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Abstract

Background. Revision anterior cruciate ligament reconstruction is becoming more and more common in the
knee surgery due to the annual increase in the number of primary anterior cruciate ligament reconstructions.
Choosing the most suitable graft and determining the staging of the surgical treatment by preoperative
assessment of the possibility of performing the most anatomical revision canals and their interposition with
the primary canals are the main factors that influence treatment results.

Aim of the study — comparative assessment of the results of using hamstring tendon and peroneus longus
tendon autografts in a one-stage revision reconstruction of the anterior cruciate ligament.

Methods. A retrospective analysis of the medical records of 36 patients who underwent revision anterior
cruciate ligament reconstruction was performed. The patients were divided into two groups: in the patients of
the study group (n = 19) a peroneus longus tendon (PLT) autograft was used, in the comparison group (n = 17)
a hamstring tendon autograft (HT) was applied. Subjective and objective evaluation using the KOOS, IKDC, and
Lysholm scales was performed, and also position of the central entry points of the primary and revision canals
was determined. There were no statistically significant differences in the objective assessment of the knee joint
stability. Significantly better results of subjective assessment of the knee function according to the Lysholm
and KOOS scales were obtained in the PLT group (p = 0.042 and p<0.001, respectively). Position of revision
canals corresponded to the standard values, but position of the femoral canal had a slight cranial and anterior
displacement. It was also found that the PLT graft diameter was statistically significantly larger than the HT
graft diameter (p<0.001).

Results. There were no statistically significant differences in the objective assessment of the knee stability.
Significantly better results of subjective assessment of the knee function according to the Lysholm and
KOOS scales were obtained in the PLT group (p = 0.042 and p<0.001, respectively). Position of revision canals
corresponded to the standard values, but position of the femoral canal had a slight cranial and anterior
displacement. It was also found that the PLT graft diameter was statistically significantly larger than the HT
graft diameter (p<0.001).

Conclusions. One-stage revision anterior cruciate ligament reconstruction is a safe and effective surgical
procedure providing satisfactory objective and subjective clinical results. Use of peroneus longus tendon
autograft allows to obtain better results in comparison with the hamstring tendon autograft.
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Pedepar

AxmyanvHocme. PeBu3yioHHAs PEKOHCTPYKIIMS ITepelHelt KpecTooOpa3HO CBSI3KM CTAaHOBUTCS BCe 6osiee pac-
MPOCTPaHEHHBIM OINEPAaTMBHBIM BMeELIATE/IbCTBOM Ha KOJIEHHOM CYCTaBe BBUJY €XKEeTrOLHOTO yBeIuyeHUs KO-
JIMYECTBA BBITOTHEHHbIX €e TIePBUYHbBIX PEKOHCTPYKIMIL. BbIOOP ONTUMAaNbHOTO TPaHCIUIAHTATA U OTIpeese-
HMe 3TallHOCTU XUPYPruuecKoro JieueHus ¢ TOMOLIbIO ITpefoIepaliOHHO OLleHKY BO3MOKHOCTHM ITPOBeLeHMs
MaKCMMaJIbHO @aHaTOMMUYHbBIX PEBU3MOHHBIX KaHAJIOB M UX B3aMMOPACIIOIOXKEHUS C NePBUUYHBIMM KaHA/IaMU
SIBJISTIOTCSI OCHOBHBIMY (haKTOpPaMM, KOTOPbIE BIMSIOT Ha Pe3y/IbTaThbl TeUeHMSs.

Llenw uccnedosanus — CpaBHUTENbHAS OLIEHKA Pe3Y/IbTAaTOB IPUMEHEHMS ayTOTPAHCIIAHTATOB M3 CYXOXKMUITMIA
TIOAKOJIEHHBIX cTMbaTesieit rojleH U AJIMHHOM Mano6epiioBOi MBILIIBI IIPY OJHOSTAITHOM PeBU3MOHHOI pe-
KOHCTPYKLMU TIepeHel KpeCcToobpasHOIi CBSI3KM.

