderate pain and swelling in the ankle joint
(p<0.01) (Table 1). area after physical activity.

Fig. 3. Surgical treatment of a patient with a fracture 44C2.3:

a, b — primary X-rays in AP and lateral projections;

¢, d, e, f — CT data showing the size of the posterior edge of the tibia;

g, h — postoperative X-rays in AP and lateral projections — anatomical reposition of bone fragments
in the ankle joint;

i, j — functional result of treatment 48 weeks after injury

23 2022;28(3) TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



CLINICAL STUDIES

Table 1
Parameters of the range of motions in the ankle in dynamics
Observation period
Parameter 12 weeks. 24 weeks. 48 weeks.
The range of motions in the ankle, Median 40 55 55
deg- Min/Max 30/55 45/65 50/65
IQR 35-45 55-60 55-60
AOFAS, points Median 67,5 88 90
Min/Max 61/72 78/95 85/97
IOR 64-70 82-90 90-95
Neer, points Median 67,5 90 94
Min/Max 62/74 82/96 86/96
IOR 64-70 85-93 94-96
p<0,01.
DISCUSSION ble malleolar fractures and the posterior edge of

Fractures of the posterior edge of tibia are typi-
cal intraarticular fractures. Therefore, standard
principles of treatment of such injuries should
be applied, among which accurate (anatomical)
reduction and interfragmentary compression of
the articular surface fragments are especially
important. Nevertheless, until recently, it was
believed that these principles for fractures in
question can be applied with certain limitations.
Thus, many authors reported that only frag-
ments of the posterior edge of tibia containing
at least 1/3 of the articular surface require fixa-
tion [4, 5, 15]. In addition, a number of authors
recommend close reduction of the posterior edge
of tibia fragments with minimally invasive fixa-
tion with screws introduced from front to back
[4, 16]. However, this technique often does not al-
low anatomical reduction and reliable fixation of
fragments of the fractures discussed. Moreover,
for adequate interfragmentary compression, it
is necessary that the entire threaded part of the
screw is located in the fragment of the posterior
edge of tibia, but in case of fragment of small
size, it is technically impossible to create an in-
terfragmentary compression. It must be taken
into account that in cases of impaction of tibia
articular surface, it is impossible to achieve pre-
cise reduction. Therefore, open reduction of bone
fragments seems to be more adequate.

It should be noted that nowadays, the choice of
surgical approaches for osteosynthesis of unsta-

tibia is largely determined by the dread of trauma
surgeons to excessively injure soft tissues in the
ankle joint area, which can lead to serious com-
plications that negate even the impeccable ana-
tomical result of the surgery. As a matter of fact,
for anatomical reduction of the posterior edge of
tibia, it is necessary to perform one of posterior
approaches to the ankle joint, which increases
surgical trauma. At the same time, in order to
lessen it, it is logical to couple the fixation of the
posterior edge of tibia with osteosynthesis of one
of the malleoli via the same surgical approach.
This is exactly what surgeons do performing pos-
terolateral approach to the posterior edge of tibia
with subsequent fixation of the lateral malleolus
via the same approach [17, 18]. However, this ap-
proach does not allow adequate visualization of
the posteromedial fragment of the posterior edge
of tibia in case of type 3 fracture according to J.
Bartonicek et al. Therefore, in such cases, in our
opinion, it is logical to use posteromedial surgi-
cal approach with simultaneous fixation of frag-
ments of the posterior edge of tibia and medial
malleolus.

Surgical technique of posteromedial approach
described in the literature may somewhat differ.
So, in the manual of Ch.M. Court-Brown et al., it
is proposed to perform a longitudinal incision of
the skin in the middle of the distance between
the medial malleolus and the Achilles tendon.
After dissection of the fascia, the tendons of the
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posterior tibial muscle, flexor digitorum longus
and flexor hallucis longus muscles are identi-
fied, and the approach to the posterior edge of
tibia is provided between the last two tendons.
In this case, the posterior tibial vessels and the
tibial nerve are situated anteriorly from the ten-
don of the flexor hallucis longus. Approach to the
posterior part of the medial malleolus opens by
bypassing these vessels and nerve from the front.
At the same time, it is recommended to be careful
to avoid injury to the posterior tibial vessels and
the tibial nerve [4].

Although such approach is not used very of-
ten, it gives better visualization of the posteri-
or edge of tibia compared to the posterolateral
approach according to M. Philpott et al. [19]. M.
Assal et al. consider that the approach between
the tendon of the flexor hallucis longus from
behind and the neurovascular bundle with the
tendon of the flexor digitorum longus from the
front gives the widest (up to 91%) field of view of
the posterior edge of tibia with the least tension
of soft tissues, vessels and nerves [20]. In addi-
tion, posteromedial approach can be performed
in supine position of the patient and combined
with traditional lateral approach to the lateral
malleolus, thereby simplifying ankle joint space
orientation, including when performing intraop-
erative control radiographs [21].

Y. Wang et al. proposed a modified postero-
medial approach, which was used in our study.
According to this technique, the approach to the
posterior edge of tibia fragment is performed be-
tween the tendon of the flexor hallucis longus
and the neurovascular bundle, which is carefully
withdrawn anteriorly together with the tendon
of the flexor digitorum longus. The approach to
the posteromedial part of the medial malleolus is
made between the tendon of the flexor digitorum
longus, which is diverted posteriorly together
with the neurovascular bundle and the tendon
of the posterior tibial muscle, which is shifted
anteriorly, exposing the posterior surface of the
medial malleolus. Surgeon passing anteriorly of
the tendon of the posterior tibial muscle can get
a full view on the anterior medial malleolus via
the same approach. Thus, the authors achieved
direct visualization of both the tibia posterior
fragment and all parts of the medial malleolus
and performed an open anatomical reduction
and osteosynthesis of all fracture fragments [12].

Separate lateral approach was used with pa-
tient in the same supine position for osteosyn-
thesis of the lateral malleolus and fixation of
distal tibiofibular syndesmosis. Notably authors
obtained an anatomical reduction of the poste-
rior fragment of tibia in all 16 operated patients,
and the average functional result graded on the
AOFAS scale was 85.6 points [12].

Z.B. Lai et al. compared two groups of patients
in which they used two modifications of the pos-
teromedial approach for osteosynthesis of the
posterior edge of tibia, first passing behind the
tendon of the flexor digitorum longus, and sec-
ond anteriorly from the latter. In both groups
authors achieved anatomical reduction of the
posterior edge of tibia fragment in more than
80% of patients and good functional recovery of
ankle joint — in average more than 84 points on
the AOFAS scale. At the same time, the authors
noted even slightly better outcomes in the group
with posteromedial approach passing posteriorly
from the tendon of the flexor digitorum longus,
due to less duration of surgery. In addition, the
proportion of patients with anatomical reduction
of the posterior edge of tibia was 90.5%, and the
average functional outcome on the AOFAS scale
was 88.2 * 7.8 points. However, the advantages
identified by the authors were not statistically
significant [22].

Currently, it is obvious that CT scan is neces-
sary for adequate preoperative planning and the
choice of surgical approaches for fractures of
the posterior edge of tibia and malleoli [23]. In
case of such complex fractures G.M. Arrondo and
G. Joannas recommend to evaluate preoperative
axial CT scans first and then choose between
three types of posterior approaches depending
on the involvement of the fracture components:
posterolateral, posteromedial and modified pos-
teromedial [21].

S. Donohoe et al. state that ideas about the
pattern of fractures in discussion change in 52%
of cases after studying the CT scans, and in 44%
of cases adjustments are made to the surgery plan
and patient positioning [24]. The results of our
study confirm the data of these authors. We de-
cided on the optimal approaches for performing
osteosynthesis in each case individually depend-
ing on the fracture patterns acquired using CT
scans. For example, posteromedial surgical ap-
proach for reduction and fixation of the fracture
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was chosen in case of identifying by CT scan im-
pacted articular surface of the posterior edge of
tibia, since this approach is most convenient for
osteosynthesis and provides a better view. This
is exactly what seems essential when it is neces-
sary to eliminate the impaction, which requires
adequate visualization of the fracture zone of the
tibia articular surface.

It should be noted that our study included
patients with fractures of the posterior edge of
tibia of the 2nd, 3rd and 4th types according to
J. Bartonicek et al. requiring surgical treatment.
Thus, it was shown that the use of posteromedial
approach is possible for all the variants of frac-
tures of the posterior edge of tibia that we studied
associated with malleolar fractures. At the same
time, out of several options for posteromedial ap-
proach, we chose modified technique [12], since
in our opinion it provides the best view with the
least traction of soft tissues and neurovascular
bundle [20].

It is known that many authors perform pos-
teromedial approach with patient in prone po-
sition [21, 25]. However, we prefer to perform
it in a supine position and consider this pos-
sibility one of the advantages in some clinical
situations. These include, for example, the need
for direct anterolateral approach in combined
Tillaux-Chaput, LeFort injuries or the necessity
of visualization of the anterior portion of dis-
tal tibiofibular syndesmosis. At the same time,
supine position ma the patient does not com-
plicate the surgery and allows performing all its
stages without changing it.

In general, our accumulated clinical experi-
ence has shown that the described technique of
posteromedial surgical approach allows achiev-
ing a good anatomical result of osteosynthesis
in the vast majority of cases (91%) of unstable
malleolar fractures and the posterior edge of tib-
ia due to good visualization of the posterior edge
of tibia and intraoperative control of bone frag-
ments reduction using C-arm. This creates, in our
opinion, the necessary conditions for achieving
good functional results of surgical treatment of
patients and reduces risk of complications.

Limitations of the study

A small number of patients were included in the
study, and a comparative analysis of the results
of osteosynthesis of the studied fractures using

alternative surgical approaches on our own clini-
cal material was not performed.

CONCLUSION

Despite the fact that the present clinical study of
usage of posteromedial approach for osteosyn-
thesis of fractures of the posterior edge of tibia
and malleoli was preliminary, it can already be
stated that the approach we used has shown its
convenience and clinical effectiveness, as well as
the possibility of application for osteosynthesis
in unstable ankle fractures in many clinical situ-
ations. These, in our opinion, include first of all
cases in which the use of posterolateral approach
is impossible or excessively traumatic (the pres-
ence of a fracture of the tibia anterolateral edge,
the need for its reduction and fixation, the need
for revision of the anterior portion of the tibi-
ofibular syndesmosis), as well as fracture of the
posterior edge of tibia in combination with frac-
ture of the medial malleolus of the 3rd type by J.
Bartonicek et al. In addition, we have shown the
possibility of successful application of postero-
medial approach in other clinical situations: in
fractures of the 2nd and 4th types according to
J. Bartonicek et al. In our opinion, that indicates
that when trauma surgeons master the rational
technique of posteromedial surgical approach,
the indications for its use can be expanded.
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Trends in Revision ACL Reconstruction: Analysis of 257 Procedures
Aleksandr S. Saprykin, Mikhail V. Ryabinin, Nikolai N. Kornilov

Vreden National Medical Research Center of Traumatology and Orthopedics, St. Petersburg, Russian Federation

Background. Despite the anterior cruciate ligament reconstruction (ACL-R) is considered to be routine and
successful procedure the burden of patients who needs revision surgery is growing worldwide.

Purpose — to describe the gender and social-demographic characteristics of this cohort of patients, analyze the
reasons leading to revision ACL-R (re-ACL-R), estimate survival-ship of primary procedure as well as highlight
clinically relative aspects of revision surgery.

Methods. The database of Vreden Orthopaedic Center for the period from 01.01.2011 to 31.12.2021 searched for
patients admitted for re-ACL-R. 234 patients (257 knees) agreed to take part in the study. Patient records with
surgery reports, clinical exams and PROM’s were analyzed.

Results. There was a tendency to annual increase of re-ACL-R while the time between primary and revision
procedures was just 4.0 years in average. Young males dominated among re-ACL-R cohort (75.2%, 31.0 years).
The acute trauma prevailed over other reasons of ACL-R failure however, it was absent in 39.1% of cases. Patients
who injured performing sports were significantly younger than the rest of the cohort (p = 0.005). Allografts
were the most popular choice both for first re-ACL-R (53.0%) and re-revision ACL-R (60.9%). Interestingly that
majority of re-ACL-R were performed in one stage while two-staged approach implemented only in 4.3% of
cases.

Conclusion. The main cause for re-ACL-R is repeated injury but significant percentage of patients develops
recurrence of instability without trauma in middle-term period after ACL-R. Therefore to reduce the numbers
of re-ACL-R both the proper post-op sport injury prevention program and improvement of surgical technique
are of the same importance.

Keywords: knee, anterior cruciate ligament reconstruction, revision surgery, knee arthroscopy.
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CrpykTypa onepaumit peBUSMOHHOM MJIaCTUKM
nepepHen KpecTtoobpasHoM CBA3KK: aHanu3 257 HabnoaeHui

A.C. Canposikut, M.B. Pas6ununs, H.H. Kopauios

DI'BY «HayuoHanwbHwlli MeduyuHckuii uccuedosamensckuli yeHmp mpasmamonozuu
u opmoneduu um. P.P. Bpedena» Mun3dpasa Poccuu, 2. Carikm-ITemep6ype, Poccus

Beedenue. B Hacrosiee BpeMst Ha GoHe HIMPOKOTO PacIpoCcTpaHeHsT peKOHCTPYKLMM TiepefHei KpecToobpas-
Hoit cBsa3ku (ITKC), HecMOTpSI Ha OBOIbHO BBICOKME TTOKA3aTeIN YCIEIIHbIX MCXOH0B, BO3pacTaeT MOTPe6GHOCTh B
PEBU3MOHHBIX PEKOHCTPYKLIMSIX, KOTOPbIe O0jiee CJIOSKHBI, YeM IepBUYHbIE BMEIIaTeTbCTBA.
Lensvuccnedosanus —Vi3y9nTb CTPYKTYPY OTIepaLiyii peBU3MOHHO PEKOHCTPYKIIMY ITepelHe i KpeCcToobpa3Hoii
CBSI3KMU, ONPEAEIUTH POJIb IOBTOPHON TPaBMbI B MPUUMHAX HECOCTOSITE/IbHOCTY ITEPBUYHOIO TPAHCIIJIAaHTATa,
00beM BMeIIaTeIbCTB, & TAK)KE CPOKM C MOMEHTA BBITIOTHEHUS MIpeIIIeCTBYIONIel orepanun.

Mamepuan u memodet. IIpoBeieH peTpo- U MPOCIIEKTUBHBIN aHamm3 257 peBM3MOHHBIX peKoHCTpyKiuit [TKC y
234 nanueHTOB, BoinoaHeHHbIX B HMULL TO nm. P.P. Bpenena ¢ 2011 o 2021 r. ViccnemoBaHMe BKIKOYAIO OLIEHKY
TI0JIOBO3PACTHOTO COCTABA MAIMEHTOB, TPUYNH BbITIOTHEHHBIX peBU3Mii, 00beMa ¥ 0COOeHHOCTel BMellaTe/lbCTB,
a TaK’Ke CPOKOB C MOMEHTA BBITIOJIHEHYS IIpeliecTByollelt pekoHCcTpyKunm ITKC.

Pesynomampt. OTMeveHa TeHAEHIMS K  €XErogHOMY pOCTY KOJIMYECTBA  BBIMIOJTHSEMBIX  pe-
BU3MOHHBIX pekoHcTpykuuii  IIKC, mpuyem MenmaHa CpoKa  BBIIIOJHEHMSI pPEeBU3UM  COCTaB-
jsger Bcero 4,0 roma. Cpegu  IauMEHTOB, KOTOPBIM  BBINOJHSUIACh  PEBU3MOHHAST  PEKOH-
crpykius  I[IKC, mpeobnaganu wmyskumHbl (75,2%), a MemmaHa Bo3pacra coctaBwia 31,0 rop
(25,0-36,0 1eT). Cpeny mpuunH peBU3MOHHO mactvky [TKC Ha mepBoM MecTe 6blTa ITOBTOPHAS TPaBMa, OJTHa -
KO B 38,9% HabofeHnit oHa OTCYTCTBOBAaA. [lalyeHThl, TOMyYMBIIMe TOBTOPHYIO TPABMY BO BpeMs 3aHSITUI
CIIOPTOM, OBIIV TOCTOBEPHO MOJIOKE OCTaIbHOI KoropTsl (p = 0,005). Hanbosee MomyasspHbIMU ITPU PEBU3MOH-
HoV pekoHCTpyKIMM [TKC 6111 TpaHCIUIAHTAThI a/UIOT€HHOTO MPOMCXOKAEHMS: OHU UCIIONIb30BaINCh B 53,0%
Cy4dasix MepBUYHBIX peBu3uit u B 60,9% MOBTOPHBIX peBU3UIA. BOMBIIMHCTBO PEBU3MOHHBIX PEKOHCTPYKLMIA
ITKC (95,7%) BBIMOTHSIOCH OJHO3TAITHO, M TOJIBKO B 4,3% CJTydaeB IMPUMEHSIICS ABYX3TAITHbIN ITOIXO]I.
3axnatouenue. HecMOTpsl Ha TO, YTO OCHOBHBIMY NIPUUYMHAMMU PEBU3MOHHBIX peKOHCTpyKUmii [TKC sBunucs mo-
BTOpHbBIE TPAaBMbI, CYIlleCTBeHHAs 40JIs MAalYIeHTOB HYKIa/Iach B TaHHOM BMeIllaTeabCTBe 6e3 TOBTOPHOTO I0-
BpeXIeHMs, UYTO OOYCIOBIEHO MOTPENTHOCTSIMM BBITIONIHEHMS TTIEPBUYHOTO BMeNIaTelbCcTBa. Takum o6pasom,
OJIs1 CHVDKeHUS TpeHda K YBeJIMYeHUI0 HO,E[O6HbIX onepaumﬁ HEO6XO,ZU/IMO CO30aHMe C1UCTeMbl HpO(l)I/[]IaKTI/IKI/I
MOBTOPHBIX TPAaBM y IIPOONEPUPOBAHHBIX NALIMEHTOB, a TAKKe COBEPILIEHCTBOBaHME TEXHOJIOTUI TePBUUHOTO
BMeIlaTe/lbCTBa.

KiroueBble C/IoBa: KOJIEHHBI CyCcTaB, IepenHss KpecToobpasHas CBSI3Ka, PeKOHCTPYKIIVS, pPeBU3MS, apTpO-
CKOTIMSI.

CanpeikvH A.C., Pgbunun M.B., KopumioB H.H. Crpykrypa omepanuit peBU3MOHHO! IUIACTMKM MepenHeit
KpecToo6pasHoil cBs3KM: aHanu3 257 HabmogeHuit. Tpasmamonozuss u opmonedus Poccuu. 2022;28(3):29-37.
https://doi.org/10.17816/2311-2905-1783.
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BACKGROUND

Anterior cruciate ligament (ACL) injuries are
one of the most common knee injuries, especial-
ly among young patients [1]. Specifically, up to
200,000 cases of ACL rupture are registered an-
nually in the USA alone [2]. With persistent pain
and various symptoms of instability, surgical
treatment is indicated to restore knee function
and allow the patient to return to his/her habit-
ual level of physical activity and sports. In this
regard, ACL reconstruction is now widely used.

Although ACL reconstruction is a successful
orthopedic surgery that enables achieving a high
rate of positive outcomes, the proportion of poor
outcomes with graft failure can reach 17% [3]. As
the total number of primary ACL reconstructions
increases, the need for revision surgeries also
increases. In major multicenter cohort studies,
ACL revision rates range from 1.7% to 7.7% [4, 5].
Moreover, approximately 13,000 revision inter-
ventions on the ACL are performed annually in
the USA alone [6].

The increased interest in this problem in the
scientific community, which can be assessed by
the dynamics of publication activity, is also note-
worthy. The first single report on various aspects
of ACL revision in the PubMed dates back to the
early 1980s (Fig. 1). However, from 2000 to the
present, the number of publications increased
exponentially, reaching 191 in 2021.

i ._._........mllllllllmll“ O

1980 2022

Fig. 1. Dynamics of publication activity in the
PubMed database upon request ‘revision ACL
reconstruction’

Thus, in recent decades, interest in ACL revi-
sion reconstruction has increased significantly in
the presence of an increasing need for such inter-

ventions in clinical practice. Clinical experience
gained in Vreden Russian Center of Traumatology
and Orthopedics enabled analysis of ACL revision
reconstructions using large data and highlighted
the most relevant aspects.

This study aimed to analyze the structure of
revision reconstructions of the ACL and consider
the role of repeated trauma in the occurrence of
primary graft failure, scope of interventions, and
time elapsed since the previous intervention.

METHODS

Data were obtained retrospectively and prospec-
tively from the general base of surgeries of the
Vreden Russian Center of Traumatology and
Orthopedics on 234 patients, including 176 men
(75.2%) and 58 women (24.8%), who underwent
ACL revision grafting from 2011 to 2021. The
median age of the patients during the interven-
tion was 31.0 (25.0-36.0) years. These patients
underwent 257 surgical interventions in total,
including 234 primary interventions and 23 re-
peated (re-revisions) revisions of the ACL. The
retrospective part of the study included 164
cases, whereas the prospective part included 70
cases.

We analyzed the number of variables, namely,
dynamics of the number of revision surgeries over
the study period, presence and nature of injuries
after primary ACL reconstruction, types of grafts
used, and frequency of their use during primary
and repeated ACL reconstructions.

Statistical analysis

Accumulation, correction, and systematization
of initial information and visualization of the re-
sults obtained were performed in Microsoft Office
Excel (2020). Statistical analysis was performed
using the StatTech v. 2.5.9 software (Stattech,
Russia). Quantitative indicators were assessed
for compliance with the normal distribution us-
ing the Shapiro-Wilk test (<50 participants) or
the Kolmogorov-Smirnov test (>50 participants).
In the absence of a normal distribution, quantita-
tive data were described using the median (Me)
and lower and upper quartiles (Q1-Q3).
Categorical data were described with absolute
values and percentages. Comparison of three or
more groups in terms of a quantitative indicator,
which distribution differed from the normal one,
was performed using the Kruskal-Wallis test,and a
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posteriori comparisons were performed using the
Dunn test with Holm’s correction. Percentages in
the analysis of multifield contingency tables were
compared using Pearson’s y? test.

RESULTS

The number of ACL revision reconstructions per-
formed at the Vreden Russian Scientific Center
of Traumatology and Orthopedics from 2011 to
2021, constantly increased (except for 2019 and
2020), which reached 43 in 2021 (Fig. 2).
Regarding the timing of revision surgery for the
primary reconstruction of the ACL, more than half
of the revisions (57.1%) were performed during the
first 5 years (Fig. 3). The median period for revi-
sion interventions was only 4.0 (3.0-8.0) years.

43
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Fig. 2. Dynamics of revision ACL reconstructions
at Vreden Orthopedic Center
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Fig. 3. Terms of revision ACL reconstruction
from the primary (previous), years

As regards the dependence of the time elapsed
between the surgeries on the type of prima-
ry graft, significant differences were revealed
(p = 0.013) (Table 1). Thus, the highest median
revision term was registered in patients with
synthetic prosthesis and autotendon graft from
the middle third of the patellar ligament with
bone blocks (bone-patellar tendon-bone [BTB]),
followed by allografts and autografts from the
tendon of the semitendinosus and gracilis (STG)
muscles.

Repeated injuries, which necessitate ACL re-
vision reconstruction, were registered in 143
(61.1%) patients. Moreover, injuries received at
home prevailed over sports injuries (79 — 33.8%)
and 64 (27.4%), respectively). The proportion of
patients without a history of injury before ACL
revision reconstruction was smaller, and their
number was nevertheless quite large (91 (38.9%)
patients).

In our comparison of re-injury rate with the
type of primary graft (p = 0.366) and patient’s
sex (p = 0.281), significant relationship was not
found. However, when determining the depend-
ence of re-injury and its type on the patient’s age,
significant differences were noted (p = 0.005).
Thus, patients with sports-related re-injuries
were younger than the others (Table 2).

We analyzed the types of grafts used and the
frequency of their use in patients during primary
and repeated ACL reconstructions. Accordingly,
the types of grafts used during primary and re-
vision surgeries were comparable; however, the
frequency of their use varied significantly. Thus,
autologous tendons of the STG muscles, middle
third of the patellar ligament with BTB, quadri-
ceps tendon (QT), and peroneus longus (PL);
allografts of the long peroneal, posterior tibial
muscles, and ligaments of the patella; and syn-
thetic prostheses were used as grafts for ACL re-
placement. During ACL revision and re-revision,
surgeons more often than others preferred allo-
tendinous grafts, compared with autotendons of
the STG muscles during primary reconstruction
(Table 3).
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Table 1
Period of time between surgeries depending
on the primary graft type
Period between surgeries,
Graft type years n p*
Me 01-03
Auto STG 3.6 2.2-5.7 138 D, 1 auo i = 0-026
Auto BTB 6.0 2.8-8.4 35 Pato-auosra = 0-421
’ ’ ’ psyntheticfauto ST((}) :1 (3)'803 1
Allo 4.2 2.4-6.9 41 Paito—autonrs = V-
psyntheticfauto BTB = 0967
psynth_eticfallozz 0.218
Synthetic prosthesis 6.4 2.5-12.1 20 ot

STG — tendon of the semitendinous and gracilis muscles; BTB — middle third of the patellar ligament with bone blocks; Allo — alloten-
dinous graft; * differences in indicators are significant ptot. = 0.013 (<0.05).

Table 2
Dependence of repeated injuries on age
Age, years
Re-injury n p*
Me Q1_Q3
None 33.0 25.0-38.0 91 Pyportsrettednone = 0-011
p ome—none =u.
Sports-related 28.0 24.0-34.0 64 Do =0.020
P, = 0.005%
Home 31.0 26.0-37.0 79
*Differences in indicators are significant p, , = 0.005* (<0.05).
Table 3

Types of grafts used, n (%)

Primary reconstruction of

Graft type the ACL ACL revision ACL re-revision
Auto STG 138 (59.0) 33 (14.1) 1(4.3)
Auto BTB 35(15.0) 70 (29.9) 8(34.8)
Allo TP 26 (11.1) 88 (37.6) 9(39.1)
Allo PL 15 (6.4) 35(15.0) 3(13.1)
Allo BTB 0(0.0) 1(0.4) 2(8.7)
Synthetic prosthesis 20 (8.5) 3(1.3) 0(0.0)
Auto QT 0(0.0) 1(0.4) 0(0.0)
Auto PL 0(0.0) 2(0.9) 0(0.0)
Contralateral auto STG 0(0.0) 1(0.4) 0(0.0)
Total 234 (100) 234 (100) 23 (100)

STG — tendon of the semitendinous and gracilis muscles; BTB — middle third of the patellar ligament with bone blocks; QT — quadri-
ceps tendon; PL — peroneus longus tendon; TP — posterior tibial tendon; Allo — allotendinous graft.
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Among the allografts, the tendon of the pos-
terior tibial muscle was preferred. All allografts
were prepared by the Department of Organ
and Tissue Conservation of the Vreden Russian
Center of Traumatology and Orthopedics. An an-
tiseptic complex in a frost-resistant liquid medi-
um was used to sterilize tissues. This method has
certain advantages over others such as gamma
irradiation, gaseous ethylene oxide, diluted solu-
tions of formalin with antibiotics, and hydrogen
peroxide. The main advantages of sterilization
using an antiseptic complex in a frost-resistant
liquid medium are the ease of storage, conveni-
ent transportation of grafts, and minimal influ-
ence on the material structure and biological
properties [7].

In this study, 203 (86.8%) patients underwent
isolated revision reconstruction of the ACL, and
only 31 (13.2%) required combined surgery with
additional grafting of other stabilizers of the knee
joint, namely, posterior crucial ligament, medial
and lateral collateral ligaments, etc.

Mostly, surgeons resorted to the one-stage
revision technique, whereas the two-stage tech-
nique was performed in only 10 (4.3%) cases. A
two-stage revision reconstruction of the ACL was
performed if bone grafting of the canals was re-
quired (5 (2.1%)), after sanitizing surgeries be-
cause of complications such as surgical infection
(3 (1.3%)), or arthrolysis in the case of severe
arthrofibrosis of the knee joint, which was per-
formed as stage 1 before ACL revision remodeling
(2 (0.9%)).

Bone grafting during ACL revision was neces-
sary in only 12 (5%) cases. In addition to bone
grafting at stage 1 of treatment, it was also per-
formed simultaneously with ACL revision in 7
(2.9%) cases. Spongious allogenic bone grafts (n
= 9) were used more often than autologous (from
the iliac crest) bone grafts (n = 3). A bone defect
(2.5%, n = 6) in the femoral canal required plastic
replacement slightly less frequently than a tibial
defect (4.2%,n = 10).

DISCUSSION

In this study, the key aspects established were the
characteristics of demographic indicators, assess-
ment of the role of repeated trauma in graft failure
and revision reconstruction of the ACL, and change
over time in the number of such interventions and

clinical features of their implementation, includ-
ing the frequency of use of various grafts.

First, our data on the age and sex distribution
of patients who underwent ACL revision recon-
struction are comparable with the global scien-
tific literature, as the majority of patients are
young people, mostly men [8]. This can be due to
the high prevalence of sports-related knee joint
injuries with ACL rupture, requiring its recon-
struction, in this population. This predetermines
possible revision surgery at various terms after
primary surgery.

Second, the materials analyzed enabled the
evaluation of the effect of repeated trauma on
ACL graft failure and damage. Generally, the rea-
sons for the revision reconstruction of the ACL
are quite diverse, and they are usually grouped
into larger categories. Specifically, it is proposed
to consider separately traumatic and atraumatic
causes of ACL revision reconstruction. Category 1
includes patients who sustained repeated trauma
in various conditions (at home and/or sports-re-
lated), after which instability recurrence was not-
ed following graft damage and/or failure [9]. The
proportion of patients in whom recurrent insta-
bility and subsequent ACL revision remodeling
occurred after re-injury was 61.1%. According to
scientific studies, this indicator ranges from 18%
to 79% [10, 11]. Category 2 includes patients in
whom an unsatisfactory result (persistent insta-
bility, pain, and limited knee joint range of mo-
tion) is not associated with repeated episodes
of injury and manifests at different times after
the primary surgical intervention. In this study,
38.9% of the cases were included in this category,
and technical errors are the most common cause
of complications. These include incorrect posi-
tioning of the channels, graft, and undiagnosed
combined injuries of other stabilizers of the knee
joint [12, 13]. Among atraumatic causes, rehabili-
tation failure, biological factors, and infectious
complications are less often registered [14]. In
this study, we did not aim to provide details of
atraumatic causes of ACL graft failure.

Third, in the vast majority of the cases (95.7%)
analyzed in this study, surgeons resorted to a
one-stage ACL revision technique. This approach
eliminates the risks of repeated surgery and an-
esthesia, reduces the period of persistent insta-
bility in the knee joint and the time for complete
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recovery, and has economic advantages [15].
Nevertheless, a one-stage revision of the ACL is
not always indicated and technically possible.
The most common reason for a two-stage revi-
sion of the ACL is the need for plastic replace-
ment of extensive bone defects in the area of ex-
isting canals [16]. In addition, such an approach is
appropriate in cases of surgical infection and ar-
throfibrosis. Data from the Multicenter Revision
ACL Reconstruction Study (MARS) show that
two-stage revision reconstruction is performed
in 8-9% of cases [17].

Fourth, during revision surgery, a rather wide
variability in the use of various grafts remains;
however, allotendinous materials prevailed,
which account for 52.6% during primary revisions
and 60.9% during re-revisions, which is compa-
rable with publications by other authors. Thus,
according to MARS, 54% of the surgeons pre-
ferred allografts, whereas 27% preferred primary
grafting [17]. The problem of choosing the opti-
mal graft remains for both primary and revision
ACL reconstructions. In the scientific communi-
ty, this aspect is still actively discussed; however,
there is no clear answer to the question of which
transplant is preferable [18, 19]. The high popu-
larity of allografts can be explained by the lim-
ited choice of autografts and technical aspects of
the ACL revision reconstruction. Allografts, due
to their varying sizes and conditionally unlimit-
ed number, are quite convenient for ACL revision
grafting, especially when multi-ligament recon-
struction and filling of limited bone defects are
required [20]. In this study, multi-ligamentary
reconstructions account for only 13% of all ACL
revision surgeries.

Thus, the annual increase in the number of re-
vision reconstructions of the ACL and the short
periods when it becomes necessary to perform re-
peated surgeries require the creation of a system
of measures aimed at preventing repeated inju-
ries in operated patients, not only during sports
activities, but also in everyday life, and the im-
provement of primary intervention technologies.
Considering that different methods of primary
and revision reconstruction of the ACL is cur-
rently used in clinical practice, including various
approaches to the formation of channels, types
of grafts, and methods of their fixation, the na-
tional registry of ACL grafting could become the
best tool for studying modifiable risk factors for
repeated surgeries. International analogs of ACL

registers have been successfully functioning over
the past years in several countries [21, 22]. The
creation and implementation of such a register of
ACL reconstruction in Russia could increase the
amount of clinical materials available for analysis
from various medical institutions, which is neces-
sary for a qualitative increase in the clinical and
scientific value of further research in this field.

CONCLUSION

Among patients undergoing ACL revision graft-
ing, men predominate significantly (>75%). In
most cases, repeated trauma is the reason ne-
cessitating revision reconstruction of the ACL.
However, the proportion of patients requiring
this intervention without a history of re-injury
remains very high (38.9%), which is most often
due to primary surgery failure. In the vast major-
ity of cases, surgeons resort to one-stage revision
reconstruction of the ACL, which has advantages
in cases where its implementation is technical-
ly possible and does not worsen the outcomes.
Allogeneic tendon and tendon-bone grafts are
popular because they facilitate the technical so-
lution of the tasks that the surgeon faces during
ACL revision reconstruction.
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Background. Bones as an organ are one of the most common targets for tumor metastasis. Currently, the
number of patients undergoing surgical treatment for metastatic bone lesions is steadily increasing.
In most patients, after surgical treatment, the manifestation of clinical symptoms decreases, primarily pain
syndrome, which improves their quality of life. However, it should be noted that the number of patients with
bone metastases who underwent revision surgery is also increasing. This article retrospectively analyzes the
factors leading to revision after surgical treatment of metastases in long bones.

The aim of this study was to identify factors leading to revision after surgical treatment of patients with
metastases in long bones.

Methods. A retrospective medical records analysis of 247 patients who underwent surgical treatment for
metastases in long bones in 2006-2020 was performed. Of these, 33 patients underwent revision surgery.
The median age was 62 years. The localization of the primary tumor was as follows: breast cancer — 10 cases,
kidney cancer — 13, lung cancer — 3, prostate cancer — 2, rectal cancer — 3, liver cancer and Ewing’s sarcoma
with bone metastases — 1 case each.

Results. The following factors led to revision surgery: mistakes in preoperative diagnosis (3 patients);
postoperative infectious complication (6 patients); dislocation of the endoprosthesis (4 patients); continued
growth of solitary metastasis after osteosynthesis (5 cases); aseptic instability after intramedullary
osteosynthesis (14 patients); traumatic fracture of the endoprosthesis stem (1 patient).

Conclusions. Revision after surgical treatment of metastases in long bones, in addition to postoperative
complications, lead to mistakes in diagnosis and incorrect choice of surgical treatment method. To reduce
the risk of revision surgical interventions, a multidisciplinary approach is needed with the development of
surgical treatment tactics in consultation and the use of specialized scales of oncological prognosis.
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MdaKTopbl, NpMBOAALLME K NOBTOPHOMY XUPYPruYeCKOMY BMELLATENbCTBY
NpU METacTaTUYeCKOM NOPaXXEHMMU AJIMHHbIX KOCTEN

1I. Ban!, H.B. Xapuenko !, .M. 3anupoB !, A.[l. Karipuu 2, A.B. Byxapos?,
B.A. [lepxkaBun?, A.B. SInpuHa’

L @IAQY BO «Poccutickuti yHusepcumem 0py#cosl Hapodos» MuHobpHayku Poccuu, 2. Mockea, Poccus

2 Mockoeckuii HayuHo-ucciedosamensckuti oHKonozuueckuti uncmumym um. ILA. I'epuena —
¢unuan OI'BY «HayuoHanvHbLii MeOUYUHCKULi ucciedosamensbckuii yenmp paduonozuu» Murnsdpasa Poccuu,
2. Mockea, Poccus

AxmyanbHocms. KocTy KaK OpraH SBJISIOTCS ONHOV M3 Hauboyiee PaCIpOCTPaHEHHBIX MUILEHEN s
MeTacTasupoBaHus omyxoseit. Yucio maiMeHToB, HOABEPTIIMXCS XUPYPIrUUeCcKOMY JieueHUIO TI0 TTI0BOLY Me-
TaCTaTU4YECKOTO MOpakKeHUsI KOCTei, HeyKIOHHO pacTeT. KoanuecTBO mauyeHTOB C MeTacTa3aMu B KOCTH,
KOTOPBIM MPOBOAMIM TTIOBTOPHYIO OTlepaluio, TakKe YBeIuuuBaeTcs.

Llenv — BIsSIBNIEHME (DAKTOPOB, MPUBOIAIIMX K TOBTOPHBIM OTIEPAIIMSIM TIOC/Ie XUPYPTUUECKOTO JIeUeHNS Talu-
€HTOB C MeTacTa3aMM B JJIMHHBIX KOCTSIX.

Mamepuan u memoOsl. BBITIOTHEH PeTPOCIIEKTUBHbIN aHAINU3 UCTOPUIA 60/1e3HM 247 MaleHTOB, KOTOPBIM Ha
6a3ze MHVOMU um. IT.A. Tepuena B 2006—2020 rr. 6bUI0 IPOBEAEHO XMPYPrUUECKOe JieueHye 1Mo IOBOAY MeTa-
CTa30B B AJIMHHBIX KOCTSIX. VI3 HMX y 33 MalMeHTOB BbINIOJHEHBI IOBTOPHbBIE XUPYPrUUeckie BMellaTeabCTBa.
CpenHuii BO3pacT cocTaBuil 62 roga. JIokanmsauyus nepBUYHONM OITyXOIM: paKk MOJIOYHOI xkene3bl — 10 ciyya-
€B, paK IMOYKM — 13, pak JIeTKMUX — 3, paKk NpeacTaTeabHOM Xene3bl — 2, paK MPSIMO KUIIKM — 3, paK MeueHun
u capkoMa lOuHra ¢ metacrasamu B KOCTM — 1o 1 ciaydaro.

Pe3zynvmamei. K TOBTOPHOI oniepanyy IpUBOIUIIK cedyionye GaKTopbl: OIIMOKN B IPeaorepaliOHHOM aya-
rHoCcTHKe (3 malyueHTa), MouIeonepanoHHOe MH(EKIMOHHOE OCTIOKHEeHMe (6 60JIbHBIX), BBIBMX SHAOIPOTE3a
(4 60BHBIX), IPOIOJIKEHHBI POCT COTMTAPHOTO MeTacTasa IocIe ocTeocuHTe3a (5 wIydaes), acenTuyueckast
HeCTaOWIBHOCTD MOC/Ie MHTPAMEeIY/UIIPHOIO ocTeocuHTe3a (14 60JIbHBIX), TPABMATUYECKUI TIEPETIOM HOXKKMU
sHponporesa (1 mamueHT).

Bb1600b1. K TTIOBTOPHBIM OITepaIMsIM ITOC/Ie XMPYPTUUECKOTO JIeUeHsI MeTACTa30B B JJIMHHBIX KOCTSIX, KPO-
Me IOC/IeoTIePALIIOHHBIX OCIIOKHEHMA, IPUBOASIT OMIMOKM B JMATHOCTMKE ¥ HEKOPPEKTHBIN BHIGOP MeToa
XUPYPIUIECKOTO jeueHus . [IJis yMeHbIIeHUs PUCKa MTOBTOPHBIX XUPYPTUUECKUX BMEIIATETbCTB HEOOXOAUM
MYJIbTUAVCIUIUIMHAPHBIN TOOXO0M, C BBIPAOOTKOM TaKTUKM XUPYPTUUECKOTO JIeueHUs] Ha KOHCUIMYME U UC-
MOJIb30BaHMEM CIlel[MaaM3UPOBAHHbIX 1IIKaJ OHKOJIOTMUYECKOT0 MPOrHo3a.

KiroueBsle cj10Ba: MeTacTasbl B JJIMHHbIE KOCTH, XMpyprmuieckoe jeyeHue.
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BACKGROUND

The improvement in diagnostics and of the tech-
niques of surgical interventions and the devel-
opment of drug therapy and radiation method
of treatment have enabled to increase the life
expectancy of cancer patients significantly.
However, a significant proportion of patients has
regional and/or distant metastases. Primary ma-
lignant tumors can metastasize to almost all body
tissues, but some types of tumors, such as breast
cancer, prostate cancer, lung cancer, thyroid can-
cer, and kidney cancer, metastasize preferentially
to bones. According to the literature, the bone is
the third most common site of metastasis after
the lungs and liver [1, 2].

According to the American Cancer Society,
more than 65% of breast and prostate cancers
and 30-40% of lung, thyroid, and kidney can-
cers have bone metastases [3]. Metastases are
most often localized in the femur and humer-
us among the long bones [3]. For most cancer
patients, the emergence of metastases usually
indicates an advanced stage of the disease and
a poor prognosis. However, surgical treatment
of patients with bone metastases improves the
quality of life of patients and restores the func-
tion of the affected limb [4]. Along with the ex-
pansion of indications for surgical intervention,
with metastatic lesions of long bones, there is
an increase in the frequency of repeated surger-
ies due to the recurrence of the pain syndrome
induced by various factors.

The study aimed to identify factors leading to
revision surgeries after surgical treatment of pa-
tients with metastases in long bones.

METHODS
Study design

This is a retrospective analysis of the case
histories of patients who underwent surgical
treatment of metastases in long bones at the
Hertsen Moscow Oncology Research Institute
in 2006-2020. The study did not include pa-
tients in whom the identified metastatic focus
was not surgically removed, as well as those
who refused to undergo repeated surgical
intervention.

Patients

Out of 247 patients, 181 (73.3%) with metastatic
lesions of long bones underwent removal of the
metastatic focus with total joint replacement.
Internal osteosynthesis was performed in 65
(26.3%) cases, and one patient (0.4%) underwent
radiofrequency thermal ablation of the lytic fem-
oral focus with osteoplasty.

In 33 (13.3%) patients, repeated surgical in-
terventions were performed, including amputa-
tion in one patient, reduction of the endopros-
thesis dislocation in four cases, one-staged or
two-staged repeated endoprosthesis replace-
ment in five patients, and segmental resection
with endoprosthesis replacement was performed
in 23 cases.

There were 15 men and 18 women. Their age
ranged from 23 to 80 yr, with a mean age of 62 yr.

The primary tumor was as breast cancer in
10 patients, kidney cancer — in 13 patients, lung
cancer — in three patients, prostate cancer —
in two patients, rectal cancer — in three patients,
liver cancer — in one patient and Ewing’s sarco-
ma — in one patient.

Total joint replacement was performed in 11
(33.3%) patients as a primary surgery, intramed-
ullary osteosynthesis in 21 (63.6%) patients, and
radiofrequency thermal ablation of the femoral
lytic focus with osteoplasty was performed in
one patient (3%). At the same time, 20 (60.6%)
patients had a pathological bone fracture, and
seven (21.2%) patients had a risk of its occur-
rence. In five (15.2%) patients, the indication
for surgery was the continued growth of solitary
metastasis in the long bone.

The primary surgery in 11 patients was per-
formed at the Hertsen Moscow Oncology Research
Institute, and in 22 patients, it was performed in
another clinic. During hospitalization 31 out of
33 patients had a pronounced pain syndrome, 17
patients had a limitation in the range of motion,
and swelling of the affected extremities was reg-
istered in five patients.

Evaluation of results

The visual analog scale (VAS) was used to as-
sess the pain syndrome severity, and the
Eastern Cooperative Oncology Group (ECOG)

40 2022;28(3)

TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



CLINICAL STUDIES

and Karnofsky scales were used to assess
the patients’ quality of life before and after
surgery [5].

Statistical analysis

Statistical analysis of the data obtained was per-
formed using the Solutions Statistical Package
for the Social Sciences 22 (SPSS Statistics) pro-
gram. Survival rate analysis was performed
using the Kaplan-Meier method. Survival
curves were compared using the log-rank test.
Differences were considered statistically signifi-
cant at p<0.05.

RESULTS

The changes over time of pain syndrome accord-
ing to VAS before and after repeated surgical in-
tervention are presented in Table 1.

The follow-up revealed that 24 (72.7%) pa-
tients passed away as a result of repeated sur-

gical interventions. Six of the 24 patients un-
derwent total joint replacement during primary
surgery, and 17 patients underwent intramed-
ullary osteosynthesis. One patient underwent
radiofrequency thermal ablation of the lytic
lesion of the femur with osteoplasty. The me-
dian survival rate after repeated surgical inter-
ventions was 15 months (6—28 months). When
studying the long-term results of treatment of
patients after repeated surgical interventions,
we revealed that the overall 1-year survival rate
was 73%, and the 2- year survival rate was 24%
(Figure 1).

The majority (226 [91.5%] patients) showed an
improvement in the quality of life after surgery
according to the Karnofsky and ECOG scales, and
in 21 (8.5%) patients, the quality of life did not
change. However, after repeated surgeries, all 33
patients showed an improvement in the qual-
ity of life, according to the Karnofsky and ECOG
scales (Table 2).

Table 1
Dynamics of pain syndrome according to VAS
Number of patients
Score
Before surgery After surgery
0-2 2 28
3-4 5 5
5-6 20 0
7-8 3 0
9-10 3 0
Total 33 33

Pearson’s y? value is 48.533; p < 0.001.
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Fig. 1. Survival rate of patients after revision
surgery

41 2022;28(3)

TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



CLINICAL STUDIES

Indications for revision surgery were errors in
preoperative diagnostics (three patients), post-
operative infectious complication (six patients),
endoprosthesis dislocation (four patients), con-
tinued growth of solitary metastasis after osteo-

synthesis (five patients), aseptic instability after
intramedullary osteosynthesis (14 patients), and
traumatic fracture of the endoprosthesis stem
(one patient) (Table 3).

Table 2

Changes in the level of quality of life after the initial surgery and repeated surgical
interventions according to the ECOG and Karnofsky scales

Number of patients . _
o (n = 247) Number of patients (n = 33)
- Z S
Description % “ 5 Before the | After the | Before repeated | After repeated
£ % O | primary primary surgical surgical
S 2 3 surgery surgery interventions | interventions
The patient is fully active and is capable to 90-100 | O 3 143 (3%) 0 26
perform activities as before the disease
The patient is unable to do heavy work but 70-80 1 12 50 (3%) 2 7
can do light or sedentary work
(e.g., light housework or deskwork)
The patient is treated on outpatient basis, 50-60 2 18 28 (4%) 8 0
is capable of self-care but unable to work.
He spends more than 50% of his waking
time actively in an upright position
The patient is only capable of limited 30-40 3 64 19 (4%) 17 0
self-care and spends more than 50%
of the time in a chair or bed
Disabled person, completely incapable 10-20 | 4 150 7 (7%) 6 0
of self-care, confined to a chair or bed
* Number of patients whose quality of life has not changed after surgery; p < 0.001.
Table 3
Causes of revision surgeries after treatment of metastases in long bones
Primary surgery Number of Complication Revision surgery
patients
Total arthroplasty 4 Dislocation Revision arthroplasty
6 Infection Repeated endoprosthesis replacement
1 Endoprosthesis fracture
Osteosynthesis 14 Aseptic instability Arthroplasty
4 Continued growth of solitary
metastasis
1 Amputation
2 Errors in preoperative Arthroplasty
diagnostics
Radiofrequency thermal 1 Errors in preoperative Arthroplasty
ablation with osteoplasty diagnostics
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DISCUSSION

Currently, patients have higher demands on re-
storing the quality of life. Most of them hope
for the fastest possible restoration of the af-
fected limb function and the maximum reduc-
tion of pain after surgery. In order to remove
metastatic foci and correct pathological frac-
tures, surgical methods, such as intramedullary
fixation, total joint replacement, and plate fixa-
tion, are used in clinical practice to restore the
functional characteristics of the affected bone
[6, 7]. An analysis of the literature shows that
surgical treatment of metastases in long bones
allows good immediate results and significantly
improves the quality of life of this category of
patients [8, 9, 10, 11].

Our study presents a retrospective analysis of
data from 247 patients with long bone metasta-
ses, who underwent surgical treatment. The study
of immediate results and data obtained during
follow-up of patients in this group showed that
the use of surgical interventions for the treat-
ment of metastatic lesions of long bones is justi-
fied in most cases, since they provide good func-
tional results and improve the quality of life of
this category of patients (91%). However, at the
same time, we concluded that due to the recur-
rence of pain syndrome and other clinical symp-
toms caused by various factors, the number of
patients requiring repeated surgeries is increas-
ing simultaneously.

Thus, according to the study results, the main
factors of repeated surgical interventions were
identified.

1. Errors in preoperative diagnostics

The above group of 33 patients included three
patients with diagnostic errors. Two patients
with suspected traumatic fracture were hospital-
ized in the trauma department of clinics, where
intramedullary osteosynthesis was performed.
One of the patients was diagnosed with osteosar-
coma of the femoral metaphysis during the ini-
tial visit to a medical institution, and then radi-
ofrequency thermal ablation in combination with
osteoplasty was performed.

In clinical practice, bone metastases in pa-
tients can be asymptomatic and diagnosed inci-
dentally during routine examinations or in case
of a pathological fracture [12]. T. Sun et al. re-
ported that 15 out of 121 patients (12.4%) with

metastases to the femur did not have a clearly
verified primary tumor during examination [13].
X.D. Tang et al. analyzed 125 cases of malig-
nant tumors with bone metastases and revealed
that 29.6% of patients did not receive diagnosis
of metastases. At the same time, the frequency
of positive results of physical examination was
9.6%, that of the study of specific tumor anti-
gens was 43.2%, imaging study showed positive
results in 60% of cases, and post-mortem ex-
amination showed positive results in 66.4% of
cases [14].

According to research results, the bone mi-
croenvironment contributes to metastatic inju-
ry by changing the phenotype of tumor cells and
plays a key role in the vicious circle of bone me-
tastasis. The bone matrix is rich in many growth
factors (e.g., TGF-a, IGF-I, and IGF-II), which
are released because of osteolysis and stimulate
simultaneously the proliferation of both bone
and tumor cells. The physical factors of the bone
matrix (e.g., acidic environment) create a fa-
vorable environment for tumor growth. Physical
factors interact with growth factors, thereby
contributing to the formation of a vicious circle
of bone metastases development and accelerat-
ing the process of bone metastasis [11, 15, 16,
17, 18].

In our opinion, in most cases, diagnostic er-
rors occur due to low oncological alertness of
the general clinical health care unit, particularly
among orthopedic surgeons. However, the pro-
gression of a malignant tumor is often associ-
ated to a greater extent with the development of
metastases than with the growth of the primary
focus, and even a small primary tumor can have
obvious distant metastases.

2. Incorrect method of surgical
treatment

In our study, aseptic instability developed in 19
patients after osteosynthesis of long bones for a
verified metastatic lesion, and growth of a soli-
tary tumor was recorded 6—-12 months after the
surgery, which subsequently required amputa-
tion in one patient, and segmental resection with
joint replacement in the rest of the cases.
Functional results after segmental resection
with joint replacement and osteosynthesis af-
ter 6 months were significantly different in fa-
vor of joint replacement due to tumor growth in
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the affected bone segment after osteosynthesis
and the development of aseptic instability. Due
to the absence of tumor growth in the affected
bone segment, the eradication of the tumor dur-
ing segmental resection with joint replacement
provides good functional results for a longer
period. At the same time, it is noteworthy that
there are no significant differences in the av-
erage duration of surgery, the volume of blood
loss, and the terms of activation of patients af-
ter osteosynthesis and joint replacement [19].

The life expectancy of oncological patients
has increased significantly in connection with
the development of oncological science and
the improvement of treatment methods, and
this has led to an increase in the number of pa-
tients with bone metastases [20]. The compli-
cated course of metastatic bone lesions affects
significantly the quality of life of patients [21].
Indications for surgical treatment and meth-
ods of orthopedic management in patients with
bone metastases can vary significantly in differ-
ent countries. Thus, in the USA, 71% of patients
with bone metastases undergo surgery due to
the risk of pathological fractures, while it is per-
formed only in 18% of cases in the Nordic coun-
tries [20, 22].

Predicting the life expectancy of patients with
bone metastases is significant in the choice of
treatment options, but the accuracy of such a
prognosis is still insufficient. Over the past dec-
ades, there have been numerous attempts to de-
velop new systems to assist in making decisions
about the approach of treating patients with bone
metastases [23, 24, 25, 26, 27]. Another important
factor for determining the approach of surgical
treatment is the metastatic lesion localization,
as well as the presence or risk of a pathological
fracture [12, 28, 29, 30]. Fracture risk is assessed
using the Mirels scale; if there are more than 9
points, surgical treatment should be performed
[31]. Currently, intramedullary osteosynthe-
sis in the treatment of metastatic bone lesions
has limited indications and is almost not used.
Preference is given to oncological joint replace-
ment [32, 33, 34, 35, 36].

For patients with long bone metastases asso-
ciated with or at risk of pathological fractures,
the optimal surgical method must be deter-
mined, taking into account the patient’s life ex-

pectancy, fracture location, and many other fac-
tors. In breast cancer, prostate cancer, and other
cancer sites with a long patient survival period,
when the primary tumor has been removed or
the tumor process manifests itself as a relative-
ly slowly developing isolated bone metastasis,
extensive tumor resection can be performed
to reduce the incidence of local recurrences.
However, the choice of surgical methods for re-
storing the affected limb function is focused on
the pathological fracture area. If bone metas-
tasis is located near the joints in combination
with pathological fractures, total joint replace-
ment may be the optimal treatment. This surgi-
cal method can replace a bone defect effectively
during tumor removal and provide affected limb
with sufficient functional performance and
strength after surgery. Within a week after the
surgery, functional exercises can be performed
to avoid prolonged bed rest. If the pathological
fracture is localized in the bone diaphysis, in-
tramedullary osteosynthesis can be considered,
since this method provides uniform tension and
minor blood loss [32, 33]. Intramedullary osteo-
synthesis can also be used in the case when the
tumor does not destroy strongly the bone tissue
at the fracture site and the cortical bone is in
good condition. The addition of bone cement to
the site of a bone defect increases its stability
and can destroy tumor cells and nerve endings
in the lesion by increasing the temperature dur-
ing the bone cement hardening. When the tu-
mor destroys significantly the cortical bone at
the fracture site or other methods of osteosyn-
thesis are not effective, total joint replacement
is preferred [34].

In our opinion, intramedullary osteosynthesis
can prevent fractures of the proximal femur and
femoral diaphysis. However, pathological frac-
tures also occur in the greater or lesser trochant-
ers of the bone, which is accompanied by severe
damage to the cortical bone; in this case, arthro-
plasty should be used.

3. Postoperative complications

Infection and endoprosthesis dislocation are
the most common postoperative complications
in the surgical treatment of metastases to long
bones; these situations were identified in 10 out
of 33 patients.
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3.1. Infection

In this study, six patients underwent revision
surgery due to postoperative infection of the en-
doprosthesis bed. At the same time, four patients
underwent a two-staged revision athroplasty, and
in two patients, after revision and debridment, a
new endoprosthesis was immediately installed.
There were no cases of amputation.

The most serious complication of onco-
logical arthroplasty is postoperative infection.
Infection can cause pain, severe joint function
limitation, and, if not treated properly, can lead
to limb amputation [37]. The probability of am-
putation due to suppuration has been reported
to be 19-47% [38, 39]. It should be noted that
the surgery is performed in a laminar flow op-
erating room, bone cement with antibiotics is
used, and patients take antibiotics before and
after the surgery to prevent infection. However,
postoperative infection is still a major concern
for orthopedic oncologists. Literature data in-
dicate that revision surgery enables to control
the infection in most cases [37, 40]. Efficiency
of revision surgeries in terms of stopping the in-
fection can reach 70% [40].

Based on our experience and literature data,
it can be assumed that postoperative infections
leading to revision surgery may be associated
with the following factors:

- adjuvant therapy reduces the patient’s au-
toimmune resistance;

— intraoperative aseptic treatment is not per-
formed carefully enough, which leads directly to
intraoperative contamination;

- the tumor widely invades, and as a result,
the local soft tissues become thin after resection
of the tumor site, the ability to absorb exudate
and combat infection decreases, and there is a
predisposition to postoperative infection;

- poor drainage of the wound after surgery
can lead to accumulation of fluid and blood,;

- after the surgery, the surrounding soft tis-
sues are not adjacent to the prosthesis, so a cav-
ity can form around it, where fluid accumulates
easily and infection develops;

- between the body and the prosthesis, a re-
jection reaction occurs, which manifests itself in
the form of exudation of a brown liquid, while
at first there is no growth of bacteria, however,
a large amount of exudate over a long period of

time creates conditions for the growth of bacte-
ria, and repeated dressings can easily induce the
wound contamination;

— soft tissues do not close the wound well; af-
ter an extensive marginal tissue resection, wound
closing with tissues is often complicated, poor
healing of the incision and even necrosis of the
skin edge are noted, which can lead to secondary
infection.

3.2. Dislocation

Dislocation is a serious complication after total
hip replacement and usually requires revision
surgery. According to the literature, the incidence
of dislocations after shoulder joint replacement
is 12% to 54.5% [41]. Research by C.U. Gwam et
al. showed that joint dislocation after hip ar-
throplasty is the main cause for revision surgery
(17.3%) and is more common than infection and
aseptic instability [42].

In our study, four patients underwent revi-
sion surgery for dislocation. In two patients,
dislocation occurred 15 and 45 days after total
joint replacement of the shoulder joint, unipo-
lar (anatomical) endoprosthesis replacement
was performed in one patient, and reverse ar-
throplasty was performed in the other patient.
In two more patients, dislocation occurred after
hip arthroplasty on the days 3 and 35 after sur-
gery. All patients underwent surgical interven-
tion in the scope of the revision with reduction
of the dislocation. Various types of reconstruc-
tion and grafting were used to prevent repeated
dislocations.

As arule, dislocation after oncological arthro-
plasty is associated with massive removal of the
soft tissues surrounding the tumor and the en-
tire ligamentous apparatus. Surgical prevention
of dislocations includes the restoration of ten-
don fixation points and the use of various types
of plasty by biosynthetic materials.

4. Other factors

One patient underwent joint replacement for
breast cancer with metastases to the femur
in combination with pathological fractures;
19 months after the surgery, she was hospitalized
again with a fracture due to an accidental fall,
while the X-ray showed implants failure. This pa-
tient underwent revision joint replacement.
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Study limitations

This study was a single-center, represented a
retrospective analysis, and had a limited data
sample size. Multicenter prospective studies are
required to clarify the factors leading to revision
surgery in long bone metastases.

CONCLUSION

The study showed that the main causes of revi-
sion surgery in patients with bone metastases
were insufficiently accurate preoperative diag-
nostics, associated errors in the choice of surgi-
cal intervention options, as well as postoperative
complications.

In our opinion, for the effective treatment of
patients with metastases in long bones, a multi-
disciplinary approach is required with the devel-
opment of treatment approach at a case confer-
ence with the participation of chemotherapists,
radiologists, and orthopedic oncologists, as well
as using specialized scales of oncological prog-
nosis. The surgical team should have experience
in working with cancer patients. This will in-
crease the probability of success of the surgery,
restore the function of the affected limb, improve
the quality of life of patients, and reduce the risk
of revision surgery.
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Background. Non-vascularized is one of the available methods of reconstructive surgery for the treatment of
the hand congenital anomalies. The the impact of toe phalanx transfer on the appearance and functionality of
the donor site in the long term is relevant.

Aim of the study — an objective assessment of the appearance, shape and functional state of the foot in the
long-term period after the toe phalanx transfer into defects of the fingers in congenital and obtained hand
pathologies.

Methods. On the basis of the Federal Scientific Center for the Rehabilitation of the Disabled named after
G.A. Albrecht 40 patients were examined, who, aged from 8 months to 11 years (in the period 2013-2022),
underwent 54 toe phalanx transfer to the hand. The proximal or middle phalanx of the IV and II toes
were used as a graft. To assess the condition of the feet in the long term, all patients underwent clinical
and radiological studies. 12 patients aged 3 to 13 years underwent computerized plantography, podometry
and barodynamoplantography.

Results. After donor feet examination in the long-term period, lots of them showed a linear shortening of
the donor toes compared to the contralateral foot, which was recorded by a computer planto-podometric
method for evidence. The barodinamoplantographic study did not show significant signs of a decrease
in the support ability of the foot, which could be associated with non-vascularized toe phalanx transfer. When
walking, there were no obvious signs of impaired motor functions of the donor foot.

Conclusion. It was objectively confirmed that the non-vascularized toe phalanx transfer to the hand does not
significantly affect the shape and statodynamic function of the foot in the long-term follow-up period, despite
the shortening of the donor toes.

Keywords: hand, congenital anomalies, autografts, free bone grafting, phalanx transfer, toes, non-vascularized
graft, biomechanical examination, children.
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OueHKa COCTOSIHMA CTOMbI NOCJ/Ie 3AaUMCTBOBaHMS
HEKpPOBOCHabaeMbiX (aNaHr nanbueB
ANA ayTOTPAHCNNAHTALMU HA KUCTb
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AKmyansHocms. AyTOTpaHCIUIAHTALMS HEKPOBOCHAOXKaeMbIX (aslaHr TajablieB CTOIThI SIBJISIETCS OIHUM
U3 OOCTYIHBIX METOLOB PEKOHCTPYKTUBHO-IUIACTUUYECKON XUPYPIUM IJIS JleUeHUsS HeLOopa3BUTUIL KUCTHU.
AKTyaJieH BOTIPOC BAMSIHMS 3aMMCTBOBaHMS (pasiaHr Ha BHEITHMI BUA, U QYHKIIMOHAIBHOCTD JOHOPCKOI CTOIIBI
B OT[a/IeHHOM Iepuoze.

Ilens — 06bEKTMBHAS OLIEHKA BHEIIHEro Buaa, GOPMbI ¥ QYHKIMOHAILHOIO COCTOSTHMUS CTOIIBI B OTHAJIEHHOM
Tepuroie Mocjie 3aMCTBOBAaHMS HEKPOBOCHAOKaeMbIX (hajIaHT MMalbIleB U MOUIENYIONIEN ITepecaaKy AJIsl 3amMe-
mneHus gedexra rnajblieB KUCTU ITPY BPOKAEHHBIX ¥ IPMOOPETEHHBIX TTATOIOTUSX.

Mamepuan u memodsi. O6cnenoBano 40 maieHTOB, KOTOPBIM B Bo3pacTe oT 8 mec. 1o 11 yieT 6bUIM BBI-
MOJTHEHBI B COBOKYITHOCTM 54 mepecajky ¢ajaHT Mo MOBOAY PenyKIMOHHBIX aHOMajuii KUCTU. B KauecTBe
TpaHCIVIAaHTaTa MCIIOIb30BaIM MPOKCUMMaIbHbIe Mau cpenHue (ananru IV u II manbies crorbl. [ OlleHKU
COCTOSIHMS CTOII B OTOAJIEHHOM I1epUOJie BCEM MaljMeHTaM IIPOBOAUIN KIMHUKO-PEHTIeHOJI0OTUYeCcKe uccie-
nIoBaHMsl. 12 marmeHTaM B Bo3pacTe OT 3 1o 13 jeT nmpoBefeHbl KOMITbIOTEpHbIE TIIaHTOrpadusl, TOgOMeTPUsI
1 6apoayHaMOIIaHTOrpadus.

Pesynemamet. TIpy 0CMOTpe CTOIT ONIEPMPOBAHHBIX MALIEHTOB B OTHAJEHHOM IIepMoie Y MHOIUX ObUIO BbI-
SIBJIEHO JIMHEHOe YKOPOUYeHMe JOHOPCKUX Ia/IbLieB CTOIBI 10 CPABHEHUIO C KOHTpaJIaTepaJbHOM CTOIOM, UTO
IJIT MOKa3aTeJbHOCTY (PUMKCUMPOBAIM KOMITBIOTEPHBIM IUIAHTO-IIOJOMETPUUYECKMM MeTOmoM. BapomuHamo-
IJIaHTOrpaduyecKoe UccaenoBaHMe He T0Ka3aI0 3HaUMMbIX IIPM3HAKOB CHUKEHMSI OTIOPOCIIOCOGHOCTH CTOITHI,
KOTOPbIE MOKHO OBbITIO GBI CBSI3aTh C IIepecaaKoil HeKpoBocHabkaeMoit (asaHru nmajbliia cTomsl. [Ipu xombbe He
Hab6JII01a7I0Ch IBHBIX MTPM3HAKOB HapyIIeHNUS IBUTATeIbHbIX (QYHKIIMI ONIepMPOBAHHO CTOIIHI.

3akniouenue. OGBHEKTUBHO ITOATBEPKIEHO, UTO 3aMMCTBOBaHME HEKPOBOCHabGkaeMbIX (aslaHT IIajIbleB
CTOIIBI JJISI UX TOCIEeNYIONIero MepeMelleHs] Ha KMCTh He OKAa3bIBAeT CYIIECTBEHHOIO BAMSHUSI Ha dhopmy
M CTaTOOMHAMMUECKYI0 (QYHKIMIO CTOIBI B OTHAJIEHHOM Ilepuoje HabIomeHusl, HeCMOTpSI Ha YKOpOYeHUe
JOHOPCKUX MAJIbLIEB CTOIIBI.

KnioueBble caoBa: KUCTb, ITOPOKM pa3sBUTKS, ayTOTPAHCIUIAHTALMsS, CBOOOAHAS KOCTHAs ILIACTU-
Ka, TpaHCrmo3uiusi ¢ajaHru, Majablibl CTOIBI, HEKPOBOCHAOKAaeMblii TPAHCILIAHTAT, GMOMEeXaHMUYeCcKoe
ucciegoBaHue, NeTu.
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BACKGROUND

The reported literature presents various meth-
ods of reconstructive plastic surgery that are
used in the treatment of congenital hand un-
derdevelopment (brachydactyly, ectrodactyly,
and hypoplasia) and acquired hand deformities,
characterized by decreased linear and volu-
metric parameters and decreased number of
hand segments, which lead to significant func-
tional and cosmetic upper limb disorders [1].
Reconstruction methods include microsurgery
[2], compression-distraction osteosynthesis
[3, 4, 5, 6], various types of skin, tendomuscu-
lar, and bone grafting [6, 7], and prosthetics [8].
Concurrently, a less common, but effective and
affordable variant of bone grafting for restor-
ing hand functionality and cosmetic condition
is known, which includes autografting of non-
vascularized toe phalanges [9, 10, 11, 12].

The method for autografting of non-vascu-
larized toe phalanges gained popularity in the
early 20th century. The phalanges of the fin-
gers deformed due to tuberculosis infection or
enchondroma were resected and replaced with
non-vascularized toe phalanges, and grafts from
the costal cartilage were transplanted into the
resulting defects in the donor areas of the toes.
During the follow-up examination of patients
after a year, there were no major cosmetic or
functional defects in the donor’s toes and re-
cipient’s fingers, the position of the bone grafts
was satisfactory on the radiographs, the epiphy-
ses in the formed fingers were congruent, and
no signs of resorption were noted [9, 10]. New
cases of finger reconstruction using the toe pha-
langes have also been reported in some studies
[11,12,13].

The method for autografting of non-vascular-
ized toe phalanges in congenital hand maldevel-
opment became more widely known in 1990 after
the study of 57 patients who had undergone 97
phalanx transplantations since 1976 [14, 15].

Gradually, new studies on the transplantation
of non-vascularized toe phalanges to the hand
have been conducted. These studies revealed that
autografting of non-vascularized toes in the case
of the hand underdevelopment improves its ap-
pearance and function [16, 17, 18, 19], provides
an opportunity for toe growth due to the growth
zone of the transplanted phalanx [18, 20, 21, 22],
is characterized by low-injury rate for the donor

foot [16, 22, 23] and has a minimal resorption risk
of the transplanted graft [21, 22, 23, 24].

Concurrently, the long-term effect of phalanx
transplantation on the appearance and function-
ality of the donor foot remains relevant. Several
have reported the clinical studies on donor feet
of patients after harvesting non-vascularized
phalanges [16, 17, 22, 25]. Donor toe shortening,
flexibility, and instability were registered in sev-
eral cases. However, we did not find any informa-
tion about the study of the feet, which would en-
able us to objectively assess (using instrumental
methods) the degree of phalanx transplantation
affecting the change in the shape and function of
the foot after harvesting phalanges for autograft-
ing to the hand.

The study objectively assessed the appear-
ance, shape, and functional state of the foot
at the long-term period after harvesting non-
vascularized finger phalanges and their sub-
sequent transplantation to replace the de-
fects of the fingers in congenital and acquired
pathologies.

METHODS
Study design

This prospective single-center observational
study of the effect of harvesting non-vascular-
ized toe phalanges (for transplantation into a
finger defect) on the anatomical and function-
al state of the foot was conducted at the clinic
of the G.A. Albrecht Federal Scientific Center of
Rehabilitation of the Disabled of the Ministry
of Labor of Russia.

Patients

This study examined 40 patients (21 boys and
19 girls), who underwent 54 phalanx trans-
plantations for hand underdevelopment (ec-
trodactyly, brachydactyly, and hypoplasia) and
acquired hand deformities from 2013 to 2022
at the ages of 8 months to 11 years, including 2
children aged under 1 year, 22 pediatric patients
aged 1-3 years, 11 patients aged 3-7 years, and
5 children aged 7-11 years). Proximal or mid-
dle phalanxes of the toes IV or II were used for
transplantation, focusing on linear and volu-
metric dimensions of the suspected defect in
the recipient zones (Table 1). Table 2 presents
the distribution of recipient zones in patients by
localization on the hand.
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Table 1
Distribution of donor zones during transplantation of non-vascularized toe phalanges
to the hand
Localization of donor zones
Toe Total
Proximal phalanges Middle phalanges
II 2 7 9
v 26 19 45
Total 28 26 54

Table 2

Localization of the recipient zone during transplantation of non-vascularized phalanges
of the toes to the hand

Localization of recipient zones
Hand ray Total
Metacarpal bones Proximal phalanges Middle phalanges
| 8 8 - 16
1 - 5 7 12
Il - 6 4 10
v - 3 6 9
\Y - 5 2 7
Total 8 27 19 54

Results assessment

We performed a clinical examination, the Oxford
Ankle Foot Questionnaire Children (OAFQ-C) for
subjective assessment of the patient’s foot post-
operatively and the identification of complaints
of impaired support ability [26, 27]. We also per-
formed an X-ray examination to assess their foot
condition in the long-term period. The long-term
follow-up period ranged from 1 to 8 years postop-
eratively (49 of 54 cases of harvesting of the toe
phalanges), with an average of 3.04+1.20 years,
up to 3 years in 18 cases, 3—6 years in 28 cases,
and >6 years in 3 cases.

The following instrumental studies were con-
ducted on 12 patients aged >3 years, who under-
went surgery at least 6 months before the exami-
nation [28]:

- computer plantography and podometry
by the three-coordinate optical plate scanning
method of the feet using the hardware and soft-
ware package (HSP) Scan (registration certifi-
cate No. FSR 2010/07441 dated 04/22/2010) with
the calculation of parameters reflecting the foot
shape,;

— barodynamic plantography on the HSP with
matrix underfoot pressure meters in the form of
insole HSP DiaSled (registration certificate No.
FSR 2009/06416 dated 26.02.2010) to assess the
statodynamic function of the foot.

Among 12 patients, 4 had previously under-
gone phalanx transplantation of both feet. One
patient underwent transplantation of the main
phalanges of toe IV, two patients of the mid-
dle phalanges of toe IV, one patient of the main
phalanx of toe IV of the left foot and the middle
phalanx of toe IV of the right foot, one patient
of the middle phalanx of toe II of the right foot,
three patients of the main phalanx of toe IV, and
seven patients of the middle phalanx of toe IV.
Concurrently, one patient underwent plantogra-
phy and podometry twice, which was a year after
the middle phalanx transplantation of toe IV of
the right foot, and 2 years after the examination
and a year after the middle phalanx transplanta-
tion of toe IV of the left foot.

The effect of autografting of non-vascularized
toe phalanges on the statodynamic function
of the foot was studied using the barodynamic
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plantography method using the HSP DiaSled un-
der static conditions (standing) and when walk-
ing in standard shoes. Patients with a foot size
of at least 190 mm were examined for the avail-
able size range of measuring sensors in the form
of insoles with pressure sensors. Therefore, 7 of
12 patients were examined using the DiaSled
complex who underwent plantopodometry. The
measuring sensors were inserted into the shoes
for the examination, which minimally affected
the foot function.

Statistical analysis

Descriptive statistics of quantitative indicators
were calculated using the IBM Statistical Package
for the Social Sciences version 23.0 system for
the entire traditional set of characteristics (mean
value, scatter of data [standard deviation], mini-
mum, maximum, median, and quartiles, as well
as coefficients of variation of the study charac-
teristics for a group of patients were examined by
biomechanical methods).

RESULTS

Forty operated patients were distributed into four
groups based on the degree of shortening of the
donor toes compared with the contralateral foot
by performing physical examination of the feet

(Fig. 1). The middle phalanx of toes II or IV was
harvested in 78% of children without shortening
or with minor shortening of the donor toes. One
child underwent middle phalanx transplantation
of toe II, while the rest of the proximal phalan-
ges of toe II (1 patient) or toe IV (6 patients), in
the group of patients with moderate shortening
of the donor toe (8 children). The main phalanx
of toe IV was previously harvested in the 11 chil-
dren with a pronounced toe shortening (by >1
nail plate).

The distribution of 49 cases according to the
degree of shortening of donor toes after harvest-
ing of non-vascularized phalanges for transplan-
tation to the hand revealed nil, minimum, mod-
erate, and pronounced shortening in 12 (24.5%),
18 (36.7%), 8 (16.3%), and 11 (22.5%) patients,
respectively.

Questionnaire score

None of the patients or their parents expressed
regret after the surgery despite the noted
toe shortening. They did not notice any vis-
ible changes in gait after the treatment. During
the Oxford Ankle Foot Questionnaire, parents
of 4 children (one 1-year-old boy and three
6—10-year-old girls) noted a little discomfort by
the foot appearance.

Fig. 1. Conditional division of feet into groups when assessing

the degree of shortening of donor fingers after toe phalanx transfer
to the hand (the arrow indicates the operated fingers):

a — minimal shortening — up to 1/2 nail plate;

b — moderate shortening — from 1/2 to 1 nail plate;

c¢— moderate shortening — from 1/2 to 1 nail plate;

d — pronounced shortening — more than a nail plate
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Planto-podometric study

To assess the foot shape in 12 pediatric patients,
using the planto-podometric study based on the
graphic calculation analysis of the plantogram
(an imprint of the plantar surface, reflecting
the inclusion of foot zones in the perception of
static load, as well as signs of local overloads of
the plantar surface) and podometric images in
projection onto three orthogonal planes, the fol-
lowing parameters characterizing the foot shape
were evaluated (Fig. 2):

1) Chopart joint angle (a.) characterizes the
lateral deviation of the midfoot, formed by two
rays originating from a point located on the out-
er contour of the foot image below at the level
of 0.36-foot length from the heel (which corre-
sponds to the level of the calcaneocubital joint).
One of which is directed forward and passes
through the most laterally protruding point of
the foot contour in the bundled region, and the
other is directed backward and passes through
the most protruding point of the foot contour in
the heel region;

2) Angle of the toe I deviation (o.,) character-
izes the presence and severity of hallux valgus
and represent an angle between the tangent to
the contour of the main part of the foot on the
medial side and the tangent to the toe contour
on the same side;

3) Forefoot coefficient (k) characterizes the
forefoot position (adduction or abduction) rela-
tive to the hindfoot and is calculated as the ratio
of the width of the medial part of the line of bun-
dles to the width of the lateral part of this line;

4) Coefficient of the forefoot flatness (k,) char-
acterizes the degree of the forefoot flattening
and is calculated as the ratio of the foot width at
the level of bundles to the foot length;

5) Height of tuberosity of the navicular bone
(G') characterizes the height of the internal lon-
gitudinal arch, but it reflects the arch pronounce-
ment only indirectly because it also depends on
the foot length, which correlates with the pa-
tient’s age and is defined as the distance from the
plane of support to the lower edge of the navicu-
lar bone tuberosity;

6) Podometric index (p) characterizes the pro-
nouncement of the internal longitudinal arch of
the foot; calculated as the ratio of the height of
the navicular bone tuberosity to the foot length;

7) Angle of valgus or varus deviation of the
hindfoot (B) characterizes the position of the
hindfoot in the frontal plane and is calculated as
the angle between the vertical and the median
line of the hindfoot, connecting the middle of
the Achilles tendon and the middle of the sup-
porting surface of the heel.

A more detailed definition of these HSP Scan
parameters is presented in the methodological
manual [28].

The coefficient of interlimb asymmetry of the
foot shape was calculated by correlating the pa-
rameter value obtained when measuring one foot
with the value of the contralateral foot for each
of these parameters. Here, the lower value was
always divided by the larger one for a more dem-
onstrational comparison of the obtained results
when examining different patients (Table 3).

Fig. 2. A plantogram combined with a podometric
image of the feet from below, of patient at the age
of 5, 3.5 years after the middle phalanx

of the IV finger of the right foot transfer and 1 year
after a similar surgery on the left foot: no signs

of the feet shape asymmetry were revealed

54 2022;28(3)

TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



CLINICAL STUDIES

Table 3

Descriptive statistics of the assessment of interlimb asymmetry of the foot shape
in the group of operated patients, n = 12

Coefficient of interlimb asymmetry of planto-podometric parameters
Statistical parameter
Kul o2 I<kl KkZ KG' I<p K[i
Mean value (M) 0.99 0.55 0.79 0.98 0.85 0.84 0.68
Standard deviation (m) 0.02 0.35 0.21 0.02 0.14 0.14 0.19
Median (Me) 0.99 0.53 0.90 0.98 0.88 0.88 0.71
Coefficient of variation (Cv), % 1.6 64.5 27.1 1.8 16.1 16.3 28.0

A significant asymmetry of the plantograph-
ic and podometric parameters of the donor and
contralateral feet in the group of patients was
revealed only for two parameters, including the
angle of deviation of the toe I (a,) and the angle
of the frontal deviation of the hindfoot (). Such
asymmetry of these parameters in the group

Cv[K;] = 28.0%). A particularly pronounced asym-
metry of the angle of deviation of the toe I of
the donor and non-operated foot in a case was
due to the congenital syndactyly of rays I-II of
the donor foot in the patient. The patients’ data
were evaluated individually and in the group to
clarify whether the detected asymmetry of the

foot shape on an average was associated with the

(M[K,,] = 0.55; M[K ] = 0.68) is accompanied by
previous surgery (Table 4).

their pronounced variability (Cv[K ,] = 64.5%;

Table 4
Results of planto-podometric examination of patients
°
sl £ a,, deg. a,, deg. k, k, G, mm p,% B, deg.

Z| 5 a

s | 8

8 | =

g
LRELPLRCSLRCSLRCSLRCSL‘R‘CS L‘R‘CSLRCS
1 +] 4176|168 0,95 | -2 | -2 [ 1,00 1,65| 1,00 | 0,61 | 0,42 | 0,41 | 0,97 Unmeasurable 43075
2 +|4/170|163|0,96 | 9 | 9 |1,00]0,59| 0,67 | 0,89 | 0,43 | 0,42 (0,96 | 19 | 19| 1,00 | 11,31 |11,52|0,98 | 4 | 5 |0,80
3 |+ |+ |5 (171|173 0,99 | 11|10 | 0,91 |1,63| 1,47 | 0,90 | 0,45 | 0,46 | 0,98 | 23 | 22| 0,96 | 12,04 | 11,46 | 0,95 | 11 | 11 | 1,00
4 +15/169(171]0,99| 7 | 14 [0,50| 1,22 | 1,23 [0,99| 0,41 | 0,39 | 0,95 | 36 | 22 | 0,61 | 21,3 [12,72| 0,6 | 7 | 8 |0,88
5 |+ |+ |5/|170|171|0,99 [12] 9 |0,75/0,79| 0,87 | 0,91 | 0,45 | 0,43 | 0,97 | 26 | 18 | 0,69 | 14,77 | 10,17 | 0,69 | 3 | 2 | 0,67
6 |+ 6| 172|171/ 0,99 [11] 2 |0,180,76| 0,77 | 0,98 | 0,42 | 0,41 | 0,98 | 49 | 45 | 0,92 | 24,26 [22,39 0,92 | 5 | 4 |0,80
7 |+ 7 169|169 | 1,00 |-4| 1 [0,25]1,11| 1,05 [0,95| 0,39 | 0,41 | 0,97 | 25 | 26 | 0,96 | 12,69 | 13,27 0,96 | 2 | 5 | 0,40
8 |+ |+ |7 /170168099 | 1| 9 |0,11[0,92| 1,00 |0,92 | 0,36 | 0,36 | 1,00 | 38 | 28 | 0,74 | 18,27 | 13,27 | 0,73 | 5 | 4 | 0,80
9 |+ 9 1170|170 | 1,00 | 9 | 16 | 0,56 | 1,08 | 0,95 | 0,89 | 0,42 | 0,42 | 1,00 | 38 | 33 | 0,87 | 18,54 | 15,79 | 0,85 | 5 | 2 | 0,40
10|+ |+|9/176|173]0,98 |-2| -1 |0,50| 0,7 | 1,33 |0,52| 0,4 | 0,4 | 1,00 8 | 7 | 0,88 | 3,09 | 2,71 | 0,88 | 5 | 3 |0,60
11 +110| 173|173 1,00 | 9 | 11 |0,82| 0,5 | 1,13 |0,44| 0,38 | 0,38 | 1,00 | 37 | 38 | 0,97 | 16,59 | 17,04 | 0,97 | 2 | 1 |0,50
12+ 13171171 1,00 2 | 0 |0,00|0,38| 0,84 | 0,46 | 0,4 |0,41|0,99 |27 |19|0,70 | 11,64 | 7,98 | 0,69 | 7 | 4 |0,57

L — left foot; R — right foot; Cs — symmetry coefficient; bold font indicates the values of the operated foot parameters that are beyond
the normal range in case there is also a significant asymmetry of the parameter when comparing both feet.
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We paid special attention to the cases when
the parameter values of the operated foot were
beyond the normal range with the presence of
asymmetry compared with the contralateral foot,
which could indicate a pathological change as a
result of surgery.

Data of patients 4 and 7 were noteworthy
when analyzing the results of the deviation angle
of the toe I. Valgus deviation of toe I on the oper-
ated foot was noted in patients 4 and 6, both the
feet were donors in pediatric patient 5, and the
deviation was on one of them (up to 12°). Varus
deviation (up to 4°) was noted in toe I of patient
7 instead of valgus deviation. Additionally, pa-
tient 9 had a valgus deviation in toe I up to 16°
on the contralateral foot. However, this is not
regarded as a negative impact of surgery on the
foot shape because a deviation from the norm
for these patients was detected in the donor and
contralateral limbs.

An analysis of the deviation parameters of the
hindfoot showed that the results were within the
reference values in most patients and slightly ex-
ceeded the norm in some cases.

A planto-podometric study of the operated
and contralateral feet did not reveal any changes
in other parameters (Chopart joint angle, arch
height, coefficients and flattening of the fore-
foot, and podometric index), which could be di-
rectly related to the transplantation of the non-
vascularized toe phalanges.

Donor foot

Unoperated foot

Barodynamic and plantographic
examinations

The position and migration of the trajectory of
the underfoot pressure center were analyzed dur-
ing the examinations (Fig. 3).

The assessment in statics identified the dis-
placement of the general load center in the fron-
tal plane, which characterizes the support func-
tion of the lower limb. Concurrently, we did not
reveal a support preference for a healthy limb,
which would indirectly indicate a decrease in the
static support ability of the donor foot.

The study of patients’ gait also included the
measurement and analysis of asymmetry of the
duration of the rolling motion on the donor (T,)
and contralateral feet (T ), the anterior push
forces (F ,and F, ), and the posterior push forces
(F,,and F, ) (Fig. 4).

The interlimb asymmetry was assessed by cor-
relating the parameter value obtained for the do-
nor foot to the value of the contralateral one for
each of the biomechanical parameters.

The barodynamic and plantographic examina-
tion results are presented individually because of
the small group of examined patients (Table 5).

In 5 out of 7 pediatric patients examined, one
foot was donor and the other foot was intact, which
enabled us to compare them with each other to
identify changes in the biomechanical character-
istics of the operated foot. A decrease in the forces
of the anterior and posterior push in the rolling
motion (F, and F,) and the rolling duration (T) of
the donor foot was detected and compared with
the contralateral one in 2 (No. 1 and No. 3) out of
these 5 patients; whereas the reverse presentation
was noted in 1 patient (No. 2). Concurrently, no
significant decrease was found in the involvement
of the donor forefoot (no decrease in the trajec-
tory length of the pressure center in the forefoot
area was detected), as well as a zonal or local over-
load of the operated or contralateral forefoot.

Fig. 3. Load distribution in the supporting contour
of the feet of patient B. at the age of 9 years,

3 years after the the middle phalanx of the IV finger
of the left foot transfer:

a — the position of the pressure centers in static;

b — migration of the trajectory of the pressure center
when walking
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Fig. 4. Measurement of the load on the feet when walking patient
at the age of 9 years, 3 years after the middle phalanx of the 4" toe

of the left foot transfer:

a — in the mode of viewing the sequential display of graphs
of the integral load on the feet in time by steps;

units

DISCUSSION

Autografting of non-vascularized toe phalanges
improves the appearance and function of the
hand by restoring the finger anatomy by trans-
planting the toe phalanx into the finger defect;
however, according to some authors, it negatively
impacts the appearance of the donor feet, wors-
ens the quality of life due to difficulties with the
selection and wearing of shoes and causes emo-
tional problems [17, 25]. Concurrently, changes in
gait, associated with toe phalanges transplanta-
tion, were not observed [16, 22].

An interesting clinical and radiological study
by Garagnani et al., showed that changes in do-
nor sites in 40 patients with underdevelopment
of the fingers after 136 toe phalanges trans-
plantations with extensor tendon restoration
after the phalanx harvesting was performed
from 1991 to 2007. The Oxford Ankle Foot
Questionnaire study, which reflects the degree
of satisfaction of patients and their parents was
carried out, and X-rays were examined. Patients
reported a tendency to hide their feet, where
>80% of patients and their legal representatives
reported some degree of emotional problems re-
lated to their feet and >60% of patients noted
problems with the selection and wearing of the
shoes. From a clinical perspective, the shorten-
ing of donor toes was individual, and excessive

b — in the mode of transposition (overlapping) graphs

of the integral loads in steps.

i Designations: T — duration of rolling over the foot, sec;

! T F, — force of anterior thrust; F, — posterior; D — donor foot;

: C — contralateral foot; P — pressure under the feet, conventional

mobility was registered in 76%-100% of cases;
thus, the increase in clinical deformity of the
donor feet was expected during the harvest of
several phalanges from one foot. X-ray examina-
tion also revealed hypoplasia of the surrounding
bone structures, including the distal phalanx,
the middle phalanx, and the metatarsal. One
patient underwent amputation of toe IV of both
feet due to their instability and to improve the
appearance of the feet [25].

Bone autografting of the formed defect [10,
15, 16, 17], as well as suturing together the flex-
or and extensor tendons of the toe [14], or fixa-
tion of the toe for 4-5 weeks with preservation
of diastasis, was performed to prevent donor toe
shortening and deformity [14, 17]. Concurrently,
the foot is compromised to the least extent dur-
ing bone autografting; however, there is a risk of
graft lysis, and an absence of mobility in the toe
is also noted [16, 17].

Unglaub et al. followed up cases of linear
shortening of donor toes in the previously op-
erated patients, who did not significantly affect
their gait [22].

In reliance on the literature available, we
conducted a study of the state of the donor feet
in patients in the long-term period postopera-
tively after the harvesting of non-vascularized
phalanges.

57 2022;28(3)

TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



CLINICAL STUDIES

b B0 F0 FD KD EG IT BT 4%

§0_ 8¢ 90

Ty SIB9A G/, SIBaA /, ¥
I ‘_r |
\ __. e Y
2 h___ 1 /
] Lo ] " [
I Y
d s1eak ¥ SIBdA 9 c
— .”-...:..J.l-ll.... E i ...I i 1 B0 FD I[9 0 S0 *¢ ¢ EW 0 LG @0
o _. _.....__ I, 1
T I T oy "
» |:._"t.. e
g SIeak ¢ sIeak ¢ 4
, | | g
1 L4 ! ¥
_f\lﬁ.._ i 7 m ..p LY ..ﬂ_
a v
b) 2
d SIBaA T SIB3A ¢ 1
]
2,
Emau%m_.wb sdals Aq apowr £1981n$ 2 m
ainssaxd ay) jo BUDI[EM USYM 199J 343 UO PEO] [€103 a4} UT d8UBYD uonisodiadns a3 ul peoj [e13ajul 9y} jo sydein Ia)je awl], m w N
uoneI3IN 3=
S B

§919vL

*0°A ¢1-9 pade sjuaned / Jo uoneurwex? dyderdojueld pue diweuApoieq Jo s}nsay

2022;28(3) TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA

58



CLINICAL STUDIES

*23$ 300§ 3Y3} 19A0 SUIJ[OI JO UOTIBIND — ], {SIUN [RUOIIUIAUOD ‘193] 93} Iapun ainssaid — J £100j [eI91e[eIIU0d — ) £300] J0Uop —

o

L — e

C LI i T [
e

300}
1J9[ Y3 uo
s1eak 7 300§
Y3 ays
uo SIedh ¢

100J
Y311 9y3 uo
syuowr 9
9003 Y31 9y}
uo IedA auQ

SIBdA 6

sIeak |

sIeah g

SIBdA QT

A103103(e1}
I91UdD
ainssaid ay3 jo
uoneI3In

3un{[em uaym 333 aY3 UO peo[ [8103 33 Ul dSURYD

sdajs Aq apowr
uonsodiadns ay3 ul peoj [e13ajul 9y} jo sydein

A1281Ins
191J€ aWIL],

UOIJRUTUIEXD
Jo awinl 9yl 18 a8y

‘ON

G 21qv1 Y3 o pug

2022;28(3) TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA

59



CLINICAL STUDIES

A survey of patients and their legal represent-
atives using the Oxford Ankle Foot Questionnaire
did not reveal complaints about impaired sup-
port and gait, pain, limitations in wearing shoes,
and emotional problems due to the appearance
of toes although our clinical and radiological ex-
amination confirms the authors’ findings on the
linear shortening of the donor toes (more signifi-
cant shortening was detected in those pediatric
patients whose proximal phalanx was harvest-
ed). Our study was supplemented by an instru-
mental biomechanical assessment of donor and
contralateral feet and revealed no significant
changes in their shape and statodynamic func-
tion in the long-term period after harvesting the
toe phalanges for autografting to the hand.

Study limitations

The result interpretation of the biomechani-
cal examination of the patients’ feet was small
sample size. Also, limited data availability (four
reported studies) determined the relevance of
further studies of this issue.

CONCLUSION

The computer plantography and podometry re-
sults showed that the data obtained on the effects
of non-vascularized phalanx transplantation of
the toes on pathological changes in the longitu-
dinal arch, adduction/abduction of the middle or
anterior segments, flattening of the anterior seg-
ment, or valgus/varus angulation of the posterior
segment of the operated foot were not statistically
significant. Additionally, no significant changes
were revealed in the statodynamic function of the
operated foot in the long-term period after har-
vesting the toe phalanges for transplantation to
the hand, according to the barodynamic and plan-
tographic examination results.

The method for autografting of non-vascu-
larized toe phalanges can be used for finger re-
construction without the risk of pronounced
impairment in the statodynamic function of the
donor zones. However, the data array available
for examination, which is less due to the low in-
cidence of pathology and its surgical treatment
using the study method, makes it expedient to
further follow-up the condition of the feet in a
larger number of patients and for longer periods
postoperatively.
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Ceramic Liner Fracture in Total Hip Arthroplasty:
A Case Report
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Background. Ceramic component fracture is a severe complication of primary and revision total hip arthroplasty,
leading to multiple revision surgeries.

Case report. This report of rare clinical case of ceramic liner fracture. Fifteen months after a planned left hip
replacement, the patient experienced anterior surface pain in the area of the operated joint accompanied
by creaking, so the patient went for a consultation. Based on the results of the consultation, the patient was
urgently hospitalized and underwent a delayed surgery for revision arthroplasty. Radiologically, there was
varus position of the femoral component, dislocation of the bearings. MSCT showed ceramic liner fracture
and fragment dislocation. Intraoperatively, the multifragmentary fracture of the liner, significant damage
to the head, and retroversion of the acetabular component (retroversion was detected on the preoperative
CT scan) were identified. All components of the endoprosthesis and tribologic bearings were replaced with
identical ones, total synovectomy was performed, and the wound was cleaned and sanitized.

Conclusion. The presented case report demonstrates the danger of incorrect positioning of the components
when using a ceramic bearings. In this case, retroversion of the acetabular component and varus position of
the femoral component resulted in a reduced contact area between the head and the liner, which caused the
ceramic to fracture. The described observation confirms the need for further in-depth study of the ceramic
bearings in order to prevent ceramic component fracture, as it leads to severe complications and significant
economic costs.

Keywords: total hip arthroplasty, ceramic bearings, ceramic liner fracture, acetabular component retroversion,
revision hip arthroplasty.
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Packon kepaMuuyeckoro BKiaapllla SHAONPOTE3a Ta30b6eApeHHOro
CyCTaBa: KIMHUYECKUI Cyyaun

B.P. TamrranoB !, A.A. KopbiTkuH !, B.B. ITaBnoB !, .U. [Ily6HSIKOB

L @I'BY «Hosocubupckuti HayuHO-Uccnedo8amenbCkuli UHCmumym mpasmamosozuu U opmoneouu
um. A.J1. Lusvsina» Mun3dpasa Poccuu, 2. Hosocubupck, Poccus

2 @I'PY «HauuoHanbHoili MEOUUUHCKULL UCCIe008AMeNbCKULE UEHMP MpasmamoJsiozuu u opmoneouu
um. P.P. Bpedena» Mun3zdpasa Poccuu, 2. Cankm-Ilemep6ype, Poccus

AxkmyanvHocms. Packon KepamMMUeCKMX KOMIIOHEHTOB SIBJISIETCS TSIKEIbIM OCAOXKHEHMEeM TepBUU-
HOTO ¥ PEBU3MOHHOTO TOTAIBHOTO 3SHAOIPOTE3MPOBAHUS Ta300eIPEeHHOr0 CYCTaBa, IPUBOISIIUM
K MHOTOKPAaTHBIM PE€BMU3UOHHBIM OIepalysiM.

OnucaHue KAUHUYeCK020 HabGardeHusa. IIpencraBisieM penKuii KIMHUYECKUI Caydaii packoja KepaMu-
yecKkoro Bkiampimia. Yepes 15 mec. mociie mpoBegeHMs IJIAHOBOTO SHAOIPOTE3UPOBAHMS JIEBOTO Taszobe-
IPEeHHOTO CYCTaBa y IalMeHTa MOSIBUANUCH 60/ TI0 MepeaHeli MOBEPXHOCTM B 06IACTM ONepUPOBAHHOTO
CyCTaBa, CONMPOBOXAAIONIMECS CKPUTIAMU, BCAEICTBYE UEro MaryMeHT 00paTuiics 3a MeAUIIMHCKOM TOMO-
mpio. [To pe3ynbTaTaM KOHCYJAbTAIMU TMALMEHT ObII 3KCTPEHHO TOCIUTAIM3UPOBAH M IPOOIMEPUPOBAH
B OTCPOUYEHHOM MOPSIAKe B 00beMe PeBM3MOHHOTO IHIOIMPOTE3MPOBAHMSA. PEHTTeHOMOIMYeCKM OTMeva-
JIUCh BapyCHOE IOJI0KeHe 6epeHHOr0 KOMITIOHEHTA, AMcaoKanus mapsl Tpeuus. [To ganusiM MCKT BbI-
SIBJIEHBI PACKOJI KEPaMMUECKOT0 BKJIAAbIIIA U AMCIOKAIMS GparMeHTOB. HTpaonepanMoHHO 06GHAPYKeHbI
MyJIbTU(GpParMeHTapHbIV PAcKOJ BKJIAbINIA, 3HAUUTEIbHOE MMOBPeXAeHNe TOI0BKM. Ha moomepannoHHoO
KT 6b17a BBISIBJIEHA PETPOBEpPCUSI BEPTIYKHOIO KOMITOHEHTA. BBIMTOTHEHBbI 3aMeHa BCeX KOMITOHEHTOB
SHOMPOTE3a U TPUOOIOTMUECKO Maphl HA UAEHTUUHYIO, TOTAJTbHAS CMHOBIKTOMMS, paHa IMPOMBITA U Ca-
HMpOBaHa.

3axknroueHue. IlpencTaBleHHBbIN KIMHUYECKUI Caydail AEeMOHCTPUPYET OMAaCHOCTh HEIPaBUIbHOTO IO-
JIO)KeHMSI KOMITOHEHTOB IIpM MCIIOIb30BaHMM KepaMMUYecKoi Tapbl TpeHUs. B mpuBemeHHOM Habmome-
HUM PETPOBEPCUS BEPTIY)KHOTO KOMITOHEHTA ¥ BapyCHOE IOJIokeHNe OeApeHHOr0 KOMITOHEHTA IPUBeIU
K YMEHbIIEHUIO TJIONaiY KOHTAaKTa TOJIOBKY M BKJIaAbIIIA, UTO MOBJMSJIO HA packos kepaMuku. OnmcaHHoe
HabmoIeHMe MMOATBEPXKIaeT HEOOXOAMMOCTb JaJbHENIIero N3ydeHMs] KepaMmUueCcKoil apbl TPEHUS C LIeJIbI0
NpoOWIAKTUKM PaCKoIa KepaMUYeCKuX KOMIIOHEHTOB, TaK KaK 3TO MPUBOAUT K TSIKEIBIM OCTOKHEHUSIM
Y 3HAUUTETbHBIM 5KOHOMMYECKMUM 3aTpaTaMm.

KiawoueBbie cioBa: SHIOOIIPOTE3NPOBAHNE Ta3o6enpeHHoro CyCTaBa, KepaMmnuecCKas Imapa TpeHusda, pacKoJj
KepaMMn4iueCKOro BKJaadbIllla, peTpOoBepPCHsa BEPTIY>KHOTO KOMIIOHEHTA, PEBM3MOHHOE 3HAOOIIPOTEe3MPpOBaHMe
Ta306€,ElI)EHHOI‘O cycTaBa.

TamranoB B.P., KopbeitkuH A.A., TIlaBmoB B.B., Illy6uskoB W.M. Packon KepaMu4ecKoro BKJIaJbIlIa
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BACKGROUND

Total hip arthroplasty (THA) is currently one of
the most frequent surgical interventions in or-
thopedics. THA has proven as the most effective
treatment method in the final stages of hip pa-
thology. One of the main problems of THA is the
choice of bearings because the chosen bearings
determine the long-term surgical efficiency. At
the moment, we have a wide variety of bearings,
such as metal-polyethylene (Met-Pe), metal-
metal (Met-Met), ceramic-polyethylene (Ce-Pe),
ceramic-ceramic (Ce-Ce), and ceramized metal-
polyethylene (CerMe-Pe). Met-Pe and Met-Met
bearings did not show the best long-term re-
sults and manifested themselves as osteolysis
due to the presence of friction products thus,
in 1970, Boutin et al. proposed Ce-Ce bearings
as an alternative to reduce wear and their con-
sequences [1]. The advantages of ceramics are
their high wear resistance and optimal biocom-
patibility, which determines their potential ad-
vantages in the long-term when used in young
and active patients [2, 3]. However, these bear-
ings were easily fractured due to their fragility,
thereby requiring their improvement [4, 5]. The
third-generation aluminum ceramics (Forte)
are continuously used to date, and the use of
fourth-generation aluminum-zirconium com-
posite ceramics has markedly increased (Biolox
Delta, CeramTec). The third-generation ceram-
ics showed good serviceability of 95-98% in
the long-term follow-up, but their component
fragility remained the main problem, as frac-
tures accounted for up to 0.2% of all cases of
installed prostheses with ceramics [6]. Biolox
Delta ceramics are characterized by a signifi-
cant increase in tool life and, according to the
national registers of England, South Korea, and
Norway, the head has become more resistant
to fractures, but the destruction rates of the
liner remain at the same level, averaging 0.2%,
which is 1-2 cases per 1000 [7, 8, 9].

According to the Vreden Center of
Traumatology and Orthopedics, in the Russian
Federation in 2019, more than 88.5 thousand
primary and revision hip arthroplasties were per-
formed, which amounted to 61.3 per 100 thou-
sand population. Concurrently, the share of the
Ce-Ce bearings in primary hip arthroplasty is
relatively small. The number of cases of its use
significantly fluctuated from 2008 to 2020, rang-

ing from 0.5% to 8.2% of the total number of sur-
geries in different years, but reached 30% in the
age group under 30 years [10].

The available Russian literature revealed no
reports or descriptions of cases of ceramic liner
fracture. The ratio of these complications to sur-
vival rate may seem insignificant, but the conse-
quences can be disastrous in the case of improper
therapy approach to patients with a fracture. A
ceramic liner fracture is often asymptomatic and
is not associated with trauma, or it manifests it-
self only as a creak [11].

This study aimed to describe a rare case in
our practice, namely a fracture of a ceramic liner
Biolox Delta.

Case report

A 46-year-old patient, with a weight of 115 kg,
height of 184 c¢m, and body mass index of 34,
was admitted on February 4, 2022, to the con-
sultative and diagnostic department of Tsivyan
Novosibirsk Research Institute of Traumatology
and Orthopedics with complaints of noise (crepi-
tus), soreness, and movement limitation in the
left HIP, which have been persisting for a week.

In January 2020, the patient was operated on
for a road traffic injury, which resulted in a closed
fracture of the left proximal femoral metaepiphy-
sis without type A1 displacement. Osteosynthesis
was performed with a dynamic hip screw (DHS).
In October 2020, primary THA was performed
with a proximal fixation endoprosthesis using
ceramic bearings due to the avascular necrosis of
the left femoral head. The femoral component of
Zimmer ML Taper 13.5, an acetabular component
of Zimmer Continuum of 60 mm, ceramic head
of 36 mm, and ceramic liner of 60/36 mm were
implanted in the patient.

On January 27, 2022, a week before visiting
the consultative and diagnostic department, the
patient stumbled on the left lower limb and felt
crepitus in the left hip area. Concurrently, he ex-
perienced short-term pain and movement limita-
tion in the prosthetic left hip. The pain decreased
during the day spent at rest. However, the symp-
toms began to increase as the patient became
more active within 4 days (from 01/29/2022 to
02/01/2022). Noises (creaking) in the hip dur-
ing movement appeared in addition to the gen-
eral symptoms, accompanied by pain (according
to the patient, “crepitus during movements”).
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An in-depth history taking revealed that the pa-
tient noticed the appearance of noises shortly af-
ter the left hip arthroplasty before the injury, but
did not contact the operating surgeon.

The inguinal and gluteal region examina-
tion and palpation revealed no pain or edema.
The patient moved using additional support
with a limp on his left leg. Relative shortening of
1 cm was observed. Flexion and extension were
0°; abduction was 20°; adduction was 0°; inward
rotation was 0°; outward rotation was 0°. The
patient felt pain during rotation, abduction, and
flexion. Hence, the clinical algorithm recom-
mended by CeramTec for noise interpretation
was followed [12].

Sequential X-ray methods of research using
plain pelvic radiography in the antero-posterior
view revealed a satisfactory inclination of the
acetabular component, a varus position of the
femoral component of 10°, and a distortion of the
endoprosthesis contours in the lower region of
the acetabular component and the femoral neck
component, which was regarded as a fracture of
the ceramic liner or head that make up the bear-
ings. Signs of a previously installed DHS surgical
hardware, as well as channels from previously in-
serted cortical and dynamic screws, were visual-

Fig. 1. Overview X-ray of the hip joints:

on the right — a total hip replacement with a
cementless proximal fixation (2019); jn the left —

a total hip replacement with a cementless proximal
fixation. Dislocation of the elements of the bearing
(highlighted in red). The arrows indicate the canals
after removal of the screws

ized in the cortical area in the upper third of the
diaphysis of the left femoral bone after removal
in the diaphyseal and subtrochanteric regions
(Fig. 1, 2).

Multi-slice computed tomography (MSCT) re-
vealed head decentration. Its correct shape was
visualized, which only enabled us to assume its
integrity; and a freely lying fragment of a ceramic
liner in the neck area of the femoral component
was noted. The retroversion was 23° with acetab-
ular component malposition (Fig. 3).

A fracture of the acetabular liner on the left was
diagnosed (Fig. 4). A histological examination of
the puncture sample was not performed since ra-
diological diagnostic methods were sufficient.

The diagnosis of ceramic liner destruction of
the left hip endoprosthesis replaced due to left-
sided avascular necrosis of the left femoral head
was established based on the obtained data.
Following the diagnosis, indications for revision
surgery were determined to replace and adjust
the positions of all prosthetic components. On
the same day, the patient was hospitalized, with
strict bed confinement, and his left lower limb
was located on a roll under the knee. The pa-
tient stayed in a forcedly limited position until

surgery.

Fig. 2. Overview X-ray of the hip joints with full
femoral capture. On the left is a 10° varus placement
of the femoral component
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Fig. 3. MSCT:

a — frontal projection: decentration of the femoral component head, its correct shape and a fragment of the
ceramic liner in the area of the femoral component neck (arrow) are visualized;
b — axial projection: malposition of the acetabular component on the left — 23° retroversion

e

Fig. 4. MSCT, sagittal
projection: fracture
of the ceramic liner

Revision surgery was performed on February
5, 2022. All actions were performed in the pres-
ence of a medical representative of the manufac-
turer of the fractured component.

The skin, subcutaneous tissue, and fascia were
dissected alongthe previous postoperative scar on
the outer surface in the proximal third of the left
thigh with the Hardinge approach in the patient’s
right lateral position under combined anesthe-
sia (spinal and inhalation anesthesia). Cicatrices
were mobilized in the greater trochanter area.
Approximately 50 ml of odorless hemorrhagic
fluid without fibrin was released when the joint
capsule was opened. Multifragmentary destruc-
tion of the acetabular ceramic liner was visually
registered after capsular dissection and femoral
component dislocation after the Hohmann re-
tractor installation behind the anterior and pos-
terior columns. All seven visible ceramic liner
fragments were removed, and their sizes ranged
from 2x3 mm? to 20x20 mm?. Repeating notch-

shaped defects were visible along the edges of
the preserved large fragments of the liner (mar-
ginal zones of the liner). The head was intact.
The proximal femur was mobilized, and the en-
doprosthesis head was removed (Fig. 5).

The femoral component was stable, without
signs of bone lysis. The component was extracted
by traction with a minor effort using an extractor
with preliminary use of osteotomes to mobilize
it in the proximal part. Its neutral position was
registered when assessing the component tor-
sion. Its installation in the retroversion position
was revealed during the acetabular component
revision, which corresponded to the preopera-
tive X-ray examination findings. The acetabular
component was mobilized using an acetabular
gouge and removed. The acetabular contours
were preserved, without wall defects. The repeat-
ed maximum total synovectomy was performed,
followed by the use of the Pulsavac (Zimmer)
pulse system to remove ceramic fragments using
a water jet. Hemostasis control was performed.
Amixedfixationfemoral component (Alloclassic)
and an acetabular press-fit fixation component
(Continuum), as well as Ce-Ce tribological bear-
ings (Biolox Delta), were chosen for the revi-
sion replacement of the femoral component.
A 62-mm continuum acetabular component due
to revision arthroplasty, which was fixed with
three screws after impaction, and a 62/36 mm
ceramic liner, were installed. The femoral com-
ponent No. 9 (Alloclassic) was installed, con-
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sidering the correction of the varus position of
the previous component with installation along
the medullary canal axis. The 36 mm + 7 XL ce-
ramic head was chosen for limb length correc-
tion. The femoral component was repositioned
into the endoprosthesis cup after the head was
installed. Their sufficient volume was revealed
when testing movements in the left hip joint.
Additionally, the surgical wound was sanitized
using the Pulsavac system with 1 L of normal
saline solution. Finally, the wound was sutured
in layers with Vicryl. Staples on the skin and an

..

Fig. 5. The appearance of the ceramic liner fragments:

aseptic dressing were used. The wound healed by
primary intention. The patient was discharged
on day 10. The plain radiography of the pelvis
in the antero-posterior view determined that
the acetabular component inclination was 35°,
the femoral component was in the correct po-
sition when conducting control 3 months post-
operatively, and no valgus or varus angulation
was noted (Fig. 6). MSCT in the axial projection
revealed that the acetabular component was
implanted in the anteversion position of 17°

(Fig. 7).

a — a large ceramic liner fragment (central) 20x20 mm with signs of metal contact (black);
b — medium (15x6 mm) and small fragments (2x3 mm) with excised surrounding tissues;

¢ — femoral head with signs of metal contact (black)

Fig. 6. Anteroposterior X-ray view of the pelvis

3 months after surgery: on the right — a total hip
replacement with a cementless proximal fixation
(2019); jn the left — a total hip replacement with
a cementless proximal fixation

Fig. 7. MSCT of pelvis in axial projection:
anteversion of acetabular component 17°
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DISCUSSION

Various clinical studies demonstrate a rather
high survival rate of endoprostheses with Ce-
Ce bearings, namely 97.9-99.6% in the follow-
up period of 2-10 years [13, 14, 15, 16, 17], and
an insignificant decrease to 95.7% with longer
follow-up [18]. Concurrently, only a small share
of cases of revision is due to the fracture of ce-
ramic elements, accounting for 0.3%, and <0.2%
of them are due to the liner fracture. Untimely
and incorrect approaches in this situation can
lead to severe consequences for the patient al-
though such complications are rare [19, 20, 21,
22, 23]. Therefore, the main issue is determin-
ing the risk factors for ceramic liner destruction.
Notably, trauma is rarely the cause of a fracture
based on available literature analysis. On the
contrary, most of the presented clinical cases do
not have a traumatic origin [8, 9, 13, 18, 22, 24, 25,
26]. According to various authors, the incorrect
position of the liner and the acetabular compo-
nent leads to an uneven distribution of the load
on the articulating surfaces, which leads to mi-
crocrack formation [9, 27, 28], and their accumu-
lation can lead to structural macrodestructions
[6]. Malposition of the components can also con-
tribute to the development of impingement of
the femoral component neck and the liner edge,
or lead to uneven marginal loading of the con-
tralateral side [3, 9, 26, 29].

Some authors revealed the importance of the
patient’s weight and height [29, 30]. However,
Traina et al. revealed that differences in weight
and height in the group of patients with a frac-
ture and absence of noise were not significantly
different from the comparison group, and con-
cluded that the liner fracture has a multifactorial
origin [24]. The same study revealed that the an-
gle of anteversion of the acetabular component
was greater in patients with fractures than in
those without fractures.

The area with undercoverage has a significant
effect. High-strength polyethylene can mitigate
the effect of weight redistribution in case of un-
dercoverage of the acetabular component due to
its flexibility. The ceramic liner does not cushion
the maldistribution of weight due to its hardness
3,9, 24, 31, 32, 33].