Mamepuan u memodst. IIpoBefieH peTPOCIEKTUBHbBIN aHAIN3 MeOULIMHCKOM TOKYMeHTaluK 36 naluyeHTos,
KOTOpBIM OblyIa BBITIOJIHEHA PEBU3MOHHASI PEKOHCTPYKIIMS TepelHeil KpecToo6pasHoii cBA3KM. [lalueHTbI
O6bLTM pa3feseHbl Ha JIBe TPYIIIbI: Y MALMeHTOB I'PYIIIbI MccaenoBanus (n = 19) ucmonb30Baics ayToTpaH-
CIUTAHTAT U3 CYXOXWIUS IJIMHHON MayniobepuoBoii Mmbimibl (PLT), B rpymnme cpaBHeHust (n = 17) — TpaHc-
IUTAHTAT U3 CYXOKWJINI TTOAKOMEeHHBIX crubaTesnei ronenu (HT). IIpoBoaunach cyobeKTUMBHAS M OOBEKTUBHAS
oneHka 1o mkajaam KOOS, IKDC u Lysholm, a Takke oIpenensiyioch MOJOXKEeHNE IEHTPAIbHBIX TOUEK BXOZA
B [IEpPBUYHbBIE Y PEBU3MOHHbIE KaHAIbI.

Pezynomamet. CTaTUCTUYECKY 3HAUMMBIX PA3JIMUMiL ITPU O6bEKTUBHOI OLleHKe CTaOMIBLHOCTM KOJIEHHOTO CY-
cTaBa He BBISIBJIEHO. JIyuliie pe3yiabTaThl Cy0ObeKTUBHOI oueHkM QyHKimy KC mo mkanam Lysholm 1 KOOS
nonyvyens! B rpynne PLT (p = 0,042 u p<0,001 coorBeTcTBeHHO). [To/I0)KeHMe peBM3MOHHBIX KaHAJIOB COOT-
BETCTBOBAJIO HOPMATMBHBIM 3HAUEHMSIM, OJHAKO TTOJIOKeHMe 6eIpeHHOro KaHajla MMeI0 He3HauuTe/lbHOe
cMeleHMe KpaHMaIbHO U Kiiepeay. TakKe BbISIBIEHO, UYTO AuaMeTp TpaHciiaHnTara PLT oka3asncs craTucTu-
YecKM 3HaUMMO O0Jibllle 3HAUeHMI1 muaMeTrpa TpaHcruiantata HT (p<0,001).

3axntouenue. OMHOSTAIIHAS PeBMU3MOHHAS PEKOHCTPYKIIMS TepefHeil KpecToo6pa3HO CBSI3KM SBIISIETCS 6e30-
MacHbIM U 3¢ GEeKTUBHBIM ONepaTUMBHBIM BMeLIATeIbCTBOM, 00eCIIeUNBAOLIMM YIOBIETBOPUTENbHbIE 00bEK-
TUBHBIE U CYyOBEKTUBHbIE KIMHUYECKME Pe3YIbTaThl. [IpyMeHeHMe ayTOTPaHCIUIAHTATa U3 CYXOKUIUS IJIMH-
HOJ Mayi06epIloBOi MBIl TTO3BOJISIET TOAYUUTD JYUIlMe pPe3yabTaThl MO0 CPABHEHUIO C TPAaHCIUIAHTATOM
M3 CYXOKMINI TIOOKOJIEHHBIX crubaTtesneii TojieHn.

KiroueBble (jIoBa: KOJIEHHBIN CYCTaB, MepemHsIs KpecToo6pasHas CBSI3Ka, PEBM3MOHHAS PEKOHCTPYKIIMS
repegHei KpecToo6pasHoOI CBA3KM, apTPOCKOIIMS.

Onsa uurupoBanusi: Todep A.C., AnmeknepoB A.A., T'ypaxkeB M.B., ABmeeB A.K., JlykuuoB B.JI., Py6uos [I.B.,
[TaBnoB B.B. CpefHeCcpOUHble PE3yIbTAThl OJHOSTAITHON PEBU3MOHHON PEKOHCTPYKIMU MepenqHeil KpecToo6pasHoii
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BACKGROUND

Arthroscopic anterior cruciate ligament (ACL)
reconstruction is one of the most common
surgical interventions on the knee. The number
of these surgeries is increasing annually due
to the promotion of an active lifestyle among
the population and the growing number of
experienced surgeons able to perform this type
of intervention. Modern surgical techniques
allow to achieve good results in most cases,
however, according to the scientific literature,
the share of unsatisfactory outcomes of primary
ACL reconstruction ranges from 5 to 20% [1, 2].
Accordingly, revision ACL reconstructions are
becoming more and more common.