Patient risk factors also remain debatable.
There is no approved protocol for working with
Ce-Ce bearings, although most orthopedists be-

lieve that these bearings can be installed in all
young and active patients [3, 6, 34]. The ques-
tion of the pelvic sagittal balance remains even
with the correct placement of the components
according to the X-ray data in the antero-poste-
rior view. Additionally, the majority of younger
patients are operated on for dysplastic coxar-
throsis, that is, with significant anatomical dis-
orders of the joint structure, which entails a shift
in the center of rotation, thereby increasing the
risk of uneven load on the articulating surfaces
[25, 35]. The installation inaccuracy of the same
5°-10° can be significant for the Ce-Ce bearings
if Ce-Pe bearings conditionally allow the error
of 5°-10° of the angle of inclination or antever-
sion due to its damping properties [33, 36].

Ceramic debris is bioinert to the body, but
studies demonstrated osteolysis due to exposure
to ceramic debris. The effect of the influence of
a third body should not also be disregarded, be-
cause it can significantly reduce the service life
of Ce-Ce bearings [6]. Cases of a ceramic bear-
ing fracture due to the third body effect have no
exact facts and information, but there are theo-
retical justifications that the formation of debris
between the bearing elements can lead to a vio-
lation of the uniform distribution of head pres-
sure on the liner, thereby creating conditions
for excessive friction of a certain section and
subsequently lead to ceramic destruction [34].
Moreover, there is evidence that coarse debris
fragments make scratches and microcracks on
the bearing surfaces [28, 37].

Koo et al. revealed that the size of the head
in the Ce-Ce bearings plays an important role
because bearings with a head of <32 mm have
a higher risk of component fracture than those
with heads of >36 mm [38]. Additionally, the
head size affects the range of motion in the
joint (jumping distance), accordingly, the larg-
er the size, the greater the range of motion [6].
However, an increased head size results in the
use of a thinner liner, which directly increases
the risk of a fracture and reduces the shelf life
of the bearings, or requires an equal increase in
the acetabular component diameter. Therefore,
installing liners with an anti-luxation tilt with
a metal rim or using components with pre-in-
stalled liners is recommended to reduce the risk
of marginal chipping as the head diameter in-
creases [8, 14, 39].
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The surgical approach of revision arthroplasty
in case of ceramic destruction is described in the
operating procedure from CeramTec [12]. A di-
agnostic search should be conducted at the first
detection of creaking in a Ce-Ce bearing for early
ceramic fracture diagnostics. The literature re-
peatedly indicates that creaking may result from
a fracture [40, 41]; however, acoustic phenomena
are multifactorial [41, 42], thereby requiring a
comprehensive evaluation [12].

Many authors recommend the use of CT for re-
liable fracture diagnostics. This method is effec-
tive in diagnosing fractures without dislocation
and malposition of fragments. This is sufficient
if fragmentation and dislocation are detected by
radiography [18, 38, 43, 44]. Lee et al. proposed
the following damage classification [14]:

- marginal splits, which are cases caused by
impingement of the neck of the femoral compo-
nent and the liner from the inner or outer sur-
face, may be indicated by abrasions on the neck
surface during revision,

- central fractures (often multifragmentary),
where the mechanism is a disproportionate load
on the articulating surfaces due to incorrect in-
stallation (non-compliance with the parameters
of inclination and anteversion, errors during im-
paction) or loosening of the component.

Histological examination of aspirate from
the hip with complaints of creaking may reveal
the presence of ceramic fragments. Revision
surgery should be performed if a patient com-
plains of creaking accompanied by pain, and
ceramic fragments of >5 pm are detected in the
synovial fluid [18, 43]. Concurrently, a pre- and
intraoperative biopsy of periarticular tissues
is recommended for histological diagnostics
of the number of macro- and microparticles
of debris. The sizes of macroparticles can be
1-22 microns.

The third body effect is the main problem
of the consequences of ceramic fracture. Many
authors state that approximately 20% of resid-
ual debris remains even after total synovectomy
and careful treatment of the periarticular space
[38, 43, 45]. Accordingly, the choice of bearings
during revision is an important component. The
Met-Pe bearings are avoided in case of bear-
ing replacement during revision due to ceramic

fracture. Complications that occur during short-
term follow-up have been repeatedly reported
in the literature [38, 41, 45], including a massive
metallosis of periprosthetic tissues, induced by
residual ceramic debris, which precedes system-
ic intoxication with cobalt and chromium ions.
Patients with a lethal outcome in the medium
term after revision with a replacement for Met-
Pe bearings were also reported [23]. The best op-
tion for revision due to ceramic fracture is the
use of similar Ce-Ce bearings, although a hy-
pothesis reported that residual debris can lead
to microcracks, and subsequently to repeated
fracture [38, 45].

CONCLUSION

The probable cause of the ceramic acetabular
liner destruction in our case was the malposi-
tion of the acetabular and femoral components.
A passive treatment approach after destruction
could lead to significant damage to surround-
ing tissues. A timely revision, according to the
CeramTec algorithm, prevented further wear
and possible soft tissue disorders. Therefore, in-
troducing a standard protocol for working with
these patients in the Russian Federation is ad-
visable because an increased number of primary
surgeries with ceramic bearings will undoubt-
edly increase the number of such complications
despite the rarity of ceramic fractures. Clinical
cases associated with noises in the hip after
hip arthroplasty should be analyzed with great
deliberation for early fracture diagnostics. The
noise phenomenon, which is divided by the al-
gorithm into frequent noise and intermittent
noise, and is not associated with ceramic frac-
tures, requires further study. MSCT is currently
considered the best diagnostic method. A his-
tological examination of periprosthetic tissues
and punctate can be a significant addition to
justify the revision of the bearings in the ab-
sence of malposition of the components. Only
the Ce-Ce bearings are necessary bearings for
the revision of endoprostheses with a ceramic
fracture because small particles of ceramics can-
not be completely removed by synovectomy, and
there will always be a possibility of third body
particles entering the friction unit with the de-
velopment of extremely gross wear.
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Reverse Shoulder Arthroplasty After Communited Humerus Fracture:
A Case Report
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Background. Fractures of the proximal humerus are common injury, especially among older age group patients.
For the treatment of most cases, conservative tactics are required, some require surgery: osteosynthesis,
arthroplasty. Proximal humerus fractures with extension to the metadiaphyseal and diaphyseal zones
uncommon, and treatment of this type of injuries is complex for trauma surgeons.

The aim of the study is to demonstrate successful experience of two-stage treatment of the proximal humerus
fracture with extension to the diaphysis middle third in an older age group patient.

Case presentation. The case report presents successful two-stage treatment of the proximal humerus fracture
with extension to the middle third of the diaphysis in an older age group patient. The first stage was performed
osteosynthesis of the humerus with the PHILOS Long plate, the second stage — reverse shoulder arthroplasty.
Conclusion. Consistent performing of osteosynthesis and total reverse shoulder arthroplasty allows to achieve
satisfactory treatment results with restoration of the injured limb function and relief of pain syndrome.

Keywords: humerus fracture, plate osteosynthesis, shoulder arthroplasty, humerus head avascular necrosis.
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PeBepcuBHOe 3HAONpOTE3MpPOBaHKE NNIEYEBOro CyCTaBa
nocae 0CKOMbYaTOro nepenomMa njae4yeBom KOCTu:
KMHUYECKUI Cyyaun

A.B. ®ponos 2, A.H. JlorsuHoB !, M.E. Bypuies !, M.H. Maiicuros !,
A.A. OnbueB?®, I1.M. Kaganiies !, A.B. Koposnes !2

! Esponetickas KAuHuka cnopmusHoti mpasmamonoezuu u opmoneduu (ECSTO), 2. Mockea, Poccus
2@IAOY BO «Poccutickuti yHugepcumemm opyx0vt Hapoooe», 2. Mockea, Poccus
3 I'BY PO «I'opodckas kauHuueckas 60apHUYa ckopoii meduyuHckoli nomowiu», 2. Pasaus, Poccus

AxmyansHocmes. TlepeioMbl TPOKCUMATIbHOTO OTHesa TJIeueBOii KOCTUM — paclpocTpaHeHHas TpaBMa, 0CO-
OGeHHO Ccpeay MalMeHTOB CTapIeli BO3PACTHONM IPymITbl. JJIs1 TiedeHMs] OObIIMHCTBA JAHHBIX MTOBPEKIEHMI
MIPUMEHSIETCSI KOHCepBAaTUBHAS TaKTMKa, OMHAKO HEKOTOPBIM IallMeHTaM TpebGyeTcsl XUpPypruyeckoe jgede-
HMeE: OCTeOCHMHTe3, SH0MpOoTe3upoBaHue. [lepesoMbl MPOKCUMAaIBHOTO OTAesa TJieueBOii KOCTU C pacIpo-
CcTpaHeHMeM Ha MeTaauadusapHyio 1 Auadu3apHyIo 30HbI BCTPEUAIOTCS 3HAUMTEIbHO PeXXe, U UX JIeueHue
MpeCcTaBsieT CIOKHYIO 3a[1auy JIJisl TPaBMaTOJIOTOB.

Onucanue cnyuas. [IpefcTaBiieH yCIIeIIHbIN OIMbIT ABYXITAITHOTO JieUeHUsI IepejioMa IMPOKCUMAaIbHOIO OT/Iesa
TIJIEYEeBOT KOCTY C paclipoCTpaHeHMEeM JI0 CpeHeli TpeTu auadu3a y MauyeHTKY CTapiieii BO3pacTHO TPYIIIIbI.
[TepBBIM 3TAINIOM BBITIOIHEH OCTEOCUHTE3 MIeueBoit Koctu miactuHoi PHILOS Long, BTOpbIM 3Tarom — pesep-
CMBHOE 3HJIONIPOTe3pOBaHMe MJIeueBoro cycrasa.

3aknouenue. TlocnegoBaTenbHOe IpMMeHeHMe OCTEOCHHTE3a M TOTaJTbHOTO PeBePCUBHOTO 3HIOMPOTE3UPO-
BaHMS TJIEUEBOT0 CYCTaBa MO3BOJISIET JOOUTHCS YIOBIETBOPUTEIbHBIX PE3YIbTATOB JIEUEHMS C BOCCTAHOBIIE-
HyeM QYHKIMY TPaBMYPOBAHHOM KOHEUHOCTY U KyIIMPOBaHMeM O60JIE€BOTO CMHIPOMA.

KnroueBsble cj10Ba: repeyioMm IjieueBoii KOCTU, OCTEOCUHTE3 TJIACTUHOI, SHIONPOTEe3UPOBaHMe 171Ie4eBOro Cy-
CTaBa, aBaCKYJISIPHBIV HEKPO3 TOJIOBKMU IIJIEUE€BOI KOCTH.

®posnos A.B., JlorsuHoB A.H., BypuieB M.E., Maiicuros M.H., OnbueB A.A., Kaganues [1.M., Kopones A.B. PeBepcuBHOe
SHZOMPOTE3MPOBAHME TUIEYEBOTO CYCTaBa IMOC/TEe OCKOIBYATOrO TEepesioMa IJIeUeBOi KOCTM: KIMHUUYECKMIA CTydaii.
Tpasmamonozus u opmonedus Poccuu. 2022;28(3):74-82. https://doi.org/10.17816/2311-2905-1777.

DX<] Jlozsuroe Anexceti Hukonaesuu; e-mail: logvinov09@gmail.com

Pykomuch momyyeHa: 29.04.2022. Pykonuch omo6pena: 14.07.2022. CTaTbs Ony6aMKOBaHa oHIaiH: 25.07.2022.

© ®ponos A.B., JlorsuHoB A.H., Bypuies M.E., Maiicuros M.H., OnbueB A.A, Kapanues I1.M., Koponés A.B., 2022

75 2022;28(3) TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



CASE REPORTS

BACKGROUND

Proximal humerus fractures (PH) represent the
third most common injury among geriatric pa-
tients [1, 2]. Generally, such fractures are associ-
ated with osteoporosis, and low-energy injuries
can lead to complex types of fractures in this
area [3]. In most cases, a conservative approach
is used to treat such fractures, but surgical sta-
bilization is required in some cases according
to classical indications using intramedullary or
plate osteosynthesis [3]. The main treatment ob-
jectives geriatric patients with PH fractures are
early rehabilitation and rapid daily activity re-
sumption [4]. However, PH fractures with exten-
sion to the metadiaphyseal and diaphyseal zones
are much less common and can lead to a major
decrease in upper limb function and quality of
life in older patients [5]. The distal spread of this
fracture type the success of conservative treat-
ment with various types of dressings and braces,
as well as complicates the use of intramedullary
osteosynthesis [6]. The method of choice for the
treatment of these types of fractures is locking
plate osteosynthesis [7, 8]. Concurrently, the low
quality of bone tissue, the risk of reposition loss,
the occurrence of varus collapse, and avascular
necrosis of the humeral head cause a great num-
ber of complications.

We present a rare clinical case of staged sur-
gical treatment of an older female patient with
a PH fracture with extension to the diaphyseal
zone.

Case report

A T73-year-old patient applied to the European
Clinic of Sports Traumatology and Orthopaedics
(Mocow) 4 days after the injury resulting from a
fall on the left upper limb. An X-ray examination
was performed on admission, a multi-fragment
fracture of the proximal and middle thirds of the
humerus was diagnosed (Fig. 1). Additionally,
signs of neuropathy of the left radial nerve and
secondary anemia due to blood loss (hemoglobin
of 110.0 g/L, erythrocytes of 3.53x10'%/L, and he-
matocrit of 32.10%) were detected.

After patient examenation and preparing for
surgical treatment open direct repositioning and
plate osteosynthesis were performed through the
deltoid-pectoral approach with an additional lat-
eral approach. Surgical treatment was performed
in the beach-chair position.

The first step was passing the lag screws through
the diaphyseal part of the fracture; however, sat-
isfactory repositioning was not achieved. The lag
screws were removed and two cerclage sutures
were applied (Fig. 2). Then osteosynthesis was per-
formed with a long PHILOS plate (Synthes) (Fig. 3).

Postoperatively, the patient retained paresis of
the radial nerve, and therapy with special neuro-
logical therapy was started. Additionally, immo-
bilization in a shoulder brace was performed for
6 weeks, followed by active rehabilitation therapy
and staged radiography. Radial nerve paresis re-
solved 9 months postoperatively with complete
radial nerve function restoration.

The control X-rays showed a consolidated
fracture of the humeral diaphysis 9 months post-
operatively, as well as the development of avas-
cular necrosis of the left humeral head, nonun-
ion, and migration of the greater tubercle into the
subacromial space (Fig. 4). The shoulder function
was limited, and the pain syndrome up to 5 VAS
points persisted during movements, as well as a
pronounced limitation of the amplitude of active
movements with the abduction of up to 70°, flex-
ion of up to 90°, external rotation of up to 0°, and
internal rotation at the L5 level. However, the pa-
tient was fully adapted to daily activities.

Fig. 1. X-rays of the left
shoulder at admission:
multi-comminuted
fracture of the proximal
and middle thirds of the
humerus, dislocation of
the humeral head
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Fig. 2. Intraoperative X-rays:

a — humerus diaphysis fragments displacement; b — reposition of the humerus shaft, lag screws insertion;
¢ — loss of reposition; d — removal of lag screws, cerclages ostheosynthesis

Fig. 3. Postoperative X-ray’s after osteosynthesis of the humerus with a PHILOS Long plate
and cerclages: a — frontal view; b — lateral view; ¢ — oblique view

Fig. 4. Shoulder control X-ray
after 9 months since surgery:
consolidation of the diaphyseal
part, nonunion, secondary
displacement of the greater
tubercle and avascular necrosis
of the humeral head

After 20 months, stage 2 of the surgical treat-
ment, including removal of metal fixators and total
reverse arthroplasty of the left shoulder, was decid-
ed together with the patient due to the persistent
pain syndrome. A deltoid-pectoral approach was
performed, and the metal fixators were removed.
Then, tenotomy of the subscapular muscle tendon
and long head biceps tendon was performed, and
access to the shoulder joint was provided. The re-
maining nonviable fragments of the humeral head
were removed, cementless metaglene was placed
with fixation by three screws, and a 38-mm gleno-
sphere was placed.
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A decision was made to install a cemented en-
doprosthesis stem (size 1, diameter 10) because
of the reduced bone quality, thin cortical walls,
the risk of low integration, and the risk of en-
doprosthesis stem instability. The height of the
shoulder component was determined by the most
intact medial bone edge of the humerus. The
38/+3 cup was installed after fitting. The final ra-
diographs are presented in Figure 5.

The pain syndrome was not registered and the
patient was discharged on day 5 after the surgery.
Additionally, immobilization in a shoulder brace
was performed, and rehabilitation therapy was
started.

Subjective assessment of the left shoulder joint
function according to the American Shoulder and
Elbow Surgeons score (ASES) scale was performed
at stage control examinations (Fig. 6).

Fig. 5. Shoulder X-rays in the early postoperative period after left shoulder arthroplasty:

a — Y-shaped view; b — direct view

ASES score

a0 _.
60 .l
40 —
% ’__/-"/f

12 months
after shoulder
replacement

6 weeks 20 weeks
after osteosynthesis  after osteosynthesis

injury
== ASES score

Fig. 6. Dynamics of ASES scores

The patient had no pain syndrome (VAS score
of 0), the subjective assessment of the left shoul-
der function was 90%, and the ASES score was 88
at the final follow-up examination. The patient
achieved a complete painless range of motion,
while the external rotation deficit persisted, and
a lag-sign positive test was noted, when the pa-
tient was unable to retain the arm in maximum
external rotation.

DISCUSSION

The PH fracture with extension to the diaphy-
sis in geriatric patients is a relatively rare injury
and can lead to a sharp decrease in limb function
and quality of life. Internal fixation with the long
PHILOS plate (Synthes) provides stable fixation
due to the anatomical shape of the plate [9].

According to the literature, surgical treat-
ment of PH isolated fractures is associated
with a large number of complications (17-32%)
[10, 11], among which avascular necrosis of the
humeral head is up to 5% [12, 13, 14]. Brunner
et al. revealed that geriatric patients have a 2-3
times higher risk of complications compared to
young people [10].

The treatment results of patients with PH
fractures with extension to the diaphyseal zone
vary in the literature. Arumilli et al. revealed
that only 2 out of 12 patients with 13 fractures
developed postoperative complications (mini-
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mal varus collapse in a 73-year-old patient and
screw migration in a 53-year-old patient) [6].
James et al. revealed that only 1 of 18 patients
had a postoperative complication in the form of
transient radial nerve paresis; while no cases of
avascular necrosis, nonunion, or delayed union
were identified [5]. In our case, aseptic necrosis
of the humeral head and nonunion of the hu-
meral tubercles were diagnosed, which may be
associated with the fracture severity, the nature
of fragment displacements, and the use of open
direct reposition.

The nature of complications in our clinical
case can be classified as type 1 (aseptic necro-
sis of the head) and type 4 (nonunion of the hu-
meral tubercles) based on Boileau classification
of PH isolated fractures [15]. Schliemann et al.
revealed satisfactory results from the total re-
verse shoulder arthroplasty after osteosynthesis
of the PH with the development of aseptic ne-
crosis [16]. Grubhofer et al. revealed satisfactory
results in the use of total reverse arthroplasty of
the shoulder joint after complications of primary
osteosynthesis. Patients with intracapsular frac-
ture complications (types 1 and 2) had a statisti-
cally significantly better outcome than patients
with extracapsular fracture complications (types
3 and 4) [17]. All studies registered a significant
improvement in the values of the orthopedic
scales in the postoperative period. Similar re-
sults were also obtained in our clinical case (88
points on the ASES scale) at the final follow-up
examination.

The use of one-stage total reverse shoulder
arthroplasty for PH fracture treatment in older
patients provides better clinical results than uni-
polar arthroplasty or osteosynthesis [18]. A co-
hort study by E. Sebastia-Forcada et al. compared
the results of primary and revision total reverse
shoulder arthroplasty. Both groups showed bet-
ter functional results and fewer complications in
the group of primary total reverse shoulder ar-
throplasty despite a significant improvement in
function [19]. Similar results were obtained by
Shannon et al. [20].

One of the treatment methods for three- and
four-fragment PH fractures is one-stage unipo-
lar arthroplasty. According to some authors, this
method effectively reduces the pain level; how-

ever, shoulder joint dysfunction often persists
due to damage to the rotator cuff of the shoul-
der joint or nonunion of the humeral tubercles
[21, 22]. Thus, Radzhabov et al. described the
successful surgical treatment of severe PH frac-
tures using unipolar shoulder arthroplasty [23].
Notably, unipolar arthroplasty in this work was
performed in patients without damage to the
rotator cuff and signs of omarthrosis. Bonns et
al. did not reveal a statistically significant dif-
ference in the treatment results of patients over
65 years of age with four-fragment PH fractures
using conservative treatment or a unipolar en-
doprosthesis [24].

A systematic review by Austin et al. revealed
significantly superior results using total reverse
shoulder arthroplasty (421 patients) than unipo-
lar arthroplasty (492 patients) in terms of postop-
erative pain syndrome and range of motion levels
[25]. Additionally, Gallinet et al. revealed that pa-
tients achieved better clinical results and flexion
amplitude after reverse shoulder arthroplasty,
but patients had a greater amplitude of external
and internal rotation after unipolar arthroplasty.
Moreover, they established that the incidence of
complications and repeated surgeries is higher in
patients after total reverse shoulder arthroplasty
and the percentage of revisions is higher in pa-
tients after unipolar arthroplasty [26].

In our opinion, the use of one-stage unipolar ar-
throplasty in presented case is inappropriate due
to the comminuted nature of the fracture of the
humeral tubercles and the proximal metaphysis.

Greiner et al. analyzed 50 cases of shoulder re-
verse arthroplasty in patients with PH fractures
after conservative treatment, osteosynthesis,
or unipolar arthroplasty and revealed that the
metaphyseal bone defect of >3 cm and atrophy
or avulsion of the teres minor muscle are sta-
tistically significant negative prognostic factors
that affect the clinical treatment results. The
authors noted that the fixation of the endopros-
thesis humerus component depends on the dia-
physeal fixation in case of metaphyseal defects
of the humerus, which can often be inconsistent.
Insufficiency of tension in the musculus deltoi-
deus is often noted in combination with difficul-
ties in reconstructing the anterior and posterior
parts of the rotator cuff [27].
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A defect in the metaphyseal zone leads to ro-
tational and axial instability, difficulties in in-
stallation due to the lack of bone markers, and
an increased risk of instability of the shoulder
component of the endoprosthesis, dislocations,
weakness of the upper limb, and functional im-
pairment in PH fractures.

Our clinical case revealed no formed meta-
physeal defect at the time of the primary surgery;
however, the intermediate fragment was signifi-
cantly larger than 3 cm and extended to the mid-
dle third of the humeral diaphysis, which could
adversely affect the stability of fixation of the
shoulder component of the endoprosthesis dur-
ing a one-stage surgery and the deltoid muscle
function (tension). However, in our opinion, the
use of shoulder reverse arthroplasty in combi-
nation with diaphysis cerclage osteosynthesisis
possible in this case but is associated with cer-
tain risks.

CONCLUSION

The presented clinical case shows that the use
of sequential osteosynthesis and total shoulder
reverse arthroplasty achieves satisfactory results
with injured limb function restoration and pain
elimination. Damage to the rotator cuff or tuber-
cles of the humerus, the degree of metaphyseal
defect of the humerus, age, and comorbidities
are important factors to consider during surgical
treatment planning.
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Surgical Treatment of Congenital Radioulnar Synostosis
in Children: Systematic Review

Yulia A. Fedorova, Sergei V. Vissarionov, Yaroslav N. Proschenko, Sofia A. Gevorgiz,
Ekaterina A. Zakharyan

H. Turner National Medical Research Center for Children’s Orthopedics and Trauma Surgery,
St. Petersburg, Russia

Background. Congenital radioulnar synostosis (CRUS) may have a negative impact on the function of the upper limb
and cause disability. The main aim of the surgical treatment is to correct the forearm position for diminishing functional
limitations.

The study aimed to analyze the variety of surgical methods for correction of the pronation forearm deformity in children
with CRUS based on the literature data.

Methods. We have searched publications in eLIBRARY, PubMed (MEDLINE), Ovid, ScienceDirect, Google Scholar databases.
The analysis has included the age at surgery, indications for surgery, the target functional forearm position, the time of
consolidation of the forearm bones, the frequency of neurovascular complications.

Results. Most authors considered subjective complaints as the main indication for surgical treatment, while some
researchers recommended taking into account the forearm hyperpronation position. The median age of the surgical
treatment was 5.17 years (3.25-9.46). The medians of the recommended forearm positions for unilateral CRUS were 0-10°
of pronation for the dominant, and 0-12.5° of supination for the non-dominant limb; with bilateral cases — 0-17.5°
pronation for the dominant and 0-12° supination for the non-dominant limb. Median of the osteotomy consolidation
time varied from 6 to 8 weeks. The maximal time of forearm bone consolidation was significantly higher (p = 0.024) in
the group with osteotomies through the synostosis site. Though the target forearm position was achieved in all cases, the
number of complications in the proximal osteotomy group was statistically significantly different (p<0.01). The chances
of neurovascular complications were 20.5 times higher in the group of patients who underwent osteotomy through the
synostosis (95% CI: 2.7-155.6).

Conclusions. The problem of surgical treatment of children with CRUS in the world medical practice remains relevant
despite the wide range of proposed methods. The development of an algorithm regarding the need for surgical treatment
and its methodology requires further high-quality research.

Keywords: congenital radioulnar synostosis, derotation, rotation, forearm osteotomy, surgical treatment, child.
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Xupypruueckas KoppeKkuus nosioXXeHus npeanseybs
y AeTel C BpOXKAEHHbIM PaaNOY/IbHAPHbIM CUHOCTO30M:
cUCTeMaTUYECKUit 0630p NnuTepaTypol

10.A. ®enoposa, C.B. Buccapuonos, fA.H. [Ipomenko, C.A. I'eBoprus, E.A. 3axapbsiH

DIBY «HauuoHanvHwlli MeOUyUHCKUll ucciedosamensckuii ueHmp demckoli mpasmamosiozuu u opmoneouu
um. IH. Typrepa» Mun3sopasa Poccuu, 2. Cankm-ITemep0ype, Poccus

AxkmyansHocms. BposkIeHHbIN paayuoyabHapHbIit cuHOCTO3 (BPYC), 6yayun penKkoit aHoMaimnei pa3BUTHSI, MOKET OKa-
3bIBATh CyLIeCTBEHHOe HeraTMBHOe BiMsIHMEe Ha (QYHKLUMIO BepxHeit KOHEUHOCTH, 3aTPYLHSITh camoobcaykuaHue. Oc-
HOBHasl 3aJjaya XMPypruueckoro jeueHuss — KOPPeKLUMsl MONOKeHUsI IpeIiieubsi ¢ Leblo paciiupeHus: GyHKUMOHAb-
HBIX BO3MOXXHOCTEIA.

Ilenv — aHanM3 NaHHBIX JIUTEPATYPhl O XUPYPIrUUECKUX MeTOJaX KOPPeKIMM MPOHALMOHHOM AedopMaly mpeaieyubs y
Iereii c BPYC.

Mamepuan u memodet. [Tovick my6aMKaLii BbIMOMHEH B 6a3ax qaHHbiX eLIBRARY, PubMed (MEDLINE), Ovid, ScienceDirect,
Google Scholar. IIpoaHan31poBaHbl CPOKY KOHCOMUIALMY KOCTEN MpeIieybs, BO3pacT XUPYPTUUECKOro JieueHUs], ToKa-
3aHUs K olepanuu, LeneBoe GYHKIMOHAIbHOE MOOKeHNe MpelIieubss, YaCTOTa HelipOBaCKY/ISIPHbIX OCOKHEHUI! B 3a-
BMCMMOCTY OT BapMaHTa olepainumn.

Pesynvmamet. BonbILIMHCTBOM aBTOPOB PEKOMEH/IOBAHO BBIIIOJHEHME XMPYPIMUYECKOrO BMellaTe/lbCTBa NIpM HAIUIUK
CYGBEKTUBHBIX )KaI00, HEKOTOPBIE UCCIEIOBATENM PEKOMEHYIOT YUUTHIBATh CTEIEHb TUIEPIIPOHAI[MOHHOTO ITOIOKEHNS
npeamieubss. MenyaHa Bo3pacTa XMPYpPruueckoro jieueHus cocraBuia 5,17 ner (3,25-9,46). MenyaHbl peKOMeHIyeMbIX
1ieJIeBbIX (DYHKIIMOHAIBbHBIX MOJNIOKEHMIT TpU ogHOCcTOpoHHeM BPYC coctaBuiu 1jisi AOMMHAHTHOM KoHeuHocTn 0—10°
MIpoHALMY, IJi Cy6IoMMHAHTHOM — 0-12,5° cynmuHaIum; Ipyu JBYCTOPOHHEM MopakeHun — 0-17,5° mpoHauuu ajs go-
MMHAHTHOM 1 0—12° cynmuHammu jsi Cy6IOMMHAHTHOM KOHEUHOCTeil. MenuaHbl CPOKOB KOHCOMUIAIMM 30H OCTEOTO-
MMM BapbUpPYIOT OT 6 10 8 Hell. MaKkcuMaibHble CPOKM KOHCOMMIALMM KOCTeN IpeAIeybsl B IPyIIe 0CTeOTOMMUI yepes
30HY CMHOCTO3a CTaTUCTUYecku 3HauMMo (p = 0,024) Bblllle B CpaBHEHUM C I'PYIIION OCTEOTOMMIT 06eux KocTeit mpej-
eubsi. HecMOTps Ha TO, YTO 1je/ieBOe MOJIOKeHMe NpeAIeybsl JOCTUTHYTO BO BCeX CAy4YasX, KOIMYeCTBO OCIOKHEHU
B IpyIIle IPOKCUMMaJIbHBIX OCTEOTOMMII CTaTUCTUUECKM 3HAaUMMO oTandanoch (p<0,01). lllaHchl pa3sBUTUSL HEIPOBACKY-
JISIPHBIX OCI0kHeHuit B 20,5 pa3 Bblllle B rpyIIie MaleHTOB, KOTOPbIM BBITIOIHSUIM OCTEOTOMMIO Yepe3 30HY CMHOCTO3a
(95% OU: 2,7-155,6).

3axnatouenue. TpobiemMa XUPypruueckoro jgeueHus: meteit ¢ BPYC B MUPOBOI MeOMIIMHCKOM MpaKTUKe, HECMOTPS
Ha IIMPOKUIL CIIEKTP MPEeAJIOKEHHbIX METOAMUK, OCTAeTCs aKTyalabHOI. Pa3paboTka aaropuTma OmpemesieHus] Heoo-
XOOVMMOCTY XUPYPIUUECKOTo JleYeHUsI M ero MeTOOUKM TpebyeT HaabHeiliero npoBefeHust UCcaeq0BaHuii BICOKOTO
KayecTBa.

KiawoueBbie cioBa: BpO)K,E[eHHbIﬁ pazmoyanaprIﬁ CMHOCTO3, BpO)K,Z[eHHbIﬁ ﬂWEHOKTeBOﬁ CMHOCTO3, OCTeOTOMMA
KOCTeit Mnpearvieybs, Xupypruiyeckoe jedeHme, 1eTu.
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BACKGROUND

Congenital radioulnar synostosis (CRUS) is a rare
anomaly of the development of the upper limb
that occurs in the early stages of embryogenesis
as a result of a violation of differentiation from
the common perichondria of the proximal parts
of the radius and ulna [1]. Despite the fact that
a single clinical case of idiopathic distal radioul-
narl synostosis has been described in the litera-
ture [2], the authors suggest that the etiology of
this condition is different.

The frequency of occurrence of CRUS in some
regions of the European part of Russia is 0.47-
1.29 per 100,000 population [3]. The world statis-
tics of this disease are unknown.

Despite the relatively low frequency of oc-
currence, this anomaly has a significant impact
on the function of the upper limb, especially in
cases of severe pronation deformity and bilat-
eral lesion. The existing congenital pathology
significantly complicates the child's self-care:
eating, holding objects and hygiene procedures,
which is due to the absence or sharp restriction
of the possibility of positioning the brush in the
supination position. It should be noted that this
pathology manifests and becomes pronounced
with the acquisition of complex manual skills
by the child [4]. These limitations become most
obvious from the age of three [1], however, the
anomaly may remain unnoticed until adoles-
cence or even in an adult, especially with a uni-
lateral lesion, a small synostosis and a forearm
position close to the average physiological [5].

There are a number of studies in the modern
literature devoted to attempts to restore active
rotational movements in patients with congeni-
tal radioulnar synostosis [6-10]. The main task as
aresult of surgical treatment remains the correc-
tion of the forearm position in order to expand
the functionality of the upper limb.

To date, more than 20 different options have
been described for surgical correction of the hyper-
pronation position of the forearm in children with
CRUS, but questions about the optimal age of sur-
gery, indications for it, the most optimal and safe
variant of derotation osteotomy, as well as alterna-
tive surgical treatment options aimed at restoring
active rotational movements of the forearm are still
being discussed.

The aim of this study was to analyze the lit-
erature data on surgical methods of correction of

pronational deformity of the forearm in children
with congenital radioulnar synostosis.

METHODS

Search and selection of publications

This systematic review was carried out in ac-
cordance with the international requirements of
PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses). The search for lit-
erary sources was carried out independently by
two researchers (F.Y.A. and G.S.A.) in the elec-
tronic databases eLIBRARY, PubMed (MEDLINE),
Ovid, ScienceDirect, Google Scholar using com-
binations of OR, AND operators and keywords for
English-language papers "congenital radioulnar
synostosis", "derotation", "rotation", "osteotomy",
"surgical treatment”, "children", "congenital radi-
oulnar synostosis”, "osteotomy", "children". The
search query in the PubMed (MEDLINE) database
included the following keywords: (congenital
AND radioulnar AND synostosis) AND (surgical
treatment OR derotation OR osteotomy) AND
(child) NOT (trauma). Retrospectively, the search
was not restricted, the date of the last request
was January 31, 2022.

The criteria for inclusion:

1. A series of cases with more than 3 patients.

2. The age of patients at the time of surgical
treatment is less than 18 years.

3. The use of surgical techniques for correct-
ing the hyperpronation of the forearm in chil-
dren with CRUS.

Due to the small number of analytical studies
and the predominance of descriptions of clinical
case report, studies with incomplete data presen-
tation were included for analysis.

RESULTS

The initial search included 365 sources. After ex-
cluding duplicate papers, conference abstracts,
book chapters, and comments, 283 studies were
selected for screening. After analyzing the head-
ings and abstracts of the articles, checking for
compliance with the inclusion criteria, 26 articles
directly met the goal of the study. The design of
the articles was a description of a series of clini-
cal observations, with the exception of the cohort
study of Hwang et al. (2015) [11]. The research
selection process is described in more detail in
Figure 1.
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[ Included j [Screening of Publicationsj [Search for sourcesj

Articles to check for compliance with inclusion
and exclusion criteria (n =79)

[

Initial search using databases: h
— eLIBRARY (n=21)
— PubMed (MEDLINE) (n = 44)
— ScienceDirect (n = 93)
— Google Scholar (n = 207)
Total number of publications (n = 365) 4 1\
Sources excluded before screening:
T / .| Publications that do not correspond to the search topic, as
¢ 7| well as excluded for other reasons: conference abstracts, book
~N chapters, comments (n = 82)
Publications for screening L J
(n=1283)
J
4 N\
> Duplicates (n = 206)
- J
Y
- A

Publications excluded from the analysis:

— Description of 1-2 clinical cases (n = 19)

— Age 18 and older (n = 2)

— Non-compliance with the search topic (n = 11)
— Lack of surgical treatment (n = 3)

Y

Publications included for analysis
(n=26)

Y

— Not in the public domain or publication in languages other than
English or Russian (n = 10)

— Flaps rotation (n = 5)

— Format of the conference, discussion, comment (n = 3)

- J

Fig. 1. Flowchart of the study

Authors, year Scale Coleman CEBM JBI
Simmons BP et al. (1983) [42] 29 | W T
Ogino Tand HikinoK (1987) [38] 29 v T
LinHHetal. (1995) [31] 35 (B A S — |
Castello R etal. (1996) [36] 35 | w T/
Yammine K et al. (1998) [28] 34 A ——

Farzan M et al (2002) [46] 36

Murase T etal. (2003) [32] 27

Fujimoto et al. (2005) [27] 29 v ————1a
Ramachandran M et al(2005) [29] 29 [ |
EL-AdIW(2007) [16] 30 [ 4 ——
YungNN(2008) [30] 44 (D 4 — |

Rubin Getal. (2013) [25] 35
Horii Eetal.(2014) [12] 36

Shingade VU et al.(2014) [33] 48

AhmadTetal.(2015) [34] 42

|

|

|
HwangJHetal.015) [11] 38 | ™

I

Simcock X etal.(2015) [41] 32 |

|

[ Meets the criteria
[ Doubtful

Bishay SNG(2016) [14] 34 A |
Prokopovich EV et al. (2016) [23] 41 | v T
Kozhevnikov et al(2017) [35] 34 | W T
Satake Hetal.(2018) [13] 48 | TV ee—_
Pasupathy Bet al. (2018) [39] 31 [ A — |
Mohammed TC et al.(2019) [37] 27 ([ \ A —— |
Pei Hand Han | (2019) [40] 59 D |
Zhang ZQetal. (2021) [43] 32 [ A — |
Cai Hand Wang Z (2021) [15] 46 | Vv T NN

[@ Does not meet the criteria
| Impossible to assess

Risk of systematic error

The methodological quality of the selected stud-
ies was assessed in accordance with the criteria
of the CEBM (Oxford Center for Evidence-Based
Medicine) to determine the level of research, the
JBI (Joanna Briggs Institute Critical Appraisal
tools) and the Modified Coleman Scale (Modified
Coleman Methodology Score) were used to assess
the quality of the description of a series of clini-
cal cases. Due to the fact that the overwhelming
number of studies is a description of clinical cas-
es series, an assessment on the Newcastle-Ottaw
scale was not carried out. The results of the as-
sessment are presented in Fig. 2.

Statistical analysis

The analysis of the extracted quantitative data
(age at the time of surgery, the period of bone
consolidation in the osteotomy area, the target
functional position of the forearm) was per-
formed using descriptive statistics methods after
a preliminary check for the normality of the dis-
tribution according to the Shapiro-Wilk criterion.

Fig. 2. Results of the quality assessment of the
included studies
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To assess the frequency of neurovascular compli-
cations, the analysis of four-field tables was used.
The comparison of consolidation periods in dif-
ferent osteotomy variants was performed using
the Mann-Whitney U-test. Statistical process-
ing was carried out in the IBM SPSS Statistics 26
program.

RESULTS AND DISCUSSION

Surgical options

Methods of surgical treatment of patients with
congenital radioulnar synostosis can be divided
into two main groups:

« surgery aimed at giving the forearm a func-
tionally advantageous position (variants of dero-
tation osteotomies) [12, 13, 14, 15, 16];

« surgery, the purpose of which was an attempt
to improve rotational movements by resection of
the synostosis zone with or without interposition
of biological or synthetic materials [7, 8, 17, 18].

Historically, surgical separation of the syn-
ostosis zone and reconstructive techniques with
an attempt to restore rotational movements
seemed to be an ideal treatment option, but the
final results according to most studies were not
satisfactory.

Already in 1912, Dawson asked the question:
“will it be possible to restore rotational move-
ments when dividing the bone fusion zone?”
[19]. A relapse of synostosis within 18 months
after separation attempts was noted by a num-
ber of researchers [20, 21, 22, 23]. In 1998, Kanaya
et al. [8] suggested filling the resection zone of
synostosis with a blood-supplied fat graft. In this
study, during 3.7 years of follow-up, none of the
7 patients relapsed, and the rotational function
was preserved. In 2016, the 10-year long-term re-
sults of this technique were analyzed [9], which
revealed a decrease in the amplitude of rotation-
al movements, to a greater extent supination, the
rate of extinction of rotation was about 16° per
year. Sakamoto et al. in 2013 analyzed the results
of treatment of 14 patients using the Kanaya
method with an average follow-up period of 58
months [10]. Despite the fact that there was no
recurrence of synostosis, rotational movements
tended to fade [10]. In 2020, Dong et al. was retro-
spectively investigated the effectiveness of plac-
ing a blood-supplied flap in the radius resection
zone in a large sample (36 patients). The authors

claimed to improve the rotational function with
the achievement of pronation of 30.1° (15-45°),
supination - 22,6° (10-40°) [6].

It should be kept in mind that more than half
of the cases of CRUS belong to type III according
to the Cleary-Omer classification, that is, they
are accompanied by an arcuate deformation of
the radius, hypoplasia of the head of the radius.
Consequently, the restoration of the rotational
function of the forearm may be hindered by the
pathological form of bone structures. Sakamoto
(2013) et al. The emphasis was placed on the fact
that in their study, a smaller rotation amplitude
was achieved in patients with a larger arcuate de-
formity of the radius [10].

Thus, despite the good immediate results of
attempts to restore the rotational function of the
forearm, either an insufficiently long observa-
tion period is described, or a gradual extinction
of rotation is noted.

At the moment, the leading methods of sur-
gical treatment of CRUS are precisely the vari-
ants of forearm derotation osteotomies to
achieve functionally advantageous position [24].
Conditionally, they can be divided as follows:

« surgery with gradual correction of pronation
deformation using external fixation devices [25,
26];

 surgery consisting in performing a single-
level osteotomy of the radius [12, 13, 23, 27];

» surgery accompanied by osteotomy of both
forearm bones at different levels [11, 14, 15, 28,
29, 30, 31, 32, 33];

» surgery involving osteotomy through the
synostosis zone [34, 35, 36, 37, 38, 39, 40, 41,
42,43].

Most authors recommend performing surgery
only in the presence of subjective complaints of
the patient about the restriction of daily activity
[4, 11, 33, 43, 44]. Some researchers recommend
taking into account the severity and magnitude
of the hyperpronation position of the forearm
[28, 42]. When choosing a patient’s treatment
tactics and indications for surgical treatment, it
is necessary to remember that the need for com-
plex manual skills and the development of fine
motor skills increase with the age of the child. In
young children, even severe pronational deformi-
ties may not cause difficulties in providing self-
service functions. A comparison of indications
for surgical treatment is presented in Table 1.
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Table 1

Comparative characteristics of indications for surgical treatment

Name Osteotomy level Surgery indications Target functional position of the forearm
Green WT and With bilateral CRUS With 30-45° pronation
Mital MA (1979) Through the No information for the dominant limb, 20-35° supination for

[45]

Simmons BP et al.

(1983) [42]

Ogino T and
Hikino K (1987)
[38]

Lin HH et al.
(1995) [31]

Castello JR et al.
(1996) [36]

Yammine K et al.
(1998) [28]

Farzan M et al.
(2002) [46]

Murase T et al.
(2003) [32]

Fujimoto M et al.
(2005) [27]

Ramachandran M
et al. (2005) [29]

El-Adl W (2007)
[16]

Hung NN (2008)
[30]

Rubin G et al.
(2013) [25]

Horii E et al.
(2014) [12]

Shingade VU et al.

(2014) [33]

Hwang JH et al.
(2015) [11]

Ahmad I et al.
(2015) [34]

synostosis zone

Through the
synostosis zone
Distal radius

Through the
synostosis zone

Proximal ulna, distal
radius

Through the
synostosis zone

Ulna and radius
diaphysis

Proximal ulna

Proximal ulna, distal
radius

Radius diaphysis

Ulna diaphysis,
distal radius

Proximal ulna, distal
radius

Distal ulna,
proximal radius

Through the
synostosis zone

Radius diaphysis

Proximal ulna, distal
radius

Proximal ulna, distal
radius

Through the
synostosis zone

Forearm position >60° pronation — absolute indication,
15-60° - relative indication in the presence of subjective
complaints; <15° — does not cause functional limitations

Functional limitations, the presence of subjective
complaints. There is no indication of the degree of
pronation position of the forearm in degrees

Functional limitations, the presence of subjective
complaints. Unilateral pronation deformity >60°
of the subdominant limb

The position of the forearm >60° pronation with the
presence of complaints is an absolute indication, 30-60°
is a relative indication in the presence of complaints

The position of the forearm >900 or the restriction of daily
activity with bilateral CRUS without specifying the degree
of pronation position of the forearm in degrees

Hyper-pronation position of the forearm without specifying
degrees and bilateral lesion with functional limitations.

In the absence of difficulties in daily activity, surgical
treatment is not indicated

Functional limitations, the presence of subjective
complaints. There is no indication of the degree
of pronation position of the forearm in degrees

No information

The presence of subjective complaints, difficulty in self-
service and daily activity, taking into account the severity of
pronation deformation without specifying the degree

in degrees

Functional limitations, the presence of subjective
complaints. There is no indication of the degree
of pronation position of the forearm in degrees

The presence of subjective complaints, difficulty
in self-service and daily activity

Bilateral lesion with forearm position >90° pronation

Forearm position <30° pronation does not require
surgical correction

The presence of subjective complaints, objective functional
limitations on the Failla or Jebsen-Taylor scale, regardless
of the severity of the hyperpronation position

The presence of subjective complaints, difficulty in self-
service and daily activity

Functional limitations, the presence of subjective
complaints, deformity >60°, taking into account a single
or bilateral lesion

the subdominant. With a one-sided CRUS

of 10-20° supination

With a one-sided PRUS of 15° pronation, it

is impractical to position the hand in the
supination position. With a bilateral CRUS of
10-20 ° pronation for dominant, neutral for
subdominant or taking into account the wishes
of the patient

With unilateral CRUS 0-20 ° supination.

With a bilateral CRUS, 0-20° pronation for the

dominant limb and 0-20° supination for the
subdominant

20-30° pronation for the dominant limb, 0-20°
supination for the subdominant

0-15° of pronation

20° of pronation

15° of supination

0-30° pronation for dominant limb,
0° for subdominant

10° pronation for dominant limb,
0° for subdominant

10° of supination

30° pronation for dominant, 20° supination
for subdominant

0-30° pronation for dominant, neutral for
subdominant with 70-100% correction
of the initial deformation

0-30° supination, and for the subdominant

limb more supinated

Neutral without specifying degrees

20-30° of supination

0-30° of supination

10-20° of supination
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End of Table 1

Name

Osteotomy level

Surgery indications

Target functional position of the forearm

Simcock X et al.
(2015) [41]

Bishay SNG (2016)
[14]

Prokopovich E.V.
et al. (2016) [23]

Kozhevnikov O.V.

and Kralina S.E.
(2017) [35]

Satake H et al.
(2018) [13]

Pasupathy B et al.
(2018) [39]

Mohammed TC
etal. (2019) [37]

Pei X and Han ]

Through the
synostosis zone

Proximal ulna,
distal radius

Proximal radius

Through the
synostosis zone

Radius diaphysis

Two levels through
the synostosis zone

Through the
synostosis zone

Through the

Forearm position >60° with significant limitation of daily
activity

No information

Forearm position >60° pronation

Functional limitations without a detailed description

Forearm position >60° pronation

Bilateral lesion with severe hyperpronation without
specifying degrees, in other cases, the decision on surgical
treatment is made individually

Forearm position =600 pronation with unilateral lesion with
the presence of complaints, bilateral CRUS regardless of the
degree of pronation position in degrees

Forearm position >55° pronation, < 10 points on the Failla

10-20° of pronation

20-30° pronation for the dominant limb, 20°
supination for the subdominant

0-10° of pronation

Average physiological without specifying
degrees

A position that allows for 90 ° supination of
the hand, taking into account compensatory
rotation at the level of the wrist joint

15-25° of supination

0-30° of pronation

(2019) [40] synostosis zone scale
Zhang ZQ et al. Through the
(2021) [43] synostosis zone service and daily activity

Cai H and Wang Z
(2021) [15]

Proximal ulna, distal

radius scale

The presence of subjective complaints, difficulty in self-

Forearm position >60° pronation, <8 points on the ADL

10° of pronation - 20° of supination

No information

20° pronation for dominant limb, neutral for
subdominant without specifying degrees

Optimal age for surgical treatment

A consensus on the optimal age for surgery ac-
cording to the literature has not been formed at
the moment. It is recommended to start surgical
treatment no earlier than the age of two [47]. The
youngest age of the operation for a child with
CRUS, according to literary, was 1.5 y.o. [35]. It
was found that surgical treatment at the age of
over 7 years is associated with a high risk and a
higher incidence of neurovascular complications
compared to patients who underwent surgery at
an early age [24]. According to the results of the
analysis of the extracted data, the median age
of surgical treatment was 5.17 years (3.25-9.46)
(Table 2).

Assessment of upper limb function

The analysis of the functional results of surgi-
cal treatment using objective scales was carried
out only in 23% of the publications (6 out of
26 papers) included in the analysis. Objective
scales for assessing the function of the upper
limb have been used since 2005, among them

— ADL (activity of daily living) [13, 15, 27, 33],
qDASH [13], Failla [33, 40], Jabson-Taylor [33],
Liverpool Elbow Score [11]. In another 9 papers
(35%), the authors either offer their own scale
without its detailed description, or assess the
subjective satisfaction of patients with the re-
sult of surgical treatment. The most complete
assessment of the function of the upper ex-
tremities is described in the paper of Shingade
et al. (2014) [33].

Terms of consolidation
and the option of fixing

Various ways of fixing the bones of the forearm
are proposed - from the absence of internal fixa-
tion [12, 16, 26, 27, 31, 33] prior to the application
of the external fixation device [25], osteosynthe-
sis with K-wires is most common [14, 23, 29, 30,
32, 34, 35, 36, 37, 39, 41, 43]. Additionally, in all
cases, the limb was immobilized with a posterior
plaster splint from the upper third of the shoul-
der to the metacarpophalangeal joints when the
elbow joint was bent at an angle of 90°. Hwang et

89 2022;28(3)

TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



REVIEWS

al. (2015) compared the groups with internal fixa-
tion and the absence of such, without revealing
statistically significant differences in the terms of
consolidation, the angle of correction, the postop-
erative position of the forearm, the magnitude of
the loss of correction after surgery and the func-
tion of the upper limb according to the Liverpool
scale [11]. Median periods of consolidation of os-
teotomy zones vary from 6 to 8 weeks (Table 2). A
comparative analysis of the minimum and average
consolidation periods in the groups that under-
went osteotomy through the synostosis zone and
osteotomy of both forearm bones revealed no sta-
tistically significant differences (Table 3).

When comparing the terms of consolidation
after different variants of osteotomies, statisti-
cally significant differences were found in the
maximum terms of consolidation (p=0.024).

The maximum periods of consolidation in the
osteotomy group through the synostosis zone
were higher in comparison with the osteotomy
group of both forearm bones. The differences
in the minimum and average consolidation pe-
riods were not statistically significant.

Forearm position and safe
degree of correction

The optimal position of the forearm remains an ac-
tively discussed issue. Hwang et al. (2015) indicate
that the position of excessive supination may limit
the daily activity of the child due to global com-
puterization and widespread use of the keyboard
[11]. Shingade et al. (2014) are of the opinion that
the peculiarities of hygienic procedures of the in-
guinal region require almost complete supination
[3]. Many groups of authors, mainly from Asian

Table 2
The results of the analysis of the extracted quantitative data from the articles
Extracted data Min, Me [IQR] Average, Me [IQR] Max, Me [IQR]
Age at the time of surgery, full years 3,25 [2,20-4,00] 5,17 [4,74-6,90] 9,46 [8,25-13,00]
Consolidation period, weeks 6,0 [5,5-7,0] 7,0 [6,0-8,0] 8,0 [9,0-14,0]
é ” One-sided | Dominant limb 0[-20,0-12,5] - 10,0 [-5,0-25,0]
< $ | CRUS
g B Subdominant limb -12,5 [20,0-0,0] - 0[-10,0-10,0]
23
8 E Two- Dominant limb 0[-17,5-15,0] - 17,5 [0,0-30,0]
bl sided
&5 |CRUS _ _
E = Subdominant limb -12,5[-20,0-0,0] - 01[-12,5-5,0]
The supination position is represented by negative values.
Table 3

The results of a comparative analysis of the terms of consolidation in various

variants of rotational osteotomies of the forearm bones

Surgery option
Parameter, weeks Osteotomy tl_lrough the Osteotomy (_)f both forearm p
synostosis zone bones at different levels
Me [IQR] Me [IQR]
Minimum consolidation period 8,0 [5,0-8,6] 6,0 [5,0-6,9] 0,381
Average consolidation period 9,4 [7,0-12,0] 6,95 [5,9-7,5] 0,142
Maximum consolidation period 12,0 [10,1-16,0] 7,95 [7,0-9,0] 0,024*

* - differences in parameters are statistically significant (p<0.05)
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countries, emphasize the need to take into account
the socio-cultural environment - for example, eat-
ing with chopsticks requires holding the bowl in
the supination position [13, 38, 40]. A number of
researchers have indicated that a small supina-
tion can be well compensated by shoulder retrac-
tion [11, 29, 33], in contrast to the pronation [12].
Other groups of authors emphasize the need to
position the subdominant limb in a more “supina-
tion” position [14, 27, 31, 32, 38, 42]. The results of
the Pei study et al. (2019) demonstrated the highest
score on the Failla functional scale in patients with
a forearm position of 0-20° supination, both for
dominant and subdominant limbs [40]. A detailed
comparison of the target positions of the forearm
after derotation osteotomy is presented in Table 2.
The medians of the recommended target functional
positions for unilateral CRUS were 0-10° pronation
for the dominant limb, 0-12.5° supination for the
subdominant limb; for bilateral lesions — 0-17.5°
pronation for the dominant and 0-12° supination
for the subdominant limb (Table 2).

Despite the fact that the target position of the
forearm was achieved in all cases, the number of
complications differed depending on the level of
osteotomy — the highest frequency of neurovas-
cular complications was associated with osteoto-
my through the synostosis zone (Table 4).

When comparing the frequency of neurovas-
cular complications depending on the surgical
intervention option (through the zone of synos-
tosis and both forearm bones at different levels),
statistically significant differences were obtained
(p<0.01). The chances of developing neurovas-
cular complications increased in the group of
patients who underwent osteotomy through the
synostosis zone by 20.5 times (95% CI: 2.7-155.6).
There was an average strength relationship be-
tween the compared signs (V = 0.235).

Other variants of possible complications, as
well as more detailed characteristics of the surgi-
cal options used are described in Table 5.

CONCLUSION

According to the literature data, the problem of
surgical treatment of children with congenital
radioulnar synostosis in world medical practice
remains relevant due to the lack of a unified ap-
proach, decision-making algorithm and clear in-
dications for surgery. Based on the information
presented and analyzed by us, we can summarize:

1. Many authors recommend performing sur-
gical treatment of children with radioulnar syn-
ostosis before starting school, at the age of 5
years (3-9 years).

2. Insufficient attention is paid to an objective
assessment of the function of the upper extremi-
ties when determining indications for surgical
treatment using point scales and questionnaires.

3. The target functional position of the fore-
arm differs depending on the leading limb and in
the case of a bilateral lesion, more supination is
preferable for the subdominant limb.

4. The terms of consolidation of the forearm
bones in various variants of osteotomies vary from
6 to 8 weeks. There were no statistically significant
differences in the minimum and average terms of
consolidation in the group of osteotomies through
the zone of synostosis and osteotomies of both
forearm bones. At the same time, the maximum
consolidation periods differ statistically signifi-
cantly (p=0.024), averaging 12 weeks after oste-
otomy through the synostosis zone and 7.95 weeks
with osteotomy of both forearm bones.

5. Despite the fact that the target functional
position of the forearm was achieved in all vari-
ants of surgery, osteotomies through the zone of
synostosis, as well as proximal osteotomies of the
radius are accompanied by a higher frequency of
neurovascular complications.

Thus, the development of a decision-making
algorithm regarding the need for surgical treat-
ment and its methodology remains an unsolved
task to the end and requires further research.
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Leg Length Measurement: Review
Daria A. Petrova!, Vladimir M. Kenis !:2

I H. Turner National Medical Research Center for Children’s Orthopedics and Trauma Surgery,
St. Petersburg, Russia
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Background. Measurement of the length of the lower extremities is an important part of the assessment of the musculoskeletal
system. If there is a discrepancy in the length of the legs, the accuracy of the measurement technique will determine the
choice of further tactics for treating the patient. However, to date, there is no consensus among experts regarding the
optimal and accurate method for assessing this clinical condition.

The aim is to analyze foreign and domestic researches about measurement of LLD and to determine the optimal method for
measuring the lengths of the lower extremities.

Methods. More than 70 scientific articles were selected from 1983 to 2021 in the PubMed/MEDLINE and eLIBRARY databases
in Russian and English languages.

Results. An analysis of the literature data did not reveal the optimal method for measuring the length of the lower
extremities. Clinical evaluation procedures have demonstrated poor reproducibility and high measurement errors.
Radiation imaging techniques also have measurement errors, additionally exerting radiation exposure on the patient.
Imaging techniques such as ultrasound and MRI are described in several studies, which does not allow to fully determine all
the advantages and disadvantages of these methods when measuring the lengths of the lower extremities.

Conclusion. The study and development of new methods for diagnostics different lengths of the lower extremities,
as well as the improvement of existing methods, will improve the quality of diagnosis of this pathological condition,
and therefore affect the quality of the treatment for its correction.

Keywords: LLD, measurement limb length discrepancy, limb length inequality.
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U3MepeHue ANIMHbI HUKHUX KOHEYHOCTEMN:
0630p nuTEepaTypbl

I.A.TletpoBal, B.M. Kenuc -

' @I'BY «HayuoHanvHbtli MeduyuHcKuti ucciedosamebCckuli yeHmp demckoli mpasmamonozuu u opmoneouu
um. I . Typnepa» Mun3sdpasa Poccuu, 2. Cankm-ITemep0ype, Poccus

2 @Ir'BOY BO «Cesepo-3anadHulii 2ocydapcmeeHHblii meduyuHckuii ynusepcumem um. .M. Meunukosa»
Mumn3sdpasa Poccuu, 2. Cankm-ITemep6ype, Poccus

Beedenue. V3MepeHye IJIMHBI HSKHUX KOHEYHOCTEN SIBISIETCSI BAKHBIM 3JIEMEHTOM OLIeHKM COCTOSIHUSI OTIOPHO-JIBUTA-
TeJbHOTO ammnapaTa. IIpy BbISIB/I€HUM HECOOTBETCTBUS B [/IIHE HOT TOYHOCTh METOAMKYM M3MepeHus 6yeT 06ycIaBInBaTh
BBIGOD JasbHeIIIel TAKTUKY JieueHus naieHTa. OJHAKO Ha CeTOTHSIIHUIT TeHb He CYLIeCTBYeT eIVHOTO MHEHMS CITelIn-
aJIMCTOB OTHOCUTEIBHO ONITUMA/IBHOM M TOUHOIM METOAVIKM M3MePeHMS IJINHbI HVSKHUX KOHEUHOCTE.

Llens 0630pa — Ha OCHOBAHMM aHAIN3a 3aPyOEKHOI 11 OTeUeCTBEHHOI IMTEPATYPhl ONIPEAEIUTD ONMTUMATbHYI0 METOIUKY
M3MepeHMsI IJIHbI HVSKHUX KOHEUHOCTE.

Mamepuan u memodst. bbuio oTo6paHo 60ee 70 HayuHbIX cTaTeit ¢ 1983 o 2021 r. B 6a3ax manHbix PubMed (MEDLINE) u
eLIBRARY Ha pycCKOM M aHIJIMIICKOM SI3bIKaX.

Pe3zynvmamoi. AHaIM3 TUTEPATYPHBIX TaHHBIX HE BBISIBUJI OMTUMAIbHOVM METOIMUKM M3MepeHUs AJIMHbI HISKHUX KOHeY-
HocTel. KnMHnYeckre MeTOOMKY OLIeHKM MPOIeMOHCTPUPOBAIU TIJIOXYIO BOCIIPOM3BOAVIMOCTD M BbICOKME TOTPEIIHOCTYU
u3MepeHuii. JlyueBble METOOMKY BU3YaaM3aLUM TaKKe He JIMILIEHbI MOTPEIIHOCTeN M3MepeHMiA, TOTTOTHUTENTbHO OKa3bI-
BAIOT HA MMallMeHTa JIy4eBYl0 Harpysky. MeToguku Busyanmsanuu, tTakme Kak Y3U u MPT, omnmcaHbl JUIIb B HECKOTbKUX
UCC/IeN0BAHMSIX, YTO He TI03BOJISIeT IMOTHOLIEHHO OIpefeNTh BCe UX NJOCTOMHCTBA M HEJIOCTATKY MPU M3MepPeHUN IJIMHbI
HIDKHUX KOHEUHOCTE.

3akniouenue. VizyueHue 1 pa3paboTKa HOBbIX METOIMK OIpemeleHNsT Pa3HOi IJIMHbI HYSKHUX KOHEUHOCTE, a TaKkKe yco-
BepIIEeHCTBOBAHME Y3Ke CYIIeCTBYIOUIMX METOAVK TO3BOJISIT YIYYIIUTh KAYeCTBO AMArHOCTUKY JAHHOTO MAaTOMOTUYECKOTO
COCTOSTHMSI, & CJIeIOBATE/IbHO, MOBJIMSITh HA KAYECTBO ITPOBOIVIMOTO JIeUeHUS.

KnroueBbie ¢JIOBa: pa3HOBEIMKOCTDb HYDKHUX KOHEYHOCTEN, M3MepeHe IJIMHbI HUKHIX KOHEUHOCTEN, pa3Hast AJIHA HIDK-
HUX KOHEUHOCTE.

ITerposa [I.A., Kennc B.M. i3aMepeHue JyIMHbI HUSKHUX KOHEUHOCTEN: 0030p TUTepaTypsl. Tpagmamonozus u opmonedus
Poccuu. 2022;28(3):. https://doi.org/10.17816/2311-2905-1781.

D] Ilemposa Zapes AnexcandposHa; e-mail: radd.arr@mail.ru

Pykomnuch nmonyyeHa: 17.05.2022. Pykonuch ogobpena: 25.07.2022. CtaThst oryo6amMkoBaHa onmai: 24.08.2022.
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BACKGROUND

Determining the lower extremity (LEL) is an
important point in assessing the pathology of
the lower extremities. According to the litera-
ture, almost 90% of the population suffer from
LEL discrepancy up to 1 cm [1, 2]. Anatomical
and functional differences are distinguished [3].
Anatomical length discrepancy occurs when the
total length of bones and the thickness of carti-
lage differ significantly between the limbs. The
main causes of anatomical length discrepancy are
congenital and acquired [4]. The most common
congenital causes are hip dislocations, hemihy-
pertrophy with injury to the skeleton of the lower
extremities, unilateral clubfoot. Acquired causes
may develop due to infections, paralysis, tumors,
surgery such as total hip or knee arthroplasty [4].
Functional length discrepancy can be caused by
contracture of soft tissues, contractures of the
hip or knee joints, pelvic tilt or deformities of
the foot [1, 3]. For example, flexion contractures
of the knee and hip joints can cause an obvious
shortening of the leg, while the hip abduction
contracture and equine foot position can func-
tionally lengthen the affected limb.

The assessment of different sizes is a difficult
task for researchers and clinicians, since there
are still disagreements about the optimal meth-
od of measuring the LEL, and data on their re-
liability and diagnostic accuracy differ. The ac-
curacy of the method is defined as the spread of
measurement using the imaging method com-
pared to the actual measurement, whereas the
reliability of the method lies in the difference
between the measurement results of differ-
ent researchers and the same researcher when
measuring different patients [5]. The choice of
the correct surgical method for correcting the
LEL discrepancy requires improving the quality
of diagnostic techniques for this pathological
condition [6, 7, 8, 9, 10].

The aim of the study was to determine the op-
timal method of measuring the LEL based on the
analysis of foreign and domestic literature.

METHODS

The search for scientific articles was carried out
from 1983 to 20 in the PubMed (MEDLINE) and
eLIBRARY databases. Keywords used for search-
ing: leg length discretion, limb length discretion, leg
length inequality, leg length, limb length, measure-

ment LLD. The second stage was to look through
the literature lists of the found articles for ad-
ditional selection of publications of a suitable
subject.

RESULTS

Two main categories of methods are used to
evaluate the LEL: clinical methods and imaging
methods [1, 5, 11].

Clinical methods for evaluating the LEL

Measuring with a centimeter tape

The technique is used to measure the length of
each lower limb by measuring the distance be-
tween the bone landmarks and is called a direct
clinical method for measuring the difference in
size. In 21 studies, a centimeter tape was used to
measure the length of segments [12, 13, 14, 15,
16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29,
30, 31, 32]. In most studies, the values obtained
using a centimeter tape were compared with the
results of X-ray images as reference [13, 14, 15,
16,21, 22, 23, 25, 29, 31]. However, only some au-
thors used full-fledged radiographs of the lower
extremities, while some researchers estimated
the difference in the LEL from targeted radio-
graphs of specific areas, such as hip, knee and
ankle joints [12, 16]. In two studies, the reference
values were ultrasound diagnostic data [18, 20].
Several authors used CT scans as reference val-
ues [23, 26, 27]. One study assessed the distance
of the medial and lateral ankles from the floor
[29]. Some authors evaluated the inter-expert
and intra-expert consistency of the results of
the measurements obtained [11, 12, 17]. Another
study compared the results obtained using a cen-
timeter tape with the results obtained using a
Metrecom device [16]. According to I.T. Batrshin
and T.N. Sadovaya, when measuring the LEL and
segments using a centimeter tape, 1000 chil-
dren in 19% of cases had a change in the length
of the segments depending on the position in
which the measurement was made - standing,
sitting and lying [32]. Only a few publications
have reported that the measuring method with
a centimeter tape is reliable and/or valid [22, 23,
26, 27]. Most of the authors [11, 13, 15, 18, 19,
20, 24, 26, 28, 30] it was concluded that the tape
measurement technique is inaccurate: a wide
range of results was revealed, weak correlation
with other methods and a length discrepancy
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with radiography, which may lead to an incor-
rect calculation of a small difference in the LEL.
In addition, there are certain causes of differ-
ent sizes, such as fibular hemimelia and post-
traumatic bone loss involving the foot, where a
significant part of the shortening of the limb is
more distal in relation to the medial ankle, re-
spectively, is not evaluated when using this as-
sessment technique.

The blocks technique

The alignment of the patient's pelvis position
relative to the horizontal plane in a standing
position with the placement of blocks of known
height under a short limb is called an "indirect"
clinical method of measuring the difference in
size. This method was used in 11 studies [12, 14,
18, 19, 20, 21, 23, 24, 29, 33, 34]. When evaluat-
ing the results, the data obtained during CT [23]
and ultrasound [17] were considered the refer-
ence value. In all other studies, the reference
value was considered to be the results of an X-ray
examination. The blocks technique is defined as
reliable, accurate and relevant or superior to the
measurement technique with a centimeter tape
in five studies [12, 21, 23, 24, 29]. However, sev-
eral studies have revealed low validity and reli-
ability compared to X-ray studies [14, 19, 34].
In addition, J. Edeen et al. identified the blocks
technique as less accurate in comparison with ul-
trasonic measurement [20].

E. Hanada compared the blocks technique
with palpation of the iliac crests to determine
the magnitude of the difference. The values
obtained using this technique were compared
with the X-ray data as a reference value. The
researchers concluded that the results obtained
indicate high reliability and sufficient validity
of the proposed methodology, but there are no
other references to the use of this technique in
the literature [35].

Osteopathic techniques

To determine functional shortening, osteopaths
use unique techniques, such as the Derifield-
Thompson test, which allows to accurately deter-
mine the difference in length of less than 3 mm
when assessing interexpert consistency [36, 37,
38]. However, these studies were conducted on
small groups of patients, and none of them used
a different method for evaluating the the differ-
ence in the LEL.

This research design flaw was leveled in a
study by D.W. Rhodes et al., in which the osteo-
pathic measurement technique was compared
with measurements obtained when assessing the
difference in size on radiographs of the lower ex-
tremities in the standing position [39]. Despite
the positive correlation, the values of the differ-
ence in the length of the limbs differed greatly
depending on the measurement method, which
prompted the researchers to conduct another
study aimed at determining the difference in the
LEL depending on the patient's position — lying
on his stomach and lying on his back [40]. The re-
sults obtained were compared with radiographs
of the lower extremities in the standing position,
which revealed the low validity of the test and
less than expected reliability of the study.

The study by H.T. Nguyen et al. is devoted
to the assessment of interexpert consistency in
measuring the LEL in patients in the supine po-
sition, which demonstrated good reproducibility
when using the activator method [41].

In another study, the minimum size of the dif-
ference was calculated, which can be accurately
determined using the osteopathic assessment
technique - 3.74 mm. Such accurate data were
obtained due to the known size of the pads simu-
lating the different size of the lower extremities
in the experiment [42].

Later, the data of the mistake-free determina-
tion of the difference in the LEL were increased
to 4-6 mm due to the use of modified surgical
boots [43].

A number of researchers believe that the in-
ter-expert consistency in assessing the diversity
depends on the experience of researchers and
decreases when trying to increase the accura-
cy of measurements. [44, 45, 46, 47]. A modern
study by R. Cooperstein and M. Lucente, devoted
to assessing the difference in the patient's lying
on his back and lying on his stomach, demon-
strated low consistency between the measure-
ments obtained [48]. Another study, also con-
ducted by R. Cooperstein et al., was devoted to
the evaluation of the compression technique
for detecting different sizes and determining
the differences between anatomical and func-
tional shortening. The results demonstrated
high reliability of intra-expert and inter-expert
consistency, however, the authors indicate that
radiological measurement methods are more
accurate and reliable [49].
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Another study by R. Cooperstein et al., de-
voted to the mathematical modeling of the
Allis test, refutes the value of osteopathic as-
sessment methods due to the significant length
discrepancy in the results obtained during the
measurement process, arising due to the pecu-
liarities of positioning of patients at the time
of the procedure [50]. A study by M. Farella et
al. aimed at identifying the length discrepancy
caused by disorders in the temporomandibular
joint did not reveal a correlation between the
pathology of the temporomandibular joint and
the different LEL [51].

Visualization methods

Currently available imaging methods include
conventional radiography, computer radiogra-
phy, microdose digital radiography, ultrasound,
CT and MRI. The spread of digital radiography
served as an incentive for conducting a study on
comparing measurements obtained during the
evaluation of film and digital images [52].

Comparison of the results obtained by
measuring film and digital images

S. Khakharia et al. conducted a study of compa-
rability, accuracy and reproducibility of meas-
urements of the difference between digital im-
ages in the PACS system and standard printed
radiographs [52]. The measurements were carried
out independently by two researchers. For both
methods, comparable reliability and excellent
consistency of the results obtained were claimed.
Therefore, the transition from printed film to
digital images was recommended.

Radiography of the pelvis to determine the
magnitude of the length discrepancy

In 4 studies, the comparability of the measure-
ment results of the LEL discrepancy obtained by
measuring pelvic radiographs in a direct projec-
tion was evaluated [53, 54, 55, 56]. The reference
studies were panoramic radiographs of the lower
extremities in an AP projection in a standing po-
sition or CT results. The authors of all studies
concluded that caution should be exercised when
determining the magnitude of the length discrep-
ancy in pelvic radiographs due to the limitation
of their comparability with reference methods.

Panoramic radiography of the lower
extremities in the standing position

Panoramic radiography of the lower extremities
in the standing position is recognized as the gold
standard for assessing the LEL discrepancy[4]. A
number of studies have determined the high or
almost perfect reliability of the panoramic radio-
graphy method [57, 58, 59, 60]. The CT method
was the reference method in some of these stud-
ies, and in one of them panoramic radiography
in an anterior-posterior projection in a standing
position surpassed the CT scan in accuracy of
the measurements obtained [60]. In addition, the
specialists who conducted these studies recom-
mend using the technique not only to determine
the LEL discrepancy, but also to assess the axial
deformities of the lower extremities. However,
the results of a study by M.D. Ahrend et al. have
also been published, demonstrating mistakes of
up to 6 cm when measuring panoramic radio-
graphs in an AP projection in the same patients
during the treatment period. The authors of the
article claim that when comparing the measure-
ment results of an intact limb, the values differ
by more than 2 cm in 76% of the studied [61].

EOS Biplane Imaging System

The EOS system is an X-ray machine that allows
filming in two mutually perpendicular projec-
tions [62, 63]. A number of studies have been
conducted to assess the accuracy of measure-
ments of the LEL discrepancy [64, 65, 66]. Due
to the high accuracy of the results obtained, the
reference evaluation method was not used. When
comparing the X-ray load A. Clavé et al. con-
cluded that the obtained images of phantoms are
comparable to diagnostic ones and can be used
for subsequent examination of living patients in
order to reduce radiation exposure [64]. In two
other studies, 2D and 3D measurements using
the EOS system were considered accurate and
highly reliable. However, both studies revealed
methodological problems [65, 66].

Computed tomography

In their study, V.Poutawera and N.S. Stott evalu-
ated the reliability of measurements of different
LEL obtained using CT [67]. The reference stand-
ard was not used. Although the intra-expert con-
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sistency of repeated measurements was almost
perfect, CT scans should be performed more than
once and rechecked by the attending physician.

Ultrasound examination

Several studies have been devoted to assessing
the reliability of measurement with the LEL
discrepancy by ultrasound diagnostics [18, 20,
68, 69]. The reference standard was radiograph-
ic measurement. The authors of all the studies
came to the conclusion that ultrasound for the
assessment of length discrepancy is a simple
technique in performance and much more ac-
curate in comparison with clinical methods, re-
gardless of what type of device is used.

Magnetic resonance imaging

Although MRI is traditionally used for soft tissue
imaging, this diagnostic method is becoming in-
creasingly popular for assessing bone abnormali-
ties. In a study by J. Riad et al., the magnitude of
the difference in limb length was assessed using
MRI [70]. On sagittal T1-weighted tomograms of
the lower extremities, the length of the pelvis, fe-
mur, lower leg and calcaneal bone was measured
in the patient's position on the back with fully
straightened legs. The measurements were car-
ried out by two experienced experts and repeated
two weeks later. The results obtained indicate the
high reliability of the technique for estimating
the size of the segments of the lower extremities.

DISCUSSION

Clinical methods are characterized by ease of ap-
plication in routine practice and poor reproduc-
ibility with high inaccuracy rate of the obtained
measurement results. Radiological techniques
are also not devoid of mistakes, in addition, they
have an X-ray load on the patient. That is why, in
our opinion, it is impractical to use CT in the dai-
ly diagnosis of the LEL discrepancy. The studies
devoted to ultrasound diagnostics and magnetic
resonance imaging to assess the LEL discrepancy
are one single nature and do not allow us to fully
assess the advantages and disadvantages of these
methods for assessing different limb lengths.

In addition, the difficulty of diagnosing the
length discrepancy in the LEL lies in the fact that
the results are compared with methods that also
have inaccuracy. When directly measuring the
bones of people of the Holocene epoch (modern

people), the difference in the length of the thigh
and lower leg is no more than 1% of the segment
length [71], whereas according to studies describ-
ing the methods of clinical and visualizing meth-
ods for assessing the difference in size, different
limb lengths in the population occur up to 90% of
the population [1, 2], which indicates rather the
high inaccuracy rate of the measurement meth-
ods used than the "epidemic" of dicrepancy.

CONCLUSION

As the analysis of literature sources has shown,
there is no universal method for diagnosing di-
crepancy today. The development of new diag-
nostic techniques of different LEL, as well as the
improvement of existing ones, will improve the
quality of diagnosis of this pathological condi-
tion, and therefore the quality of treatment for
its correction.
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Background. The use of classical and modified surgical approaches to acetabulum is accompanied by serious intra-
and postoperative complications associated with tissues, vessels, nerves, and lymphatic structures injury. The choice
of approach to acetabulum affects the surgical time and the blood loss volume.

The aim of the review was to compare the surgical time and blood loss volume using different surgical approaches to the
acetabulum based on the relevant literature analysis.

Methods. The search was carried out in PubMed/MEDLINE and Scopus databases from 1964 to 2022. When conducting a
search for the phrases acetabular fractures, surgical approach to the acetabulum, 4368 articles were found. As a result of
the selection, 12 publications containing the most complete information on the studied indicators were included in the
quantitative analysis.

Results. The data of surgical treatment of 540 patients with acetabulum fractures were analyzed. The average age of the
patients was 45.2+11.6 years. Among the causes of pelvic and acetabulum fractures, road accident (70.4%) and falls from
height (21.3%) largely prevailed. The blood loss depended on the use of specific approaches or their combination, and the
surgical time. The shortest surgical time (101.0+27.0 min.) was required using pararectal approach, the longest (264+56.4
min.) — with the use of ilio-inguinal approach. The largest volume of blood loss was observed with Pfannenstiel approach
— 1057.1£377.9 ml. No statistically significant differences were found when comparing the Kocher-Langenbeck (793+328
ml), ilio-inguinal (828+64 ml) and pararectal (798+322 ml) approach. Performing the Kocher-Langenbeck approach in the
patient’s lateral position reduces the surgical time by 16.8% and reduces blood loss by 12.4% compared to the patient’s
prone position.

Conclusion. Comparative clinical studies are required to determine the safest surgical approaches to the acetabulum,
depending on the type of fracture, the mechanism of injury and the age of the patient.

Keywords: surgical approaches to the acetabulum, acetabulum fractures, surgical time, blood loss volume.
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Xupypruyeckue AoCTynbl NPU JIeYEHUU NEPeIOMOB BEPTIYXKHOIA
BMaAMHbI: aHA/IUTUUECKKUIA 0630p NuTepaTypbl
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AxkmyansHocme. TIpyMeHeHNe KIacCUYeCKUX M MOOUMUIMPOBAHHBIX XUPYPTUUECKUX MTOCTYIIOB K BEPTIYKHOM BIIagMHE
(BB) compoBoXkaaeTcss cepbe3HbIMM MHTpa- U MOCAeoINepalMOHHbBIMY OCIOXKHEHUSIMM, CBSI3aHHBIMM C TpaBMaTu3aluen
TKaHelt, coCynoB, HepBOB, MMMdaTUUeCKMUX CTPYKTYp. Bbibop nocrymna Kk BB BiausieT Ha IJIMTETbHOCTD OMepaTUBHOIO BMe-
I1aTeIbCTBA ¥ 06'beM KPOBOIIOTEPH.

Iens 0630pa — Ha OCHOBe aHAIM3a JIUTEPATyPbl CPABHUTD IIUTENbHOCTD ONepaTUMBHOIO BMeNIaTeNbCTBA U 06beM KPOBO-
MOTepy MPU UCIIONb30BaHMUM PA3HBIX XUPYPTrUUECKUX NOCTYIIOB K BepT/IY>KHOI BIIaAMHe.

Mamepuan u memoodst. TTouck riposoawiu B 6azax ganubix PubMed (MEDLINE) u Scopus ¢ 1964 o 2022 r. ITpu npoBe[e-
HMM TTOMCKa I10 cjIoBocoueTaHusm acetabular fractures, surgical approach to the acetabulum 6s110 HaitigeHo 4368 ctaTbu. B
pe3ynbTaTe 0T60pa 6BIIO BKIIOUEHO B aHAIN3 12 MybauKaluii, conepskamyx Hambosee MoaHY0 MHGOPMAaIMIOo TIo U3yJae-
MBIM TTOKa3aTeJIsIM.

Pesynomampl. TIpoaHaM3MpOBaHbl JaHHbIE OIEpPaTUMBHOTO JjeueHust 540 maiyeHToB ¢ nepegoMamy BB. Cpemumii Bo3pacT
MalMEHTOB cocTaBui 45,2+11,6 net. Cpenyt MpMYMH TpaBM Ta3a U BB B 3HAUMTENIbHOI CTeeHM Mpeobsiafaay aBTOI0pOsKHAS
TpaBMa (70,4%) u kartarpaBma (21,3%). O6beM KpOBOIIOTEPY 3aBMCENT OT MPUMEHEHMUST KOHKPETHBIX JOCTYIIOB VI UX KOM-
OMHALY Y MPOJODKUTEIBHOCTY ONEPATMBHOTO BMeIaTeNbcTBa. Haymenbiree kommuecTBo Bpemenu (101,0+27,0 MuH.) 1mo-
TpebGOBaIOCh IJIs1 BHIMIOHEHMST OTlepaliuii C UCTIONb30BaHMEM TapapeKTalbHOrO NOCTYIa, Haubosnbliee (264+56,4 MMH.) — C
MIpUMeHeHMeM TIOIB3I0IIHO-T1aX0BOro focTyra. Hanbomnbimii 06beM KpoBOIOTepy OTMeueH pu goctyte [IhaHHeHIITIIsT —
1057,1+377,9 mut. [Tpu cpaBHeHuu goctyrioB Koxepa—JlaHren6eka (793+328 M), MoaB3A0IIHO-TaXoBoro (828+64 M) 1 mapapek-
TabHOTO (798+322 MIT) JOCTYIIOB He BBISBIEHO CTATUCTUUECKM 3HAUMMBbIX OTIINUMiL. BoimonHeHMe nocTyra Koxepa—JlaHreH6e-
Ka B [OJIO’KeHUM MallMeHTa JeKa Ha 60Ky T03BOJISIET COKPAaTUTh BpeMsi orepanyu Ha 16,8% 1 cokpaTUTh 06beM KPOBOIIOTepH Ha
12,4% B cpaBHEHUM C TIOJIO)KEHMEM MallMeHTa Jiexka Ha KUBOTe.
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KiioueBble CjIoBa: XMpypruyeckue SOCTYIbI K BEPTIY)KHOI BIlaJMHe, Ilepe/IOMbl BePTIY;KHOM BIaAVHbI, JIUTETbHOCTD
orepauuy, 06beM KpOBOIIOTEPH.

Konecuuk A.U., Jonuenko C.B., CypukoB B.B., ViBanoB [.A., Tapacos E.Il., dpmamenos [O.M., Conogmuio W.M.
Xupypruuyeckue OOCTYIbI MPHU JIEUeHUM I1epeioOMOB BEPTIYKHOI BIIaAMHbBI: aHAIUTUUECKMIT 0630p JIUTEpaTyphI.
Tpasmamonozus u opmonedus Poccuu. 2022;28(3):106-115. https://doi.org/10.17816/2311-2905-1747.

D} Konecuux Anexcandp Heanosuu; e-mail: ko-lesnik@mail.ru
Pykomnuch momyyeHa: 27.02.2022. Pykomvich ogo6pena: 05.07.2022. CtaTbs onmyoaukoBaHa: 12.09.2022.

© Konecuuk A.1., lonuenko C.B., Cypuxos B.B., iBanos [I.A., Tapacos E.II., Spmamenos [I.M., Conogunos .M., 2022

107 2022;28(3) TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



REVIEWS

BACKGROUND

The problem of surgical treatment of acetabular
fractures remains relevant [1, 2, 3, 4, 5, 6]. The
incidence of acetabular fractures ranges from 2%
to 22% with an upward trend [1, 3, 7]. Classical
and modified surgical approaches to the acetabu-
lum are accompanied by serious intra- and post-
operative complications in 8-59% of cases [3].
Complications are associated primarily with the
traumatization of tissues, vessels, nerves, and
lymphatic structures, operative time up to >3 h,
and significant blood loss [1, 7, 8, 9, 10, 11], which
become serious deterrents to the widespread use
of approaches in the acute period of injury [12,
13,14, 15, 16].

The review aimed to compare the operative
time and blood loss volume when using different
surgical approaches to the acetabulum based on
the literature analysis.

METHODS

The search was performed in PubMed (MEDLINE)
and Scopus for the period from 1964 to 2022.

The selection criteria: full-text versions of arti-
cles and abstracts containing complete informa-
tion on the most commonly used standard and
modified surgical approaches to the acetabulum,
age of the patients, mechanism of injury, opera-
tive time, blood loss volume, and patient’s posi-
tion on the operating table. The language of pub-
lications was English.

The exclusion criteria: experimental studies,
clinical cases, and literature reviews.

When searching for the keywords “acetabu-
lar fractures” and “surgical approach to the ace-
tabulum,” 4368 articles were found, of which 12
publications that contained the most complete
information on the studied parameters were se-
lected [1, 11, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26].

Statistical analysis

Data comparison was performed using SPSS
Statistics for Windows, version 11.0 (SPSS Inc.,
Chicago, USA). Parametric and nonparametric
data were compared using unpaired Student’s t-
test, Mann-Whitney U-test, and y?test. Differences
were considered significant at p < 0.05.

RESULTS

We analyzed the results of the surgical treatment
of 540 patients with acetabular fractures, whose
data are presented in the 12 publications select-
ed for analysis (Table 1).

Age of patients

The mean age of the patients in all studies was
45.2 = 11.6 years. The youngest patients were reg-
istered in the studies by Khira et al. (32.9 [21.0-
58.0] years) [17], Li et al. (32.1 * 14.6 years) [18],
and Salameh et al. (34.8 [18.0-60.0] years) [21].
Older patients were enrolled in the studies by Lont
et al. (70 [56-92] years) [19] and T. Borg et al. (76.5
[64.0-89.0] years using the use of the Kocher-
Langenbeck approach and 68.2 [50.0-83.0] years
using the ilioinguinal approach) [1].

Mechanism of injury and surgical
approaches

Most patients were injured in traffic accidents
(n=184) [1, 16, 17, 19, 20, 22, 23, 24, 25]. A fall
from a height of >3 m caused a fracture in 108 pa-
tients [1, 16, 17, 19, 20, 22, 23, 24, 25], whereas a
fall from a height of <3 m caused a fracture in 65
patients [1, 19, 23, 24, 25]. In 11 patients, the in-
jury resulted from falling heavy objects [21, 23].
Sports injury has been reported in nine patients
[21]. Figure 1 presents a diagram of the approach
to the acetabulum, taking into account the mech-
anism of injury. The graph presents data from
nine sources because the mechanism of injury is
not mentioned in other works.

Classification of fractures and surgical
approaches

In 11 studies, the nature of acetabular fractures was
classified according to Judet-Letournel. Fracture
of both columns was noted in four studies [1, 16,
22, 25]. Borg et al. and Ozturk et al. used Kocher-
Langenbeck and ilioinguinal approaches[1,25], Xue
et al. used Kocher-Langenbeck and Pfannenstiel
approaches [16],and Wang et al. used the pararectal
approach to the anterior column [22] (Fig. 2).
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Table 1
The use of surgical approaches and indications for surgery
Author Obseryatlon Surgical approach Number of Age, years Operatl_ve time, Blood loss, ml
period patients min.
Borg T.[1] | 2003-2014 | Kocher-Langenbeck 16 76,5 (64-89) 188 (175-321) 800 (400-1700)
Ilio-inguinal 10 68,2 (50-83) 166 (95-354) 675 (300-2600)
Harris A. 1990-1998 | Kocher-Langenbeck 51 34,9 (16-64) 320 (140-503) 1735 (300-4000)
[11]
Xue Z. 2011-2012 | Pfannenstiel 7 37 (18-53) 158,57+28,54 1057,14+377,96
(6] Kocher-Langenbeck 8 37 (18-53) 278,12+62,33 937,50+362,28
Khira Y. 2009-2017 | Kocher-Langenbeck 20 32,9 (21-58) | 135%20 (120-160) 780%350 (500-1500)
[17]
Li Y.[18] 2013-2017 | Kocher-Langenbeck 9 37+17,09 71,2849,69 742,22+228,68
Lont T.[19] | 2000-2017 | Kocher-Langenbeck 34 70 (56-92) 169 1100
Kashyap S. 2012-2015 | Kocher-Langenbeck 30 48+24 215%55 570+160
[20]
Salameh M. | 2010-2017 | Kocher-Langenbeck 47 36,6 (20-67) 184,2+57,5 551+299
[21] (decubitus)
Kocher-Langenbeck 26 34,8 (18-60) 241,4+106,7 5844365
(prone)
Wang C. 2016-2017 | prone 50 45,1%12,6 170,7+40,6 1177,1¥691,6
[22]
Wang P. 2013-2016 | Ilio-inguinal 47 41,5%11,7 264,0£56,4 873,8%535,6
[23]
Yang Y.[24] | 2014-2018 | Ilio-inguinal 44 41,89+14,19 156,18+27,54 784,09+277,70
Tlio-inguinal + Stoppa 32 39,94%15,21 126,53+29,56 625,31+193,39
Ozturk A. 2017-2018 | Kocher-Langenbeck 12 41,9 199,16%24,75 511,66+127,33
23] Ilio-inguinal 5 46,2 200,00+25,49 488,00111,89
80
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B . .
B I I E Fig. 1. The choice
0 M ' - of approach to acetabulum
N P &, & ‘9’ & R depending on the mechanism
<% Q’B& PR of injury. Abbreviations
® & hereafter: KL — Kocher-
Langenbeck approach;
@ Car accident ® Fall from a height >3 m IL — iliac-inguinal approach;
Fall from a height <3m B Heavy objects falling S — Stoppa approach;
m Sports injuries PA — pararectal approach
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Fig. 2. Classification of acetabulum fractures according to Judet-Letournel in the cited sources.
Percentages indicate the proportion of acetabulum fractures types from their total number

ACWH — fractures of the anterior column and hemitransverse fracture of the acetabulum posterior column; BC — fracture of both
columns; T-type — T-shaped fracture; AC — fracture of the anterior column; PC — fracture of the posterior column;
PW — fracture of the posterior wall; Tr — transverse acetabulum fracture

Fractures of the anterior column in combina-
tion with a semitransverse fracture of the pos-
terior column of the acetabulum were recorded
in 65 patients [1, 16, 19, 22, 23]. Fractures of the
posterior wall were detected in 56 patients [1, 16,
17, 19, 21, 25]. A transverse fracture combined
with a fracture of the posterior wall was found in
45 patients [1, 17, 19, 21, 23, 25], and a T-shaped
fracture was registered in 36 patients [16, 19, 21,
22,23, 25].

Operative time and blood loss depending
on the surgical approach to the
acetabulum

The indicators of operative time and blood loss
during surgical intervention using various ap-
proaches in patients with acetabular fractures
were analyzed in all 12 publications (Fig. 3).
Wang et al. performed surgery on 50 patients
using the pararectal approach. A comparative
analysis revealed that the pararectal approach re-
quired the shortest time (101.0+27.0 min) to per-
form surgery [22]. The longest time to perform the
surgery using the ilioinguinal approach was noted
in the study by Wang et al. (264.0+56.4 min) [23].

Wang et al. recorded blood loss of 1177.1%
691.6 mL when using the pararectal approach
[22]. The average blood loss volume was
844.8+368.8 mL in multiauthored publications
using the Kocher-Langenbeck approach [1, 11,
16, 17, 18, 19, 20, 21]. When using the ilioin-
guinal approach, the average blood loss was
689.2¥148.2 mL [1, 23, 24, 25].

Results of surgical treatment using the
Kocher-Langenbeck approach in the
prone and lateral positions

The authors of the cited sources analyzed the
operative time and blood loss in 106 patients
aged between 36.6 (20-67) and 47.2 (24-69)
years [16, 18, 20, 21, 25] and 97 patients aged
32.9 between (21-58) and 34.9 (16-64) years
[11, 18, 22] when performing the Kocher-
Langenbeck surgical approach with the pa-
tients in the prone and lateral positions (Fig.
4). The surgical intervention with the patient
in the lateral position allows the reduction of
the operative time by 16.8% and blood loss by
12.4% in comparison with the prone position
[17, 18, 19, 20, 21] (Fig. 4).
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Results of the classic ilioinguinal and
Stoppa’s ilioinguinal approaches

Several authors analyzed the results of using the
classic ilioinguinal approach (n=96, 128 cases)
[23, 24, 25] and Stoppa’s ilioinguinal approach
(n=32) [24]. The mean age of the patients was

42.7£3.4 years (Fig. 5). The use of the modified
Stoppa approach allows the reduction of the op-
erative time by 40%. The blood loss volume was
the greatest when using the classic ilioinguinal
approach (828.9+63.4 mL). Less blood loss was
recorded when using the modified Stoppa ap-
proach (625.3 mL).
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DISCUSSION

As noted above, the choice of approach in the
surgical treatment of acetabular fractures affects
the operative time, blood loss, and treatment
outcomes. In turn, the choice of approach is de-
termined by various factors, such as the patient’s
age, fracture type, mechanism of injury, etc.

According to Giannoudis et al., the mean age
of patients who underwent surgery for acetabular
fractures was 38.6%4.6 years, with men account-
ing for 69.4% [26]. Goyal et al. included patients
with acetabular fractures aged >55 years, with a
mean age of 72.5 years [14].

Acetabular fractures with a low-energy injury
mechanism mainly occur in older patients. In
young patients, a high-energy mechanism of in-
jury is noted [6, 27, 28, 29, 30, 31, 32, 33].

In all publications the authors used the clas-
sification of acetabular fractures [developed by
Judet and Letournel [33, 34]. Butler et al. in-
dicated the fundamental significance and la-
tent potentialities of this classification [35].
Letournel, the author of the classification,
highlighted that the classification of acetabu-
lar fractures can be modified in relation to older
patients [33, 34]. Some authors believe that the
complexity of treatment of acetabular fractures
in older patients is attributed to their fracture
types, namely, more frequent fractures of the
anterior acetabular column, quadrangular sur-
face, and compression of the cartilage of the ar-
ticular surface [6, 36, 37]. Goyal et al. noted that
fractures of both columns are the most common
fractures in their patients (19.03%), fractures
of the anterior column in combination with a

300
250
200
150
100

50
Fig. 5. Operative time, blood loss and the
age of patients during surgery through
the classical iliac-inguinal approach and
iliac-inguinal approach in the Stoppa
modification

semitransverse fracture of the posterior wall
were less common (17.23%), fractures of the
anterior column were registered in 541 of 3157
(17.13%) cases, and posterior wall fractures were
noted in 425 of 3157 (13.46%) patients [14]. In
younger patients, fractures of the posterior wall
are more common, whereas transverse fractures
of the acetabulum in combination with a frac-
ture of the posterior wall and T-shaped fractures
are less common [38, 39].

A literature analysis revealed that the blood
loss depends on the approach, i.e., alone or in
combination, and accordingly on operative
time. The operative time between the Kocher-
Langenbeck approach and the modified Stoppa
approach was not significantly different.
Moreover, the direct dependence of the blood
loss on the operative time is expected as con-
firmed by other authors [26, 40, 41, 42].

Among 203 patients with acetabular frac-
tures who underwent surgery using the Kocher-
Langenbeck approach, surgeries were performed
in 52.2% (n = 106) of cases with the patient in the
lateral position, which reduced the operative time
by 16.8% and blood loss by 12.4% in comparison
with that in the prone position [17, 18, 20, 21]. In
our opinion, the question of using the Kocher-
Langenbeck approach in various positions on the
operating table requires further study.

The ilioinguinal approach was used in 75%
(n =96) of cases, and the Stoppa ilioinguinal ap-
proach — in 25% (n = 32) of cases. According to
the data obtained, Stoppa approach allows the
reduction of operative time by 40% and blood
loss by 11% compared with the classical ilioin-
guinal approach.
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The authors of the analyzed publications used
surgical approaches initially taking into account
fractures of the acetabular columns (isolated and
simultaneous fractures of the anterior and poste-
rior columns) [43, 44, 45, 46]. In principle, in frac-
tures of the anterior column and anterior wall of
the acetabulum, the authors used the ilioinguinal
or Stoppa approach [46, 47, 48, 49, 50, 51].

CONCLUSION

Comparative clinical studies are needed to de-
termine the safest surgical approaches to the ac-
etabulum depending on the fracture type, injury
mechanism, and patient age.
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Dissection and Permissible Levels of Proximal Mobilization
of Anterior Tibial Vessels During Island Flaps Transfer

Aleksandr Yu. Kochish !, Andrei A. Ostapchenko?

! Vreden National Medical Research Center of Traumatology and Orthopedics, St. Petersburg, Russian
2Health Technologies, St. Petersburg, Russia

The article presents a discussion with the authors of a previously published article (Zelyanin D.A. et al. Features
of the Extraction of the Anterior Tibial Vessels in the Formation of Vascularized Bone Grafts. Traumatology
and Orthopedics of Russia. 2022. Vol. 28, No 1. p. 89-99), as well as on the basis of our own topographic and
anatomical studies, the information about the details of the topography of the branches of the anterior tibial
vascular bundle (ATVB) and the permissible levels of its proximal mobilization during island flaps transfer
are justified.

Topographic and anatomical study was performed on 32 non-fixed speciments of the lower extremities for
substantiating plastic surgery with island skin flaps isolated on ATVB. The arterial bed of the lower leg was
injected with black natural latex Revultex, followed by precision dissection and measurements of all branches
of the anterior tibial artery (ATA) with a diameter of 0.3 mm or more using a binocular magnifier with a
magnification of 3.3 times. All the studied branches of ATA were identified, the number of which varied from
26 to 49 (on average 38.5-3.2), and 88.7% of them went to the three muscles of the anterior group of the lower
leg. At the same time, the average numbers of ATA branches departing in each of the 10% intervals of the
length of the lower leg were determined, and the average total values of the cross-sectional area of arterial
branches in these intervals were calculated. It was found that from 28% to 39% of the total cross-section
of all branches of the ATA are localized in the first and second 10% intervals of the length of the lower leg,
which makes it possible to justify the proximal limit of the mobilization of the ATVB. Reasonable criteria for
choosing the level of proximal mobilization of the ATVB are: the location of the mobilization border is not
higher than the level of the upper 20% of the length of the lower leg, the assignment of this border, at least 6
cm distal from the exit of the anterior tibial vessels into the anterior bone fascial sheath of the lower leg and
the preservation of at least four feeding vascular bundles extending from the ATVB to the tibialis anterior
muscle (two bundles) and to the extensor digitorum longus muscle (two bundles).

Keywords: pedicled flaps transfer, island flaps, lower leg, anterior tibial vascular bundle, topographical anatomy.
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Oco6eHHOCTH BbiAeNEHUS U AONYCTUMbIE YPOBHU NPOKCUMAJIbHOM
Mo6unusaumnu nepegHunx 6onbliebepLoBbIX COCYAO0B
npu HeCBO6OAHOM Nepecagke KPOBOCHAOXKaeMbIX KOMMJIEKCOB TKAHEN

A.J0. Kounmr !, A.A. OcTammueHKo >

I @I'BY «HayuoHanvHbLii MeOUUUHCKUTI Ucc1e008amenbCcKull yeHmp mpasmamosiozuu
u opmoneduu um. P.P. BpedeHa»

Munsdpasa Poccuu, 2. Cankm-ITemep6ype, Poccus

2000 «TexHonozuuu 300posws», 2. Cankm-Ilemep6ype, Poccus

B cTaTbe mpencTaBiieHa IMCKYCCHsI C aBTOpaMM paHee OIyOaMKoBaHHO# ctaTby (3enssHuH [I.A. ¢ coaBT. OcobeH-
HOCTY BbIZeIeHUS TIepeTHUX 60JIbIIe6epIioBbIX COCYIOB MPY OPMUPOBAHNUY KOCTHBIX BACKY/ISIPU3MPOBAHHbIX
TpaHCIUIaHTaTOB. TpaBMaTosorus u opromnenys Poccun. 2022. T. 28, N2 1. c. 89-99).

Ha ocHOBaHMM COGCTBEHHBIX paHee BBIMTOTHEHHBIX TOMOTpad0o-aHATOMUYECKUX UCCIeq0BAHMI ITPeICTaB-
JIeHbI CBeJIeHMSI O IeTausx Tornorpaduy BeTBeli nepeaHero 60ibiiedepoBoro cocyaucroro myuka (ITBCIT)
1 060CHOBAHBI IOMYCTVMMbIE YPOBHM €TI0 MTPOKCUMAaTbHO MOOMIM3aLMM IIPU HeCBOOOIHOI Iepecake Kpo-
BOCHa6kaeMbIX KOMITJIEKCOB TKaHelt. [IpMKkaagHoe Tonorpado-aHaTOMUYECKOe MCC/IeIOBaHMEe BBITIOTHEHO
Ha 32 HePUKCUPOBAHHBIX IpernapaTax H/KHUX KOHEUHOCTEN C 1e/Ibi0 060CHOBAHUS OTepaluit MIacTUKu
OCTPOBKOBBIMM KOKHBIMM JIOCKyTamMu, BbijeneHHbIMU Ha [IBCII. ApTepuasibHOe pyc/io TOJIeHU UHbBELVPO-
BajiX YepHBIM HaTypajJbHbIM jlaTekcoM Revultex ¢ mocienyionmum IpelU3MOHHBIM IIperiapupoBaHueM U
M3MepeHUsIMU BCeX BETBeIi mepeaHeit 6onbiiebepiioBoit aprepun (ITBA) nuamerpom 0,3 MM u 6onee pu
TIOMOIIY GMHOKY/ISIPHOJ JIYITBI C YBeJIMUEHMEM B 3,3 pa3a. Bbiu ycTaHOBJIEHBI BCe M3yUueHHbIe BeTBU I1BA,
YMCJI0 KOTOPBIX BapbMpoBasio oT 26 10 49 (B cpegHeM 38,5-3,2), a 88,7% 13 HUX OTXOAMUIIU K TPEM MBbIIIIIAM
nepegHet TpymnIbl rojgeHu. [Ipy 3ToM O6bUIM YCTAHOBJIEHBI CpeAHMe KoludyecTBa BeTBelt [TBA, oTXoOsmmux
B Kaxkgom 13 10% MHTepBaJOB OJAMHBI TOJIEHN, a TAKKe PacCUMTaHbl CpelHMe CyMMapHble 3HaueHus I1JI0-
13y MoIepeyHoTo ceuyeHui apTepuaabHbIX BeTBel B yKa3aHHbBIX MHTepBaiax. bbljio yCTaHOBJ/IEHO, UYTO OT
28% mo 39% cymmapHOTro nmonepeyHoro ceueHus Bcex BeTseli [IBA mokannu3yiorcst B mepsom u BTopom 10%
MHTepBaJIaX IJIMHBI TOJIEHU, YTO MO3BOJISIET 060CHOBATh MPOKCUMAbHYIO IpaHuily moouausanum ITIBCII.
O60CHOBAaHHBIMM KPUTEPUSIMM ITPYU BHIOOPE YPOBHSI MPOKCUMMaabHOM Mobunusanuyu ITBCK aBstioTCS : pac-
TTOJIO’KeHMEe TPaHUIbI MOOMIM3ALMM He BbIllle YPOBHS BepxXHUX 20% MJIMHBI TOJIEHU, OTHECEHME ITOi Ipa-
HUIIBI KAK MMHMMYM Ha 6 CM IMCTajJbHEe MeCTa BbIXO/1a IepeTHMX 60IbIe6eplioBbIX COCYAO0B B ITepeqHMii
KOCTHO-daciuanbHblii QYTIIp rojieHu U coXpaHeHMe He MeHee YeThIpex MUTAIIUX COCYAMUCTBIX ITyUKOB,
orxopsux ot [IBCII Kk epenHeit 60blie6epIiOBO MBIIIIIE (IBa MMYyYKa) U K IJIMHHOMY PasrubaTestio maib-
11eB (IBa Iy4yKa).

KiroueBble c10Ba: HeCBOOOMHAS IIepeiKa KPOBOCHAGKaeMbIX KOMITIEKCOB TKaHEe, 0CTPOBKOBbIE JIOCKYTHI T'O-
JIeHU, TIepeIHMIT 60JbIIIe6ePIIOBBIV COCYAMCTHIN ITyUOK, TOTorpaduueckast aHaTOMMS.

Kounmr A.IO., OcranmueHko A.A. Oco6GeHHOCTM BbIIENEHUS U IOIMYCTMMbIe YPOBHM IMPOKCHMMAbHOM MOOGUIM3ALUMN
repeqHUX OONbIIe6EPIIOBbIX COCYOOB IpM HECBOOGOMHOI Iepecajke KpOBOCHAOGXKAaeMbIX KOMIUIEKCOB TKaHeIA.
Tpasmamonozus u opmonedus Poccuu. 2022;28(3):116-122. https://doi.org/10.17816/2311-2905-1806.
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The article is interesting and informative, as
it includes materials of our own applied topo-
graphic and anatomical research performed to
rationalize complex reconstructive techniques
involving transfer of vascularized pedicled bone
flaps from the foot and lower leg to the hip area
[1]. In our opinion, it is precisely anatomical and
clinical approach, the traditions of which were
founded in our country by N.I. Pirogov, that is of-
ten required for the successful integration of new
surgical techniques into clinical practice.

However, the focus of the authors attention
was focused on clarifying the features of the deep
peroneal nerve branches topography, and the
main practical direction of the study is related
to the possibilities of preserving these branches
during dissection of the vascularized pedicled
bone flaps on the anterior tibial vascular bundle.
At the same time, the actual applied anatomy of
these vessels, well studied in other authors arti-
cles [2, 3, 4, 5], it has remained insufficiently dis-
cussed, which can lead to mistakes and complica-
tions after such operations. Therefore, we decided
to draw attention to the results of our earlier
topographic and anatomical studies performed
to justify techniques with fascio-cutaneus island
flaps, which were also dissected on the anterior
tibial vessels of the lower leg and transferred in
pedicled version to replace extensive and deep
defects of soft tissues in the foot or knee joint [5,
6]. More than 30 such surgeries were performed
in the period from 1988 to 2000 in the clinic of
thermal lesions of the Military Medical Academy
named after S.M. Kirov by our teacher — profes-
sor S.H. Kichemasov [2, 6, 7]. In our opinion, the
results of our previously applied topographic and
anatomical studies, the experience of participat-
ing in these surgeries and observing the patients
afterwards can be a valuable addition to this arti-
cle and will facilitate for specialists the develop-
ment of complex of vascularized pedicled bone
flaps transferred on the anterior tibial vessels.

First of all, authors would like to draw atten-
tion to the results of the applied topographic and
anatomical study of the anterior tibial vessels [4],
which were summarized in 2004 as part of the
A.A. Ostapchenko PhD dissertation. In the course
of this study, performed on 32 non-fixed prepa-
rations of the lower extremities by precision dis-
section, the topography of the anterior tibial ar-
tery (ATA) and all its branches with a diameter of

0.3 mm and larger was thoroughly studied. At the
same time, the arterial bed of the lower leg was
pre-injected with black natural latex Revultex,
and preparation and measurements were per-
formed using binocular loupes, which provided
x3.3 magnification.

According to the results of these studies, sev-
eral possible variants of dissection and pedicled
transfer of fascio-cutaneus island flaps of the
lower leg, which were formed in the middle third
of the lower leg on the branches of the anterior
tibial veins and transferrd on a permanent proxi-
mal (option 1) or distal (options 2 and 3) vascu-
lar pedicle (Fig. 1). The first variant offered the
mobilization of the anterior tibial vessels in the
anterior bone-fascial bed of the lower leg using
a technique almost identical to that described in
the article by D.A. Zelyanin et al. [1]. However, the
possible limits of the dissection in the proximal
direction of the anterior taibial vascular bundle,
accompanied by ligation and intersection of all
more distal branches of this main vascular bun-
dle of the lower leg, differed, since they took into
account the results of their own topographic and
anatomical study, the most important applied
details of which are presented below.

On the studied anatomical material, ATA pen-
etrated into the anterior bone-fascial sheath of
the lower leg through the gap in the interosseous
membrane located below the level of the knee
joint gap by an average of 4.8 + 0.9 cm (variability
— from 3.6 to 6.1 cm). Its diameter at this point

1 2 3 4 5 6 7 8 9 10

Fig. 1. Scheme of possible options for the
formation of island complex skin flaps on the
anterior tibial vascular bundle in relation to 10%
intervals of the lower leg length
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varied from 2.7 to 6.1 mm, and averaged 4.5 = 0.7
mm. Passing further in the indicated compart-
ment, the ATA formed from 26 to 49 (on average
38.5+ 3.2) branches with a diameter of 0.3 mm
and larger, most of which (88.7%) were muscular
and were directed to the tibialis anterior muscle
(TAM), the extensor digitorum longus muscle
(EDLM) or the extensor hallucis longus muscle
(EHLM).

The performed precision dissection of the
branches of the ATA revealed the uneven nature
of their distribution on the lower leg, which was
important in relation to the studied techniques.
Therefore, in the future, an analysis was under-
taken of the distribution of the identified arte-
rial branches over 10% intervals of the length
of the tibia, which was measured from the tip
of the fibula head to the tip of the lateral ankle,
varied from 30 to 44 cm on the studied anatomi-
cal material, and averaged 35.6 * 3.2 cm. The
results of this analysis are presented in the his-
togram (Fig. 2).

It was found that in the first 10% interval, ATA
gave a relatively small number of branches, and on
a number of preparations (27% of observations),
the place of its exit into the anterior bone-fascial
compartment was generally in the second 10% in-
terval. At the same time, the branches of the first

Number of arterial branches

10% intervals of lower leg length

Fig. 2. The anterior tibial artery branches
distribution over 10% intervals of the lower leg
length (here and further, the height of the column
reflects the arithmetic mean value on the interval,
and the inaccuracy bars are 95% CI)

two intervals were directed not only to the mus-
cles of the anterior group of the lower leg, but also
to the tibia and fibula and to the knee joint. In the
third, fourth, fifth, sixth and seventh 10% inter-
vals, the branches of the ATA departed relatively
evenly every 4-11 mm and were directed mainly
to the TAM, EDLM or EHLM (Fig. 3). In the eighth,
ninth and tenth 10% intervals of lower leg length,
ATA branches were statistically significantly less
common (p<0.05) than in the third-seventh inter-
vals. They supplied blood to the EHLM, the ten-
dons of the anterior group muscles of the lower
leg, the periosteum of the tibia and the skin, and
also participated in the formation of the ankle
network of arterial anastomoses.

The performed precision dissection of the ATA
branches showed that the largest of them are lo-
cated with regular constancy in the first and sec-
ond 10% intervals of the length of the lower leg.
This is confirmed by the calculations of the total
cross-section of the branches of the ATA for each
of these intervals, which was determined by the
formula S = w(D/2)2 using the results of meas-
urements of the diameters (D) of the studied ar-
terial branches. The average values of the cross-
sectional area of these branches for each of the
10% intervals of the lower leg length are shown
in Figure 4.

Fig. 3. Branches of the anterior tibial artery to the
muscles of the anterior group of the right lower
leg; injection of arteries with black latex:

1 — arteria tibialis anterior;

2 — musculus tibialis anterior;

3 — musculus extensor digitorum longus;

4 — musculus extensor hallucis longus
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The cross-sectional area of the arteries, MM?

10% intervals of lower leg length

Fig. 4. Histogram of the anterior tibial artery
branches average total cross sections distribution
over 10% intervals of the lower leg length

At the same time, on the studied prepara-
tions, the values of the total cross-section of the
branches of the ATA in the first and second in-
tervals ranged from 28% to 39% of this indicator
for all branches of the ATA. The predominance of
the largest branches of anterior tibialis vessels
within the most proximal 20% of the length of
the lower leg is also clearly visible on the pre-
sented preparation (Fig. 5). In our opinion, this
pattern has important practical significance for
substantiating the surgical technique.