The complexity of revision surgery is
determined by certain factors that directly or
indirectly influence the treatment outcome.
One of the most significant is the preoperative
assessment of the possibility to form the most
anatomical revision tunnels taking into account
the position and the size of the primary tunnels
and determining the stages of surgical treatment
[3, 4, 5]. The choice of the optimal graft, the
method of its preparation and fixation are also
one of the underlying factors that influence the
outcomes of revision surgery. It is known that
autografts have advantages over the synthetic
ones [6] or allografts [7, 8, 9], but in some
situations, the use of the latter allows to solve
non-standard problems arising when performing
revision intervention [10].

Additional positive influence on the outcomes
of revision ACL reconstructions is achieved
by simultaneous extraarticular interventions
— lateral extraarticular tenodesis [11, 12] and
correction of excessive anterior tibial plateau
inclination angle in the sagittal plane [13, 14].
However, these interventions increase the level
of surgical aggression and the risk of various
types of complications, therefore, they should
be performed for strict indications and not
universally.

Thus, the results of revision ACL
reconstruction depend on many aspects,
including graft selection, and the lack of a
common opinion on this issue was the reason
for performing a study to identify and confirm
those or other significant factors affecting
the outcome of surgical treatment.

Aim of the study is to perform a comparative
assessment of the results of using hamstring
tendon and peroneus longus tendon autografts
in a one-stage revision reconstruction of the
anterior cruciate ligament.

METHODS

Study design

This is a retrospective cohort comparative single-
center non-randomized study. A retrospective
analysis of medical records of 43 patients who
underwent revision ACL reconstruction at
Novosibirsk Research Institute of Traumatology
and Orthopedics n.a. Ya.L. Tsivyan in the period
from 2016 to 2019 was performed.

Inclusion criteria: a completed case of a one-
stage revision ACL reconstruction performed
during the reviewed period.

Non-inclusion criteria: multiligamentous knee
injury, 2-3 stage of knee osteoarthritis, severe
axial deformity of the knee, severe somatic
pathology, repeated revision interventions.

Exclusion  criteria:  two-stage  revision,
contralateral knee injury, no contact with the
patient.

Taking into account the inclusion, non-
inclusion, and exclusion criteria, we analyzed 36
completed cases (Fig. 1). Patients were divided
into two groups according to the type of tendon
autograft used: patients in the PLT study group
(n = 19) — a peroneus longus tendon (PLT)
autograft was used, while in the HT comparison
group (n = 17) — a hamstring tendon (HT) graft
was used.

Revision ACL reconstructions
performed between
2016 and 2019,
n=43

!

Surgeries that passed
the screening,

Cases excluded,n =7:

 two-stage revision - 2
¢ contralateral knee injury - 2

¢ n=36 ¢ * no contact with patient - 3
PLT HT
study group, comparison
n=19 group n =17

(Included) [Screening) [ Search )

e
e
oQ

. 1. Flowchart of the study design
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Methods of outcome assessment

The patients were evaluated using specialized
scoring systems for assessing knee function —
the IKDC 2000, Lysholm and KOOS
questionnaires. To assess the stability of the knee
in both groups, physical examination according
to the IKDC 2000 protocol (Lachman and pivot-
shift tests) was performed before surgery and
12 months after the operation. In the PLT
group, the functional state of the ankle joint
was assessed using the AOFAS scale before and
12 months after surgery.

MSCT scans were evaluated before and after
the surgical intervention. Diameter and position
of the central entry points of the primary and
revision bone tunnels were determined. The
method of anatomical coordinate axes was
used for the tibial tunnel and was calculated
as a percentage (Fig. 2). The method described by
M. Bernard et al. [15] was used to estimate the
femoral tunnel entry points (Fig. 3). The standard
coordinate values of the positions of the entry
points into the bone tunnels were taken as the
values corresponding to the well-known data on
the topography of the attachment point of the
native ACL to the tibia and femur [16].