Taking into account the above, we consider it
expedient and justified the level of proximal mo-
bilization of anterior tibialis vessels to the lower
edge of the second 10% interval of the lower leg
length, within which the largest branches of this

Fig. 5. Major branches of the anterior tibial artery
extending in the second 10% interval of the lower leg
length; injection of arteries with black latex:

1 — arteria tibialis anterior;

2 — major arterial branch

vascular bundle are localized to TAM and EDLM.
Branches to the EHLM in the proximal parts of
the lower leg do not depart from the ATA at all,
since this muscle begins at the border of the mid-
dle and lower thirds of this segment, but its blood
supply is also provided by branches of the pero-
neal artery and veins passing in the anterior in-
termuscular septum of the lower leg. The point
of rotation of the tissue complex isolated on the
anterior tibialis vessels will be located with the
indicated variant of vascular mobilization 7-8 cm
distal to the apex of the fibula head and 9-10 cm
below the knee joint gap. A more proximal level
of mobilization of anterior tibialis vessels in or-
der to increase the length of the feeding vascular
pedicle and the rotation arc of the isolated vas-
cularized bone flaps, in our opinion, is dangerous
with undesirable consequences for the function
of the two largest muscles of the anterior tibia
group - TAM and EDLM due to their ischemic
injuries.

In the course of previously performed sur-
geries of pedicled fascio-cutaneus flaps into the
knee joint area, we have always adhered to the
rule to stop the proximal mobilization of an-
terior tibialis vessels at a level of at least 6 cm
from the exit of these vessels into the anterior
bone-fascial compartment of the lower leg. At
the same time, it was monitored that at least two
large (more than 3 mm in diameter) feeding vas-
cular bundles extending from the anterior tibialis
vessels entered each of the two muscles — TAM
and EDLM — more proximally. In our opinion, it
is precisely due to this that in none of our clinical
observations in the postoperative period there
was a significant loss of the function of the ex-
tensors of the foot and its fingers, as well as signs
of critical ischemia of the muscles of the anterior
group of the lower leg.

It should be noted that the authors of this ar-
ticle recommend a more proximal mobilization
of the anterior tibialis vessels — up to a level 4 cm
distal to the exit of these vessels into the anterior
bone-fascial compartment of the lower leg. This
gives a gain in the length of the arc of proximal
rotation of bone autografts by 4 cm compared to
the level recommended by us — 6 cm more dis-
tal than the passage of anterior tibialis vessels
through the interosseous membrane on the low-
er leg. However, with a higher mobilization of an-
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terior tibialis vessels, it remains unclear which of
its branches are preserved and nourish the func-
tionally important muscles of TAM and EDLM. At
the same time, the article does not provide data
on ischemic lesions and loss of function of the
muscles of the anterior group of the lower leg af-
ter such operations in the clinic.

I would also like to express my opinion on the
issue of maximum preservation of the branches
of the deep peroneal nerve during the mobiliza-
tion of anterior tibialis vessels, which, of course,
should be desired. In this regard, the data on the
details of the topography of the branches of this
nerve, presented in the article, are significant
and useful for surgeons.

However, judging by our observations, the
largest branches of the deep fibular nerve to the
muscles of the anterior group of the lower leg
can always be preserved during the mobilization
of anterior tibialis vessels, provided with optical
magnification (binocular loupes) and microsur-
gical instruments. Therefore, a more important
condition for the preservation of the function of
these muscles, in our opinion, is the sufficiency
of their blood supply after the mobilization of
the anterior tibial vessels. Ischemic damage to
these muscles can undoubtedly cause even more
significant violations of their contractile func-
tion than partial denervation due to the intersec-
tion of several small branches of the deep fibular
nerve.

In our opinion, the extensive mobilization
of anterior tibialis vessels during the surgery,
involving the ligation of all its branches in the
distal parts of the lower leg for about 25-30 cm
(or about 75% of the segment length), seems to
be quite dangerous in terms of maintaining ad-
equate blood supply to the muscles of the ante-
rior group of the lower leg. In the course of our
previous interventions, the branches of the an-
terior tibialis vessels were ligated for a maximum
of 15-20 cm (or about 50% of the segment length)
and mainly only in the middle third of the lower
leg. At the same time, pedicled fascio-cataneus
flaps on the distal vascular pedicle transfer was
most often performed for the reconstruction of
severely damaged feet, when maintaining suffi-
cient function of their extension was not a pri-
ority. In patients with the femur non-union, the
preservation of the function of the muscles of
the anterior group of the lower leg can be very

important, and serious ischemic disorders in this
area can occur many years later due to athero-
sclerotic lesions of the arterial bed of the lower
extremities. Therefore, taking into account the
above, all the advantages and disadvantages of
complex techniques with transfer of vascularized
pedicled bone flaps isolated on a permanent vas-
cular pedicle, including anterior tibialis vessels,
should be carefully weighed in the preoperative
period, taking into account the individual char-
acteristics of each individual patient.

The authors of this discussion article hope
that the applied anatomical information pre-
sented in it and the experience of previously per-
formed transfer of vascularized pedicled bone
flaps on the anterior tibialis vessels will be useful
for surgeons conducting the complex reconstruc-
tions, and the level of proximal mobilization of
the anterior tibial vessels chosen by them will
continue to take into account the criteria justi-
fied by us. These, in our opinion, include the lo-
cation of the proximal border of the mobilization
of the anterior tibial vascular bundle not higher
than the level of the upper 20% of the length
of the tibia (when measured from the tip of the
fibula head to the tip of the lateral malleolus),
the assignment of this border is at least 6 cm
distal to the exit point of the anterior tibial ves-
sels into the anterior bone-fascial compartment
of the tibia and the preservation of at least four
sufficiently large (with a diameter of more than
3 mm) feeding vascular bundles, extending from
the anterior tibialis vessels to the anterior tibial
muscle (at least two bundles) and to the extensor
digitorum longus muscle (at least two bundles).
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BACKGROUND

Annually registers of total hip arthroplasty
(THA) reported an increasing number of prima-
ry hip arthroplasty surgeries »% 34, Hence, the
number of complications increases, of which
the most dangerous is periprosthetic joint in-
fection (P]JI). The same registries of arthroplasty
reported that PJI ranks one of the first among
the reasons for revision procedures on the hip
joint following primary arthroplasty. PJI ranked
second in the structure of the causes of revision
THA at 40.8%, following the aseptic loosening
of the components, according to the Vreden
Russian Scientific Center of Traumatology and
Orthopedics in 2007-2020 [1].

Ahmed et al. revealed that the need of the
population for THA will increase by 400% in
2030. Hence, PJI will rank first among the rea-
sons for revision interventions after primary
THA due to a decreased frequency of revisions
for aseptic loosening of components and revi-
sions for wear of bearings [2].

Nowadays, PJI is the most life-threatening
complication, requiring repeated revision in-
terventions and long courses of systemic an-
tibacterial drugs in some cases, which cause
quality of life deterioration in patients, bone
and muscle tissue deficiencies, and an exten-
sive cicatricial adhesion in the operated joint
area. Postoperatively, patients with PJI require
long-term follow-up, as well as prolonged an-
tibacterial, symptomatic, and infusion therapy.
hence, the duration of inpatient treatment
increases, which entails additional financial
treatment and rehabilitation costs. The treat-
ment and rehabilitation process greatly affects
the quality of life of patients, often causing
mental and psychological disorders. Moreover,
a long hospital stay may result in the growth of
resistant flora and an increased risk of severe
complications, such as systemic inflammato-
ry response syndrome, pulmonary embolism,
and sepsis [3, 4, 5]. The mortality rate after
two-stage revision intervention for PJI was

4.22% at 1-year follow-up and >21% at 5-year
follow-up [6].

To date, several algorithms are used to deter-
mine, diagnose, and treat PJI, each of which has
its advantages and disadvantages. The search for
new diagnostic tools continues, as well as further
study of existing ones. However, no single algo-
rithm is generally accepted for diagnosing PJI
7, 8].

The most complete and clear criteria
for determining PJI were presented at the
Second International Consensus Meeting on
Musculoskeletal Infection (ICM) held under
the leadership of J. Parvizi in 2018. According
to them, a joint with at least one of the pro-
posed main criteria, and/or a joint whose sum
of the minor criteria scores is >6 is considered
infected [9].

Considerably, this definition, as well as all ICM
results, exclusively represents recommendations
for PJI diagnostics and treatment for healthcare
professionals in different countries. Therefore,
the use of these recommendations, as a single
generally accepted standard for diagnostics and
treatment of PJI, cannot guarantee 100% effi-
ciency in all possible clinical cases [9].

Nowadays, the most modern and accurate
algorithms for diagnosing and determining
PJI are World Association against Infection in
Orthopaedics and Trauma, The European Bone
and Joint Infection Society (EBJIS) 2018, and ICM
2018. The work by Kazantsev et al. presented the
main characteristics of these algorithms [10].

CLASSIFICATION

According to the PJI classification proposed by
Coventry and Tsukayama, the infection has four
types depending on the time of manifestation of
symptoms and the infection penetration man-
ner in the operated joint area:

type I — early postoperative (up to 4 weeks);

type II — late chronic (4 weeks and more);

type III — acute hematogenous (after 1 year
or more);

! Swedish Hip Arthroplasty Register Annual Report 2019. Available from: https://registercentrum.blob.core.windows.net/shpr/r/VGR_
Annual-report SHAR 2019 _EN_Digital-pages_FINAL-ryxaMBUWZ_.pdf
? The German Arthroplasty Registry - Annual Report 2020. Available from: lhttps://www.eprd.de/fileadmin/user_upload/Dateien/

Publikationen/Berichte/AnnualReport2020-Web_2021-05-11_F.pdf.

5 Australian Orthopaedic Association National Joint Replacement Registry. Hip, Knee & Shoulder Arthroplasty: 2021 Annual Report.

Available from: https://aoanjrr.sahmri.com/annual-reports-2021.

4 The National Joint Registry 18th Annual Report 2021 [Internet]. London: National Joint Registry; 2021 Sep. Available from: https://

www.ncbi.nlm.nih.gov/books/NBK576858/
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type IV — positive intraoperative culture
(in case of positive intraoperative inoculation
results in 2-6 tissue samples).

The main manifestations of early postopera-
tive infection (type I) may be the emergence of
a fistula, edema, local hyperemia, and hyper-
thermia in the surgical area, as well as systemic
reactions, such as an increased leukocytosis in
the general blood test, and fever. This type of
infection is established within 4 weeks after hip
arthroplasty [11].

The DAIR (debridement, antibiotics, im-
plant preservation) algorithm is used for an
early postoperative infection [12]. Articular
debridement is performed with preservation
of endoprosthesis components, mandatory
replacement of modular components (head/
neck/liner), and microbiological examination
of periprosthetic tissues (determining the sen-
sitivity of microorganisms) to prescribe further
targeted antibiotic therapy. Empirical antibi-
otic therapy is prescribed, followed by a tran-
sition to drugs according to the inoculation
results, before obtaining the microbiological
study results [13].

Late chronic infection (type II) has a much
less typical clinical presentation and a differ-
ent period of manifestation; most often, the
first symptoms (moderate pain in the area of
the operated hip joint with irradiation to the
inguinal region, aggravated by axial load) start
to manifest themselves in patients on week 4
postoperatively [11]. Treatment for this type
of PJI involves one-stage or two-stage revi-
sion arthroplasty with prolonged antibiotic
therapy. Specialists perform exarticulation of
the joint or even amputation of the limb in se-
vere cases [12].

Type III PJI develops in association with
bacteriemia after infectious diseases of
the urinary system, oral cavity, or respira-
tory tract in >1 year postoperatively [12].
Attention should be paid to existing foci of
chronic infection if the diagnostic biomarker
levels of inflammation do not decrease after
PJI treatment initiation or in cases of acute
symptoms of PJI during the rehabilitation
phase [14]. The primary foci of acute hema-
togenous infection can be identified in most
cases [15], and the treatment algorithm cor-
responds to the timing of symptom devel-

opment postoperatively and is aimed at the
sanitation of the focus of infection and pre-
scribing antibacterial drugs for a long time
[11].

Type IV PJI is first established in the case of
microbial growth in two or more intraoperative
samples of periprosthetic tissues during revi-
sion surgeries. A course of high-dose antibiotic
therapy is prescribed according to the microbio-
logical inoculation results during the revision
intervention, considering the sensitivity of the
identified pathogen, when type IV infection is
detected [12], while specific surgical interven-
tions are not required [11].

DIAGNOSTICS

The diagnostics include physical examination,
instrumental methods (X-ray, computed tomog-
raphy, etc.), laboratory methods (determina-
tion of serum/synovial biomarkers), polymerase
chain reaction (PCR) study, and microbiological
and cytological studies of the synovial fluid and
samples of periprosthetic tissues of the joint
under study to rule out the hip joint PJI.

Physical examination

Clinical evaluation, based on a combination
of symptoms and risk factors for infection, is
important to determine the most appropriate
diagnostic strategy. The diagnosis of PJI can
be established already at the initial examina-
tion of the patient in some cases. Establishing
PJI is not difficult in cases of fistula, erythema,
and edema in the investigated hip joint area,
as well as in the presence of systemic inflam-
matory reactions, such as fever, algidity, and
general malaise. However, chronic PJI is clini-
cally difficult to distinguish from aseptic loos-
ening of endoprosthesis components because
clinical signs of infection may be completely
absent [12]. The clinical presentation of P]JI
depends on the virulence of the involved etio-
logical agent, the nature of the infected tissue,
the route of infection, and the illness duration.
The possibility of PJI should always be consid-
ered even in the absence of obvious evidence
of infection [16]. Careful collection and assess-
ment of the patient’s history, as well as clinical
examination, are important tools to screen for
PJI and perform a correct diagnostic search [17].
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Instrumental diagnostic methods

The main method of visualization in diagnosing
PJI is standard radiography, namely plain ra-
diographs of the pelvis and the hip joint under
study. Plain radiographs are especially useful
in the assessment of the pathological process
that changes over time, compared to previous
images. Signs indicating the development of a
pathological process include a radiolucent line
(osteolysis) at the cement-bone interface (when
using cement fixation) or at the metal-bone in-
terface (uncemented use), which are associated
with bone destruction [18]. However, osteolysis
and implant migration may be present on pa-
tient radiographs and in case of aseptic loosen-
ing of endoprosthesis components [19].

Positron emission tomography with intrave-
nous administration of 18F-fluorodeoxyglucose
provides a higher spatial resolution of the im-
age zones, which imparts a significant advan-
tage to this method compared with other X-ray
diagnostic methods. However, clearly differ-
entiating the pathological process etiology is
not possible because neutrophilic granulocytes
and tissue macrophages that absorb the con-
trast agent can be present in both septic and
aseptic processes [20].

The use of magnetic resonance imaging
(MRI) and computed tomography (CT) in PJI di-
agnostics is limited due to their high cost and
low specificity. However, specialists use MRI to
assess the soft tissue condition and the neuro-
vascular formation location and identify fistu-
lous tracts and fluid accumulations in the hip
joint area. Additionally, various modes of metal
artifact suppression in modern magnetic to-
mographs enable to further improve the image
quality [21]. The obtained data from CT exami-
nation of the affected joint can be extremely
useful within determining the extent of revision
surgery [22].

Notably, imaging diagnostic methods are not
included as recommended diagnostic criteria
according to ICM (2018) [9, 17].

Laboratory diagnostics
Serum markers

Serum biomarkers represent a fast and afford-
able tool for diagnosing PJI both in hospital
and outpatient settings [23]. However, the time
elapsed from the surgery when interpreting their

indicators, and comorbidities should always be
considered, as well as other factors affecting the
result [24]. Importantly, PJI may exist in cases
with normal serological test values [25].

Erythrocyte sedimentation rate
and C-reactive protein

Erythrocyte sedimentation rate (ESR) and
C-reactive protein (CRP) determinations are
currently recommended as first-line screening
tests for PJI and are part of the diagnostic crite-
ria proposed by ICM (2018). However, CRP and
ESR may not be effective in detecting P]I in pa-
tients with a history of systemic inflammatory
diseases, as well as in the early postoperative
period [24]. The level of ESR and CRP reaches
a peak value on postoperative days 2-3. CRP
values return to normal values 1 month postop-
eratively, and ESR values become normal only
after 3 months [26]. Dugdale et al. determined
the optimal threshold values for diagnosing PJI,
including a CRP of >100 mg/l and ESR of >46
mm/h up to 6 weeks, and CRP of >33 mg/l and
ESR of >47 mm/h from 6 to 12 weeks. The au-
thors note that laboratory studies, conducted
from 6 to 12 weeks postoperatively, are more
effective and veracious [27].

D-dimer

D-dimer is a fibrin breakdown product formed
when plasmin dissolves a fibrin clot. Thus, the
fibrinolytic system is activated in the body
with the development of an infectious pro-
cess, which, in turn, leads to an increase in the
blood D-dimer level [28]. D-dimer is promising
as a diagnostic serological marker in PJI with a
sensitivity of 89% and a specificity of 93% [29].
Blood D-dimer determination is an effective
and accurate tool for diagnosing PJI, especially
in patients without a history of coagulopathy
[30, 31]. Elevated D-dimer levels may indicate
the presence of an inflammatory process not as-
sociated with infection (thrombosis, oncological
diseases, etc.) [28]. Conversely, the diagnostic
efficiency of D-dimer determination does not
exceed ESR and CRP [32]. Additionally, the ab-
sence of a single D-dimer threshold value, dif-
ferent laboratory systems of determination, and
other factors require further study of the pos-
sibility of using serum D-dimer as a marker for
diagnosing PJI [31].
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Interleukin-6

Interleukin-6 (IL-6) is produced by immune
cells and induces the production of major pro-
teins in the acute phase of inflammation, in-
cluding CRP and B- and T-lymphocytes, in the
presence of bacterial infection [33]. The blood
serum IL-6 level reaches its peak values on
day 2 after uncomplicated joint arthroplasty
and acquires quickly the normal values [34].
Serum IL-6 is a valuable and accurate marker
with greater diagnostic accuracy than ESR or
CRP in chronic PJI diagnostics. In particular,
the diagnostic odds ratio for IL-6 was 314.7
compared to 13.1 and 7.2 for CRP and ESR,
respectively [34]. Joint determination of IL-6
and CRP in the blood serum enables PJI de-
tection in 100% of cases [35]. Elgeidi et al.
revealed the method sensitivity, specificity,
and accuracy as 100%, 90.9%, and 92.5%, re-
spectively, at a threshold value of blood IL-6
of >10.4 pg/ml [36].

Some authors used a combination of serum
and synovial IL-6 to more accurately deter-
mine PJI [37, 38]. The obtained data revealed
a 96.77% accuracy of diagnosing PJI when
determining the combination of serum and
synovial IL-6, which is higher than when us-
ing serum (84.95%) and synovial (93.55) IL-6
separately [37].

The method disadvantages are elevated IL-6
levels in patients with chronic inflammatory
diseases of other organs (urinary tract, lungs,
and heart), Paget’s disease, and immunodefi-
ciency syndromes [38].

Synovial markers

With all their advantages, a significant disad-
vantage of serum tests is their low specificity.
Thus, some biomarkers may increase in re-
sponse to inflammatory reactions associated
with other diseases. Hence, the attention of
specialists involved in PJI has recently been
focused on the assessment of synovial fluid
biomarkers as a possible breakthrough in diag-
nosing complicated PJI cases [17, 37]. Synovial
biomarkers provide high accuracy in diagnos-
ing PJI, including in patients with systemic
diseases, as well as in patients taking antibac-
terial drugs [39].

Alpha-defensin

Alpha-defensin is a pro-inflammatory biomark-
er secreted by human neutrophils in response to
the presence of microbial pathogens [40]. Alpha-
defensin is detected using an enzyme-linked
immunosorbent assay (ELISA) or a test strip
kit for the rapid detection of alpha-defensin in
synovial fluid [41]. The rapid test is a conveni-
ent and fast alternative to laboratory analysis
(ELISA) and allows intraoperative P]I detection.
The qualitative result of the rapid test is avail-
able in just 10 min, which is noticeably faster
than the ELISA test (quantitative result within
24 h). The alpha-defensin rapid test was re-
cently approved in the United States of America
and commercialized specifically for diagnosing
PJI after large joint endoprosthesis replacement
[17]. The undoubted advantage of the method is
the possibility of diagnosing P]JI in patients with
a history of systemic inflammatory diseases, as
well as in patients who continue to take antibac-
terial drugs [42, 43]. However, the probability of
false-positive results increases if the aspirated
synovial fluid is contaminated with associated
blood, as well as in cases of pronounced met-
allosis or polyethylene debris formation in the
periprosthetic tissues [44].

Leukocyte esterase

Leukocyte esterase (LE) is an enzyme that is
produced by neutrophils at the bacterial infec-
tion site. LE detection has traditionally been
used to diagnose urinary tract infections. LE is
detected in synovial fluid using inexpensive col-
orimetric test strips. LE is a fast and inexpensive
method for diagnosing PJI with high specificity
and sensitivity [45]. Importantly, the assessment
and interpretation of the changes in the test
strip colors depend on the specialist performing
the study. Some experts recommend centrifug-
ing the obtained synovial fluid for 2 min, if it
is contaminated with associated blood or metal
or polyethylene debris products, to perform a
study of pure synovial fluid [46].

D-lactate

D-lactate is a specific marker for the presence
of a bacterial infection and is the predominant
form of lactic acid produced by various types of
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bacteria and fungi. This biomarker has been used
by specialists for diagnosing bacterial infections
for a long time [47]. The studies by Yermak et
al. and Karbysheva et al. are particularly valu-
able, considering the small number of studies
on the use of D-lactate for PJI verification. The
presented results revealed that the D-lactate
level in the synovial fluid, which enables us to
consider the joint as infected, is 1.3 mmol/l with
a sensitivity of 94.3% and specificity of 78.4%
[48]. Additionally, the method sensitivity and
specificity are 86.4% and 80.8%, respectively, at
a threshold value of 1.263 mmol/I [49]. Synovial
D-lactate determination enables us to verify PJI
in a short time (result within 1 h) and with high
sensitivity [50].

Synovial fluid viscosity

Some authors propose to determine the synovial
fluid viscosity to verify PJI. Fu et al. demonstrat-
ed that synovial fluid viscosity determination is
a potentially important method for diagnosing
PJI. According to their data, the synovial fluid
viscosity in patients with PJI is significantly
lower (7.93 mPa/s) than in patients with non-
infectious loosening of endoprosthesis compo-
nents (13.11 mPa/s). The obtained results are
comparable in terms of the accuracy of diag-
nosing PJI with the indices of serum biomarkers
CRP, ESR, and D-dimer (sensitivity 93.33% and
specificity 66.67%). The authors note that their
study is currently the only one in the available
literature that determines the synovial fluid vis-
cosity as a marker of PJI and states the need for
further research on the use of this method for
diagnosing PJI [51].

Cytological examination of synovial fluid

An increased synovial fluid of leukocytes of
>3000 in 1 ul associated with a neutrophilic shift
(>80%) may be a sign of PJI of the joint under
study [9]. The study of the cellular composi-
tion of the synovial fluid in patients with fistu-
lous tracts communicating with the joint cav-
ity, which is accompanied by profuse discharge,
should be considered. The synovial fluid may be
completely absent due to an active fistula, and
the cytological data validity may be reduced in
case of its presence. This fact is confirmed by
the guidelines for a rapid test system that deter-
mines the presence of alpha-defensin proteins

in the aspirate from the joint cavity with a func-
tioning fistula due to the increased risk of false-
negative results [10].

Zahar et al. determined the sensitivity and
specificity of the method depending on the
accepted threshold value. The best diagnostic
accuracy was achieved at a level of 2582 leu-
kocytes/ul (sensitivity of 80.6%; specificity of
85.2%) and 66.1% of polymorphonuclear neu-
trophils (sensitivity of 80.6%; specificity of
83.3%). The indicators have 83.6% sensitivity
and 82.2% specificity at a threshold value of
1630 leukocytes/ul, and 80.3% sensitivity and
77.1% specificity with 60.5% of polymorphonu-
clear neutrophils [52].

Diagnostic joint aspiration

Diagnostic aspiration of synovial fluid followed
by microbiological and cytological analyzes is
an invasive method for diagnosing PJI. Its suc-
cess depends on the specialist performing the
study [53]. Various imaging techniques, includ-
ing ultrasound and fluoroscopic navigation, are
used to accurately perform joint cavity aspira-
tion. Duck et al. revealed an 87% accuracy of
the method using ultrasound navigation; the
method sensitivity and specificity were 83%
and 89%, respectively [54]. Kanthawang et al.
evaluated the efficiency of fluoroscopic (roent-
genoscopic) navigation. The method accuracy
in diagnosing PJI was 78.5% and the sensitivity
index was 64%, according to the ICM criteria
(2018) [55].

Randelli et al. conducted a comparative
analysis between ultrasound navigation and
fluoroscopic navigation and revealed that ul-
trasound navigation had higher diagnostic
values at a lower cost compared to fluoroscop-
ic navigation, with a sensitivity of 89% com-
pared to 60% and specificity of 94% compared
to 81%. Additionally, the cost at the time of
the study was 125.30 € versus 343.58 € per
study [56].

A specialist may be faced with obtaining only
associated blood or with a complete absence of
fluid (dry joint) when performing a diagnostic
hip joint cavity aspiration. Some authors sug-
gest injecting 10 ml of 0.9% saline solution into
the joint cavity and immediately aspirating it
in the case of a dry joint, and they recommend
diluting the resulting aspirate with 0.9% sa-

129 2022;28(3)

TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



FOR PRACTICAL PHYSICIANS

line solution when obtaining associated blood
[7, 54]. Considerably, distortions in the test re-
sults are possible when diluting the punctate
[57]. Thus, the accuracy of diagnostics is 69%
when obtaining a hemorrhagic aspirate and 60%
when rinsing a dry joint compared with 87% in
studies with obtaining synovial fluid [54]. Barker
et al. analyzed and determined the mean joint
aspiration volume for infected and non-infect-
ed joints (6 ml [2-36 ml] and 11 ml [1-200 ml],
respectively) [58]. An important condition for
performing diagnostic aspiration is the aboli-
tion of antibiotic therapy at least 14 days before
the puncture, because this may contribute to
obtaining unveracious results of microbiologi-
cal examination [59]. The use of bacteriostatic
solutions when rinsing the joint and the use of
local anesthesia of deep tissues in the joint area
under study should also be excluded [54, 55].

Methods of molecular diagnostics

The PCR technique is a simple and automated
method for analyzing a biomaterial sample,
which does not require an incubation period.
A new generation of multiplex PCR for PJI diag-
nostic demonstrates a fast and accurate result,
making it possible to identify the pathogen with-
in 5 h, which enables us to prescribe timely tar-
geted antibiotic therapy in comparison with the
standard microbiological study (5-14 days) [60].

Li et al. demonstrated the combined sensi-
tivity and specificity of the method of 70% and
92%, respectively [61]. Lausmann et al. believe
that PCR diagnostics can detect even culture-
negative infections, including in patients taking
antibacterial drugs [60].

The disadvantages of PCR are related to the
type of study, as multiplex PCR enables spe-
cific organism identification depending on the
primers used, in contrast to broad-spectrum
PCR, which can detect DNA from many types
of cultures but not microbial associations. The
disadvantages also include the high cost of the
study (¥1200) [62, 63]. However, PCR diagnos-
tics can become a fast and accurate test that
complements traditional microbiological ex-
amination [64].

Microbiological examination

To date, the gold standard for diagnosing PJI is
the microbiological examination of the syno-
vial fluid, as well as intraoperative samples of

periprosthetic tissues [9]. Qu et al. revealed the
method sensitivity and specificity of 70% and
94%, respectively, which indicates a high diag-
nostic value of the method [65].

Strictly following the rules for collecting,
processing, and transporting biomaterial is
necessary to obtain accurate microbiologi-
cal examination results [10]. An important re-
quirement for microbiological examination is
the abolition of antibiotic therapy for at least
14 days [66]. The probability of false-positive
(contamination during sampling) and false-
negative (culture-negative infections/micro-
organisms in biofilms/low-virulent strains)
results, together with the time for obtaining the
result up to 14 days, constitute significant dis-
advantages of this method [67, 68].

Sonication

Sonication (ultrasound treatment of the re-
moved components of the endoprosthesis) is
actively used within the intraoperative diag-
nostics of PJI, followed by a microbiological ex-
amination of the obtained fluid. Some authors
revealed that this enabled us to improve the
accuracy of diagnosing PJI due to the destruc-
tion of biofilms under the action of ultrasonic
waves and the dispersion of microorganisms in
the sonic fluid and to establish a diagnosis in
situations previously treated as aseptic loosen-
ing [20]. The sensitivity score for sonication is
significantly superior to the standard microbi-
ological examination of tissue samples, namely
97% vs. 57% for synovial fluid and vs. 70% for
periprosthetic tissue samples. However, the
sonication method specificity is comparable to
that of a standard microbiological study (90%
and 100%, respectively) [69]. The sensitivity
index was 96.3% when combining the methods
of sonication and microbiological examination
[70].

Aspects of compliance with
the algorithm for preoperative
diagnostics of periprosthetic infection

A specialist may encounter some difficulties
when performing a diagnostic algorithm. Thus,
obtaining liquid during the hip joint aspiration
is not always possible. Hence, the use of syno-
vial biomarkers is not possible when diagnos-
ing PJI.
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Christensen et al. believe that paying special
attention to the result interpretation is neces-
sary when diagnosing PJI in “dry joints” [71].

Strictly adhering to the chosen algorithm
for diagnosing and determining PJI is worthy
in cases of obtaining ambiguous microbio-
logical study results, as well as serological and
synovial tests. Observing the stages of diag-
nostic measures and performing a comprehen-
sive preoperative diagnostic study, two or even
three times with an interval of 14-30 days, is
important [7].

Notably, Charette and Melnic revealed that
the incidence of culture-negative infections
varies from 2% to 18% despite all possible diag-
nostic measures [72].

CONCLUSION

PJI diagnostics remain a difficult task, which
can be solved using a multidisciplinary ap-
proach, as well as additional training of outpa-
tient doctors and hospital specialists to be alert
to PJI. Existing scientific studies revealed that
the combination of the serum and synovial test
results, as well as the use of a multidisciplinary
approach, improves the speed and accuracy of
diagnosing PJI.

The development and research of new diag-
nostic methods with greater accuracy, simplic-
ity, convenience, and low cost will increase the
efficiency of diagnosing PJI, thereby avoiding
possible adverse consequences.
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1. KPATKAS UTH®OPMAILIMA 110 BT20
ITPU TPABMAX U OITEPAIIAX
HA OITIOPHO-JIBUTATEJIbHOM AIITTIAPATE

1.1. 3THosiorusa u nmaToreHes

BeHO3HbIe TPOMO0SMOOAMYECKME OCIOKHEHMS
(BT20) mpencraBisioT coboit cioxkHoe (MHorodak-
TOpHOe) 3aboneBaHMe, BKIIOYAIOLIEe B3aMMOZETi-
CTBYE MeXIy IPMOOpEeTeHHON WM HaclaeICTBeHHO
MpepacoIoKeHHOCTBIO K TPOMO03Y U BO3JeiCTBU-
eM OKpykatoiieli cpenibl. B aTuomnaroreHese BT20 npu
XUPYPrUYecKuX BMeNIaTe/lbCTBAX MOXKHO BBIJEIUTD
JIBa OCHOBHBIX 3B€Ha — HEIOCPeJCTBEHHO XUPYpPIu-
yeckasi TpaBMa U sHJ0TenuanbHas JUCHYHKLMS.

B Hacrosee BpeMs IIOA, TPaBMaTUYHOCTBIO OIle-
pauyy MOHMMAKIOT OOJbIIOe KOIMYECTBO IIaTOJIO-
rMYeCcKUX IPOLECCOB, a He IPOCTO MOBpeXIeHMe
TKaHeil B 30He XMPYPruMuecKOro BMeNIaTe/lIbCTBa.
XUpypruueckuit CTpecc TNPOSIBISIETCS MHOTOQYHK-
LVOHAIBHBIMM ~ M3MEHEeHUSIMY, MPOUCXOIALVMU
B OpraHu3Me IalyeHTa [0/, BIMSHUEM arpeCcCUBHBIX
(bakTOpOB XMPYpPrMUECKOro BMeLIaTeabCTBa: IICUXO0-
SMOLIMOHAIBHOTO BO30OYKIeHsI, 6071, TIOBpeKIeHMS
MSTKMX TKaHel M KPOBEHOCHBIX COCYLOB, ITaTONOIM-
yeckyux pedaekcoB ¥ MacCMBHOM KPOBOIIOTEPH.

Vi3smeHeHMs] B OpraHusMe, IPOUCXOASIIMe Ha
(oHe XMpypruyeckoro BMeIAaTeIbCTBA, MpeACTaB-
JSIIOT 0607 TporpaMMUpPyeMBblit CTpecc, CJIeCTBYEM
KOTOPOTO SIBJISIIOTCS CyIlleCTBEHHbIE U3MEeHeHUs peo-
JIOTMYeCKUX CBOVICTB KpoBU. COBOKYIIHOCTD Hapylie-
HMI peryisiiuu B CUCTeMe reMoCTas’a, IPUBOISIINX
K TIOBBIIIEHMIO CBepThIBAIOLIEN CIOCOGHOCTH, 3a-
MeJJIeHVe KDOBOTOKAa B KOHEUHOCTU U ITOBpeXAeHne
COCYIMCTOV CTeHKM COCTaBJSIIOT Tpuany Bupxosa,
JeKallylo B OCHOBe IaToreHesa Tpombo3ambonuye-
CKMX OCJIOKHEHMIA. B maTtoreHese pa3BuTHsI TPOMOO-
9MOOIMYECKUX OCIOKHEHNI TI0C/Ie YHIO0MPOTEe3MPO-
BaHMSI KPYIHBIX CYyCTaBOB ITyCKOBBIM MeEXaHU3MOM
SIBJISIETCSI MAaCCUBHAs TpaBMa TKaHel, IOBPeXIeHue
KPOBEHOCHBIX COCYZOB U OOHa’keHMe COCYLVCTOTO
Kojutaresa [1].

BeI6poc KaTexolaMMHOB B OTBET Ha XUpypruye-
CKMX CTpecC Takke yBeJVUMBaeT arperanyioHHbIE
CBOJiCTBA TPOMOGOLMTOB. [Ipy 3TOM aKTUBU3UPYETCS
KaK COCyO}CTO-TpoMOGOLMTapHOe (38 CYeT BBIOPO-
ca B KPOBOTOK TPOMOOIUIACTMYECKMX (DaKTOPOB U3
TPOMOOILIMTOB), TaK M KOArysIVMOHHOE (33 CYeT BbI-
CBOOOXKZEHMSI TPOMOOIIACTUYECKMX BEIIeCTB U3
CTEHKM COCYZI0B) 3BE€Hbsl reMOCTasa [2, 3]. BHewmHuit
ITyTh KOATY/ISILIMOHHOTO reMoCTa3a IPUBOIUT K 06pa-
30BaHMIO IIEPBUYHOTO CI'yCTKA ¥ IIPY MACCUBHOM II0-
BpeXIeHMM TKaHel IPOUCXOOUT B TeueHue 15 cex. [4].
[ToBpexneHue 3HOOTENNSI COCYLOB 3aIlyCKaeT CBep-
ThIBaHMe KPOBY 110 BHyTPeHHEMY IIyTu. B HOpMe 3H-
JOTenuit cCeKpeTUpyeT aHTUKOArYISHTHbIEe (GaKTOPBI,
MpensATCTBYIoMMe aare3uy (GOPMEHHBIX 3/I€eMEHTOB
K cTeHKe cocyza. IIpu TpaBme cocyza aTa Crioco6HOCTb

TepsieTCsl, ¥ Ha MeCTe IOBpeXaeHuss GhopMupyeTcs
CHavaJia TPOMOOLUTAapHBI TpoM6O, a 3aTeM Gubpu-
HOBBINI TPOMO. [IpyrMMy OpPUUMHAMM ITOBBIIIEHHOTO
pUcKa TpoM6006pa3s0BaHMS SIBJISIIOTCS BBIHYKIEHHOE
MOJIO’KEHME KOHEYHOCTM, HAIpuMMep P SHJIOIpPO-
TEe3MPOBAHUM KOJIEHHOTO CYCTaBa, KOTHA BBIpaskKeH-
HOe crubaHMe B ONEPUPOBAHHOM CYCTaBe MPUBOAUT
K KOMITPECCUM COCYZIOB B ITOJIKOJIEHHON SIMKe, a TaK-
ke TIpYMeHeHMe TYPHUKETa, YTO BbI3bIBAET CTa3 KPo-
BU, TIEPEPACTSDKEHNE M MUKPOPA3PBIBBI COCYIMUCTOM
creHK. KpoMe TOro, MaHUIy/ISIIIMM B KOCTHOM Ka-
Hajie BO BpeMs YCTaHOBKM SHAOIPOTE3a, TAKKEe KaK U
MIPMMEHSIEMbI KOCTHBIN 1IEMEHT, aKTUBUPYIOT BHEIII -
HUIA ITyTh CBEPTHIBAHMSI KPOBM 3a CUeT 06pa30oBaHMS
OOJIBIIIOrO0 KOJMMYECTBA TPOMOMHA, UTO TaKKe YBeJIU-
YMBAET PUCK TPOMOO0OGPa3oBaHMS.

Takum 06pasom, maToreHes TpoM6006pa3oBaHMS
NP XUPYPTrUUECKOM BMEINIATeNbCTBE IPeCTaBIeH
B BUE CMEHSIIOIMX APYT Opyra MpoIeccoB: XUpyp-
rMYecKasi arpeccusi 3amyckaeT KJIacCUUYecKylo Tpua-
Iy BupxoBa: MHTpaonepanyoHHas TpaBMa COCYIOB,
3aMe/jieHMe KPOBOTOKA M3-3a BBIHYKIEHHOTO TIO-
JIOSKeHUST KOHEUHOCTYU Y HAJIOXKEHUS TYpHUKETA TIPU
SH[IONIPOTE3UPOBAHMY KOJIEHHOTO CYCTaBa U aKTUBa-
IMST KOATyJISIIMOHHOTO reMocTasa. Jlajiee Kackap I[1-
TOKMHOB ¥ T'YMOPaJbHBIX MeOMATOPOB ITPOBOIMPYET
HapylleHne COCYIMCTOrO0 TOHYCa M MUTPAIMIO Jieii-
KOLIMTOB K MECTY IOBpekAeHus cocyaa. Bemencreue
3TOTO Ha MPOTSKEHUY COCYIOB 00Pa3yIOTCS KOHIJIO-
MepaThl, COCTOSIIME U3 HUTel pubpuHa 1 GopMeH-
HBIX 3JIEMEHTOB KpOBU. OTphIBAsSICh OT COCYOMCTOM
CTEHKM, JAaHHble KOHIJIOMEpAThl MOTYT BbI3bIBATH
Tpomb603Mbouio. JeiicTBue (GakTOpPOB MPOIOIKA-
eTCs B IIOC/Ie0IepaIIOHHOM Iepuoje, IpuueM Bask-
HYI0 pOJIb UTPalOT Takue ¢aKkTOpbl, Kak Iocaeore-
paioHHasi 60Jib ¥ BBIHYKAEHHAS MMMOOUIMU3ALINS
MarMeHTOoB.

OTOenbHYI0 TPYIITy  COCTAB/SIOT — TAI[MEHTHI
C TepeyioMaMy KOCTel HMXKHUX KOHEYHOCTEN, KOCTel
Tasa, a TaKKe IOCTpamaBlIMe C MOAUTpPaBMoOi. Mx
0COOEHHOCTBIO SIBJISIETCS TO, YTO aKTUBAIIMS CBEPTHI-
BaIOIEl CUCTEMBI KPOBU ITPOVCXOAUT B HECKOIBKO
aTanoB. [lepBuyHast TpaBMa COMMPOBOKIAETCS 3HAUM-
TeJIbHBIM MOBPEXAEHMEM TKaHel, BKIOYAsl SHI0Te-
JIMIi COCYZIOB, U BbIJENIeHMEeM OOJIBIIOTO KOJMMYeCTBa
TKaHeBOro (akTopa, CIIOCOOCTBYIOIIETO AKTUBALIU
CBEpTHIBAIOIEN CUCTEMBI KPOBU. 3aTEM B TeUeHME
KOPOTKOTO MTPOMEXKYTKA BPEMEHU ITUM IalyeHTaM
BBITIOJTHSIETCSI OTIEPAIs OCTEOCUHTE3A, UTO SIBJISIETCS
IOTIOJTHUTENBbHOM TPaBMOM M IOBTOPHO aKTUBUPYET
cBepThIBaIONIyI0 cucreMmy. Kpome Toro, mocrpanas-
IIye C MOMIUTPaBMOI HepeIKO HYKIAI0TCS B 9TAITHBIX
omeparusx, KOTopble IPOU3BOIATCS TpU U Gosee pas
¢ uHTepBasiamu B 1-2 Hex. [Ipy 3TOM KaKmoe Xupyp-
TMYEeCKOe BMEIIATeIbCTBO ITPMBOAUT K aAKTUBALIN
reMOCTaTMYeCcKOro Kackaga. B pesynmbrare puck pas-
BUTUSI MOCTTPAaBMATUUYECKMX BEHO3HBIX TPOMOO30B
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B 3TOI1 IpyIIe MalMeHTOB 3HAUYMUTENbHO MMPEBbIIaeT
PUCK TTOJOGHBIX OCIOKHEHUI Yy OOJbHBIX OPTOIEIN-
YeCcKoro Mpoduisi, KOTOPbIM OOBIYHO BBIMOIHSIETCS
onHa omepaiys. Kpome Toro, ecim opTroregnueckoro
MaIyeHTa MOXHO IOATOTOBUTb K IJIAHOBOMY OIle-
paTMBHOMY BMeIIATeNbCTBY, KOMIIEHCHMPOBAaB 3a60-
JIEBAaHUS CEPIAEeYHO-COCYAVCTOV CUCTEMBI, SIBJIEHUS
BEHO3HOVM HeJIOCTaTOYHOCTM HIDKHMUX KOHEUHOCTEN
M OPYTYI0 COMYTCTBYIOUIYIO ITaTOJIOTUIO, CITOCOOHYIO
YBEIMYUTD PUCKM BEHO3HBIX TPOMOO30B, TO MAIMEeHT
C TPaBMOIJi TIOCTYTIAET B CTAIIMOHAP U OMEPUPYETCS B
9KCTPEHHOM MJTU CPOYHOM ropsiike. COOTBETCTBEHHO,
BO3MOYKHOCTM a/IeKBaTHOTO BO3JEMCTBUSI HA COIYT-
CTBYIOIIYI0 COMAaTMUYECKYH) TATOJOTUI0 y XUPYProB
00BIYHO HET B CUJTY JedUIUTa BPEMEHN.

1.2. dnmaeMmnoIorus

Bonbiine oproneauyueckue orepanmuy CONpsKeHbI
C BBICOKMM pucKom pasButusi BTDO — cumntoma-
TUYECKOTO ¥ 6eCcCMMIITOMHOIO TpoM603a ITyOOKMUX
BEH U TPOMOOIMOOINUM JIETOYHOI apTepuy, KOTOpbie
SIBJISTIOTCSI TIOTEHILIMAIbHO OMACHBIMM JJIS KU3HU Ta-
1eHTOB [5]. K OCHOBHBIM OpTONEAMYECKMM OIlepa-
LIYSIM, BBI3BIBAIOIIMM HauOOJBIIYI0 03a00YEHHOCTD,
OTHOCSITCS OTlepalyy TOTA/IbHOTO SHAOIIPOTe3UpPOBa-
HMSI KOJIEHHOTO U Ta300eIpeHHOTO CYCTaBOB U OCTEO0-
CUHTE3 MIPU IepesioMax 6epeHHO KOCTH.

YacToTa pasanMyHbIX TPOOOIMOOIUUECKUX OCIOXK-
HeHMi1 pasindHa. BeccuMnToMHbIe TPOMOO3BI ITTy60-
KUX BeH (OuarHoCcTupyeMble TOIbKO MPU CKPUHUHTO-
BOM Y/IbTPa3BYKOBOM aHruockaHupoBaHum (Y3AC))
BCTpevarTcs B 12,6—31,1% cityyaes 1ocjie epBUYHO-
ro 3HAONpPOTe3upoBaHus [6, 7]. Knuuuuyeckn 3Haum-
MbIe TpoM603bI ITy60KKuX BeH (TTB) pa3sBuBawTCs ro-
paspgo pexxe — B 0,75-2,10% ciyuaes [8, 9]. Hanbomnee
TSDKEJI0e OCIOKHEHMEe — TPOMOO03MOOIMST JTeTOUHOI
aprepun (TIJIA) peructpupyercs B 0,41-1,93% cny-
yaes. [Ipy 3TOM OOGCTPYKLMS JIETOYHOM apTepuUm UIn
ee BeTBel He TOJIbKO MOTeHIMaTbHO OMacHa JJist XK13-
HU, HO ¥ MOET MPUBECTU K XPOHUUECKUM OCJIOKHE-
HUSIM C IJIOXMM IIPOrHO30M, TAKMM KaK TPOM603M60-
nuyeckas yierouHas rurneprensus [10, 11]. Tpom603bI
ITyOOKMX BEH SIBJISTIOTCSI OCHOBHBIM ITPOMEXKYTOYHBIM
MPOLIECCOM, HeOOXOAMMBIM IJ1s1 pasBuTus TIJIA, cBs-
3aHHOJ C XUPYPrUyeCcKuM BMelllaTebCTBOM, U MOBBI-
IIAIOT PUCK ee pa3BuTus. Kpome TOro, MpmoOIM3UTETD-
HO Y 5-10% mauyueHTOB ¢ cuMnTomMaTnaeckumu TT'B
B TeueHMe nmocienyomux 10 jeT pa3BuBaeTCs TSKe-
JIbI/i TIOCTTPOMOOTUYECKUIA CUHIPOM, ITPOSIBIISIIO-
uuiicst GopMMUpoOBaHMEM BEHO3HBIX 3B, Iepudepu-
YeCKMUX OTEKOB M XpOHMYeCcKoi 6omu [12].

B HacTosilliee BpeMsl OOIIENPUMHATON MPAKTUKOA
pu oLieHKe 3QPEKTUBHOCTM TPOMOOIPOPUIAKTUKNA
SIBJISIETCS YT TOJBKO CHMMIITOMATUUYECKUX TPOMOO-

3MOO0INIi, UTO OGYCJIOBJIEHO OTCYTCTBMEM PpasIUuMii
yepes 2 rofa nocjae XMpypruueckoro BMelaTeabCcTBa
B KJIMHUYECKUX UCXOAAaX (CMEPTHOCTb OT CEpHeYHO-
COCYIMCTBIX IPUUMH) MEKIY NallMeHTaMU, Y KOTOPBIX
perucTpupoBauch 6eccumirToMmubie BT30, 1 nmaum-
eHTamy 6e3 TaHHBIX OCJIOKHEeHM [13].

1.3. Knmaccuduramms

BeHO3HbIe TPOMOO3bI MOXKHO KIacCUDUIIMPOBATD
0 JIOKa/IM3alui, HampaBJIeHUI0 TPOMOOTUUECKOIO
mpoiiecca, crerneHy ukcauuu Tpomba, CTEIIEHU Te-
MOAVMHAMUUECKUX PACCTPOIMCTB U HATMUUIO OCTIOKHE -
Huit [14, 15].

Ilo nokanmmusanyuu BeHO3HbIE TPOMOO3bI MOKHO
paszennuTb B 3aBUCUMOCTH OT:

— BEHO3HOM CUCTEMBI:
TTyOOKOi;

— YPOBHSI MOpakeHUsI BeH: MPOKCUMAabHbBIN WIN
IMCTaIbHBI TPOM6O3.

ITo pacmpocTpaHeHHOCTM TPOMOOTMUECKOTO ITopa-
SKeHUSI: cerMeHTapHoe UM pacipocTpaHeHHoe, BY-
CTOpOHHee, My/IbTU(hOKATbHOE.

[lo HampaB/eHMI0 pacIpOCTpaHeHUS BbiJess-
10T BOCXOOSIINIA MM HUCXOISALINIA TPOMOOTUUECKT
npolecc.

Ilo crenenu ¢ukcanmuu TpoMba K BEHO3HOIA
CTeHKe:

— OKKJIFO3MOHHBIIA;

— HEOKK/IIO3MOHHBbIN: TMPUCTEHOUHbI, QIoTUpy-
01V (9M60/100TIACHbIIT).

TIOBEPXHOCTHOM  WJIN

BoifensitoT Tpu CTeleHu TreMOAMHAMUUECKUX
pacCTpOCTB:

— Jlerkas;

— CpenHeil TSKeCTH;

— TsDKesas.

ITo HaMMUMIO OCTTOKHEHMIA:

— HeOCJIOKHEHHbII;

— BOCXOZSIIUI TMOBEPXHOCTHBIN TpoMOOGIe6UT
(BepxHSISI TpaHuMIla TPOMOA Ha YPOBHE BEPXHEN TpeTu
6empa) — smbos100IIacHast hopma;

— OoulOXHeHHbI: TOJIA, BeHO3Hasi TaHTpEHa,
MOCTTpOMOOTHYECKasT 00je3Hb (XpOHMUYecKas Be-
HO3HAasl HEJOCTATOYHOCTH), TPOMOO3 BEeH HIDKHUX
KOHEUHOCTEel C MepexoloM Ha HWKHIOW IOJYI0
BEHY.

2. TIPOPUJIAKTUKA BT20 V ITAITMEHTOB
TPABMATOJIOI'O-OPTOIIEANYECKOI'O
MPOPNJIA

B HacTosIIee BpeMsI OIITUMAaJIbHbIM CIeIyeT IIpu-
3HATh ITOIXOJ, COIJIACHO KOTOPOMY IIPOQMIAKTUKY
BT20 mpoBoasaT aGCOMIOTHO BCEM IalieHTaM, I1oC-
TYMAIOIIMM B CTallMoHap. Xapakrep mpoduiakTuye-
CKMX Mep OIlpefessieTCsl CTeIIeHbI0 PUCKa.
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2.1. Ouenka crenneHu pucka passutus BT0
B TpaBMAaTOJIOTUN U OpTOIIEeAUN

HecmoTpst Ha HEBO3MOKHOCTh TOUHOTO TPOTHO-
3upoBaHus pasButus BTDO, He06XOOAMMO OLIEHUTh
CTereHb BepOSTHOCTU UX pasBuTus. Hanmune y na-
uyeHTa (akTopoB, mpeapacronaramonmx K BTI0
(Tabsa. 2.1) CIY>KUT OCHOBaHMEM [IJiT OTHECEHUS ero
K TOW MM MHOI Tpymme pucka. OmHMM U3 Haubo-
Jlee ymoOGHBIX MHCTPYMEHTOB OIpemeleHus] pucka
BT20 B xupypruu cIyskut 1mkajia Caprini (tabm. 2.2).
B 3aBucMMoOCTM OT Hanmuus GakTOPOB pUcKa U Ijia-
HUPYeMOJi ollepalluy TMalMeHTy MMPUCBauBaioT CTe-

neHbp pucka passutus BTIO [16]. [Ipu oTcyTcTBUM
NMpoWIaKTUKM ¥ 6OJBHOTO ¢ 0ueHb HU3KuM (0 6as-
JI0B), HU3KMUM (1-2 6anna), ymepeHHOM (3—4 6Gasa)
U BBICOKOM (=5 6ajjioB) pucKe BEpPOSITHOCTb Pa3BU-
T BTO0 cocTaB/isgeT COOTBETCTBEHHO MeHee 0,5;
1,5; 3 1 6%. B CBSI3M C OTCYTCTBMEM MPUHIUIINATb-
HbBIX pa3anunii B yactote BTOO U TakTUKe BedeHUS U
MpOoMWIAKTUKM MAIMEeHTOB HU3KOTO ¥ OYeHb HMU3KO-
IO PUCKOB B KIIMHMYECKON MpPaKTHUKe IIeecoobpas-
HO 00beIVIHUTD B OOHY I'PYIIITY HU3KOM BEPOSTHOCTYU
BT20.

Tabnuya 2.1

BepositHocTh BTI0 nipu pasnmuuHbIX mpeapacnosarawmmux ¢gakropax

@daKTOopBI, MTOBbIIIAKIINE BEPOITHOCTb BTI0 6oee uem B 10 pas

¢ TiepesioM JJMHHBIX KOCTE HUKHEV KOHEUHOCTH;

* SHOOIIPOTEe3MpPOBaHME T8.306e,Z[I)EHHOI‘O MJIM KOJIEHHOT'O CyCTaBa,

» KpYITHas TPaBMa;
* TIOBPEXAEHME CIIMHHOTO MO3Ta;

* BeHO3Hble TPOMO0IMOOMIMUECKIe OCTOKHEHNSI B aHAMHe3e;
» uHGbaPKT MMOKapAa (OCTaTOYHO OOMIMPHBINT) B IIOCTEYIONIVe 3 Mec.;
* TOCIIMTANINU3ALMS C CEPIEUYHOI HEIOCTATOUHOCTbIO WM GUOPUIIIALIVIEN/TpereTaHueM Mpecepauii

B [IpeAlIecTBYOIIMe 3 Mec.

®dakTOopbl, MOBbIIIAIOIME BeposiTHOCTh BTA0 B 2-9 pas

* APTPOCKOIIMYEeCKasa ornepanysa Ha KOJIEHHOM CyCTaBe C IIPMMMEHEHMEM TYPDHUKETA,;

* ayTOMMMYHHbBIE 3260/1€BaHMUS;
* IepeiMBaHue KPOBY;

e KaTeTep B LIEHTPAIbHOI BEHE,;
* XMMMUOTEepaIus;

e 3aCTOiHas cepaevyHasi MM gbiXaTeJbHass HeA4OCTATOYHOCTD,

* MCIIOJIb3OBaHME CTUMYJ/ISITOPOB 3PDUTPOII0334a;

e TOpPMOHAJIbHASI 3aMECTUTEIbHAS Teparust (PMCK 3aBMCUT OT IIperapara);

¢ MCIIO/JIb3OBaHMeEe ITePOpPaJIbHbIX KOHTPALIEIITMBOB,
* MCKYCCTBEHHOE€ OIUVIOOOTBOPEHUE;

e yHeKUMS (B YaCTHOCTY ITHEBMOHMS, MHQEKIMS MOUYeBbIX nyTeii, CITU);

* BOCITAJIUTEbHbBIE 3a60/IeBaHMSI TOJICTOTO KMII€YHNMKA;

* 3JI0KaUECTBEHHOE HOBOOOpa3oBaHye (HaMOOMbIINI PUCK TTPU HATUUMM METACTa30B);

* VIHCYJIBT C IAPAINYOM;

* II0C/IEPONIOBOII MIEPUOS;

e TPOMOO3 MMOBEPXHOCTHBIX BEH;
* TpoMboduIHS.

®daxkTopsl, MOBIIIAIOIIVE BeposITHOCTh BTOO MeHee ueM B 2 pa3a

* TIOCTebHBIN PeXXUM >3 CYT.;
 caxapHblii 1uaber;
* apTepuasbHas TUITEPTEH3NS;

e NJINTENIbHOE IT0JIOJKeHUEe CUast (Hanpmmep IIpU BOXKOEHUN aBTOM06I/I]'IH, aBManepeneTaX);
e JIaIlTapOCKOIIMYeCKMe ornepaunmn (B YaCTHOCTU XO)'IEI_[I/ICTBKTOMI/ISI);

* OXUpeHNe;
* 6epeMeHHOCTb;
* BapUKO3HOE PaCIIMPeHe BeH HIDKHIMX KOHEUHOCTEN
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Tabnuya 2.2
IlIkasa 6a/UIbHOM OIEHKM KIMHUYECKUX XapaKTepucTuK mo Caprini [17]

basnnbr KnmHnyeckue xapakTepucTUKu

1 41-60 et

Masnas onepauus

VIMT >25 Kkr/m?

OTeK HUKHUX KOHEYHOCTeN

BapukosHoe paciiupeHue BeH

BbepeMeHHOCTD MM IOC/IEPOIOBBIV IEPUOT,
HeBbIHammBaHue 6epeMeHHOCTY B aHAMHE3€e

[IpueM sCTpOreHOB/TecTareHoB

Cericuc (<1 mec.)

Tskesioe 3a6oieBaHMe JIETKUX, B TOM UMCITe THEBMOHMUS (<1 mMec.)
Hapymenue GyHKIMM AbIXaHUS

OcTpblit MHGAPKT MUOKapaa

3acroiiHas cepevyHasi HeLOCTaTOYHOCTh (<1 mec.)
AHaMHe3 BOCIA/IUTEIbHOTO 3a00/IeBaHMST KUIIIEUHMKA
[TocTenbHBIN PEXMUM Y TEPANIeBTUYECKOTO MalieHTa

2 61-74 roma

ApTpockomnuyeckas onepauus

Bonbias OTKpbITast onepamus (>5 MuH.)
Jlanapockornuyeckas onepaius (>45 MuH.)
OnKonorust

[TocTenbHbIM pexxuM (>3 CYT.)

T'umcoBas moBsI3Ka

KaTteTep B 11eHTpanbHO BeHE

3 Crapiie 74 net

Anamnes BT90

CemeiiHblii aHamHe3 BT20

JlelimeHcKast MyTaLyst

MyTanus B reHe MpoTpoM6uHa

BosuaHOYHBINM aHTUKOATY/ISTHT

AHTHUTeNa K KapAVOIUTIUHY

[MToBbINIeHe YPOBHS TOMOLIMCTEMHA B IIJIa3Me
TenapyHMHAYIMPOBaHHAs TPOMGOIMTOIEHNS
Opyrue Tpom6obmaNn

5 WHcynbT (<1 Mec. Ha3an)

3ameHa KpyITHOTO CycTaBa

Iepesiom GeqpeHHO KOCTH, KOCTei Tasa, FoJeHn
TpaBma crimHHOrO Mo3ra (<1 Mec. Ha3an)

O6wuti 6ann u yposers pucka BTO0 onsa xupypzuueckux nayueHmos

Cymma 6ayioB Puck BTO0 Heob6xomumocTs npoduaakTuku BT30
0 OueHb HU3KUI Her
1-2 Huskuii MexaHunyeckast
3-4 YMepeHHbII dapmakoJiormueckas 1/ MexaHuueckast
>5 Bricokuii dapmaxoornyeckasl ¥ MexaHuyeckas

2.2. Cpencrsa npodmnakruxu BT30 ro, BOCCTAHOBJICHMIO 0ObeMa [BVKeHMII B CyCcTaBax

Ins npenynpexaenus BTO0 y mainueHTa ¢ Tpas-
Mo win onepainueii Ha OIA mpexzae BCero cienyer
MUHUMU3UPOBATh WIKM YCTPAHUTD AelicTBue (HaKTo-
POB, CIIOCOOGCTBYIOMIMX TPOMO0O0O6GpPa30BaHMIO: BOC-
CTAaHOBUTbh 00BEM IMPKYIMPYIOIIEH KpOBM, HOpPMa-
JIU30BaTh TeMOOMHAMMUKY, IPUMEHUTb aJeKBaTHOE
ob6e360nMMBaHNe, MPEmyNpPeaUTh pasBUTHE WHGEK-
LIMOHHBIX OCIOKHeHMIt. HeoOGXOOMMO CTPeMUThCS
K BO3MOKXHO 6ojiee paHHeil MO6MIM3aLuu OOIbHO-

KOHEYHOCTei. IIpy BO3MOXKHOCTM C/IeAyeT CTabuiIb-
HO 3a(MKCUPOBATh OTJIOMKM B PaHHME CPOKM IOC/Ie
nepeyiomMa. IIpymMmeHeHNe CcTabMIbHOTO (PYHKIIMOHAb-
HOTO OCTEOCHHTE3a, YMEHbIIeHMe TPaBMaTUUYHOCTU
OTIepaTUBHBIX BMEIATeIbCTB 33 CUET MUCIIOb30BaAHMS
COBPEMEHHBIX TEXHOJIOTUI 3aKPBITOTO OCTEOCHHTE3a
MTO3BOJISIIOT COKPATUTh BPEMSI OTPaHMYEHMS TTOJIBVIK-
HOCTM MAaIMeHTa C IOBPEKAEHUSIMY U 3a00/IeBaHUSIMU
OTIOPHO-IBUTATEILHOTO aIllapara.
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IMpodunakTka BTDO BKIOUaeT ClemyloLye
MeTO/bI:

— HeMeJVKaMeHTO3Hble — MPUMEHSIOT y BCeX Ia-
LIMEHTOB C OTPaHMYEHHONM OBUTaTeIbHOM aKTMBHOC-
ThIO (MOOUJIBHOCTBIO):

— MaKCMMaJTbHas ¥ BO3MOKHO 60jiee paHHSsIS aKTy -
BU3aLMs GOBHBIX ITOC/IE OTlepaluu, BKIOUAs METOIbI
MMacCMBHOI HAaTrpy3Ku: BePTUKaAM3aLMs, MexaHOTepa-
usi, KWHe30Tepanus u ap.;

- obecrieyeHre MaKCUMaJbHO BO3MOKHON aK-
TUBHOCTY MBILIL, HUKHUX KOHEUHOCTE NalMeHTOoB,
HaxoISIMXCS Ha OJAUTETbHOM IOCTEJIbHOM peXu-
Me, MeCTHble IpOLeAYypbl, YBeJIMUYMBAKOIINE 00b-
€MHBI ITOTOK KPOBU Uepes IITyOoKye BeHbl HUKHUX
KOHEYHOCTel (37macTuueckass KOMIIPECCUs HUXXHUX
KOHEUHOCTel, IepeMeskamlasics MHeBMOKOMIIpec-
CUSI, MUOCTUMYJISILMS MBILIL TOJIEHU U T.[1.);

— aKkTMBHbIe U TACCHMBHbIE HAarpy3ku Ha BepX-
HMEe KOHEYHOCTH, yAydllallue IUPKYISLUI0 KPOBU
B I1€JIOM, CTUMY/IMPYIOIIVEe aHTUTPOMOOTUYECKYIO aK-
TUBHOCTb 3HJIOTENS;

- MeIOMKaMeHTO3Hble — MpoBefeHue Gpapmakono-
IMYECKOI TPOMOOIPOPUIAKTUKY Y ITAI[MEHTOB C YMe-
PEHHBIM U BBICOKMM pUCKOM pa3Butusa BTDO0.

2.2.1. HemeduxameHmo3sHsle cpedcmada

npogunaxmuxu BT20

K HemenukaMeHTO3HbIM CpeCTBAM OTHOCST Me-
XaHUUYeCKMe Croco6bl MpPOoPUIaKTUKY, & UMEHHO —
CTaTUYECKYI0 3JIaCTUYECKYI) KOMIIPECCUI0 HUKHUX
KOHEYHOCTEN, MO0Caef0BaTe/bHYI0 MepPeMEeKa0LyI0-
cs mHeBMaTuueckyr kommpeccuto (IIITK), BeHO3HYIO
MOMIY [JIS1 CTOIIbl, MUOCTUMYJISIIIAIO MBIIIL, TOJIEHU
u JeuebHyo GusKkyabTypy. OCHOBHOM LIETbI0 MPU-
MeHeHUs] HeMeIMKaMeHTO3HbIX MEeTOMOB SIBJISIETCS
YCKOPEHME BEHO3HOIO KPOBOTOKA, MPU 3TOM UX UC-
MOIb30BaHMeE He yBeIMYMBaeT OMMacCHOCTb TeMopparu-
YyeCKUX OUIOKHEeHMI. MexaHMuecKyo MpoQuIaKTUKY
ClefyeT HauyaTh O ONepanuy, MPoLo/iKaTb BO BpeMsl
U TOC/Ie Hee BIUIOTh O BOCCTAaHOBJIEHUS OBUTATeNlb-
HOWM aKTUBHOCTM.

HocnedosamenvHas nepemexcaroujascss nHeema-
muueckan komnpeccusi (IIIITNIK) HYKHUX KOHEYHOC-
Teit BenmuuHoil 40-50 MM PT. CT. C TIOMOIIBIO CITe-
UMaJbHBIX MaHXXeT U arapara sBJseTcsl Hamubosee
3bderTUBHBIM U3 MeXaHUYeckKuxX CII0COO0B IIpo-
punaktuku. Ee ciegyer NMpuUMeHSTb B COOTBETCTBUM
C MHCTPYKIMeN K amnmnapaTy y MalyeHTOB, Haxo[s-
LIMXCS Ha TTIOCTEIbHOM peXUME.

Cmamuueckylo  31acmu4ecKylo  KOMNpeccuio
HMKHMX KOHEYHOCTEH C TOMOIIbI0 KOMITPeCCUMOHHO-
rO TPUKOTaKa (YY/IKU, 00eCreunBaloIiye onTuManb-
HOe pacIpefe/ieHM e JaBaeHMs Ha HVDKHME KOHeUYHO-
CTY) MY 9JIACTUYHBIX GMHTOB CJIeAyeT HauMHATh [P
MOCTYIUIeHUM OGOJIbHOTO, TOCKOIbKY IIpebbiBaHMe
B CTal/lOHape BCerga CBsI3aHO C OrpPaHUYEHUEM OBU-
raTejJbHOM aKTMBHOCTUM M 3aMe[dJIeHMEM CKOPOCTU

BEHO3HOr0 KpOBOTOKAa. HakjamplBaTh 371aCTUYHBIN
OMHT OO/KeH OOyYeHHbIN mepcoHan. EskemHEBHO
cJieqyeT MPOBEPSITh U MIPU HeOOXOOVMOCTU KOppeK-
TUPOBATh COCTOSIHME O6MHTA. CrenyanbHblii Tpopu-
JIAKTUUECKUIA KOMIOPECCUMOHHBIN TPUKOTAX (UYIKU
IO3MPOBAHHOV KoMmpeccun) 3pGeKTUBHEE U ITPOIIe
B MCIIOJIb30BaHUM, CAMOCTOSITE/IbHO MOJIEPXKNBAET
HeoOXOIMMBbIN TpagueHT AaBieHus. OMHAKO OH Tpe-
OyeT IpeaBapUTeIbHOIO Moa60pa 1 13-3a pa3BUBalo-
IErocst OTeKa He Bcerma obecrieunBaeT aleKBaTHYIO
CTeIeHb KOMITPeCCUM B GIVDKaiIeM Imocieornepaiu-
OHHOM Tmepuoge. IIpuMeHeHMUe KOMIIPECCMOHHOTO
TPUKOTAXKa I1e/1eco00pa3Ho IMpU IUIAHOBBIX Olepa-
TUBHBIX BMeNIATe/NbCTBAX. JMACTUUECKYI0 KOMITpeC-
CUIO TIPOLOJ/DKAIOT BO BpeMs Olepalnyuii Ha HUXHUX
KOHEUHOCTSX: OMHT (YY/IOK) AO/DKeH HAaXOAUTbCS Ha
HeollepupyemMoii KOHEYHOCTM BO BPEMS OIepaTuB-
HOr0 BMeNIaTe/lbCTBa, Ha ONEPMPOBAHHYIO KOHEU-
HOCTb OMHT (UYJIIOK) HAKIabIBAIOT HA OIEepPaI[MOH-
HOM CTOJie HeIOCPeICTBEHHO Iocjae 3aBepllieHus
omnepauuu [18].

AnekmpoHetipocmumyasuus  Mollly 20J1eHU
(PHCMI) — mnipouenypa peKOMeHA0BaHa BCeM Maliyi-
€HTaM OpPTOIEe[O-TPAaBMATOJIOTMYECKOTO TTpodwIs,
HaxoAsLIMMCS Ha TOCTeJbHOM peXume Kak B CTa-
[IMOHApe, TaK ¥ Ha aMOYyJaTOPHOM IJTale JIeYeHUS.
[TpoBOAUTCS € TIOMOIIBIO PA3/IMYHOIO pOJia MEKTPO-
HeMPOCTUMY/ISITOPOB (CTAI[MOHAPHBIX MPUOOPOB MU
VHIUBUIYaJIbHBIX MEPEHOCHbIX) COIVIACHO Ipujarae-
MOl MHCTPYKIMM. HeoOGXOOMMBIM 3JIEMEHTOM SIBJISI-
eTCsl Ha/IMuMe 37IeKTPOLIOB, HAaK/IaIbIBaeMbIX Ha UKPO-
HOXKHbIE MBIl TaleHTa. BO3MOKHO couyeTaHue
MeTO/a CO CTaTUUECKOI 371aCTUUYeCKON KOMITpeccuen u
JIOK. MoskeT pacCMaTpMBAaThCS KaK aJibTEpHATUBA Me-
tomy IIIIIK [19].

JleueOHylo ¢Qu3uuecKkyo Kyjavmypy TPUMEHSOT
y Bcex 60ybHBIX. OCo00€e 3HAUeHMe MMEIOT IBIKe-
HUSI B TOJIEHOCTOITHOM CyCTaBe U TajbliaX CTOIIbI.
JleuebHass (GU3KYIbTYpa HE MOXKET OBbITb 3aMeHOJ
MeAMKAMEHTO3HBIM ¥ MeXaHWYeCcKuM Ccrocobam
npodunaktuky BTIO.

2.2.2. MedukameHmo3Hvle cpedcmaa,
ux 0036l U PEXCUMBI NPUMEHEHUS

2.2.2.1. AHmukoazyassHmel

I'pyma aHTMKOATY/ISIHTOB BK/IIOUaeT B cebs Tpe-
nmapatbl HedpakiMOHUpPOBaHHOTO remapuua (HOT)
U HU3KOMOJeKkyasspHoro renapuHa (HMI), mpsmbix
OpaJIbHBIX aHTUKOATY/ISIHTOB (Tabi. 2.3) M aHTaroHu-
croB ButamuHa K (ABK).

OnHaKo B HaCTosIee BpeMs IIperapaTsl U3 IPYIIIIbI
ABK (BapdapuH) caMOCTOSITENTbHO IJ1sT TPOGUIaKTUKA
BT30 B TpaBMaTOIOTMM U OPTONEIUM IMPaKTUIECKU
He UCHOJb3YIOTCA. ENMHCTBEHHOI TPYIIION MalyeH-
TOB, KOTOpbIe HYXJAIOTCS B UX IIpMeMe, OCTAOTCS I1a-
UMeHThl, nonyvaromue ABK B CBSI3M ¢ coMmaTuuecKkoi
M1aTOJIOTUEN.
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Tabnuya 2.3

PekoMeHyeMble J03bI M PeKMM BBeIeHUsI aHTUKOary/JITHTOB JJis1 ipodniakTuku BT30
IIPU ONIEPATMBHOM JIEUeHUHU ITalVIeHTOB!

[Tpemnapar

PekoMeHIyeMblIe JO3bI ¥ PEXKUM BBEIIEHUST

CpenHsisi CTelleHb PYCKa pa3sBUTUS
BT20

Bricokasi cTeneHb pucKa pa3Butus BT20

HedpakimoHMpoBaHHbII
rernapuH (remapuH
HaTpus™)

IMopxosxkuo 2500 ME 3a 2—-4 4.

Ilo oriepanuu, 3atem 2500 ME uepes
6-8 u. moce onepauuu, faiee

o 5000 ME 2-3 pa3za/cyT.*

IMomkosxkHo 5000 ME 3a 4-6 4.’ mo onepainmu,
3ateM 5000 ME uepes 6—8 u. mociie onepamnm,
nanee o 5000 ME 3 pasa/cyT.

Bemumnapus HaTpus?

IMopxoskuo 2500 ME 3a 2 4.

[0 orepauuy Win yepes 6 4. nociie
orepauuu, 3aTeM exxeJHeBHO

o 2500 ME 1 pa3s/cyr. *

IMomkoskHo 3500 ME 3a 2 4. mo onepaumumn
WY Yepes 6 4. [ocJIe orepainuy, 3aTeM eXXeJHEBHO
o 3500 ME 1 pas/cyT.

IanTenapmH HATpUs:

TMoaxoskuo 2500 ME 3a 2 4.
IIo orepartyu, 3atem 2500 ME
1 pas/cyT. *

(1) MopmkoskHo 5000 ME BeuepoM HaKaHyHe
onepauuu, 3atem 5000 ME Kakzablii Beuep;

(2) TTomkoskHo 2500 ME 3a 2 4. o orneparuu, 3atem
2500 ME uepes 8—12 u. (HO He paHee ueM uepes 4 u.
1ocjie OKOHYaHUS onepalun), 3aTeM Co CJIefyIoLiero
nHst 5000 ME kaxxgoe yTpo;

(3) TTomkoskHo 2500 ME uepes 4-8 u. rocie
omepauuu, 3aTeM co ciaeayoiero gas 5000 ME

1 pas/cyT.

HanpomnapuH Kambiysi?

IMogxkoxxuo 2850 ME (0,3 mu1)
3a 2-4 4. 1o omnepauuu,
3atem 0,3 mu 1 pas/cyT.*

ITonkosxHo 38 ME/kr 3a 12 4. 1o ornepauuu,

38 ME/kr uepe3 12 4. mocie OKOHYaHUSI OTlepalum,
3arem 38 ME/kr 1 pas/cyT. Ha 2-e u 3-u CyT. Hociie
orepaiuu, ¢ 4-x CyT. TIOC/ie orepaluy 103a MOKeT
ObITh yBeuueHa 10 57 ME/kr 1 pas/cyT.

[MapHamapuH HaTpuUs™

IMoaxoskuno 3200 ME (0,3 mut)
3a 2 4. 10 omepaluu,
3arem 1o 0,3 mu 1 pas/cyT. *

IMogkoxkHo 4250 ME (0,4 mu1) uepes 12 4. mociie
OKOHUYaHMsI oriepaiiuy, satem 1 pas/cyT.

JHOKcamapuH HaTpusa?*

IMonxkoskHo 20 Mr 3a 2 4.
o omnepaiuu, 3atem 20-40 mr
1 pas/cyT.*

IMonkoskHo 40 mr 3a 12 4. 10 onepauuu U yepes
12-24 4. nocne onepanumy, 3atem 40 mr 1 pas/cyT.

@oHIaMapUHYKC HATPUST

IMogkoxxHO 2,5 Mr yepe3 6—24 4. TTocje onepanuu, 3atem 1 pas/cyT.

Anukcaban*

ITepopanbHo 110 2,5 Mr 2 pa3a/cyT.; lepBas 03a He paHee yeM yepe3 12-24 4.
TocJie 3aBeplieHns orepalyy 1o JOCTUXeHM TreMoCcTasa

IlaburaTpaHa sTekcuaat*

IMepopanbHo 1Mo 220 MT My 1o 150 Mr (TTauyeHTam: crapiie 75 JIET, TPy YMEePEHHOM
HapymeHuy QyHKIMK ITOUYeK — KIMpeHc KpeaTuHuHa 30—50 MJI/MMH., TPUHUMAIOLIIM
aMMOJapOoH, BepanaMusl, XMHUAMH) 1 pa3/cyT.; mepBblil IpyeM — B TIOJIOBUHHOI CyTOUHO
no3e yepes 1-4 4., eciy rTeMOCTa3 JOCTUTHYT

PuBapokcaban*™

[MepopansHo 1o 10 Mr 1 pa3/cyT.; nepBasi o3a He paHee yeM yepe3 6—10 u.
1ocJie 3aBeplieHns orepalyy 1o JOCTUXeHMM reMocTasa

*[Ipemnapart Bk/IoUYeH B [lepeueHb JKM3HEHHO HEOOXOAMMBIX M BasKHEMIIMX JIEKAPCTBEHHBIX MTPEIapaToB [IJIs1 MeIUIIMHCKOTO ITpMMeHe-
Hus Ha 2020 r. (Ipunoxkenue N2 1 k pacniopsikennio I[TpasurenscrBa Poceniickoit @epepanyy ot 12 okTsi6pst 2019 r. N2 2406-p).

! Mlpenapathl CrpyNIMpoOBaHbl B COOTBETCTBMMU C (hapMakosornyeckumu cBovicrBamu, HMI 1 mepopasibHble aHTUKOATY/ISIHTBI Tiepe-
YMCJIEHBI 10 aihaBUTYy.

2V 60/bHBIX C HM3KOM Maccoii Tena (MeHee 50 Kr) pa3yMHO yMeHbUINTD npoduakTuyeckyio 103y HMI B 2 pa3sa, a y 60JbHBIX C BbIpa-
SKEHHBIM OKMpeHMeM (Macca Tesia 6osee 120 Kr, MHAEKC Macchl Tesa 6omee 50 Kr/m?) — yBeMUMTD ee Ha 25%; y TaKMUX MalMEHTOB OMpaBa-
Ha Koppekuys 1,03bl HMI' 110 ypoBHIO aHTH-Xa aKTMBHOCTU B KPOBH.

5 Bpems BBeeHust HOT o omepanyy COOTBETCTBYeT MHEHMIO SKCIIEPTOB C yU€TOM OOLIMPHOCTY OPTOIEIMYECKUX Ollepalnii, CBsI3aH-
HBIX C TIOBbIIIEHHBIM PUCKOM KPOBOIIOTEPH.

4 TaHHbIe peKOMeHJalMy OTPakaloT MHeHMe SKCIIEPTOB ¥ OCHOBAHBI Ha 103aX U peXMMe IIPYMeHeHMs IpenapaToB rernapuHa B o61eit
XUPYPIUN.
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Ocoboe BHMMaHMeE BO BpeMs MeAUKaAMEHTO3HOI
mpodunaktuku BTIO cienyeT ynensTh CHUXKEHUIO
MepuoIiepanMoHHol KpoBororepu. Heobxogumo
IOOMBATHCSI THIATENIBHOTO WMHTPAOIEParMMOHHOTO
remMocTrasa, IPpMMEHITh COBpeEMEeHHble TeMOCTaTu-
yeckue cpeacrBa (GuOPMHOBBIN KJeil U T.I.), UC-
MOJIb30BATh TEXHOJOTUM KpOBecOepexkeHUs U UH-
rubuTopsl pubpUHOIN3A (TPAHEKCAMOBYIO KUCIOTY
n ap.).

[Tpu ncronb30BaHUM JIIOOBIX AHTUKOATYISTHTOB He-
06X0A1IMO aKTUBHO MOHUTOPUPOBATH IPU3HAKM BO3-
MOSKHBIX TeMOpPparnyeckux OCAO0KHEHUI, UCXOLHO
OTpeNeNnUTh U PETYASIPHO KOHTPOIMPOBATh YPOBEHD
reMOIVIOOVHA, TeMAaTOKPUT U KIMPEHC KpeaTMHMHA
(cMm. 11. 2.4). IIpu BBegeHMM IIperapaToB rermnapmHa He-
00X0AVIMO HOTIOTHUTEbHO PETYISIPHO KOHTPOIUPO-
BaThb KOJIMYECTBO TPOMOOIIMTOB B KPOBMU.

CornacHO MHCTPYKIMSIM MO0 MPUMEHEHUIO Tipe-
rapaToB, NPy HAa3HAYEHUM U BbIOOpEe O03bI aHTU-
KOaryJIsTHTOB ~ IIPSIMOTO  JTeMCTBMUSI  HEOOXOIMMO
YUMTBIBATh (GYHKIMIO TOYeK. [T 3TOoro ciemyeT
OIpeneNuTh YPOBEHb KpeaTMHMHA B KPOBU U pac-
CUNTATH KIMPEHC KPeaTMHMHA C ITOMOIIBIO (DOPMYITbI
Kokpodta-Tonra:

s My>KUMH:

KnupeHc xpeatuHuHa (MJ1/MUH) =
_ (140 — Bospacr (B rofax)) x Macca resna (Kr)

72 x CBIBOPOTOYHBIN KpeaTHUH (Mr/100 mi).

151 >)KeHIIH :

Knupenc kpeaTnHuHa (MJI/MUH) =
0,85 x (140 — Bo3pacT (B romax)) x macca tena (Kr)

72 x CbIBOPOTOYHBIN KpeaTuHUH (Mr/100 mu).

Ecnu mokasaTenb CbHIBOPOTOYHOTO KpeaTMHMHA
BbIpaXXeH B MKMOJIb/JI, TO Pe3yJabTaT HaA0 YMHOXUTb
Ha 88.

B HacTosillee BpeMsi CyIieCTByeT MHOXECTBO OH-
JIallH KaJbKy/ISTOPOB, MO3BOJISIIOIINX PAaCCUUTHIBATH
KJIVPEeHC KpeaTMHMHA aBTOMaTUYeCKM MOC/ie BBOZAA
MUCXOJIHBIX JAHHBIX MallieHTa.

B 3aBMCHMMOCTM OT pacueTHOTO YPOBHSI KJIMpeHca
KpeaTuHMHA MMPOBOMAST BbIOOP aHTUKOATY/ISTHTA TIPSI-
MOTO J€CTBUS ¥ KOPPEKLIMIO ero JOo3bI (Tabi. 2.4).

2.2.2.2. AHmuazpezanmaol

I'pymoit 1ekapCTBEHHBIX CPeLCTB, IPEISITCTBYIO-
KX TPOMO006PA30BAHNIO, C TIPUHLMIIMATBHO Y-
MM MEeXaHU3MOM JIeMiICTBUS SIBJISIIOTCSI aHTUarperaH-
Tbl. B OT/IMuMe OT aHTUKOAry/ISIHTOB OHU IeJCTBYIOT

Tabnuua 2.4

Jo3upoBaHMe aHTUKOATY/ISTHTOB Mpu npoBeneHuu npodwmwiaktuku BTI0 y nmanyueHToB
CO CHIDKEHHOI1 pyHKIMel moyexk

KnupeHc KpeaTMHMHA, MJI/MMH.

1
[IpenapaTsl 30-50, B T.u. y HALIeHTOB

crapiue 75 et

15-29 <15

BeMumnapus HaTpus

HpI/IMEHHTb C OCTOPO’KHOCTBIO ITpU MOYEeuHO HeOJOCTATOUYHOCTU

IanrenapuH HATPUsI He TpebyeT KOppeKuuu

He Tpeb6yeT koppekuuu rpu kypce TII go 10 cyT.

HanponapuH kanbuus He TpeGyeT KoppeKuumn

[IpoTuBOMOKa3aH

[TapHanmapuH HaTpUs*

[IpMeHSTh C OCTOPOXKHOCTBIO IIPU MMOYEUHOI HeJOCTaTOUHOCTU

OHOKcanapMH HATpUS* He TpebyeT Kopperuuu

VMeHbIIUTD MPOGUIAKTUIECKYIO 103y 10 20 mr 1 pas/cyT.,
yede6HyI0 no3y — 10 1 mr/Kkr 1 pas/cyT.

doHzanapuHyKc 1,5 mr 1 pas/cyT. IIpu knupeHce KpeaTuHUHA <20 MJ/MUH IPOTUBOIIOKAa3aH
Anukcaban* He Tpe6yeT KOoppexuuu C OCTOPOKHOCTDHIO ITpoTMBOMOKa3aH
IaburaTpaHa CHmkeHHas go3a 150 mr/cyT [IpoTuBONOKa3aH

arekcuaat*

PuBapokcaban™ He TpebyeT KoppeKuumn C 0CTOPOKHOCTBIO IMpotuBOMOKa3aH

! HpenapaTb[ CrpyninmpoBaHbl B COOTBETCTBUM C d)apMaKOJ'IOI‘I/IlIeCKI/IMI/I csorictBamu, HMI' n IIepopajibHbI€ aHTUKOATYISHTBI I1epe-

YJCJIEHBI 10 apaBUTy

* [Ipenapart BK/IIOYeH B [lepeyeHb sKkM3HEHHO HEOOXOAVIMBIX M BaXKHEIIVX JIeKapCTBEHHBIX IIPeNapaToB sl MeAULIMHCKOTO IIpUMeHe-
Hus Ha 2020 ron, (IIpunoskenue N2 1 k pacniopsiskenuto [TpasurenberBa Poceuiickoit @epepanyy ot 12 oktsa6ps 2019 r. N2 2406-p).
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Ha MepBOM 3Talle CBePThIBaHUSI KPOBU, BO BpeMs KO-
TOPOTO IMMPOUCXOIUT arperauysi TPOMOOLMTOB, OJIOKN-
PYS aATe3MI0 TPOMOOIIUTOB K SHAOTEINIO COCYIOB.

EnvHCTBEHHBIM IIpenapaTom, KOTOPbIA B HACTO-
siiee BpeMsl BKIIOUEH B LIeJblii Psif, HAlMOHATbHbIX
pekomMeHpaauuit mo npodumiakruke BTO0 mocie mia-
HoBoro JI1 TBC uam 311 KC (cm. m. 2.4.1) y mauueH-
TOB 6€3 JONOJHUTETbHBIX (PAKTOPOB PUCKA Pa3BUTUS
TPOMO6O030B, SIB/ISIETCS alle TUICATMIUIOBAs KMCI0Ta ™
[20, 21, 22, 23]. PangoMu3“pPOBaHHbIE KIMHUYECKUE
MCC/IeAOBAaHMUS WM OIMyONMKOBaHHbIE MeTaaHaIM-
3bl IOKa3bIBaOT, 4yTO0 ACK meMOHCTpUpyeT CXOXYIO
C aHTMKOAryJIsIHTaMy 3(@EeKTUBHOCTh B IPOGUIIaK-
Tuke BTD0 mocne 3HAOMPOTE3MPOBAHMUS KOJIEHHOTO
WY Ta300eIPeHHOTO CyCTaBa Kak IpU CTPYIeHYaTOM
(apMaxkonormueckoii mpoduaakTMKe, KOrga ee Has-
HayvaloT mocje HecKoabKux nHeit HMI' BHe 3aBucu-
MOCTM OT JOMHOJHUTENbHBIX (pakTOpoB pucka BTIO
y MalMeHTOoB [24], TaKk U NpU IIpuemMe C MePBbIX CYTOK
Toc/Te orepanyy y MauyeHToB 6e3 JOTOTHUTETbHbIX
axropos pucka [25].

B Hacrosiee Bpems B PO jekapcTBeHHOT (G OpMOIA
AleTWICATULUIOBOM KUCJIOThI, MMEIIIEeil 3aperu-
CTPUpOBaHHbIE TIOKa3aHMSI K MPUMEHEHUI0 — IIpo-
(unakTuka Tpom603a IIyo6oKkMx BeH U TIJIA (B ToM
Yyucie, Ipyu IIUTETbHON MMMOOUIM3AUNA B Pe3yilb-

Tare OOMIMPHOTO XMPYPIrMUYECKOTO BMEIIATeTbCTBA),
SIBJISTIOTCSL  TAGJIETKM, TIOKPBITbIE KUIIEYHOPACTBO-
PUMOJi IJIEHOYHO 060/10uKkoit, B mose 100-200 mr
(per. N2 I1 N013722/01, IT NO15400/01-241109).

Hdpyrue mperapatsl [OAHHOW TIPyInbl (KJIOMM-
Jorpenb*, TUKIONMUAMH®, TUKarpenrop* M MHIUOU-
TOPBI [JIMKONPOTEMHOBBIX perenTopoB IIb/IIla) ak-
TUBHO NIPMMEHSIIOT MPU JieUeHUM KapAUOoI0TUIecKoi
natonoruu. [auyeHTbl, TOCTOSSHHO MPUHUMAIOINE
aHTUArperaHTbl WIM aHTMUKOATYJSHTBI 10 Tepares-
TUYECKUM TOKa3aHUSIM, XapaKTepU3yeTcsl BbICOKUM
PUCKOM pPa3BUTUSI TeMOpparmyeckux OCIAOXKHEHMUIA.
PexkoMeHpanum no BeOeHUIO JAHHOM KaTeropmu mna-
LIMEHTOB U3JI0)KeHbI B pasaene 2.4.10.

2.2.2.3. [Ipenapameol 07151 5KCMPEHHO20 NPePbl8aAHUS]
appexmos anmumpombomuueckoti mepanuu
npu HeoOMJ0MHCHbIX ONePayusx

B Tabauie 2.5 mpepcraBiieHbl IIperapaTthbl, I10-
3BOJISIONINVIE B TOM UM MHOM CTEIeHU HeMTpaan3o-
BaThb 3(PGheKT aHTUKOATYISTHTOB MM aHTUATPETaHTOB
B CIy4yasiX Pa3sBUTUS TSDKEIbIX KPOBOTEUEHMI, He-
06XOAMMOCTY BBITTOJIHEHWSI HEOTIIOKHOTO XUPYPTU-
YeCKOro BMeIIaTe/lbCTBA Y MaI[MeHTa, TOIyJaloiero
AHTUTPOMOOTUUECKYIO TEPATINIO VTN ITPOPUIAKTUKY
[26, 27].

Tabnuya 2.5

IIpenapaTsl 419 KyIMPOBAHUS JEVCTBUS aHTUTPOMOOTUYECKHX IIPErnapaToB

Ipemapart, geicTBME KOTOPOTO
HeoOXOOMMO IpepBaTh

IpernapaThl, UHTUOUPYIOIIJE AHTUTPOMOOTHUECKOE IefICTBYE

HOT [26] [TporamuHa cynbdat* — MmeayieHHbIl B/B 60iioc (1-3 MUH.)
B 1o3e 1 mr/ 100 ME HO®T, BBegeHHOrO0 3a rocjieguue 2—3 4.
Tpu HeabdeKTUBHOCTH (TTPOAOsKaloNeecss KpOBOTeUeHue) —
mHDy3ust mporamMuHa cynbdara mog koutpoaem AUTB
HMT [26] 9} deKTMBHOrO aHTUIOTA HET, TPOTAMUH Cy/IbdaT* MHIrMOupyeT He 6osee 50%

akTuBHOCTM HMI. BO3MOXHO B/B BBe[leHMe TPOTaMUH cyibdaTa
1 mr Ha 100 anTu-Xa HMTI'; noBTopHo — 0,5 Mr/100 anTi-Xa HMI.
KoHIIeHTpaT IpoTPpOMOMHOBOIO KOMILIEKCa*# — MHPy3ust

Bapdapun* [26]

Iepen 5KCTPEHHOII onepalyeil — KOHIEHTPAT MPOTPOMOMHOBOTO KOMIUIEKca™
(25 ME/KT) 1 IOTIOIHUTEIbHOE BBefeHMe 5 MT ButamuHa K1

(B/B, /K WY TIEPOPAIbHO) WK GUTOMEHAIMOH (CMHTeTUYeCKMii
BOZLOPAcTBOPUMBII aHasIor BuTaMuHa K) B Buzie MeznjieHHO MHGY3UM
(1,0-2,5 mr mpy MHO 5-9 u 5 mr ipu MHO 6o1tee 9)

Ia6buratpaHa aTekcuaat™ [27]

Crenyduueckuit MHTMOUTOP — uaapyuusymab (2 dbrakoHa mo 2,5 r/50 mut) B Bue
IBYX BHYTPMBEHHBIX ITOC/IENOBATENbHBIX OOMIOCHBIX BBeIeHMIT My MHPY3Mii
IJINTeIbHOCTBIO He 6osee 5—-10 MUH. KaxKmas

Wurnbutopsl Xa dakropa [27]
(bonmanapuHykc, anmMkcaban™,
puBapokcaban®),

IaburatpaHa aTekcuaaT* (mpu
HEIOCTYITHOCTY UAAPYLM3yMaba)

HeaKTVBMPOBaHHBI KOHIIEHTPAT ITPOTPOMOMHOBOTO KOMILJIEKCA*# — HauabHast
mo3a 50 ME/Kr, BO3MOKHO ITOc/Ieayoliee BBefieHue n103bl 25 ME/KT v
aKTUBMPOBAHHbIN KOHIIEHTPAT IPOTPOMOMHOBOTO KOMIIEKCA™# —

50 EI/xr (MmakcumabHas gosa — 200 EJI/Kr), win

pexombuHaHTHBI dakTop VIIa*# — 90 MKr/Kr

* o
IMpemapar BkIOYeH B [lepeyeHb )KM3HEHHO HEOOXOIMMBIX Y BasKHEMIIMX JIEKaPCTBEHHBIX MTPenapaToB ISl MeIULIMH-
ckoro mpumeHeHust Ha 2020 r. (IIpuoskerne N2 1 K pacniopsskenuto IpasurenbcTBa Poccuiickoit @egepanum ot 12 oKTI6pst

2019 r. N2 2406-p).
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OxoHuaHue mabauyst 2.5.

[Ipenapar, feiicTBMe KOTOPOTO
Heo6X0aMMO IIpepBaTh

[TpemapaTsl, MHTMGUPYIOIME aHTUTPOMOOTHUUECKOE JIeiiCTBIE

AHTHArperaHThbi:
KJIOMIUIOTPEeNTb ™, TUKJIOTIUINH™,
TUKArpeaop™ M MUHTMOUTOPBI
[JIMKOIIPOTEMHOBBIX PEIeNTOPOB
IIb/111a [26]

TpoM6OKOHIIEHTPAT — 2 103bl/7 KT MacChl MMalieHTa
(MokeT 6bITh Hea(deKTUBEH B TeueHMe 12 4. Iocse BBeleHNs TUKArpeaopa)

* [Ipemapart BKIIOUeH B [lepeyeHb KM3HEHHO HEOOXOAMMBIX M BasKHEIIMX JIEKAPCTBEHHBIX MTPENapaToB /s MEAULIMHCKOTO IPYMEHEHNSI
Ha 2020 r. (ITpunoxkenune N2 1 k pacriopsprenuto [IpasurenscrBa Poccuiickoit @emepanyv ot 12 oktsa6ps 2019 r. N2 2406-p).

# B nepeuHe 3aper“CTpMpPOBaHHBIX TI0KA3aHMIL K IPMMEHEHUIO IIperapaTa OTCYTCTBYeT [I0Ka3aHye — jedeHye KPOBOTeueHuit, CBsI3aH-
HBIX C IPYMeHeHMeM aHTUKOATYJISIHTOB, Baysiionyx Ha Il 1 Xa dakTopsl cBepThIBaHMSI.

2.3. O6mue moaxoxasl K npodmiaktuke BTI0

« KaxgoMy mauyeHTy ¢ TpaBMOM UM Iepeq, 1ia-
HOBOI1 OpTOIleAVYeCKON orepalueil peKOMeHIyeTCs
OLIEHUTDb U 33JOKYMEHTUPOBAaTh CTEIleHb PUCKA pa3-
BuTtus BT20 [16, 28]. VVP A (YOI, — 2)

Kommenmapuii. [Ins ouyeHku pucka paseumusi
BT20 y nayuenma neped onepauueti yenecoobpasHo
UCNoNb308aMb WKANb! OALIBHOU OYeHKU cmeneHu pucKka
pazsumus BTO0 no Caprini (cm. maon. 2.2).

« BceM manyeHTaM C OTpaHMYEHHOV IBUTATeNb-
HOJ aKTMBHOCTBIO (MOOGMIBHOCTBHIO) BHE 3aBUCUMO-
CTHU OT OTIpefie/IeHHOIi CTeleHy pucka pa3Butus BTO0
pekoMeHAyeTCsl TMPOBOAUTH TpodunakTuky BTD0
MexaHuueckumu metofamu [23]. VVP A (YO, — 2)

« BceM mamnmeHTaM C TOBpeXIeHUEM U/WIN
TpaBMoii OJJA mpu ymMepeHHOM WJIM BbICOKOM pUCKE
passutusi BTOO peromeHAyeTcsl MPOBOOUTH ITPO-
dunaktuky BT30 MenmukamMeHTO3HbIMM (hapmako-
JIOTUUEeCKMMM) MeTOoJaMM, Kak MpaBmUIO, O BOCCTa-
HOBJIEHMSI OOBIUHOI WM OXKMIAeMOJ ABUraTeIbHO
aKTMBHOCTY 60spHOTO (Tabn. 2.6) [20, 21, 23]. YYP A
(YOO —2)

o [latiyeHTaM C yMepeHHbIM/BBICOKMM PUCKOM
passutust BT20, nyskgaommmcst B hpapMakogornie-
CKO¥1 TpodMIaKTUKe IToc/Ie TPaBMbI WIK OTlepaluu Ha
OA, npu IpOTUBOIIOKA3aHUAX WJIM OTKAa3e OT Ha3Ha-
YeHUs] aHTUKOATY/ISTHTOB, Pa3BUTUM HeXelaTelbHbIX
sIBJIeHMit Ha (PoHe MX MpuemMa pPeKOMEHIyeTcsl pac-
cmoTpeTh HasHaueHue ACK B nosuposke 100 mr/cyT.
B COUETAHMM C MEXaHUYECKMMMU BUIAMU MPOQUIaK-
TUKM [22, 23]. YYP B (YO — 2)

« TlauimeHTaM C yMepeHHBIM UJIU BBICOKUM PUCKOM
pasButust BT20, KOTOPBIM MMPOTUBOIIOKA3aHa J00as
dbapmakonornueckasi MpobUIaKTUKA MAU KOTOpbIe
OTKa3bIBAIOTCSI OT Ha3HaueHMsI JIEKaPCTBEHHBIX Ipe-
1apaToB, PEKOMEHIyeTCsl Ha3HaueHue MexaHuue-
cKux BUAOB npodunaktuky [18, 21, 23, 28, 29]. VYP B
(Yon —2z)

« ONTMMAabHBIM SIBJISIETCS TTPOMIOKEHME TTPOodu-
JIAKTVKM 10 BOCCTAHOBJIEHUSI OOBIUHOM WM OXKUae-
MOIJi IBUTATeNbHOI aKTUBHOCTM 6osibHOTO [18, 21, 23].
YVPB (VIO —1)

Tabnuya 2.6

JlekapCTBEHHbIE CPEACTBA, peKOMeHayeMble AJist npodminakTuky BTI0

HnaHMpyemoe JieueHue

PeKOMEH,ElYQMbIe EIHTI/IKOZilI'y)'IleTbI1

JAUTEeNTbHOCTD TPOMUIAKTURI

1. HMI'
2. HOT

KoHcepBaTMBHOe ieueHMe TTOBpeXAeHMIT
u 3a6oneBanmit OJA, COMPOBOXKIAIOIIEECS

ITIo BOCCTAHOBJIEHMST OOBIYHO
WY OXXUIaeMoii IBUraTe/IbHOM

IJIATEeNbHBIM OTpaHUUEeHUEM 3. AHTaroHuUCThI BUuTaMmHa K aKTUBHOCTU

IIOABV>KHOCTU TaliieHTa (BapdapuH)

OTCpOUYEeHHOE OTepaTUBHOE JIeUeHe 1. HMT' o nHs oniepanuu, gajiee
MOBpPEeXIeHMIT T0O3BOHOYHMKA, 2. HOT B 3aBUCUMOCTHU OT OTIePaTUBHOTO

Tasa, H/OKHUX KOHEUHOCTel
(pefonepallMOHHbIN ITEPUOT)

BMelIaTe/IbCTBa

OcTeocuHTe3 6eIpeHHO KOCTH
2. HMI'

4. HOT

1. ®oHpamapuHyKC HATPUSI

3. JJaburatpaHa sTekcwiaT? uimn
puBapokcaban®

(TIpY UX HEIOCTYITHOCTY — anyuKcabaH®)

5. ABK (BapdapuH)

He menee 5-6 Hep,
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OxoHuaHue mabauyst 2.6

[IaHupyemoe jieueHme

PEKOMEH,ILYEMI)IQ EIHTI/IKOElI'y'J'IfIHTbI1

JAuTeNbHOCTb TPOGOUIAKTUKYI

3Hﬂ,0Hp0T93MpOBaHI/Ie

2. HOT
— Ta306eIpeHHOr0 CycTaBa

— KOJIEHHOT'O CyCTaBa

1. HMT wnu poHpanapmMHyKe HaTpusl,
WM JaburaTpaHa STeKCUIAT, WU
puBapoKcabaH, Uiy anukcabaH

3. ABK (BapdapuH)
4. AnetuacanuuniaoBas Kuciaora?

5 Hep.’

2 Hen.’

Ilpyrue Gosnblivie OpToneauIecKme 1. HMTI'

orepanumm Ha HVMOKHUX KOHEUYHOCTAX

2. NaburaTpaHa 3TeKcuIaT?

ITo BOCCTAHOBJIEHMST OOBIYHO
WY OXXUIaeMOii IBUraTe/IbHOM

MY puBapokcaban? aKTUBHOCTU
3. HOT
4. ABK (Bapdapun)
[pyrue onepauyu Ha OIIOPHO- 1. HMI' Ilo BOCCTaHOBJIEHUS OOBIYHOI
JIBUraTeJbHOM afrmapare 2. JaburaTpaHa 3TeKcuaaT? WK OXXKUAAeMOlt IBUraTeTbHOM
3. HOT aKTUBHOCTHU
4. ABK (BapdapuH)

! TIpernapaTbl IPOHYMEPOBaHbI B MOPSIAKE MPUOPUTETHOCTM Ha3HaueHusl (B COOTBETCTBUM C HAKOIIEHHON JOKa3aTelbHOM 6a30it

U CY)KIEHMEM 5KCIIePTOB).

2 OTu JeKapCTBeHHbIE CPeNCTBA M3Y4YeHbI MPU IHIOMPOTE3UPOBAHMM Ta300€JPEHHOTO U KOJIEHHOTO CYCTaBOB, OLHAKO, COIIACHO
peructpauyuu B Poccurickoii @epepaniyy, MOTYT MCIIONb30BATHCS M IPY YKa3aHHBIX OPTOINEINYECKUX OlepalysiX.

5 He uMeeT 3aperucTpupoOBaHHbIX TOKA3aHMIT K TPYMMEHEHMIO TIPU OCTEOCHHTe3e 6elpa, Ha3HauUeHye He0OX0OMMO YTBEPAUTb Bpayes-
HOJt KOMMCCHe MM BO3MOKHOCTb Ha3HaUeHMsI ITPOINCaTh B JIOKAJIbHOM IPOTOKOJIe 10 ITpoBeneHuto TI1 B koHkpeTHOM JIITV.

4 TonbKo B Bujie TabIeTOK, TOKPBIThIX KUIIIEYHOPACTBOPMMOI TNIEHOUHOM 000IOUKOIA.

5 BO3MOXKHO COKpallleHe CpokoB MenukamMmeHTo3Hoi TII pu 60jiee paHHEeM BOCCTAaHOBJIEHMM OKIIaeMOIi IBUTATeIbHOI aKTUBHOCTI

ranyeHTa 1 OTCYTCTBUM APYruX GakTopoB pucka pazsutus BTIO0.

2.4. OCOOeHHOCTY AaHTUKOATYISTHTHOM
NPOPMIAKTUKU B PA3IMIHBIX KIMHUYECKUX
CUTYaIUAX

2.4.1. [TnaHosoe 3H0ONpomMe3uposaHue

ma3ob6edpeHH020 UnuU KOJIEHH020 Cycmasa

« Bcem nmanmenTam nocie miaaHoBoro JI1 ThC min
KC pexomenmyeTcs: hapMakoornueckasi mpoduiak-
tnka BT20 [28]. YYPA (VIO — 1)

 [Tauuentam mnepen II1 TBC mnu KC, HyXzpawo-
muMcs B hapmakomornueckoit mpoduiaaktuke BT20
B JOOMepaloOHHOM Iiepuoje, IpearouTuUTe/IbHee
npumMeHsTb HMI, 1ipy HEBO3MOXHOCTM UX Ha3Have-
Husg — HOT [18, 28]. YYP A (YOO — 1)

o [TaeHTaM C PUCKOM pPasBUTUS TeMoppa-
rmyeckux ocaoxkHenuit nmociae II1 TBC uan KC 1ue-
J1Iecoo06pasHO OTCPOUUTb TepBOoe BBemeHue HMI,
JaburaTpaHa STeKcuaaTa UM puBapokcabaHa [0 JI0-
CTVKeHMSI TeMOocTa3a (He MeHee ueM Ha 8—12 4. rmociie
oKoHuYaHu4 onepauun). YYP B (VIO — 2)

o TTaimentam nocie maa”HoBoro JOI1 TBC man KC
MpU YCJIOBUMM paHHElN akTUBM3ALUU U OTCYTCTBUS
Yy HUX Opyrux $HakTopoB pucka pasButusi BTI0, mo-
MMMO Ofepanyuy, peKOMeHAYeTCSI HapsiAy ¢ aHTUKO-
arynssHTaMu paccmatpuBaTbh ACK Kak cpencTBo mpo-
unaxtuxu BTI0 [20, 21, 22, 23]. YYP A (VO — 1)

o [MTarmmentam 1ociae 3II TBC, BbIITOIHEHHOTO
B 9KCTPEHHOM WM CPOYHOM TMOpSIAKe MO MOBOAY
repeyioMa IMPOKCUMMAIbHOTO OTAeNa UK Ieiiky 6ef-
PEHHOI KOCTH, MPU OTCYTCTBUM MPOTUBOIMOKA3AHUIA
K Ha3HAUeHUI0 aHTUKOATY/ISIHTOB HE PEKOMEHIYeTCs

npumeHeHne ACK B KaueCTBe eIMHCTBEHHOTO Cpef-
crBa npodumnaktuku BT20. VYP C (VO — 2)

 [ManmenTtam nocie I1I1 TBC pekomeHayeTCs IMPo-
momwkenne mpodwiaktuku BT20 mo 5 Hen., mocie
OII KC — MMHMMYM 2 Hep,. WM OO0 BOCCTAaHOBJIEHUS
OXMITAEMOI IBUTATENIbHOM aKTUBHOCTU OOJIBHOTO
B 3aBUCUMOCTM OT TOrO, UTO HACTYyNUT paHblie
[21, 232, 28]. YYP B (YOI — 2)

2.4.1.1. Duoonpome3uposaHrue ma3zo0edpeHH020
WU KOJIEHHO020 CYyCmasa y NayueHmos ¢ mepmMuHaabHol
Oone3nvio nouek (XBII) 51 cmaduu, Haxo0AWUXCS
Ha zemoduanu3se

« [laniMeHTaM, HaxoOAsUIMMCS Ha MPOrPaMMHOM
WIU TepUTOHeaTbHOM reMOAMaan3e, C OTCYTCTBUEM
CTIOHTAHHBIX KPOBOTEUEHMIT U3 TMapeHXMMAaTO3HbIX
OpraHoB B aHaMHe3e, peKOMeHIYyeTCsl IpOoBeleHMe
MeIVKaMEHTO3HO/ ¥ MeXaHMYeCcKoil IpohuUIaKTU-
ku BTD0 mnocne 31T TBC wim KC [23, 30, 31]. VVP B
(YOI —2)

« TlaniMeHTaM, HaxoOAsUIMMCS Ha MPOrPaMMHOM
WIM TIepUTOHeaJbHOM TreMoAuanuie, MpU HAIUUUU
B aHaMHe3e CIIOHTAaHHbIX KPOBOTeUeHUt 13 apeHXu-
MaTO3HBIX OpPraHOB, He peKOMeHJIyeTCs MpoBefeHMe
MeIVKaMeHTO3HOoi mpodmiaktukuy BTIO B Mex-
muanu3sbiii geHb nocie JI1 TBC mnu KC [32]. YVP B
(YOI —2)

o ITanuenTam c¢ TepMmuHanbHoit XBII 5] cTtagumu
rocyie «GONMbIINX» OPTOMEAMUYECKUX OIepauuit ajs
npoBemeHus: (HapMaKOJIOTUMYECKOi MPOPUIaKTUKI
BT30 pexomeHpayeTcsl Ha3HAUaTh B MEXIMATU3HBIN
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nmenb HMI' (manbprenapun Hatpus 2500 EJI /K B CyT.
VIV 3HOKCAllapuH HaTpus B Jo3e 20 Mr I/K B CYT.),
npu ux HemoctymHoct — HOT [32, 33, 34, 35, 36].
YYPA (YOO —2)

+ V mainyeHToB ¢ TepMuHaabHOi XBII 51 ctagum
npodunakTuka BTO0 npsmMbIMy mepopajbHbIMM aH-
TUKOAryJsiHTaMM B IOC/Ie0TepaliMOHHOM epuoge He
pexkomenpyercs [37]. YYP B (VI — 2)

2.4.2. I[Tepenomsl masa u npoKCUMaibHo20 omaoend
6edpeHHOli Kocmu

» [Ipy HEBO3MOKHOCTM BBITIOJIHEHVS Ollepanyy
B IIepBble CYTKM pPEeKOMEHIyeTCs HauyaTb MeauKa-
MEHTO3HYI0 TpOoPUIaKTUKy C mpumeHenmem HMI
win HOT' cpasy mocie rocrnutanmMsanyy nanyueHra.
ITp1 BBICOKOM pUCKe MM IPOAOJIKAIIIEMCS KpO-
BOTeUEeHUM MPOBOAUTH MPOGUIAKTUKY ClelyeT He-
MeaMKaMeHTO3HbIMU cpencTBamu [5, 18, 87]. VVP A
YOO —2)

« B c1yuagx, Korma BBelleHMe aHTUKOAryasHTOB
BBIHYKIE€HHO OTKIafbIBaeTcs Ha 24 4. u Gosee, pe-
KOMEHJIyeTCs MpoBefieHMe YIbTPa3ByKOBOTO aHIMUO-
ckanuposaHus (Y3AC) pgnsa uckimtouenus TIB [17].
YYPC (YOO —2)

 TlanieHTaM IOC/Ie ONepPaTUBHOrO BMellaTellb-
CTBa PeKOMEHYeTCS UCXOAS U3 KIVHUYECKOM CUTY-
alMu: IPOLO/IKUTh IapeHTepaabHoe BBeaeHue HMT,
HO®T, unu HasHauuTh GOHAATIAPUHYKC HATPUS, WIN
BBITIOJIHUTHL [IepeBOJ, IallMeHTa Ha IepopajbHble
rperaparbl: JaburatpaHa 3TeKCUIaT, pPUBapOKCa-
6aH; IpM HEBO3MOXKHOCTM MX HaszHaueHus: — ABK
(Bapdapun) [8, 11]. YYP A (VOO — 1)

+ He pexomenpayeTcsl mpu OTCYTCTBUM IIPOTUBO-
[I0Ka3aHUl K Ha3sHAUeHUIO aHTUKOAryISHTOB IpU-
meHeHne ACK y maHHOIi KaTeropuu 60mbHbIX. YYP C
(YAI-3)

« IIpu omepaTBHOM ¥ KOHCEPBAaTMBHOM BeJleHUN
MaleHTOB C IlepejioMaMy Ta3a U IIPOKCUMAIbHOIO
otmena GeApeHHOI KOCTM ONTUMAJbHBIM SIBJISIETCS
npono/skeHne (apmMakonoruueckoit mpouIakTUKU
O BOCCTAHOBJIEHMSI OXKUIAeMOM IBUTraTeNbHOM ak-
TUBHOCTM 60/IBHOTO, HO He MeHee 5 HeJl. TIOCJIe orle-
pauuu [18, 21, 28]. YYP B (YOO — 2)

2.4.3. Onepayuu Ha KoJIeHHOM cycmase,

3a UckKoueHuem I3H00ONPome3upo8aHus

 [TanyenTamM, HYXXOAOIIMMCSI B apTPOCKOIM-
YeCcKUX OIepauusix, He PpeKOMEeHAYyeTCS DPYTMHHOe
npuMmeHeHue npodmiaktuku BTI0 npu orcyTcTBUM
Yy HUX [OMOJHUTENbHBIX (hakTopoB pucka BTI0 u
IIPY IPOLOJKUTENBHOCTY UCIIOb30BaAHMS TYPHUKETA
MeHee 45 MMH., aHecTe3uu — MeHee 90 MuH. [18, 21].
VYP B (VIO — 2)

B ciryyasx BbIIOIHEHUS apTPOCKOIMHU C UCIIONb-
30BaHMEM TYpHUKeTa Ha 45 MUH. U 6oee, P MPo-
IIOJDKUTENBHOCTY 0611ero HapKo3a 6osee 90 MUH. UIN
BbICOKOM pucke BTO0 y nainueHnTa (Hanpumep, BT20

u/vnu TOJIA B aHaMHese, oxkupeHue ¢ UMT>40 kr/m?
U Ip.) 1IeJiecoo6pasHo PacCMOTpPeTh HasHaueHre HMT
yepes 6—12 4. rocie onepauyuu C MOCaeayrImuM me-
pexogom Ha I[IOAK (maburaTpaHa STEKCHIAT UIU PU-
BapokcabaH) c nmpogyenueM kypca TIT mo 10—14 gueit
[18,21]. YYP B (YO — 2)

« [laliMeHTaMm, MepeHeCcIIMM OCTEOTOMMUIO WM
OCTEOCHHTE3 TepesioMa KocTelt, GopMUPYIOMIUX KO-
JIeHHBIIt CcycTaB, IIPU OTCYTCTBUM aKTUBHOTO KPOBO-
TeueHMUs] peKoMeHayeTcs dapmakosornyeckasl mpo-
dunakTuka BTO0 1o BOCCTaHOBIEHMST OOBIYHONM MU
OXXMIAeMOil [OBUTraTeJIbHOM aKTMBHOCTM OOJIBHOIO
[18]. YYP B (YOI — 2)

2.4.4. UmMmobunu3ayus HUXCHUX KoHeuHocmeli

o [ManmueHTaM ¢ MMMOOMIAM3ALIMENl HVKHUX KO-
HEYHOCTe) peKOMeHAyeTCsl HauaTh (papmakonoruye-
cKy10 mpodumaakTky BT30 cpasy rmocie UCKITIOUeHUSsI
MpOAOJDKaloIIerocss KpoBoTeueHus. [IpemapataMu
BbIOOpa sBsoTcst HMI, ipu ux otcyrerBum — HOT,
B JanbHelleM — ¢ 3-4-X CyT. B 3aBUCUMMOCTU OT
COCTOSIHMS mMalyeHTa — BO3MOXKEH IiepeBof, Ha
ABK (BapdapuH) mpM YCJIOBUM aJeKBAaTHOTO ITOM-
6opa mo3bl M perynasipHoro kKoutposns MHO [18].
YYPB (VIO —1)

2.4.5. Opmoneduueckue onepayuu Ha OUCMANbHBIX
omaenax HuxHetl KoHeuHoCcmu (7100bIHCKU,
2071eHOCMONHbLLL cycmas, cmona,)

« TTamMeHTaMm, HYKZAIOMMMCS B Olepanusx Ha
IVCTATbHBIX OTHeIaxX HUKHE KOHEUYHOCTH, He PeKo-
MeHJIyeTcsI pYTMHHOe MpuMeHeHMe MPoGUIaKTUKU
BTS0 mpyu OTCYTCTBUM Y HUX TOTIOTHUTENbHBIX daK-
TOpOB prucka BT30, nociemyomieiit MMMOOUIM3ALIN
M TPOJOJIKUTENbHOCTM aHecTe3uu meHee 90 MUH.
[38, 39,40,41]. YYP B (VO — 1)

« PekoMeHIyeTCsI pacCMOTpPeTh BO3MOXXHOCTb
HasHaueHus1 (apMaKOJIOTUUECKON TMPOoPUIaKTUKI
BT3O0 mainueHTaM, KOTOPbIM IIPM BBITIOJTHEHUM OIle-
palnuy Ha CTOIe WJIX TOJIEHOCTOITHOM CyCTaBe Tpeby-
eTcss UMMObOUIM3aIus (HarpMuMep, apTpoes, OCTeo-
CUHTE3 «TPeXJIOAbDKEeUHOTO» TIOBPEXIEeHUSI WIN
BOCCTaHOBUTE/NbHO-PEKOHCTPYKTUBHBIE —Omepaiumn
Ha MATOYHOM CYXOXKWINMU), TIPU MTPOJIO/KUTENbHOC-
T a”HecTe3un 6o0sbiie 90 MUH. VIY TIPY HATUUUK Y
nauyeHTa BbICOKOro pucka passutus BTDO [38, 39,
40,41].YYPB (YOO — 1)

2.4.6. Opmoneduueckue onepayuu Ha eepxHeti
KOHeuHocmu

o PyTMHHO Tpu omepauusix Ha BepxHell KOHeY-
HOCTM TIOA, MeCTHOI MM PerMoHaJIbHOM aHecTe3ueil
npodunaktuka BTOO He pekomeHmyercs [42, 43].
YYPA (YOO —1)

« B ciygastx mpomo/sKuTeIbHOCTM 061Iero HapKo3a
iy TypHukeTa 6omee 90 MMUH. IIpU BMeNIaTEIbCTBAX
Ha BepxHel KOHeYHOCTH, a TaKKe eIy oTiepalys Mo-
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SKeT CyIeCTBEHHO 3aTPYIHUTDb ABUTATEbHYIO aKTUB-
HOCTb MalMeHTa WK MpU Haanuuu smmn3onos BTI0
B aHaMHe3e pPeKOMEHIyeTCS pacCMOTpPETb BO3MOXK-
HOCTb ITepuorepauyoHHoi mpodmnaktuku BTI0 [44]
YVYPB (VIO — 2)

2.4.7. [Tnanosvle onepayuu Ha N0380HOUHUKE

« PekoMeHI0BaHO pacCMOTPETh BO3MOXKXHOCTh Ha-
3HaueHMs papMaKoJIornueckoi mpodmaakTuk BT30
HMI' npu niaHOBBIX OIepalysX Ha MO3BOHOUHUKE
B CiTy4dasix, Korga puck BTOO mpeBsiiiaeT puck Kpo-
BOTEUEHMS], C YUETOM MHIMBUAYATbHBIX OCOOEHHO-
cTeii manueHTa (cM. Tabi. 2.1, 2.2) ¥ XUPYpPrudecKkux
(akTopoB (6onblnast OJUTENbHAS OIepalus, orepa-
YT C KOMOMHMPOBAHHBIM IepegHe-3aJHUM TOCTY-
MOM), a Tak)ke B COOTBETCTBUM C KIMHMUUECKOI OlleH-
KOV, IIPOBOAVMOJA JieyaluM Bpauom [23, 45, 46, 47].
YYPB (VIO —1)

« TlaliieHTaM C BBICOKMM PUCKOM KPOBOTEUEHMUSI
peKoMeHAyeTCs A0 omnepauyuu MPUMEHSITb MexXaHU-
YecKyl TpoMOOMpodWIakTUKY, a TIepBoe BBeIeHUe
HMT' oT/iosknTh 00 AOCTIOKeHMS reMocTasa (12-24 y.
rocste onepanumu) [23, 45, 46,47]. YYP B (YOI — 2)

« B crydae nocTyrieHUs NalMeHTa ¢ OrpaHMyeHu -
€M JIBUraTelbHOM aKTUBHOCTHU, B TOM UMCJie TIO TTOBO-
Iy TeMM- U TeTparape3a/-rnapainya peKoMeHA0BaHO
HavaThb (HapMaKOJIOTMYECKyI0 HpobuaakTuky BTIO
B JoomnepanuoHHOM Iiepuoge [18, 287]. VVP A
Yoo —1)

2.4.8. Taxrcenvle mpasmol (MHOMECMBEHHbLIE

U couemarHole, 6KII0UAS UePEeNHO-MO03208Y10,

CNUHHO020 M032d, NO360HOUHUKA, MA3d/HUNCHUX

KOHeuHocmell)

» Bce mauyeHTsl € TSKeIbIMY TPaBMaMy OTHOCST-
€S K TPyIIIIe BBICOKOTO pucka pa3sutust BT20.

 Ilpu mocTymaeHMM ManyeHTa C TSIKeNOi Tpas-
MOJ peKOMEeHIYeTCs pacCMOTpPeTb BO3MOXKHOCTD
HaszHaueHUsT MexaHudeckoit mpodunaktuku BTIO0
[23,48]. YYP B (YO — 2)

+ ¥V IallMeHTOB C TSKEeJI0M TpPaBMOM peKOMeH-
IyeTcsl TepeolieHKa M [TOKYMEHTMPOBaHME pPUCKA
pa3Butusg BTOO m KpOBOTeueHMS eXeJHEeBHO WU
yaiie MMpyu M3MeHeHUM UX KIMHUYECKOTO COCTOSTHUS.
VYPB (VOO —1)

» [TanyeHTaM C TSKeIO TpPaBMOJ peKOMEH[Iy-
eTcsl HasHaueHMe GapmMakoIoTMUecKOoit Mpoduiak-
KM BTO0O Kak MOXHO CKOpee, KaK TOJbKO PUCK
BT30 npeBricuT puCK KpoBoTeueHus [21, 23]. YYP B
yon—1)

 IIpy HanVuum y nanueHTa C TSKeaoM TpaBMOil
HEeII0JIHOI'0 [TOBPEXAeHV S CIMHHOIO MO3Tr'a, CIIMHAJIb-
HOJI reMaTOMBI UJIY BHYTPUUEPEITHOTO KPOBOU3JIUS -
HUSI peKOMEHYeTCs OTIIOKUTh GapMaKoI0TruyecKyko
NpodUIAKTURY [0 OOCTMKEHUS YIOOBIETBOPUTENb-
HOro remocrasa (06bryHO Ha 1-3-u cyTt.) [21, 23].
VYPB (VOO —1)

« [TammeHTaM C TSKeI0M TPaBMO peKOMEHAYETCS
MPOJO/IKATh  (PapMaKOJIOrMUECKYI0 TPOMOOIpodu-
JIAKTUKY 4,0 BOCCTAaHOBJIEHUSI O>KMUIA€MOI1 IBUTaTeNb-
HO1 akTUBHOCTHU [23]. YYP B (VIO — 2)

 [TauyeHTaM C OCTPOI TPaBMOI CIIMHHOTIO MO3ra
WIN C YeperHO-MO3rOBOM TPaBMOJM pPEKOMEHI0BAaHO
MpOJO/IKaTh  (hapMaKOJOTUUECKYI0 MPOMWIAKTUKY
BT30 B TeueHne 3 mec. Iocjie TpaBMbl U/ Uau OIepa-
MM WY 10 OKOHYAHUS TIepMoa peabuamTalmm B yc-
JI0BMsIX cTauymoHapa [18, 23, 49, 50]. VYP C (YO — 2)

2.4.9. Oukoopmonedus

« PekoMeHIOBaHO AOTIOJHUTEIbHO OLIEHMBATh U
IOKYMeHTUpPOBaTb pUCK pa3BuTusi BT30 y mauueHTOB
C y4eTOM OCHOBHOTO 3aboyieBaHMSI M IIpeAriojarae-
MOTO XUPYPrMyeckoro BMellaTeabcTBa (Tabm. 2.7)
[51,52].YYP B (YO — 1)

« Bcem 0GOMBHBIM CO 3/I0KAUECTBEHHBIMM HOBO-
06pa3oBaHMSIMM TIPU TMPOBEJEHUM XUPYPTUUECKOTO
JIedeHUsT PeKOMEHYeTCs ITPOBOAUTD MPOGUIAKTUKY
BT20, 06beM KOTOPOJi OIPENessieTcs CTeNeHbI0 PUC-
ka BTOO0 u BKIOUyaeT MeaMKaMeHTO3HbIe M MexXaHU-
yeckue croco6sl TII, mpM 5TOM paHHSSI aKTUBM3a-
1Mst 6OBHBIX HeOOXoAMMa BO Bcex cayvasx [51, 52].
YVYPA (YOO —2)

« OHKOJIOTMYECKMM OOJbHBIM, KOTOPBIM IUIAHU-
pyeTcs Xupypruueckoe jedeHnue, peKoMeHAyeTCsl BbI-
MTOJTHUTH JOIIeporpadmio BeH HMKHMX KOHEUHOCTe
C MaKCMMAaJTbHBIM TIPUOIVKEHNEM MCCIeOOBAHMS
K maTe orepanuu [28, 53]. VYP C (YO I- 3)

Kommenmapuu. IInanupys mepsl hpopunakmuxu
BTB0, cnedyem yuumsi8ams 803MOMHOCMb OeCCUMN-
momHo20 TI'B y cyujecmeeHHOU uacmu OHKOXupypauuec-
Kux 6onvHolx [28, 52, 53].

« [Ip HEBO3MOKHOCTU BBITIOJTHEHUS MalMEHTY
omepanuy IO IMOBOMLY IaTOJOTMUECKOTO IepesioMa
6epeHHOI KOCTU B IepBble CYTKM PEKOMEHIOBAHO
HauaThb MEAMKAMEHTO3HYI0 ITPOPUIAKTUKY C IPU-
meHeHueM HMI' mnu HOT' cpa3y mowie ycTaHOBKMU
IMarHosa, B cJiyuyae BbICOKOTO PUCKAa Pa3BUTUS UIU
MPO/IOJDKAIOIIETrOCsT KPOBOTeUeHMsI TTPOBOAUTL TIPO-
bunakTuRy ciaemyeT HeMeOMKaMEeHTO3HBIMMU Cpe[i-
crBamu [28,52]. YYP A (VO — 2)

o Ilemecoo6pasHo mpogjeHue MPOPUIAKTUKI
BT50 He TO/MBKO OO0 BOCCTAHOBJIEHMS IIPEXHEN MIN
OXXMgaeMoi ABUTaTeIbHOM aKTUMBHOCTU, HO U Jajiee
C YIETOM CTeIeHM pycKa TPoM603a CO CTOPOHBI ITalN-
eHra [52, 54]. YYP B (YOI — 2)

« ¥ OHKOOpTOTEeAMUEeCKUX MalMeHTOB pPEKOMEH-
IOBaHO pPacCMOTPeTb BO3MOXHOCTb COKpalleHUs
IJIATEIbHOCTY UCIIOAb30BaHMUS MJIM OTKa3a OT MaHU-
TTYJISILMIA, TIOBBIIIAIONIMX PUCK 00pa30BaHMs TPOMOOB
(TpuMeHeHMe TYPHYKEeTa WIIN KI'yTa, IpoBeIeHue 00-
el aHeCcTe3nu, IJIUTeIbHASS UMMOOUIU3AIINS U TIp.)
[56,56,57].YYP B (VO — 2)

« OHKOJIOTMYECKMM TalMeHTaM C Jo6pokaue-
CTBEHHBIM HOBOOOpA30BaHMEM KOCTM M HU3KOI CTe-
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neHbl0 pucka passutusa BTOO BO3MOXHO IpoBene-
HYe TPOMOOIPOMWIAKTUKMA TOTbKO MeXaHUYeCKUMU
criocobamu (smacTuyeckass KOMITPeCCUsT HYDKHUX KO-
HEYHOCTeN, IepeMeskalonasicss ITHeBMOKOMITPeCCHs,

MMUOCTUMYJISIIMSI MBIIIL, TOJIEHU ¥ T.I.), €CIM WHOTO
He Tpe6yeT XapaKkTep OMepaTMBHOIO BMeIIaTelbCTBa
[52]. VYP B (VI — 2)

Tabnuya 2.7

Crenrenu pucka BTI0 npu onepanysix 1o mMoBOAY OITYyXOJIEi M OITyX0JIeMOA00HbIX IOPAsKeHMI
KOCTe€Ji B 3aBMCHMMOCTH OT XapaKTepa olepaTUBHOr0 BMellaTeIbCTBa

CreneHb
pucKa

OnepaTMBHoe BMelIaTe/JIbCTBO

Bricokas * OnKonormnueckoe SHIOINPOTE3UPOBAHME KOCTEN Tasa, TaBOGe,ELPEHHOI‘O MJIN KOJIEHHOI'O CyCTaBa

¢ PacmmpeHHas pe3eKkiys KOCTel Tasa

e MeKInoB3/IOIIHOGPIOIIHOE BbIUJIEHEHME
* MesK/IONaTOYHOTPYIHOE BhIWIEHEHME

¢ OHKOJIOTUYECKOe SHIOOIIPpOTEe3UpPOBaAHME 6e,E[p6HHOI71 KOCTU

o Pesekius 6epeHHO KOCTH C 3aMelleHeM JedeKTa MMIIAHTATOM MM KOCTHOJ TJIaCTUKOM
o CIIOHIMU/IO- U OMCK3KTOMMS C 3aMellleHMeM UMITJIAHTaTOM UM IepegHMM CIIOHIMUI0Ae30M

Cpennss » BHyTpmouaroBasi Uiy cerMeHTapHas pe3eKIus JJIMHHbBIX KOCTel, 32 UCKITIoUeHneM 6epeHHOI

* IlmocKOCTHAS pe3eKus OAB3A0NIHOM KOCTH

* [IIOCKOCTHAsS Pe3eKIUs JYKEK, OCTUCTHIX U MOTIEPEYHBIX OTPOCTKOB MO3BOHKOB
» OHKOJIOrMYecKoe SHAOIIPOTe3MPOBaHMeE TIEYeBOTO CyCTaBa

o AMITyTanyst ¥ 9K3apTUKYIISIINS CETMEHTOB, 38 MCK/IIOYeHMEM aMITyTaluy 6egpa

Huskas ¢ [lmockocTHas unn KpaeBasi pe3eKuus OJIMHHBIX KoCTeit

ME)K(I)HJ'[&HI‘OBI)IX CyCTaBOB

» BHyTpmouaroBasi Uiy cerMeHTapHas pe3eKIust KOPOTKMUX KOCTeli C KOCTHOJ IJIaCTUKO AedeKTa
 TInockocTHas1, KpaeBasi pe3eKkiusi KOPOTKMUX KOCTeik
¢ OHKoMornyeckoe 3HAOMPOTE3POBAHME TOIEHOCTOITHOTO, JIy4e3amnsiCTHOTO JIOKTEeBOTO,

2.4.10. IlayueHmol, ONUMenbHO noayuaowjue

anmumpombomuueckue npenapamolt

« TManmeHTHI C 3a00EBAHUSIMY U TTOBPEXKIEHUS -
mu OIIA, IJINTENbHO MOMyYalole aHTUKOATYJISTHThI
¥ @aHTHarperaHThl 10 TepareBTUYeCKUM ITOKa3aHUSIM,
MMEIOT BbICOKMI pUCK pasBuTus BTO0 u rmpu aTom Ha
MOMEHT TOCIUTAAMU3aIMMU BBICOKUIT PUCK pPasBUTUS
reMopparmueckiux OCJI0KHEeHMUIA.

« TlaniMeHTam, MOMYYaIONIMM TIOCTOSHHO aHTU-
TPOMOOTHUYECKME TTPEeIapaThl, B CIydasiX KOTma PUCK
BT30 nnanupyemoro BMemniatenbcTBa Ha OIIA mpe-
BBIIIIAET PUCK KPOBOTeUeHMs, peKOMEeHIyeTCsl Ipo-
BemeHue apMaKkojaoruueckoit mpodunaktukyu (HMI,
MpsiMble TlepopaabHble aHTUKOATYASHTBI U TIp.) [58].
VYYP C (YOO — 2)

« TlameHTaMm, MOMyYalOUIUM IMOCTOSIHHO alleTuI-
canmuuminoByio kuaiory (ACK) u moctymarommm ns
1aHoBo¥ onepauyyu Ha OJA ¢ HU3KMUM (Masibie Op-
TOIeAMUYecKe BMeIIaTeNbCTBA, KOrma TpaHcdysmit
00OBIYHO He TpebyeTCsT) M yMepeHHbIM (60bIIINEe OPTO-
nenuyeckye BMelIaTeabCTBa, B TOM UKCIe SHAOIIPO-
Te3UPOBaHME CYCTABOB, C BO3MOXKHBIMU TpaHChHy3UsI-
MU) PUCKOM KpPOBOTeUeHMsI, [IpyeM aHTuarperaHTa He
nipepbIiBaeTcs [26, 58, 59]. VYP B (VIO — 2)

« [TarmenTam, nomyvaromum noctossHHO ACK u o-
CTyNaoIMM IJI TIaHOBOV omnepaiiuy Ha OIA, ¢ BbI-
COKMM PUCKOM KpPOBOTeueHMsI (HelipoXupypruueckue
BMeIllaTebCTBa) peKOMEeHIyeTCss OTMEHUTD IIperapar
3a 3 mHs Ao orepauum [26, 58]. VYP C (VO — 2)

« TlauimeHTam, MOCTYMAIOIIMM [J151 IVIAHOBOJ OTie-
patuu Ha OJIA 1 TTOMy4YaOIIMM KJIONMUIOTPelb, TUKa-
Tpeyiop WM Tpacyrpeib, peKOMEeHIYeTCsI OTMEHUTD
aHTMarperaHT COOTBETCTBEHHO 3a 5, 5 u 7 mHeit 1o
onepauuu [26, 58, 59]. VVP C (YOI — 2)

 Tlocne omepauuu npuem ACK BO3MOXHO BO3-
O06GHOBUTH Cpasy IO MOCTVDKEHMM TeMOCTasa; Mpu-
eM KJIONUJorpess, TUKarpeaopa min IMpacyrpenst —
yepe3 24-48 u. [58]. YYP C (YOI — 2)

o [lauiveHTaM, TIOCTOSIHHO MOJMYYalOIIUM KJIO-
NUAOTpesib, TUKArpeaop MU Tpacyrpesib, MpU He-
06XOIMMOCTM HEOTIOXKHOTO XUPYPruyeckoro BMe-
maTtenbcTBa HA OJIA A1 SKCTPEHHOTO TpephIBaHUS
3(deKkTOB aHTMArperaHToB peKOMEHIyeTcsl IpoBe-
IeHye TpaHchys3uy TPOMOOKOHIIEHTpaTa — 2 JO3bI Ha
7 KT Macchl Tesia 607IbHOTO (MOXKeT ObITh He3(hdeKTH-
BEH B TeueHMe 12 4. TOCie BBeAEHUS TUKArpeiopa)
[26]. VYP C (YOO — 2)

« TlauimeHTaM, MOCTYNUBIIUM [JI51 TVIAHOBOTO XU-
PYPTMUYECKOTO BMellaTenabCTBa U momydatomum ABK
(Bapdapuh), pekoMmenayeTcs onpenennts MHO [28]:

- npu ypoBHe MHO<1,5 Bo3MOXHO 6Ge3oT/ara-
TeJIbHOE BBITIOJTHEHNME OMepaTUBHOTO BMeIlaTelb-
CTBa C HavyajoM (apMaKoJOTMYECKOI TPOMOOMIpPO-
dbunaktukn (HMI, HOT') B mnocieomnepalMOHHOM
nepuope;

— npu ypoBHe MHO>2, Heo6xommumo oTMeHUTb ABK
MMUHMMYM 32 5 CyT. 10 onepanuu U esxxeTHEBHO MOHU-
TopupoBaTh MHO, korma 3HaueHne MHO craHer <2
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peromeHAoBaHO BBOguTbh HMI (ripu orcryctBum HOT
B BuIe B/B MH(QY3UM B jedyeOHBIX 03aX), BBEIEeHME
HMI npepsatsb 3a 24 4. go onepauymu, HOI' — 3a 4-6 4.
VYP B (YOO — 2)

e [TanyeHnTaM, nmocTossHHO monaydarmum [TOAK,
peKOMeHyeTCsl OTCPOUUTh MJIAHOBOE OlepaTuBHOE
BMEIIATeNbCTBO C YMEPEHHBIM U BBICOKMM DPUCKOM
KpPOBOTeUeHMs Ha CPOK, 3aBUCS NI OT IPUHUMAaeMO-
ro npenapata 1 GyHKIMUM ITovyek (Tabim. 2.8). B 60ib-
mmHCTBe caydyaes mpyem IIOAK BO306HOBIISIIOT ITOC/Ie
orepauyuu 1Mo JOCTUKEHUM CTOMKOro remMocTasa, HO
Yy OTHEeNbHBIX KaTeropuit MalMeHTOB, Y KOTOPbIX
pucku BTOO cyuiecTBEHHO IMPEBBIIAKT PUCK pas-
BUTUSI KPOBOTEUEHUsS, MOXKET ObITh pacCMOTpeHa

«Tepanus MOCTa» ¢ epuoIepalMOHHBIM MIpUMeHe-
HMeM [IapeHTepaJIbHBbIX aHTUKOAryassHTOB [27,60,61].
YVYPB (VOO — 3)

Kommenmapuii. IIpoyedypsi ¢ He3HAUUMENbHBIM
PUCKOM MOXHO 8bINOIHUMS NPU OCMAMOUHOU KOHYEH-
mpayuu ITOAK (He paHee uem uepes 12 u. nocie npuema
nocnedxeti 003bl) ¢ 80306H08EHUIEM MePAnUU 8 Mom e
deHb unu (camoe no3dHee) Ha cedyruuli dets.

e [TanmeHnTam, mocTossHHO nony4dawmum [TOAK,
Mpy HEeOOXOOMMOCTY HEOTIOKHOTO XMPYyPTrUUYecKo-
ro smemaTtenbCcrsa Ha O/JA B mOpsKe HEOTIOKHOM
MOMOIIM PpPEKOMEHAYeTCS BbIMIOJIHEHME aJTOPUT-
Ma, TMpeacTaBieHHOro B Tabmuie 2.9 [27, 60, 63].
YVYPB (VOO — 3)

Tabnuua 2.8

CpOKM mocJiie ripuemMa HocjIeaHen A03bl, PpEKOMEHAYEMbI€ OJISI BBIIIOJIHEHUS OII€PATUBHBIX

BMeNIaTeJbCTB C YMEPEHHBIM M BBICOKMM PUCKOM KpOBOTeueHusi [62]

Kivpenc HaburaTpaHa STeKCUIAT AnukcabaH, puBapokcabaH
KpeaTuHnHa", Huskuii puck Boicokuii puck Huskuii puck Bricokuii puck

MJ/MUH KPOBOTEUEHMSI KPOBOTEUEHMST KPOBOTEUEHMSI KPOBOTEUEHMSI
>80 >24 4 >48 4
50-79 >36 4 >72 4 >4

>48 4y
30-49 >48 4y >96 4y
15-29 He nokaszaHo He nokasano >364
<15 Her 3aperncTpupoBaHHOrO IOKa3aHus
*Tlo popmysne Kokpodra-TonTa.
Tabnauya 2.9

TaKkTUKa IpY SKCTPEHHBIX U CPOYHBIX XUPYPrUUecKUX BMellaTeIbCTBaX/Mpoueaypax
y nanmeHTOB, noayuamomux [I0AK [27, 60, 63]

Illar 1. C60op aHamHe3a
« VTOUHEHME COIMYTCTBYIOIIEI MTaTOIOI MM U IPUHUMAEMbIX IPEIIapaToB, OMPEIe/ISTIOIMX PUCKY KPOBOTEUEH T
o AHTUKOATY/ISIHT, TPMHMMAaeMblit TAllMEHTOM, [03a Mperapara, BpeMs rpueMa mocieqHei J03bl

IIar 2. Cneunduka o6cienoBaHMs MayeHTa
» Kmupenc kpeatutusa (pacuet o Kokpodry —Tonry)
» Koarynorpamma (B 3aBMCMMOCTY OT BO3MOKHOCTe jabopaTopum)!

Illar 3. Ha ocHoBauuu MHMOpMaIuu, MosydeHHo Ha 3Tarne 1 1 2, JaTh OTBET Ha BOMIPOC:

«HaxommTcst /v anyeHT B COCTOSIHUY TUITOKOAT YIS ?»

« Ecit ecTh yOeAUTENbHBIE TOKA3aTENbCTBA, UTO TAIMEHT He HAXOAMUTCS B COCTOSTHUM TUITOKOATYIISIIIINA —
MO>KHO BBITIOJTHSITh BMEIIIaTeIbCTBO.

o EQmv manyeHT HaxOmUTCsI B COCTOSTHMM TUIIOKOATY/ISILIY MJIY OTCYTCTBYIOT yOeauTe/IbHbIe T0Ka3aTe/IbCTBa
06paTHOTrO — CM. I1ar 4

Illar 4. OTBeTUTb Ha BOMPOC: «MOXKHO JIM OTIIOKUTh JAHHYIO MPOLEIyPY/BMELIATEIbCTBO BO BpeMeH! 6e3 HEraTMBHOTO
BJIVISTHYSI Ha VICXOZ, JIeYeHMsI Tal[ieHTa?»

» Eciu oTBeT «Ia» — pacCMOTPETh BO3MOKHOCTD BBITIONTHEHMSI BMEIIATeTbCTBA MTOC/Ie TTpeKpaleHust
aHTUKOaryassHTHoro sddekra [TOAK (cm. Tab. 5.6)

e Eciv OTBET «HeT» — CM. IIar 5
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OxoHuaHue mabauyst 2.9

Ilar 5. MepornpusTusi, HarpaBieHHble Ha TPOPUIAKTUKY/CHUKeHME PUCKA TIepUoTiepalMOHHbIX KPOBOTeUEH it

Hwuskuit prck KpoBOTEUEHMSI

VMepeHHbIT PUCK KPOBOTEUEH ST

BbICOKMIT pUCK KPOBOTEUEHUS

* BpemeHHasi oTMeHa

AHTUKOATY/ISIHTA. o AKTMBMpPOBaHHbBIN yronb? — 30-50 T
* AKTMBMPOBaHHBIN yTOJb? » O61I1e MepOIPUSITHST, HallpaBAeHHbIe Ha
30-50T MUHUMM3ALNUI0 KPOBOIIOTEPU

+ Ob6uIMe MepornpusIThs,
HaTpaB/IeHHbIe Ha
MUHUMU3ALMIO KPOBOIIOTEPU

o BPEMeHHaH OTMEHa aHTUKOaryJIsaHTa.

* Mepbl, HalpaB/IeHHbIE HA HEMTPaIU3alNIo
AHTUKOATYASTHTHOTO 3 dekra® — nepef,
BBITIOJTHEHMEM TTPOIIeAYPbl/BMEIIATeTbCTBA
JIM60 TONBKO B CTyYae Pa3sBUTHS TSKETOTO
KpPOBOTeUeHMSs (He06X0IMMOCTb
HeJTpanu3auyuy aHTUKOAryASTHTHOTO
addekra repen BMelaTeIbCTBOM
oTIpefieNiieTcss B UHAVBUAYAJIbHOM TOPSIIKE)

¢ BpemeHHas OTMeHa
aHTMKOATY/STHTA

o AKTUMBUMpPOBaHHbBIN yronb? — 30-50 T
e OO61IMe MePOTIPUSITHSI,
HarpapjieHHble HA MUHMMU3ALI0
KpOBOTIOTEPU

¢ Mepbl HalpaBJIeHHbIE HA
HelTpanu3auuio aHTUKOATYISTHTHOTO
3 dexTa’ — nepen BLITIOTHEHMEM
MpoLIeTyPbl/BMENIATETLCTBA

Il03MPOBKM IMpenapaToB, IPMMeHSIEMbIX JJIs1 HEMTPaIU3aluy aHTUKOATYISTHTHOTO 3¢ dexTa:
— upapynmsymab (2 diakosa 1o 2,5 r/50 Mi1) B BUe IBYX BHYTPUBEHHBIX ITOCIEIOBATEIbHBIX GOTIOCHBIX BBEAEHMIT

vt MHQY3uit IIUTeTbHOCThIO He 6oee 5—10 MUH. Kaxkaas;

— HKIIK (HeaKTMBMPOBAHHBII KOHIIEHTPAT MPOTPOMOMHOBOTO KOMIUIEKCA) — HavaibHas 1o3a 50 ME/Kkr,

BO3MOSKHO TIOC/IeIyIolee BBefeHme q03b1 25 ME/KT;

— aKIIK (akTMBMpPOBAHHBII KOHIIEHTPAT MPOTPOMOMHOBOTO KoMIuTekca) — 50 EJI/Kr (MakcMMasbHas 1032 —

200 EZI/xr B cyT.);
— 1VIla (pekoMm6MHaHTHBII dakTop VIIa) — 90 MKT/KT

! Ilns paburaTpaHa — akTMBMPOBAHHOE YaCTUUYHOE TPOMBOIUIACTHOBOE BPEMSI, SKapMHOBOE BpEMsI CBEPThIBaHYSI, TDOMOVHOBOE BpeMs,
TPOMGMHOBOE BpeMsI B pa3BeIeHIH, /ISt MHTMOUTOPOB Xa dakTopa (pMBapokcabaH, annkcadaH) — MIPOTPOMOMHOBOE BpeMst, TIPOTPOMOMH 10

KBuKy (%), anTyt Xa aKTMBHOCTD IIa3MBbl.
2 Ec/iu TToc/IeIHsIS 03a Mperapara nIpuHsaTa 2—4 4. Hasaf,.

3V maumeHTOB, OMYYaBIIMX faburatpad, — BBeaeHue ugapyumsymaba mim HKIIK, aKIIK, rVIla (B ciryyae HEJOCTYITHOCTY MAAPYLI-
3ymaba), y MaiyueHToB, MOMIyYaBIIMX MHTMOUTOPHI Xa ¢akropa (puBapokcabaH, anmkcaban), — HKIIK, aKIIK, rVIla (mpumenenne HKIIK,
aKIIK, rVIIa ¢ 0CTOPOXXHOCTBIO, B 0COGEHHOCTM Y MALMEHTOB C BBICOKMM PUCKOM TPOMOO030B, TaHHbIe 110 3ddeKTrBHOCTY 1 6€30IacHOCTU

TIpMMeHeHus y NalyeHToB, nonyyasiux [I0AK, orpaHuyeHsl).

2.5. JJaGopaTopHbIit KOHTPOJIb Ha (poHe
dapmakosmornueckoit npoPIIaKTUKA

Hacrosimue pexkoMeHmanuu He MOApa3yMeBaloT
00513aTeJIbHOrO J1A60PaTOPHOTO KOHTPOJISI COCTOSI-
HMS TeMOCTa3a 3a UCKIUYeHneM onpeaenens MHO
py mpuemMe aHTaroHMUCToB BuTaMmHa K. OmHako s
BbIOOpA [03bI, ONpeneaeHns 6€30IMacHOCTY U BBISIB-
JIeHMsI TPOTUBOIIOKa3aHUI K Mcnonb3oBaHuioo HMI,
donpamapunykca 1 IIOAK umeet 3HaueHMe QYHKINS
TOYeK, KOTOPYIO CIeAyeT OLleHMBATD Y BCEX OOTbHBIX
10 BeMyYMHEe KIMpeHCa KpeaTMHMHA WM CKOPOCTU
KITy60YKOBO OMUIBTpAIUNA.

B psime ciyuaeB Ha ¢oHe mpoBemeHust dapma-
KOJIOTMYECKOJ MPOMUIAKTUKHU LiejaecoobpasHa Jia-
6opaTopHast OlleHKa TeMOoCTasa C MUCIOAb30BaHNEM
IOCTYITHBIX AJIs1 KOHKPETHOTO JIeueOHOTO yUpexie-
HUS MeTonoB. JIabopaTOpHBIVi KOHTPOJIb ITOKA3aH:
MIpY 3KCTPEHHBIX BMeEIIaTeIbCTBAX B TeUeHUE Iie-
puona 5G¢GeKTMBHOTO AeiiCTBUSI IMPOTUBOTPOMOO-
TUYECKUX CPEICTB; B CAyUastx HECTAHIAPTHOTO 3(]-
(ekTa aHTUTPOMOOTUYECKOJ Tepanuyu Mo JAHHBIM
aHaMHe3a (TIOBBINIEHHAS WM TOHMKEHHAs] YyB-
CTBUTEJNIBHOCTb K MPEIapary); Mpyu TSOKEIbIX U CO-
YyeTaHHBIX HAPYIIeHUSIX TeMOoCTasa (IepeHeceHHast
MacCMBHAs KPOBOIIOTEPSI, COCTOSIBIIMECSI TPOMOO-

3bI, BBICOKUIT PUCK TPOMOOTUUECKUX OCTOKHEHMUI,
TPOMOO3bI Ha (hOHE TPOMOOIIUTOIIEHUU U T.1.); IIPU
HaAUM4YUU KIVMHUYECKUX TIPOSIBIEHUI HapylleHUM
reMocTasa B BUJEe IPOrpecCcUpyIoIiero Tpomobosa
WJIX KPOBOTOUUBOCTHU.

Ha ¢one BBemenusi HOI' unu mpemnapatoB HMI'
BO3MOXXHO YMEHbIIIEHME COmEepsKaHUsI TPOMOOILTOB
B KpoBU. IMMyHHasi TPOMOOILIMTOIEHMS O6bIYHO BO3-
HUKaeT uepe3 4-14 cyT. mocjie Havayia BBeAeHUS Te-
rapuHa (4Jauie npu ucronab3oBanuy HOI'), HO MoxeT
pasBMBATbCS M paHblle Y GOMbHBIX, HETABHO ITOTY-
YaBIIMX [Ipernaparsl rernapuHa. [ cBoeBpeMeHHOro
BBISIBIEHVSI MMYHHOJ TPOMOOLIMTOTIEHUM HEeo6Xo-
IMMO KOHTPOIMPOBATh cComepskaHMe TPOMOOIIMTOB
B KPOBMU:

— IIpU BeJeHUM TPOPIIAKTUUECKUX WU Jieueb-
HBIX 103 renapyHa — Kak MMHUMMYM 4epe3 JeHb C 4-X
1Mo 14-e cyT. jevyeHust win n0 6oee paHHEe OTMEHbI
rpemnapara;

— ey 6GOJIBHOMY BBOOWIM TerapuH B GusKaii-
e 3,5 Mec., TepBoe oIpeaeieHye Yycia TpoMOOoIIu-
TOB CJIEAYeT OCYIIEeCTBUTD B Omskaiimue 24 4. mocie
Havaja IpUMeHeHMs rermapuHa, a Ipy JII000M yXViI-
LIeHUU COCTOSIHUS B IIpefesiax rojiydyaca Iocje BHY-
TPUBEHHOTO BBefeHuss HOI' — HeMe[jIeHHO.
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Ecnu copepskanye TpoMOOIMTOB B KPOBM YMEHbD-
muTcs B 2 1 6osiee pasa OT UCXOTHOTO YPOBHS U/UIU
6ymer cocraBiasaiTh MeHee 100x10%1, cremyeTr mpe-
KpaTuTh JI0060e BBeleHMe TelapuHa ¥ BBIMOTHUTD
Y3AC BeH HIKHUX KOHEUHOCTEN C IIeJIbl0 IToMcKa
TT'B. B mepuon HU3KOTO COmEPKaHMS TPOMOOLIMTOB
B KPOBM MOKHO MCIIOb30BaTh MHTMOUTOPHI TPOM-
6MHA MOPSIMOrO OEeiCTBUS (maburaTpaHa 3TEKCUIIAT)
wiy MHrM6uTOphl Xa ¢akTopa (hoHmanapuHyKC, pu-
BapokcabaH). [locse BOCCTAHOBIEHUS COAEPSKAHMS
TPOMOOLIMTOB B KPOBM MOXKHO Iepeiit Ha ABK, Ha-
YMHAS UX TPUMEHEHMe ¢ HU3KUX 003 (17151 BapdapuHa
He BBIIIIe 5 MI/CYT.).

IMpumenenue H®I, HMI, doHmanmapuHyKca Ha-
Tpusl, JaburaTpaHa STeKCUIaTa, alMkcabaHa U puBa-
pokcabaHa B NMpodmIakKTMUYECKUX A03aX He Tpedyer
PYTMHHOTO KOHTPOJISI CMCTEMBI TeMOCTa3a.

3. BMATHOCTUKA BT20

Knuanyeckue mposiBiieHMsI 3aBUCST OT JIOKaIM3a-
uuyu TpoM603a, PacIpoOCTPaHEHHOCTM M XapakTepa
MOpa’keHusI BEHO3HOTO PyC/ia, a TAKKe AJIUTETbHOCTU
3aboeBaHMs. B HavaJbHBIN MEepUOI IPU HEOKKITIO-
3MBHBIX (OpMax KIMHMYECKAs] CMMIITOMaTHKa C1abo
BbIpakeHa MO0 BOOOIE OTCYTCTBYeT. MHorma mep-
BbIM IpusHakoM TI'B MoryT 6bITh cumIiToMbl TIJIA.
TUNIMYHBIA CIEKTP CUMIITOMAaTUKM BKIKOUAET OTEK
BCell KOHEUHOCTH MO0 ee YyacTy, IMaHO03 KOKHBIX I10-
KPOBOB U YCW/IeHMEe PUCYHKA TOAKOKHBIX BEH, pacIy-
PparoIyio 60j1b B KOHEUHOCTH, 60JIb IT0 XOAY COCYAUCTO-
HEPBHOTO ITyukKa [28].

OCHOBHBIMU LEISIMU OUAarHOCTUKM OCTPOTO Be-
HO3HOTO TpOMO03a IPU TMOATBEPXKIEHUM OMarHo3a
SIBJISTIOTCST OTIpefie/ieHMe ero JIOKaIM3aiuu, pacripo-
CTpaHeHHOCTU U 3MbooonacHoctu. K ambomoomnac-
HbIM TT'B oTHOCSIT hrtoTHpYIOIIVE TPOMOBI, UMEIOIIIE
eIVMHCTBEeHHYI0 TOYKY (UKCAMyu B OUCTATHHOM OT-
nene. Tpom603 MOBEPXHOCTHBIX BEH IIPENCTaBIISIET
yrpo3y pasButust TOJIA rpu mepexome Ha ITyOOKYIO
BEHO3HYIO CUCTEMY.

Llenecoo6pa3HO MPOBECTH BCe IOUMATHOCTUUYECKME
MCCIeOBaHMsI TIPU TOAO03PEeHUM Ha BEHO3HOE TPOM-
60sMb0mueckoe ociokHeHne (BT30) B TeueHMe
24 4., yTOOBI 00eCIEYNTH OBICTPOE JIEUeHME, eC/IN Oa-
THO3 TOATBEPKIEH, U 136eXaTh HEHYKHBIX ITOBTOP-
HBIX J]03 aHTUKOATY/ISTHTOB, €C/IM IMarH03 VICK/TIOUeH.

3.1. J)Kayio6s1 1 aHaMHe3

[pu 06C/IemOBaHMY TIALMEHTOB C TIOA03PEHMEM Ha
OCTpbIi BeHO3HBIN TpomM603 1/mu TIJIA y Bcex 60/b-
HBbIX PEKOMEHIYETCSI aKTMBHOE YTOYHEHME >Kayiob,
KOTOPbIE MOTYT CBUAETETbCTBOBATb O HATUYUMM TPOM-
GOTUYECKOTO MOPAXKEHMST BEH U JIETOYHOI TPOMOOIM-
60K, U THIATENIbHBII COOp aHAMHEe3a IS BbISBJIE-
HSI, B TOM UMC/Ie MaJIOCMMIITOMHBIX (hOpPM BEHO3HOTO
TpomM603a ¥ TPOMOOIMOOIY AUCTATBHBIX BETBEI Jie-
TOYHBIX apTepuii [64, 65, 66]. VYP A (YOI — 1)

3.2. ®usuKajabHOEe 00C/IeJoBaHye

Knuanyeckne mpusHaku TpoM603a MOBEPXHOCT-
HBIX (TIOAKOKHBIX) U TIyOOKMX BEH KOHEUHOCTe Cy-
[IeCTBEHHO pasinyaiTcs. Tpom603 MOBEPXHOCTHBIX
BeH B K/IMHMYECKONM IpaKkTuKe TPaAUIMOHHO 060-
3HAYalT TEPMUHOM «TpoMO6OGIe6UT» B CBSI3M C Ha-
JIMYMEM JIETKO BBISBJISIEMBIX MPU3HAKOB BOCIaJIEHUS
(KaKk MpaBmJIO, aCENITUYECKOT0) CTEHKM BEHBI U Tapa-
Ba3aJIbHOM KJIETUYaTKMU.

Knuanyeckne mpusHaku TpoMm603a MOBEPXHOCT-
HBIX BEH:

— 607b MO XOmy TPOMOMPOBAHHBIX ITOAKOXKHBIX
BEH;

— M0JI0Ca TUIEpPeMUM B MPOEKUUM MOpPaskeHHOM
BEHBI;

— NpU Oanablaluy — IIHYPOBMUIHBINA, IJIOTHBIIA,
pe3Ko 60J1e3HEHHBIN TSIK;

— MeCTHOe IIOBBbILIEHNE TeMIIepaTypbl, ruriepe-
CTe3Ms KOKHbBIX IOKPOBOB.

Knuanyeckue nposisnenus TI'B meHee crienyiduy-
HbI, 3aBUCSAT OT JIOKaIu3almu Tpomb03a, pacnpocTpa-
HEHHOCTM U XapaKTepa [opakeH!s BEHO3HOTO pycia,
IIuTenbHOCTM 3aboneBaHus. Ha ¢oHe mocTTpaBma-
TUYECKOro (MOC/IeONePalMOHHOIO) OTeKa KIMHUYe-
ckoe BbisiBaeHMe TI'B npencrasisieT CJIOKHYIO 3a5a4y.
B HauanbHBIN Mepuom, Mpu HeOKKII03UBHBIX Gopmax
TpoM003a KIMHMYECKas CUMIITOMaTUKa He BbIpa-
skeHa Jinbo BooOIe OTCYyTCTBYyeT. Hepenko mepBbIMMU
MpU3HaKaMU, CBUAeTeNbCTBYoWNUMY 0 TTB, y rocrin-
TaJIbHOTO MalYIeHTa MOTYT ObITh CUMITTOMBI TOJIA.

TUNIMYHBIN CIIEKTP cumnToMaTuKu TT'B BRiItouaer:

— OTeK BCeit KOHEUHOCTH MO0 TOJIeHM ;

— LIMaHO3 KOXXHBIX IOKPOBOB U YCUJIEHNE PUCYHKaA
TOAKOXXHBIX BEH;

— pacmnuparolyio 6071b B KOHEUHOCTH;

— 60JIb TI0 X0y COCYOUCTO-HEPBHOIO ITyYKa.

Bcem nauyeHnTam ¢ riogospenuem Ha BT2O0 cineny-
eT BBITIOTHUTH (U3MKaAIbHOE 0OCIenoBaHme OISl UC-
K/IIOUeHMS IPYTUX IPUUYMH KIMHNYECKO CMMITOMa-
TUKM [67, 68, 69, 70] YYP A (YOI — 1)

JI1sT KITMHUYeCKoi oueHKy BepossTHOCTU TI'B nipu
06c/ienoBaHUM MalMeHTa PeKOMeHIYeTCsT UCTIONb30-
BaHMe uHaekca Wells (tab:n. 3.1). Ilo cymme HabpaH-
HbIX 6Q/IJIOB GOJIbHBIX Pa3desisiioT Ha TPYIIIbI C HU3-
KOJ1, CpeHell U BBICOKOJ BepOSITHOCTHIO BEHO3HOI'O
Tpombo3sa [71, 72,73,74,75] VYP A (YOI — 1).

V 6onbHBIX ¢ Togo3peHueM Ha TOJIA ee BeposT-
HOCTb PEKOMEHIYETCS OLEHUTb C MOMOIIbI0 MOIMU-
dbunmposanHoro npasuiaa Geneva uiam npasuiaa Wells
(Tabm. 3.2 1 3.3) [72, 74,76, 77]. VYP A (YOO — 1)

3.3.JIaGopaTopHast AMarHOCTUKa

 TTanyeHTaMm 6e3 KIMHUYECKUX ITPU3HAKOB, I10-
3BOMISIIOIIMX pennonoxkuts TI'B u/unu TIJIA, mpo-
BOJINUTDb OIlpefdeneHue ypoBHs1 D-mumepa B miasme
C Lielbl0 CKPUMHMHTA He pekoMmeHpayetcs. [78, 79,
80,81]. YYP B (YOI — 2)
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e BOIBHBIM € KIMHUYECKON CUMIITOMATMKON M  ypoBHS D-gumepa He pekomeHayetcs [11, 82]. VVP B
aHaMHe30M, He OCTaBISIMMM COMHeHul B Ha- (YOO — 2).
Jmam TT'B u/mnu TOJIA, MpoBOOUTHL OmpeneneHue

Tabnauya 3.1
Ouenka BeposiTHOCcTH TTB HIDKHMX KOHEYHOCTe 10 KIMHUYEeCKUM JaHHBIM: MHaeKc Wells [72]
Knyanveckuii npusHak Kogw{eCTBo
aJIoB
AKTUBHOe 3/I0KauecTBeHHOe HOBOOGpa3oBaHue (B HACTOSIIee BpeMsT WK B TIpeIIecTBYIOIue 6 Mec.) 1
[Mapes, mapaany Uiy HeJaBHSS TUIICOBAst MUMMOOMIN3AIMM HYKHEH(MX) KOHEUHOCTM(€it) 1
[TocTenbHBIN peskuM 3 1 6osiee CYT. Uy 6oMbIlas orepalus B TeueHMe TTociefHuX 12 Hepl. 1
Bose3HeHHOCTh MY MaIbIIAlY 10 XOAYy ITy60KUX BeH 1
PacripocTpaHeHHBI OTEK HUKHEN KOHEUHOCTU 1
PasHulla mepuMeTpa rojieHu 3a CUeT oTeka 6ojee 3 ¢M 10 CpaBHEHMIO CO 3[0POBOIT KOHEUHOCTbIO 1
(1a ypoBHe 10 cMm Huoke tibial tuberosity)
PacmpeHHbIe KoJllaTepaabHble TOBEPXHOCTHBIE BeHbI (He BapUKO3) 1
HoxkymeHTHpoBaHHbIl TT'B B aHaMHe3e 1
AnbpTepHaTMBHBIN IMarHO3 KaK MMHMMYM CTOJIb JKe BeposiTeH, Kak 1 TT'B -2
BepositHocTh Hamnuyst TTB HYOKHMX KOHEYHOCTET Cymma 6ayioB
Huskas (okoso 3%) 0
Cpennss (okono 17%) 1-2
Boicokas (0koso 75%) >3
Tabnuya 3.2
OneHka BepossiTHOCTU TIJIA 1o KIMHUYECKUM JaHHBIM: MoaudunyupoBanHoe npaBuio Geneva [77]
KonuuectBo 6a110B
[Tokasarens
TIOJTHAST BepCUsI YIpOIeHHAsT BEPCUSI
Panee nepeHecennble TI'B nau TOJIA 3 1
YCC 75-94 yn. B 1 MUH. 3 1
YCC >95 ya. B 1 MuH. 5 2
Omnepauust win repeiom B Te4eHMe MocjefHero Mecsia 2 1
KpoBoxapkaHbe 2 1
AKTUBHOe 3/I0KauecTBeHHOe HOBOOGpa3oBaHe 2 1
Bosib B 0 HOV HUKHEN KOHEYHOCTU 3 1
Bosib Mpy manbauyuy B MPOeKIy IITy6OKMX BeH HIDKHE T KOHeUHOCTH 4 1
¥ OHOCTOPOHHMI1 OTEK
BospacT 60oiee 65 et 1 1
BepositHOCTD TOJIA 10 KIMHUYECKUM JaHHBIM
TpexyposHesgas wikana Cymma 6aioB
HU3Kasl 0-3 0-1
cpenHss 4-10 2-4
BBICOKASsI >11 >5
lsyxyposHesas wikana Cymma 6asioB
TOJIA maioBeposiTHa 0-5 0-2
TOJIA BeposiTHa >6 >3
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Tabnuya 3.3
OueHka BepossTHOCTU TIJIA 1o KIMHUYECKUM JaHHBIM: mpaBuio Wells [76]
KonuuectBo 6a110B
[Tokasarenn
[TonHas Bepcus VYrpoiiieHHas Bepcust
TI'B uau TOJIA B aHaMHe3e 1,5 1
YCC > 100 ya. B 1 MmuH. 1,5 1
Ormepatiust Uiy UMMOGUIN3aLNS B TTOCIeHMe 4 Hefl. 1,5 1
KpoBoxapkaHbe 1 1
AKTUBHOe 3/10KayecTBeHHOe HOBOOGpa3oBaHue 1 1
Knuunueckue npusHaku TI'B 3 1
AnbTepHATUBHBIN AMAarHO3 MeHee BeposiTeH, yem TIJIA 3 1
BepositHOCTD TOJIA 110 KIMHNYECKUM AaHHBIM
TpexyposHesas wkana CymMa 6aiyioB
HU3Kasi 0-1 He OLIeHUBAaeTCs
cpenHss 2-6 He OLIeHMBAaeTCs
BbICOKas >7 He OIIeHMBAeTCs
leyxyposHesas wikana CymMma 6a/ioB
TDJIA manioBeposiTHA 0-4 0-1
TOJIA BeposiTHa >5 >2

o BOIBHBIM € KIMHUYECKMMM IPU3HAKAMM, TI0-
3BONISIIOIIMMM  3amogo3puTh TIB u/unu TOJIA, npu
OTCYTCTBUM BO3MOYKHOCTY BBITIOJIHUTD B OJsKaiiiie
Jacel KoMmmpeccuoHHoe Y3AC pekoMeHIyeTcsl omnpe-
IenuTb ypoBeHb D-numepa [83, 84]. VVP A (VI I, — 2).

3.4. I/IHCTDYMGHTaJIbHaﬂ ANATrHOCTUKA

o BceM manyeHTaM C MOJO3peHMeM Ha Tpomb603
TTOBEPXHOCTHBIX, ITTYOOKMUX BEH HIKHMX KOHEUHOCTEN
u/vim TDJIA pekOMeHAyeTCs BBITIOJTHEHME YIIbTPA3BY-
KOBOT'O KOMITPECCMOHHOT'O IyTJIEKCHOTO aHTMOCKaHU-
pOBaHMSI BeH HIDKHMX KOHEUHOCTEH M Tasa C IIeJIbIo
YTOUHEHMSI OUAarHo3a U OlpenesieHus IajbHeNIen
TakTUKYM JeueHus [79, 85, 86, 87, 88, 89, 90]. YVP A
yoo—1

 IIpu pacrmpocTpaHeHuru TpoM603a Ha MIMOKA-
BaJIbHBI CEIMEHT B CJTyuae HEBO3MOXXHOCTHU OIpe[ie-
JIEHUSI ero MPOKCUMMAaJIbHOI TPaHuUIIbl U 35M60JI00Iac-
HOCTMU IO JAHHBIM IyTIIeKCHOTO Y3AC peKOMeHIyeTCs
BBITIOJIHEHME PEeTPOTrpajHOi WInoKaBorpaduu uan
CIIMPAIbHOM KOMITBIOTEpHOIT TOMOrpadumu [91, 92, 93,
94]. YYP B (YO — 2)

 [TaimeHTamM, KOTOpPBIM OIIEPAaTMBHOE JIeUEHUE
IUIAaHMPYeTCS BOTCPOYEHHOM MOPSIFIKe Yepe3 HeCKOJb-
KO JTHeJ TToc/ie TpaBMbl, pPEKOMEH/IyeTCs BBITIOTHEeHE
V3AC 06enx HMKHMX KOHEYHOCTEN ¢ MaKCHMMaaIbHbIM
MpUOIMKEHEeM MCCAeA0BaHMs K JaTe onepauun s
BBISIBJIEHUSI 6€CCUMITTOMHBIX BEHO3HBIX TPOMOO30B,
0COGEHHO ecM ajJeKBaTHAas MeayKaMeHTO3Has Ipo-

dbunakTuKa He mpoBomwiack [89, 95, 96, 97, 98, 99].
YVYP A (YOI, — 2)

« TlanmeHTaM, KOTOPBIM MPOGUIAKTUIECKME Me-
POTIIPUSITHS HE BBIIOJHSIUIACH B TIOJTHOM OOGbeMe UJIn
Y KOTOPBIX MUMEETCSI 0COOEHHO BBICOKMIT PUCK pPa3BU-
tust BT30, pekomenayetcs BpinonHeHue Y3AC nepef,
HAvyajIOM aKTUBMU3ALVY AJIsI BbISIBJIEHWS OECCUMITTOM-
HBIX TPOMO030B ITy60KMX BeH [18, 96, 99, 100]. YYP A
YOO —2)

« TlanmeHTy, HaXOOAMIEMYCS B TPaBMAaTOJOTHYE-
CKOM WIM OpPTOTEAVNYECKOM OTHEeIeHUM IIPU IOMO0-
3peHMN Ha JIETOYHYIO TPOMO03MOONIO B SKCTPEHHOM
MOPSIAKE HEOOXOAVMO BBIMIOTHUTD JIEKTPOKAPINO-
rpaduio 1 peHTreHorpadio OpraHoB IPygHONM KiIeT-
KU /IS UCKJTIOUEHUST MHO MaTOJIOTUM CepIedHO-CO-
CYOUCTON U OpIxaTenbHON cuctem [28, 101, 102, 103]
YVP A (YOI, — 2).

4.JIEYEHUE BT30

3amauy jeueHus: TTB He3aBuCMMO OT ero JIOKaIn-
3aluu CIenylouue:

— OCTAHOBUTbL PACIPOCTPAHEHME TPOMOOTHUE-
CKOTO mpoliecca;

— mpenoTBpatuThb TIJIA;

— He JONYyCTUTb NPOrpecCcUpoBaHMe OTeKa U BO3-
MOXXHYIO BEHO3HYIO TaHT'PEHY;

— BOCCTAQHOBUTbD (IIOJTHOCTBIO MJIM YACTUYHO) IIPO-
XOOMMOCTD IJTYOOKUX BEH,

— TIpenynpenuTh peuyuauB TpoM6bo3a.
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Xupypruueckue U TepamneBTUUECKMEe METOAbI
B JiedeHuu TI'B nMCnonb3yrOT KOMILJIEKCHO B 3aBUCH-
MOCTM OT NIPUOPUTETA 3aJiay, pelliaeMbIX IpU Jieue-
Huu 60nbpHOrO0. Chepa NpUIOKEHUS XUPYPTrUUECKUX
BMeIIaTeNbCTB B CBSI3U C MOSIBJIEHMEM HOBBIX MO-
KoJIeHU 3G (PEeKTUBHBIX aHTUMKOATYISSHTOB M BBICO-
KOMH(OPMATUBHBIX HEMHBA3MBHBIX METOMOB IMa-
THOCTUKM, KOTOPble BO3MOXXHO MCIOJIb30BaTh MJIsi
IVMHAMMYECKOTO HabmwomeHus: 3a 3QGeKTUBHOCTHIO
JleueHus, B HaCTosllee BpeMs MMeeT OTYeTIMBYIO
TEHOEHIMIO K CYXeHMI0. B moMuHMpymwiein moie
HabMIOmeHM UX 3amaua — IpedoTBpalleHne mac-
CUBHOI1 JIETOYHOI 5M0601MK. B mmocieonepaliyoHHOM
repuone 06s3aTeIbHO (IIPU OTCYTCTBUM ITPOTUBO-
MOKa3aHMUii K aHTUKOAryAsSHTaM) NpoBedeHue IJIM-
TeJbHOM aHTUKOATYJISIHTHOM Tepamnn.

BrIsiB/IeHME TPU3HAKOB OCTPOTO TPOMOO3a ITOBEPX-
HOCTHBIX, TyO60KMX BeH u/vui TAJIA, a Takke 060CHO-
BaHHOe M0I03peHMe Ha HUX SIBJISIETCS OCHOBaHMEM JIJIs1
KOHCYJIbTALIM COCYAMUCTOTrO Xupypra. JanbHerliiiee je-
yeHue 60ybHBIX ¢ BTI0 MpoBOAsT COBMECTHO COCYIV-
CTBII XUPYPT ¥ TPaBMAaTOIOT-OPTOTES,

Onepauyuy Ha OIIA OOMKHBI OBITh OTJIOXKEHBI
IO YCTpaHeHMs OITaCHOCTM BO3MOKHOM JIETOUHOM
TpomM603M60MK. I[Ipy HAIUUUM TUIICOBOI MOBSI3KU
clefyeT ee pacceub M pas3BecTu kpas. Jo MHCTpPY-
MEHTaJIbHOro 06ciaenoBaHust 60abHbIM ¢ TTB m/mnn
TOJIA moikeH ObITh HMPEAIVCAH CTPOTUI IOCTENb-
HbIII pPeXUM [JiI CHMKEHUS PUCKA PasBUTUS WU
nmporpeccupoBanus TIJIA. Tlocine ob6cregoBaHus

MalyeHThbl C HESMOOI00TaCHBIMY (GOPMaMi BEHO3-
HOT'0 TPOMO03a MOT'YT OBITh aKTUBM3VPOBAHBI.

4.1. KoHcepBaTHUBHOeE jleyeHe

« Bcem GonmbHbIM ¢ TTB u/mau TOJIA pekOMeHy-
eTcs MpoBeJleHMe aHTUKOArylIsIHTHOM Tepanuu (Ipu
OTCYTCTBUM NIPOTMBOIIOKA3aHMI1) TeparieBTUYeCKUMU
nozamy HedpaKIMOHMpPOBAHHOTO remapuuHa (HOT),
HM3KOMOJIEKY/AsIpHbIX TenapuHoB (HMTI), donpamna-
PMHYKCa HaTpusl, NPSIMbIX OpPaJTbHbIX aHTUKOATY/ISH-
ToB (ITOAK) n anTaronucramu Buramuua K (ta6s. 4.1)
[32, 104, 105, 106]. VYP A (YOO — 1).

« IIpu o6ocHOBaHHOM TOHO3peHun Ha BTDO pe-
KOMEHJyeTCSl HauMHaThb aHTUKOATY/ISIHTHYIO Tepa-
MUIO IO MUHCTPYMEHTaAbHOM BepuduKalumu quarHosa
[104]. YVP C (YO - 3).

« MauedTaM ¢ TpOM6030M MTOBEPXHOCTHBIX BEH
(TTIB) pexomeHIyeTCsl IPOBOAUTH OVMHAMMUUYECKYIO
OIIEHKY TeueHus1 3a60/eBaHUs (KIMHUYECKYIO U Ha
ocHoBauuyu Y3AC) He pexxe 1 pasa B 5-7 gHeli ¢ 1e-
JIBI0 UCKJTIOUEHUST TIPOTPECCUPOBAHUS TPOMOOTHUYE-
ckoro npouecca [107, 108, 109]. VVP B (Y4 — 2).

» [TauuenTam ¢ TIIB npu HM3KOM puUCKe repexosa
Tpomba Ha rIy6OKKe BeHbl (M30IMPOBAHHBIN TPOM-
60(e6uUT BapUKO3HBIX ¥ HEBAPUKO3HBIX MTPUTOKOB
MaruCTPpaJIbHbIX IIOBEPXHOCTHBIX BEH) PpEKOMEH-
nyeTcss HazHauaTh cuctemHble HIIBC, anmacTuuHyio
KOMIIpeCCH10, TONMYeCKMe CpeLiCTBa, IOKAJIbHYIO I'U-
norepmuto [107, 108, 109]. YYP B (VI I, — 2).

Tabnuya 4.1

PeskyMbl UCIIOIb30BaHUS U A03MPOBKA AHTUKOAryJISIHTOB IJIs1 JICYCHUS TTB

Pesxxum OO3UPOBAHUSA

AHTHUKOAryIsiHT Crioco6 BBeeHMst
2 pasa B CyTKU 1 pa3 B cyTKu

JantenapuH HaTpUS /K 100 ME/kr 200 ME/kr
HagpomapuH kanbims /K 86 ME/kr 171 ME/kr
[MapHanmapuH HaTpuUS™ /K 6400 ME -
DHOKCanMpuH HaTpus™ /K 100 ME (1 mr)/kr 150 ME (1,5 mr)/kr
HoT* B/B BuytprBeHHO 60m10coM 5000 E/I, manee uHdY3Ms CO CKOPOCTHIO

3aTeM BO3MOKHO II/K 1000-2000 E[l/u., mom6op mo3bI 110 3HaueHussM AUTB
AHTaroHuctel BuTammHa K per 0s IMop6op mosel (MHO B auamasone 2,0-3,0)
(Bapdapuu®)
®doHpanapmHyKC HaTPUS /K - 5-10 mr (B 3aBUCUMOCTHU

OT MAaccChbl TeJia)
Anukcaban* per os 10 mr 2 pasa/cyT. per os (7 gHelt), 3aTeM 5 Mr 2 pa3a/CyT.
(mo 6 mec.), nayee 1o 2,5 mMr 2 pa3a/cyT.

HaburatrpaHa sTekcuaaT* per os >5 cyT. HMI, 3atem 150 mr 2 pa3a/cyT. per 0s
PuBapoxkcaban* per os 15 mr 2 pa3sa/cyT. per os (3 Heq.), 3aTem 20 mMr 1 pas/cyT.

* [Ipenapart BK/IOYeH B [lepeyeHb sKM3HEHHO HEOOXOOVIMBIX M BAKHEIIMX JIeKaPCTBEHHBIX IIPENapaToB AJIs1 MeAULIVHCKOTO pUMeHe-
Hus Ha 2020 r. (TIpunoxkenyue N2 1 k pacniopsiskennto [TpaBurenscrBa Poccuiickoit @emepanym ot 12 oks6pst 2019 r. N2 2406-Dp).
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« [MamenTam ¢ TTIB rmpm ymMepeHHOM pUCKe (TPOM-
60¢1eO6UT CTBOJIA MArMCTPaabHOI MOJKOKHOI BEHbI
C MOPOKCMMAJbHOV TpaHUIEl Tpomba OucTajJbHee
3 CM OT COyCTbsI; TPOMOO3 HamdacuMaJbHOrO Cer-
MeHTa nep@opaHTHON BeHbI OO0 YPOBHS dacuuu) u
BBICOKOM PMCKe (TpoMO0(Ie6UT MarucTpaabHOM M0-
BEPXHOCTHOV BEHbI JII060J MPOTSKEHHOCTU C IPOK-
CUMAaJIbHO I'PaHuIleii TpomMOa Ha pacCTOSTHUM 3 CM OT
COYCThSI WJIM OJIVKe) Tepexona TpoMba Ha IIyboKue
BEHbl B KauyecTBe IPUOPUTETHOTO MeToda JedeHUs
peKoOMeHAYyeTCsI aHTUKOAary/JIssHTHasl Tepamnus B Tede-
Hue 45 nueit [107, 108, 109]. YYP B (VO — 2).

« V GOJBHBIX C HEIMOO0J00MacHbIMM (opMaMu
TI'B aHTMKOAryassHTHasl Tepamusi PeKOMEHOYETCS
B KaueCcTBe OCHOBHOI'O MeTOAa JeyeHus. B cimyuasx
BBITIOJTHEHMS TI0 MOKa3aHUSIM XUPYPTrUUecKoro Uin
3HJIOBACKY/ISIPHOTO BMeIIaTeabCTBA, CUCTEMHOTO UM
PEervMoHapHOro TPOMOOIM3¥ICa PEKOMEHIyeTCs ITocye-
Iyloliee TpOBeJeHMe AHTUKOATYISIHTHONM Tepamnuu
[104, 105]. YYP A (YOO — 1).

« PexomeHIyeTcsI MCIOAB30BaTh OJMHAKOBBIE
MOAXOAbI K MIPMMEHEHNIO aHTUKOATY/ISHTOB npu TT'B
(HM>KHUX M BepXHUX KOHeuHocTel) u TOJIA [104, 110,
111, 112]. VYP B (VOO — 2).

« Bcem 60sbHBIM ¢ TTB HMKHUX KOHEUHOCTEN pe-
KOMeHAyeTCsl (IpU OTCYTCTBUM MPOTUBOIIOKA3aHMUIA)
a/IacTUUeCKast KOMITpeccust 06eux HMKHUX KOHEYHO-
cTeii ¢ UCIOMb30BaHMEM KOMIIPECCMOHHOIO TPUKOTa-
ka 2-3-ro knacca [113, 114]. YYP C (YOO — 2).

« Jleuenye 60bHbBIX ¢ TI'B, KOTOpBIM ITpeamosara-
eTCsl XUpypruueckoe, SHA0BACKY/SIPHOE BMelllaTe/lb-
CTBO WM TPOMOOIM3NUC, a TAaKKe HaxXOASIIMMCS Ha
UBJI, pekomMmeHayeTCs HAUMHATh C MapeHTepaabHOrO
BBemeHMs aHTHUKoaryasaToB (HOT, HMI, doumanapu-
HyKC) [104, 115]. YYP A (YOO — 2).

« AHTUKOAryJSIHTHYIO Tepamuio y OGONbHBIX, Ha-
XOOSIINXCS B CTAOMJIIBHOM COCTOSSHUM Y KOTOPBIM
He TUIaHMPYIOT BBIMIOJIHEHME OIEepaTMBHOIO BMellla-
TeJIbCTBA WM TPOMOOIM31Ca, PEKOMEH/IYeTCSI IIPOBO-
IUTH ¢ ucrnonb3oBanmem [TOAK [104, 105, 156]. VYP A
(YOL —1).

« BonpmymHCTBY naiueHToB ¢ TT'B pekomeHayeTCs
MpOBeieHNe aHTUKOATY/ISIHTHOI Tepanuu B TeueHue
He MeHee 3 mec. [104, 105]. YYP A (YOI — 1).

» BOJIbHBIM C MPOKCUMa/IbHOM JToKanu3auuei TI'B,
nepedeciium TOJIA, mpu HaIMUMMU TPOMOODUINIA,
COMPSDKEHHBIX C BBICOKMM PUCKOM penmauBa BTD0
(auTNdOChHONUIUIHBIA CUHAPOM, TeDUIIUT aHTUKOA-
I'YISSHTHBIX ITpoTenHoB C uiau S, myTauuu ¢pakropa V
Jleiimena mau niporpom6byHa G20210A), mpy HU3KOM
pUCKe KpOBOTeUeHMs ¥ BO3MOXXHOCTU MO IePKMBATD
CTAaOWIbHBIN YPOBEHb AHTUKOATYISIINY PEKOMEHIY-
eTcsl TIPOJO/DKeHMe aHTUKOATyJASHTHOM Tepanuu [0
6 mec. 1 6oee [104, 105] YYP A (YOO — 1).

» YV 60nbHbIX ¢ TT'B Ha (hoHe 3/10KaUECTBEHHBIX HO-
BOOOpa30BaHMit C BHICOKMM PUCKOM KpPOBOTEUEHUS,
a Takke y OGepeMeHHBbIX, KOTOPBIM ITPOTMBOIIOKA-

3aHbl OpajbHble AaHTUKOATrYISHTbI, DEKOMEHIYyeT-
cs  mpopajieHHoe wucnonb3oBaHne HMIT (mmogkox-
HOe BBeIeHMe JieueOHOV MO3bl B IIEPBBbIMi Mecsi]
C BO3MOKHOCTBIO MOCTEAYIONIEr0 CHIDKeHUS O0 75%
ot leuebHoit) [116, 117, 118]. YYP A (YOI — 2).

« [Ipu BISIBIEHMM B CTalMOHApe He3MOos0o0rmac-
HoJi opmMbl TT'B y 60JIBHOTO C MOBPEKIEHUSIMU WU
3aboneBanusiMu OJIA, He HYKAAIOUWIErocs Mo 3TOMY
MOBOAY B SKCTPEHHOM WM CPOYHOM OMEepaTMBHOM
BMelllaTe/bCTBe, PEKOMEHIYeTCsl TPOBeAeHre aHTu-
KOaryJIsiHTHOM Tepanuyu MapeHTepaJbHbIMM Mpera-
paramu (euebHbIe 103bI HMI' mpearnouTuTenbHbl) U
OVHAMMWYECKUI1 YIbTPa3BYKOBOJ KOHTPOJIb 3@ COCTO-
SIHMEM TpoMOba ¥ BEHO3HOTOo pycia. ITocie crabunmsa-
MY TPOMOOTUUYECKOTO IMPOIecca, MOATBEPKAEHHOTO
maHHbiMM Y3AC, M CTUXaHUSI OCTPBIX KIMHUYECKUX
MIPOSIBJIEHMI TpomMbOo3a (uepe3 3—5 CYT.) BO3MOKHO
BBITIOJIHEHME ONepaTUBHOTO BMelnaTenbcTBa Ha OIA
[119].VVP B (VOO — 3).

« IIpoBemeHe TPOMOOIUTUUECKOI Tepanuy mMac-
CUBHOJ TPOMOOSMOOIMM JIETOUHBIX apTepPUii peKo-
MEHIYEeTCSI TPU OTCYTCTBUM ITOKAa3aHU OOJTbHBIM
C BBICOKMM DPUCKOM CMepTM BO BpeMs rocrmuTanm3a-
uyu B 6imyskaiiime 30 cyT. BbICOKMIT pUCK CMEPTH Xa-
pakTepu3yeT OJHOBpEMEHHOe Hajluuue C/IeLyoIInX
MIPM3HAKOB: IIOK WU CHWkeHue AJl >40 MM pT. CT.
6osee uem Ha 15 muH.; I1I-V knaccel 1o mkane PESI
(Pulmonary Embolism Severity Index), mpusnaxu nyc-
GYHKIMY IPABOTO KeTyA0UYKa 110 JaHHBIM 3XOKapIu-
orpaduu uau KT, HOBBIIIEHHBI YPOBEHDb CEPIEUHBIX
6uomMapKepoB B KpoBu. [Ipy HamMuuy MmMpoTUBOITOKA-
3aHMI K TPOMOOIMTUKAM ¥ BO BCEX OCTAJIbHBIX CITyda-
SIX peKOMEeHIYyeTCsl MPOBeAeHNe aHTUKOATYISHTHOM
teparuu. [Ipnu nedenuun TIJIA peKOMeEHOYIOTCS IOA-
XOIbl K BbIOOPY AHTUKOATYJISHTOB, PEXKUMY M IJIU-
TEJIbHOCTU UX WCIIONb30BaHUs aHalornuHble TI'B
[115,120]. YYP A (YOO — 2).

4.2. OnepaTuBHOeE JIeueHNEe

» BonpHOMY ¢ TIIB pekomMeHayeTCsl BBITIOJIHEHUE
KPOCCOKTOMMM (BBICOKOV MPUYCTbEBONM I€pPEBSI3KU
OOJIbIIOJN MMOAKOXKHOIM BeHbI) HMPU HAJIUMUUM TPOTU-
BOTIOKa3aHMI O MPOBeNeHUs] aHTUKOATY/ISIHTHOM
Tepanuu M TPU HEBO3MOXKHOCTM TOYHOI OLEHKMU
pacIpoCTpaHeHHOCTM TPOMOOTHYECKOTO ITpolecca
¢ nomoipio Y3AC, ecniu mpoKCHMManabHas TpaHMUIA
KIMHUYECKUX MpOosIBIeHuii Tpombo3a B Oacceii-
He OOJIBIIION MOAKOXXHOJ BEeHbI JOCTUTAaeT CpemHeit
Tpetu 6empa u/miau B GacceifHe Majoii MOIKOXKHOI
BeHbl — BepXHe TpeTu TolieHu, UTO peKOMeHAyeTCs
pacieHMBaTh Kak CUTyalMio BbICOKOTO puUCKa Iepe-
xoga Tpomba B cucTeMy Iiyookux BeH [121, 122, 123].
Yy B (YOI — 3).

 BoinosiHeHMe 3HAOBACKYISIPHBIX (MMIUIAHTAIMAS
KaBa-(QuIbTpa, KaTeTepHast TPOMOIKTOMMSI) U OTKPBI-
TBIX XUPYPTUUECKUX BMEIIATEIbCTB (TPOMOIKTOMMUS,
rmepeBsi3Ka IIyOOKOM BeHbI ITPOKCHMMAaJIbHEE TPOM-
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6a, uimkauus HIIB) B KauecTBe MeTofa IpemoTBpa-
meHust MmaccuBHOM TIJIA pekomMeHAyeTCs GOJIbHBIM
¢ TTB no cnenyromum nokasanusam [40, 124]. VY] B
(YOL —2):

— HeBO3MOXXHOCTb MPOBeAeHMsl Hajjiexalleil aH-
TUKOATYJISIHTHOM Tepanuu;

— He3(PEeKTUBHOCTh aJeKBATHOM aHTUKOAry-
JITHTHOJ Tepanuy, Ha (GoHe KOTOpOi MHPOUCXOIUT
HapacTaHue Tpom603a ¢ GopmupoBaHMEM 3MOOJIO-
oracHoro Tpomba (daorupyioniero Tpomba 3HauUM-
TeJIbHOTO AMaMeTpa JJIMHOI 6ojee 5-7 cMm);

- HaJyuye 5MOO0JI00ITacHOTO Tpomba WMIMOKa-
BaJIbHOTO CerMeHTa B MOMEHT IEPBMUYHOI OMarHo-
CTUKM TPOMOO03a;

— peuyauBupywimas TIJIA ¢ BbICOKOM (CUCTOMN-
YyecKoe JaBJIeHMEe B JIETOUHOM CTBOjIe >50 MM pT. CT.)
JIETOYHOV TUITepTeH3MeI;

— HEeKOppeKTHas TMO3ULMSI YCTaHOBJEHHON pa-
Hee IMMOCTOSIHHONM Monenu KaBa-GuibTpa (Harmpumep,
MUTpalMsi €ero B IOYEUYHYI0 BeHY), MCKIIUarollas
BO3MOXHOCTb TIOBTOPHOM MMIIaHTaUuM (ITJIMKa-
LIMIO MPOU3BOISAT Iowie GIed0TOMUU U YOATEHUS
KaBa-(GuabTpa).

« [Ipu BbISIBIEHNUY B CTallOHApe 3MO0I00MTACHOTO
(¢pnotupyromero) Tpom6a y 60JIbHOTO € HOBPEXKIEHMU-
aMy uiu 3aboneBaHusMu OIIA, He HYKIAIOIIEroCs
10 3TOMY IOBOZAY B 3KCTPEHHOM WJIM CPOYHOM OIle-
paTMBHOM BMellaTeabCTBe, PEKOMEHIYeTCsI MMILIaH-
Tanusi CbeMHOM Mojeny KaBa-GbuiabTpa, Mocie 4ero
BO3MOXHO OIlepaTuBHOe BMelaTeabCcTBO Ha OIIA
B CpOKM, OIlpefessieMble TPaBMaTOJIOTrOM-OpTOIle-
IoM. TakTUMKY aHTMKOATry/ISTHTHOM Tepanuu peKOMeH-
IIyeTCcsl MUCIOAb30BaTh aHaJOTUMYHYI0 MPUMEHSIEMOIA
rpu HeambonoomnacHoi dopme TI'B [125, 126]. YV, B
(YOI —3).

« [Ipu BeISIBJIEHMM B CTAIlMOHApe TpoM603a WIIMO-
KaBaJIbHOTO CETMEHTA Y 60JIBHOTO C MTOBPEXKIEHUSIMU
winu 3abonmeBauusimu OJJA ¥ HYKAAIOLIErocs MO 3TO-
MY TIOBOAY B 3KCTPEHHOM MJIM CPOYHOM OIlepaTuB-
HOM BMeIIaTeIbCTBE 1100071 (GOPMBI, 13-3a BBICOKOI
BEPOSITHOCTM TIPOTPECCHPOBAHUS TPOMOOTUUECKOTO
Mpoliecca pPeKOMeHAyeTCsl MMIUIAHTalUsl ChbeMHOM
Mozeny KaBa-GuabTpa C MOCaeAyIOMM BbITIOTHEHN -
eM TpeJnojaraeMoro ornepaTuBHOTO BMellaTelbCTBa
Ha OJIA [125, 126]. VYO B (YOO — 3).

« IIpy BBIABIEHUM B CTalyMoHape 3M6o0oo0mac-
HOro Tpomb6a OGempeHHO-TIOOKOJEHHOI0 CerMeHTa
y GOJIBHOTO C MOBPEXKIEHUSIMY WK 3a60/I€BaHUSIMUA
OIA, Hy)KOaIIerocsi Mo 3TOMY HOBOAY B 3KCTPEH-
HOM MM CPOYHOM OIEPATMBHOM BMeEIUIATENbCTBE,
peKoMeHyeTCs MUMILIaHTalUsl ChbeMHOM MOJeNu Ka-
Ba-GwiIbTpa 160 B KauecTBe aJbTePHATUBBI Iepe-
BSI3Ka (WUJIM IUIMKALMs) TTOBEPXHOCTHOM OemIpeHHOl
BE€Hbl pAacCCacChIBAIOIIENCS JUraTypoii C MOCaeny-
IOIMM BBITIOJTHEHMEM IIPeAIiosaraeMoro ofmepa-
TUBHOTO BMemaTeabcTBa Ha OJA [125, 126]. YV B
(YOO — 3).

o [Ipu BBISIBJIEHMM B CTal[MOHAape M30JIMPOBAHHO-
ro TpoM0O03a BEeH TOJIEH! Y MAlMeHTa, HY>KIAI0Ierocs
B BBIMIOJTHEHMYM 3KCTPEHHOTO WJIM CPOYHOTO OIlepa-
TMBHOTO BMEIIATEIbCTBA HAa OMOPHO-IBUTATEIbHOM
ammapaTte, peKOMEHIYeTCsl MpOoBedeHMe HeoOXOmu-
MOTO BMeEIIATe/JbCTBA ¥ Ha3HAUeHMe aHTUKOary-
JITHTHOM Teparuu B IOC/IE0IEpPaliOHHOM IIepUOe
Ha (hoHEe AMHAMMUECKOTO YIbTPa3BYKOBOTO KOHTPO-
JIST COCTOSTHUS TpoMba ¥ BeHO3HOro pycia [125, 126].

VVILB (VI — 3).

TepMI/IHbI U oIpeneeHus

BenosHvle  mpom0Ooambonuueckue  OCJI0OMCHEeHUs
(BT30) — cobupaTtesbHOE IIOHSTHE, O0beINHSIOIIEee
TpoM603 MOAKOKHBIX, INTyOOKMX BEH, a TaKXKe JIerod-
HYI0 TPOMO603MOO0INIO.

Tpom6o3 enybokux eeH (TIB) — Haauuue TPOM-
6a B IIyOOKOI BeHe, KOTOPbIii MOKET BBbI3BATh €e
OKKJTIO3UIO.

Tpom603 nosepxHocmmbix eeH (TIIB, mpombodge-
6um) — Haauuue TpoMba B ITOBEPXHOCTHOJ BeHe,
KOTOpOE OOBIYHO COIPOBOKIAETCS KIMHUYECKU
oTpe[esieMbIM BOCITAJIEHUEM.

Tpomboambonus nezounsix apmeputi (TIJIA, nerou-
Hasi TPOMO05MOO0JIVSI, JIeroUHast SMO0JIMsI, TPOMO60IM-
60/MsT JIETOYHOI apTepun) — IoNafaHue B apTepumn
MaJIoTo Kpyra KpoBooOpaiieHust TpoM60B — 5MO0JIOB,
KOTOpbIe MUT'PUPOBAIM M3 BEH GOBIIOTO KpyTa.

INocmmpombomuueckas 6one3us (IITF) — XpoOHU-
yeckoe 3ab0j1eBaHNe, 00YCIOBIEHHOE OPraHNYecKuM
MOpakeHNeM ITTyOOKMX BEH BC/IEICTBME IEepEeHeCeH-
HOTOo TpoM603a. [TposBIIsIeTCST HapyIllleHVeM BEHO3HO-
r'0 OTTOKA U3 MOpPaykeHHO¥ KOHEYHOCTM.

Ipodunakmuxka BTIO — cucrema mep, Hampas-
JIEHHAsI Ha TIpenynpeskaeHe pasBUTHSI OTACHBIX JIJIsST
SKU3HM TTAlMeHTa ¥ QYHKIMM KOHEYHOCTU OCIOXKHE-
Huit (TOJIA u TI'B).

CnmcoK coKpauneHmim

ABK — anTaroHuctsl ButammHa K
(QaHTMKOATY/ISIHTBI HENIPSIMOTO NeiCTBYS)

AJl — apTepuanbHOe JaBJieHNUE

ACK — aneTuncannumnioBasi KMC/IOTa

AUYTB — aKkTMBMpPOBAaHHOE YaCTMUHOE
TPOMOOILJIACTMHOBOE BpeMs

BTS20 — BeHO3HBIE TPOMOOIMOOTMUECKIE
OCJIO>KHEHUST

KC — kosneHHbIl cycTaB

MHO — mexxpyHapogHOe HOpMaJIn30BaHHOE
OTHOIIIeHE

HMI' — HM3KOMOJIEKY/ISIPHBIE rerapuHbl

HITB — HyXHSIS TTo71as BeHa

HITBC — HecTepouaHbIE MPOTUBOBOCIIA/IMTEIbHBIE
CpeAcTBa

H®TI' — HedpaKIMOHMPOBAHHBII renapuH
OJA — onopHO-ABUTaTeNIbHBINM annapar
[TOAK — mipsimble opanbHbIE aHTUKOATY/ISTHTHI
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[IIITK — nocnemoBaTe/ibHAS ITePEMEKAIOIIASICS
IMHeBMaTHyecKass KOMIIpeccus

PKU — pangomMmu3upoBaHHbIe KIIMHUYECKIE
UCCIeN0BaHUS

TBC — Ta3obenpeHHbIii CYCTaB

TB — TpoM6UHOBOE BpeMs

TI'B — TpomM603 IITyOOKUX BEH

TITIB — TpoM603 ITOBEPXHOCTHBIX BEH

TII — TpoMmboIpodMIaKTMKA

TAJIA — TpoM605MOOIINSI JIETOUHBIX apTEPUIi
Y — ypoBeHb AOCTOBEPHOCTH A0OKA3aTEIbCTB
Y3AC — ynbpTpa3ByKOBO€e aHTMOCKaHMPOBaHME
VVYP — ypoBeHb yOeIuTeTbHOCTY PEKOMEHIAIIUN
Il — sHAOIpOTE3UpPOBAHNE
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cocrasiisgeT 20 ynet. [TonydeHHbIE CBEAEHMST PAHXUPO-
BaHbI 10 YPOBHIO JOCTOBEPHOCTU (I OKAa3aTEIbHOCTN)
B 3aBMCUMOCTU OT KOJIMUYECTBA M KayecTBa UCCIeN0-
BaHMI1 110 JaHHOJ mpobieMe. ABTOPBI MCIIOJIb30BaIN
METOOMKY OLIeHKM YPOBHS yOeAuTEeNbHOCTU PEKO-
MeHJalMi1 U CTeleHM JOCTOBEPHOCTU JOKa3aTelbCTB
cornacHo Ipunoskennio 2 K Tpe60BaHUSIM K CTPYKTY-
pe KIMHUYECKX peKOMeHAalnii, COCTaBy ¥ Hay4HO
060CHOBAaHHOCTY BK/IIOYAEMOJi B KIIMHUYECKIE PEKO-
MeHZanuuy MHGOPMAaIM, YTBEPKIEHHBIM ITPUKA30M
Mwun3apasa Poccun ot 28.02.2019 1. N2 1034.

Tabauua IT1

Illkasia oIeHKM yPOBHEM JOCTOBEPHOCTH JoKa3aTeabcTB (Y1) A1 MeTOgOB JMarHOCTUKU
(DuarHoCTUYeCKUX BMeNIaTe/lIbCTB)

YpoBeHb
Twum gaHHbBIX
JIOCTOBEPHOCTHU
1 CucteMatuueckue 0630pbl UCC/IEIOBaHNIT C KOHTPOJIEM pedepeHCHbIM METOIOM
VIV CUCTEMATUYECKI 0630p PaHIOMM3UPOBAHHBIX KIMHUYECKUX VICCIEIOBAHNI C MpUMeHeHeM
MeTaaHa/M3a
2 OTaenbHbIE VICCIEOBAHMS C KOHTPOJIEM pedepeHCHbIM METOAOM WM PAaHAOMU3UPOBAHHBIE
KIMHUYECKIME VICCIEIOBAHMS M CUICTEMATUYECKMe 0630PbI MCCIeNOBaHMIt TH060T0 MM3aiiHa,
3a VICK/TIOUEHMEM PaHIOMMU3MPOBAHHbIX KIMHUUECKUX MUCCIeIOBAHMIA C IPYMEHEeHEM
MeTaaHa/M3a
3 HWccnemoBanus 6e3 OC/IeqoBaTebHOTO KOHTPOJIS pedepeHCHBIM METOOM UJTU MCC/IeT0BAHMS
¢ pepepeHCHBIM METOOM, He SIBJITIOIMMCSI He3aBUCYMBbIM OT MCCIeIyeMOT0 METO/IA,
WM HepaHJOMM3VPOBAHHbIE CPABHUTETbHBIE VICC/IeOBAHMSI, B TOM UMC/Ie KOTOPTHbIE VICCIeIOBaHMS
JI060ro ausaiHa
4 HecpaBHUTeNbHbBIE UCCIENOBAHNS, OMMCAHME KIMHUYECKOTO CTydast
5 MmeeTcs nirb 060CHOBaHMe MeXaHV3Ma AeCTBYUS WM MHEHME SKCIIEPTOB
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Tabnuya I13

IlIkana omnpeneneHuss YpoBHE yoeTUTEIbHOCTU PEKOMeH aImii

Kareropusa

OmnucaHue

A OpHo3HauyHasg (CMIbHAsT) peKOMeHIalMs (BCe MCCIeJ0BaAHMS MMEIOT BbICOKOE MM YIOBAETBOPUTEIbHOE

MEeTOO0JIOTMYeCKOe KaueCTBO, MX BbIBOABI ITIO MHTEPECYIOIIMM UCXO0AaM ABJISIOTCS COI‘J'[aCOBaHHI)IMI/I)

B HeonHo3HauHas (Yyi0BHas) pekoMeHAanus (He Bce UCCIef0BaHus MUMEIOT BbICOKOe MU

He SABJISI0OTCS COI‘J'IaCOBHHHbIMI/I)

YOOBJIETBOPUTEIPHOE METOOO/JIOTMYECKOE KaueCTBO, X BbIBOJBI IT0 MHTEPECYIOIIMM MCXO0OaM

C Huskasa (Cna6a5{) peROMeHAauus — OTCYTCTBME JOKAa3aTe/JIbCTB HAJIEXKAIIEro KayeCTBa (BCE ncciaegoBaHUAa

COIIaCOBaHHBLIMM)

VIMEIOT HM3KO0€e MEeTOA0/IOrMYeCKOe KauyeCTBO, MX BBIBOAbI 110 MHTEPECYIOIIMM MUCX0O4aM He SBJISI0OTCS

Tabnuya I12

IlIka/ia OoIeHKM YPOBHel TOCTOBepHOCTH JoKka3aTeabcTB (Y1) A1t MeTogoB MpodIMIaKTHUKMH,
JNeueHus U peadbuautanum (IpodnIakKTUIeCKNX, TedeOHbIX, peadM/IMTAIMMIOHHbIX BMeIlIaTeIbCTB)

VpoBeHb
Tun maHHBIX
IOCTOBEPHOCTU

1 CucreMaTUUeCKIiT 0630P PaHAOMMU3UPOBAHHBIX KIMHUUECKMX MUCCIENOBaHMIt C IpUMeHeHeM
MeTaaHa/lIm3a

2 OTnenbHbIe paHIOMMU3MPOBAHHbIE KIMHUUECKIME VCCIeIOBAHMS U CUCTeMaThYecKe 0630pbl
MCC/IeqoBaHM TI060r0 aA13aiiHa, 3a MCKIIUeHMeM PaHI0MU3VPOBAHHbBIX KJIMHUYECKUX
UCCIeIOBaHUI ¢ MPUMeHeHeM MeTaaHaan3a

3 HepanmomusupoBaHHbIe CPaBHUTEIbHBIE MICCI€N0BAHMS, B TOM UMC/Ie KOTOPTHbIE MCC/IeIOBaHMS
JII000rOo au3aiiua

4 HecpaBHUTe/NIbHbIE, OMMCAaHME KIMHUYECKOTO CIydas UK Cepum CaydaeB, UCC/IeloBaHMe
«CITy4aii-KOHTPOJIb»

5 VimeeTcst muiilb 060CHOBaHMe MeXaHW3Ma JIeICTBYSI BMENIATENbCTBA (IOKIMHNYECKME UCCTIEN0BAHMS)
VIV MHEHMe 5KCIIepTOB

JOIIOTHUTEJ/IbHASI THO®OPMALIMISI

3asenexHslii 6k1a0 aémopos

Bce aBTOpBI cenany 3KBMBAJIEHTHBI BKIaJ B MOATO-
TOBKY ITyOIMKAIIVA.

Bce aBTOpBI mpowin U omo6pUIN GUHAIBHYIO BEPCUIO
PYKOMMCH CTaTbU. Bce aBTOPBI COTMIaCHBI HECTU OTBETCTBEH-
HOCTH 3a BCe acHeKThl paboThl, YUTOOBI 06eCIIeunTh HamjIe-
kalllee pacCMOTpeHMe U pellieHMe BCeX BO3MOKHBIX BOIIPO-
COB, CBSI3AHHBIX C KOPPEKTHOCTHIO ¥ HAZEKHOCTBIO 060
yacTy paGoThl.

Hcmounuk  ¢uHaHcupoeaHusi.  ABTOpPbI  3aSIBJISIIOT
06 OTCYTCTBMM BHelIHero ¢hMHaHCUPOBAaHUS NIPU NpOBeJe-
HUM UCCITeSOBAHUSI.

Kongaukm unmepecos. ABTOpBI IeKJIapUPYIOT OTCYT-
CTBUE SIBHBIX M TIOTEHLIMATbHBIX KOH(MIMKTOB MHTEpecoB,
CBSI3aHHBIX C MyGIMKAIMel HACTOSIIEN CTAThU.

Amuueckas 3kcnepmu3a. He npuMeHuMa.
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Rozov and Kessler Tendon Sutures: Common Properties and Differences

Pavel A. Berezin!, Aleksandr S. Zolotov?, Rodion D. Volykhin?, Elena N. Evdokimova*,
Lev I. Morozov?, Ilya A. Lazarev?®
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Background. The Kessler suture is one of the most common tendon repair techniques and can be found
schematically in most manuals of hand surgery, along with Bunnel and Tsuge sutures. In our country, the seam
proposed by V.I. Rozov, while a number of authors believe that Rozov and Kessler sutures are very similar. Both
techniques, both the Rozov’s suture and the Kessler suture, have a large number of modifications that differ
significantly from the originals, but retain the author’s names, which confuses and hinders the analysis of the
use of various methods for restoring the integrity of the tendons.

The aim — to find the correct author’s description of Rozov’s suture and Kessler’s suture, test original
techniques on a tendon model, compare techniques, analyze common properties and differences.

Methods. Information was searched in domestic and foreign literature, manuals on traumatology and
orthopedics, monographs, methodical letters, materials of congresses, Internet resources. Approbation of the
methods was carried out on a tendon model, which was a silicone rod with a diameter of 1 cm.

Results. The first image of the Rozov’s suture discovered by us, dates back to 1958, the original “grasping”
technique of flexor tendon repair was proposed by I. Kessler in 1969. These techniques have a number of
significant differences in the location of nodes, methods of fixation and planes of threads in the thickness of
the tendon.

Conclusion. The data of this study give reason to believe that V.I. Rozov and I. Kessler proposed two different
ways of applying a tendon suture.

Keywords: tendon repair, Rozov suture, Kessler suture, history of medicine.
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CyxoxunbHble wBbl Po3oBa u Kessler: o6wme cBoicTBa U pasnuuus

I1.A. Bepesun', A.C. 3onotos?, P.JI. Bonbixuu ®, E.H. EBDokumoBa*,
JI.. Mopo3soB?, U.A. JlazapeB>

L@I'BOY BO «fpocnasckuii 2ocydapcmeerHsili meduyuHckuti yHusepcumem» Munsdpasa Poccuu,
2. Slpocnasns, Poccus

2@I'AQOY BO «[ansHesocmouHblii pedepanbHolii yHusepcumems, 2. Bnaousocmoxk, Poccus

3@IBY «HauuoHanvHwili MeOUyUHCKULL uccnedosamensckuti ueHmp mpasmamoiozuu
u opmoneduu um. P.P. Bpedena» MuH3dpasa Poccuu, 2. Cankm-ITemep6ype, Poccus

4I'BY3 AO «ApxaHzenvckas 00/1aCmMHAs KAUHUueckas 60apHulUa», 2. Apxaueensck, Poccus

S*@I'BOY BO «CesepHblii 20cydapcmeeHHaili mMeduyuHckuii ynusepcumem» Murnsopasa Poccuu,
2. Apxaneensck, Poccus

AxmyansHocme. 1lloB Kessler gBisieTcs ogHoit 13 Haubosiee pacIpoCTPaHEeHHBIX METOAMK BOCCTAHOBJIEHMS
CYXOKUJIMIA, & ero cXxeMaTudeckoe M300pakeHMe MOKHO HailTV B OOJbUIMHCTBE PYKOBOACTB IO XUPYPTUU
KUCTU, Hapsimy co mBamyu Bunnel u Tsuge. B Hamieii cTpaHe TaKoil ske IOIYJISIPHOCTBIO TTOJb3YeTCs IIIOB,
rpemiokeHHbI B./. PO30BbIM, ITpM 9TOM psIi aBTOPOB CUMTAET, UTO IIBbI Po30Ba 1 Kessler ouenp moxosxku. Kak
moB Po3oBa, Tak u moB Kessler uMerOT 60JIbIIIOe KOAMUYECTBO MOAMMUKAIINIA, CYIIECTBEHHO OTIMYAIOIIXCS
OT OPUTUHAJIOB, HO COXPAHSIIOIIUX TIPU 3TOM aBTOPCKME Ha3BaHMSI, UTO BHOCUT MYTaHUILY U MelllaeT aHa/IU3y
MCII0/Tb30BaHMsI Pa3IMUHBIX CITOCOO0B BOCCTAHOBJIEHMS LIEIOCTHOCTH CYXOXKUITUIA.

Ilenv uccnedoeanun — HaiiT KOppPeKTHbIe aBTOPCKMe omucaHus iBa PosoBa u mBa Kessler, anmpo6upoBaTh
OpUTMHA/IbHbIE TEXHMKM HA MOMEIN CYXOXKU/IMSI, CPABHUTH METOAVKM, ITPOaHaIM3MPOBaTh 06IIIe CBOCTBA U
pasanyus.

Mamepuan u memoodel. IIpoBefeH MOUCK MHGOPMALIMM B OTEUECTBEHHBIX U 3aPYOEXKHBIX MyONMKALINSIX, PY-
KOBOZCTBAX 10 TPAaBMAaTOJIOTUM M OPTOTIeaNM, MOHOTpadMsIX, METOAMUECKUX MTMCbMAax, MaTepuaaax Che30B
1 KOHTPeCCOB, MHTEpPHEeT-pecypcax. Arpobaiius MeTOOMK IPOBOAUIACh Ha MOIEIM CYXOXKU/IMS, B KauecTBe
KOTOPOJi UCIT0JIb30BaJICS CUIMKOHOBBIN CTepXXeHb AaMeTpoM 1 cM.

Pezynemamel. TlepBoe usobpakenue mBa B.M. Po3oBa, o6HapykeHHOe Hamu, gatupyercss 1958 r., opuru-
HaJIbHasl «0OXBaThIBAIOIAasS» TEXHIMKA BOCCTAHOBIIEHMIT CYXOKMINit crubaTesiei 6buta mpemioxkena I. Kessler B
1969 r. [laHHbIe METOIMKIN UMEIOT PSIIT CYIIeCTBEHHBIX Pa3nuuii B pacrooXXeHuy y3JI0B, criocobax (ukca-
LIMU U TVIOCKOCTSIX MPOBeAeHMSI HUTEI B TOJIIIE CYXOXKUIUS.

3axntouenue. [laHHbIe BBITTOJHEHHOTO MCCAEI0BaHMS JAIOT OCHOBAHMS Toarath, yto B.U. Po3oB u 1. Kessler
MpeIIOKMIN IBa Pa3sHbIX CII0c06a HATOKEeHMs CYXOXKUIbHOTO IIBa.

KnioueBble c/10Ba: OB CyXOKMJIKS, 110B P030Ba, 1moB Kessler, McTopys MeaUIIVHBI.

Bepesun IL.A., 3omotoB A.C., Bonbixun P.JI., EBgoxumoBa E.H., Moposos JI.U., JlazapeB UN.A. CyXxoXujibHble
mBbl Po3oBa u Kessler: obmme cBoiicTBa u pasnuuus. Tpasmamonozust u opmonedus Poccuu. 2022;28(3):167-175.
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BACKGROUND

Once every three years, hand surgeons from all
countries and continents traditionally gather for
an international professional congress. At each
congress, a group of the most outstanding spe-
cialists is awarded the honorary title of "pioneer
of hand surgery". In 2001, at the VIII Congress in
Istanbul, Israeli surgeon Isidor Kessler was rec-
ognized as one of the "pioneers". The "grasping”
technique of tendon repair, proposed by this sci-
entist in 1969, is still one of the most common
ways of flexor tendons suturing. Thus, according
to a survey of hand surgeons conducted in the UK
in 2014, 36% of them used the Kessler technique
to repair flexor tendons, which was the most
popular result [1]. In our country, the suture pro-
posed by V.I. Rozov has gained similar popularity.
And number of authors believe that the Kessler
suture is very similar to the Rozov suture [2, 3, 4].

Both methods, both the Rozov suture and the
Kessler suture, have a large number of modifica-
tions that differ significantly from the originals,
but at the same time retain the author's names,
which confuses and interferes with the analysis
of the use of various methods for restoring the
integrity of tendons.

The aim of the study was to find correct au-
thor's descriptions of the Rozov suture and the
Kessler suture, to test original techniques on a
tendon model, to compare techniques, to analyze
common properties and differences.

METHODS

Information was searched in domestic and world
databases (eLibrary, PubMed, Google Scholar),
manuals on traumatology and orthopedics, mon-
ographs, methodical letters, materials of con-
gresses, Internet resources.

The approbation of the techniques was carried
out on a tendon model, which used a silicone rod
of circular cross-section with a diameter of 1 cm.
The seams were applied with a polypropylene
thread with a thickness of 0 USP (3.5 metric) on a
piercing needle.

RESULTS AND DISCUSSION

The first image of V.I. Rozov's technique was dis-
covered by us on the pages of the collection of

abstracts "New methods of diagnosis and treat-
ment, instruments, apparatuses and devices in
traumatology and orthopedics" in 1958 [5]. At the
same time, in the sources previously referred to
by other authors (V.I. Rozov's dissertation for the
degree of Doctor of Medical Sciences (1950), his
monograph "Injuries of the tendons of the hand
and fingers and their treatment" (1952) and the
article "Topical issues of the primary suture of the
fingers flexor tendons" (1958), any mention the
author's method of suturing was not revealed |2,
3]. Proceeding from this, we dare to assume that
for the first time the original technique of sutur-
ing Rozov was presented in the section "Variant
of the tendon suture" of this collection (Fig. 1).

In his abstract, Rozov notes that the variant
of the suture he proposed is essentially a simpli-
fication of the technique proposed by Bloch and
Bonnet (Fig. 2) [5].

An interesting fact is that in the illustration,
the transverse component of the suture is depict-
ed as a solid line, which gives the impression that
the thread in this area is located outside the ten-
don. The author of the suture himself does not
give a detailed method of its application in the
text, limiting himself only to the presented draw-
ing. In the later works of the Leningrad Research
Institute of Traumatology and Orthopedics,
when depicting this suture, the thread is already
displayed throughout with a dotted line, which
suggests that it was carried out inside the core

(Fig. 3) [6].

Fig.1. Scheme of Rozov
suture (1958) [5]

Fig. 2. Scheme of Bloch-
Bonnet suture 1958 [5]
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Fig. 3. Scheme of Rozov suture
(1960) [6]

When applying the Rozov suture, each end of
the injuried tendon is sutured with a separate
thread, while only two small fragments of suture
material remain on its sliding surface along the
"side" surfaces, and the free ends of the threads
are brought into the plane of rupture (Fig. 4).

The disadvantage of the Rozov suture is the
fact that its intra-tendon component is located
only in one plane — the frontal one, on the ba-
sis of which the probability increases that with
increasing load the thread will cut through the
tendon. In addition, when using this technique,
the nodes are located between the ends of the re-
stored tendon, which, according to recent data, is
associated with a high risk of suture failure [7, 8,
9, 10].

Fig. 4. Rozov suture: scheme of suture (a); the end
of the silicone model stitched according to Rozov
in frontal (b) and sagittal (c) planes; appearance of
Rozov suture on a silicone model (d)

The "grasping technique" of flexor tendon re-
pair was first proposed by Isidor Kessler in col-
laboration with Fuad Nissim on the pages of the
journal Acta Orthopaedica Scandinavica in 1969
in an article entitled "Primary restoration of flex-
or tendons in the tendon canal without immobi-
lization: an experimental and clinical study" [11].

The original Kessler suture technique involves
fixing the thread to each end of the restored ten-
don using two locking loops located on its slid-
ing surface (Fig. 5). This technique prevents the
threads from shifting inside the tendon, reduc-
ing the likelihood of its ends diverging. Thus,
Kessler's "covering” technique is a suture with in-
terlockable loops.

Fig. 5. Kessler suture (1969): scheme of suture (a);
the end of the silicone model stitched according

to Kessler in frontal (b) and sagittal (c) planes;
Appearance of Kessler suture on a silicone model (d)

The video of the Kessler suture stages can be
viewed using the QR code (Fig. 6) or by following
the link https://youtu.be/m9V5hpOu4EQ .

.ll-E

Fig. 6. OR code with a link to
the video of the Kessler grasping
suture

[ =
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Inhis article I. Kessler notes that the "grasping”
technique is based on the technique proposed
by Mason and Allen, which is probably the first
blocking technique of suturing tendons [11, 12]
(Fig. 7). The disadvantage of the Kessler suture
is the location of the nodes fixing the threads on
the surface of the tendon, which reduces it slid-
ing properties. In order to neutralize this adverse
phenomenon, the authors proposed to partially
dissect the tendon channel [11].

The article, which described the Kessler tech-
nique for the first time, included preliminary data
on testing the new technique on 40 chicken ten-
dons and a description of 7 clinical cases. In 21
out of 40 experiments on a biological model, a su-
ture failure occurred under load, but in all cases
the reason for the failure was a thread break, not
a tendon eruption. The authors suggested that the
high frequency of breaks was due to the weakness
of the 0.008 inch (approximately 0.2 mm) thick
twisted wire used as a suture material, and ex-
pressed hope for the prospects of successful use of
the proposed technique in the future [11].

The Kessler suture became widely known
in 1973, when Doctors Urbaniak, Mortenson
and Cahill presented this technique at the an-
nual meeting of the American Society of Hand
Surgeons in Las Vegas. J.R. Urbaniak and his col-
leagues demonstrated the results of their analysis
of the tensile strength of five different methods
of tendon repair. The methods studied included
nodal sutures applied around the circumference
and techniques proposed by Nicoladoni, Mason
and Allen, Bunnell and Kessler (Fig. 7).

- * - o
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B - W e 8

4 interrupted sutures

-
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Fig. 7. Tendon repair techniques studied
by J.R. Urbaniac et al. [Cited in 12]

In total, each of the five techniques was tested
20 times on the tendons of dogs using 4/0 stain-
less steel threads. The Mason and Allen technique
was recognized as the most reliable, its tensile
strength was 4030 g. The Kessler technique was
the second with a result of 3970 g. When using
both methods, the reason for the failure was the
rupture of the threads in 16 cases and the suture
cutting in 4 cases. In addition, the strength of the
Bunnell technique and the Kessler technique in
the postoperative period was compared. On the
5th day after the surgery, the Kessler suture was 3
times stronger than the Bunnell suture [12].

It should be noted that the suture technique
used by J.R. Urbaniac et al. in their study differed
from the original Kessler technique in that a slid-
ing thread was used instead of a blocked loop
at each corner of the restored tendon, there-
fore, the thread was not fixed in the tendon and
could move freely in the tendon tissue (Fig. 8).
This technique rather resembled the technique
proposed by Kirchmayr in 1917 (fig. 9), than the
original Kessler seam [12].

Fig. 8. Kessler suture in Urbaniac modification
(1973): scheme of Kessler suture in the Urbaniac
modification (a); the end of the silicone model
stitched according to Kessler in the Urbaniac
modification in frontal (b) and sagittal (c) planes;
the appearance of the Kessler suture in the
modification of Urbaniac on a silicone model (d)
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l I Fig. 9. Scheme of Kirchmayr suture
(1917) [12]

It is also interesting that the Bunnel suture
presented in the study differs from the origi-
nal technique proposed by the author in 1918
(Fig. 10) [13]. Thus, the ]J.R. Urbaniac study com-
pared the modified Kessler suture with the modi-
fication of the Bunnel suture.

It is interesting to note that Kessler knew that
the suture technique proposed by Urbaniac et
al. differs from the original one, and in the same
1973 he published another article in which he
gave a detailed description of his "grasping” tech-
nique (Fig. 11) [14].

However, two years later, in 1975, an article by
J.R. Urbaniac et al. was published, which summa-
rized the theses of the congress of the American
Society of Hand Surgeons in 1973, and their in-
terpretation of the Kessler suture became popu-
lar and widely known as the true Kessler suture
[12].

Another common technique, sometimes mis-
takenly interpreted as the original Kessler suture,
is a variant with symmetrical suturing of the ten-
don ends and tying knots between them.

According to A.A. Gritsyuk and A.P. Sereda, the
authorship of this technique belongs to another
"pioneer” of hand surgery — a doctor from Japan
Tatsuya Tajima, who used it in his practice even
before 1963 [3]. T. Tajima himself, in his article
"History, current status and aspects of hand sur-

Fig. 10. The original
suture proposed by S.
Bunnel (Published with the
permission of the authors)
[13]

gery in Japan" (1984), notes that this technique
was first described in 1975 (Fig. 12) [15]. Some
authors even use a double eponym: the Kessler —
Tajima suture [16].

Fig. 11. Stepwise tendon repair technique using
Kessler’s grasping technique [14]

Fig. 12. Scheme of
Tajima suture [14]

The Tajima suture is very similar to the Rozov
suture, but unlike it, the threads are located in-
ternally in two planes: frontal and sagittal and
thus cover most of the tendon bundles (Fig. 13).

A detailed comparison of the original tendon
sutures of Rozov and Kessler reveals significant
differences in the location of nodes, methods of
fixation and planes of the location of the threads
in the thickness of the tendon (fig. 14).

The main differences are presented in Table 1.

Common in the discussed methods of tendon
suture can be considered the parallel arrange-
ment of the main threads in the tendon tissue,
the presence of two strands crossing the rupture
area, and the fact that the thread is fixed by two
nodes. However, these are common properties
characteristic of a large number of other tendon
sutures.
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Fig. 13. Tajima suture (1975): scheme of Tajima
suture (a); the end of the silicone model stitched
according to Tajima in frontal (b) and sagittal (c)
planes; the appearance of the Takima suture on a
silicone model (d)

Fig. 14. Schemes of (a) original Rozov suture and
original Kessler suture (b)

Table 1

Comparative characteristics of the examined sutures

Suture features

Rozov suture
1958-1960

Kessler suture
1969

Knots location

Thread fixation

Core threads location

Between the ends of the
injuried tendon

Blocking loops

In one plane (frontal)

On the surface of the tendon

Non-blocking loops

In two planes (frontal and sagittal)

Number of thread inlets
and outlets at the one end 6
of the tendon

In this article, we did not set ourselves the task
of analyzing in order to find out which method
is the best. We can only assume that Kessler's
"grasping” technique is more reliable due to
blocking loops, however, this statement requires
confirmation by conducting additional research.

CONCLUSION

The original techniques of Rozov and Kessler are
different ways of connecting the ends of injuried
tendons. The suture technique used by modern
surgeons in their practice and described as the
Rozov suture or the Kessler suture may differ sig-
nificantly from the classical version proposed by
these authors.
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