Fig. 2. Position of the central attachment point
of the native ACL on the tibia (E);

Y — line drawn through the most prominent point
of the medial edge of the tibial plateau;

X — line drawn through the extreme point of the
anterior edge of the tibial plateau, perpendicular
to the line Y;

EX — distance from the anterior edge of the tibial
plateau (43.8%);

EY — distance from the medial edge of the tibial
plateau (48.9%)

Fig. 3. Position of the central attachment point

of the native ACL on the femur:

t — line corresponding to the Blumensaat’s line;

h — line passing through the extreme point

of the posterior edge of the lateral femoral condyle,
perpendicular to the line t;

Gh (%) — distance from the deepest point of the
medial edge of the lateral femoral condyle (29.9%);
Gt (%) — distance from the Blumensaat’s line (30.1%)

When analyzing intraoperative data, the
diameter of the revision graft, complications, and
duration of surgical intervention were assessed.

Statistical analysis

Descriptive statistics of continuous variables
were calculated as: median (Me) [first quartile
Q1; third quartile Q3], mean * standard deviation
(M%£SD), minimum-maximum values. For
binary variables, the number of events, their
frequency, and 95% confidence interval (95%
CI) of frequency were determined using Wilson's
formula. Comparisons of continuous variables
between groups were performed by the Mann-
Whitney U-test. The Spearman correlation
coefficients were calculated to determine the
strength of correlation between continuous
variables. Binary variables were compared by
Fisher's exact test. Differences between binary
variables were assessed by calculating the odds
ratio with 95% CI. Only two-tailed tests were
used. The Benjamini-Hochbreg correction
was applied in case of multiple comparisons.
Statistical hypothesis testing was performed
at a critical significance level of p = 0.05, i.e.,
a difference was considered statistically
significant at p<0.05. Statistical analysis was
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performed in the integrated development
environment (IDE) RStudio (version 2022.07.2
RStudio, Inc., USA) in R programming language
v.4.1.3 (2022-03-10, Austria).

RESULTS

Mean follow-up was 27.5¥11.9 months (range
12-48 months). General characteristics of the
patients are presented in Table 1.

Data on the initial fixation method and
primary graft and their distribution within the
compared groups (HT and PLT) are presented in
Table 2.

Table 1
Patients’ characteristics

Parameter Number (%), n =43
Gender*:
male 17 (39.5)
female 26 (60.5)

Age, years old* 34.4+8.7 (18-53)

Time of the follow-up, months* 27.5+11.9 (12-48)
BMI, kg/m?* 27.1+3.8 (19.4-41.4)

Time interval between surgeries,
months*

83.1£71.5 (6-372)

* —M % SD (min-max).

Characteristics of the primary tunnels in
both groups

When analyzing the results of MSCT scans,
a non-anatomic placement of initial tunnels
was revealed in 19 cases (52.7%). Of these:
13 (36.1%) — femoral tunnel, 2 (5.6%) — tibial
tunnel, 4 (11.1%) — both tunnels. Mean diameter
of the primary tibial tunnel was 7.48+0.69 mm,
femoral tunnel — 7.6+0.74 mm. Mean values
of coordinates of position of the central entry
points of the primary tunnels of the studied
groups are presented in Table 3 and illustrated
in Figures 4 and 5.

Analysis of the influence of the risk
factors on the development of the initial
graft failure

Damage to the initial graft in the absence
of trauma in the medical history or its low-
energy character was more frequent in case of
non-anatomic placement of the bone tunnels
(p<0.001). A statistically significant correlation
was also found between the time of development
of ACL graft failure and the age at the time of
the primary surgery (p = 0.041). There was no
statistically significant correlation between the
time of the graft failure development and BMI
(p = 0.744).

Table 2
Revision and primary grafts, initial fixation method in the groups, number (%)
.. Initial fixation method
Revision graft
n=736
Primary graft . ) ] _
HT PIT extracortical intratunnel combined Cross-pin
n=17 n=19
0(0.0) 7 (19.4) ST-auto 7(19.4) 0(0.0) 0(0.0) 0(0.0)
0(0.0) 10 (27.8) HT-auto 0 (0.0) 1(2.8) 3(8.3) 6 (16.7)
3(8.3) 1(2.8) BTB-auto 0 (0.0) 4(11.1) 0(0.0) 0(0.0)
3(8.3) 0(0.0) PLT-auto 0(0.0) 0(0.0) 3(8.3) 0(0.0)
10 (27.8) 0(0.0) Synthetic prosthesis 0(0.0) 10 (27.8) 0(0.0) 0 (0.0)
1(2.8) 1(2.8) Allograft 0(0.0) 2 (5.6) 0(0.0) 0 (0.0)
ST-auto — semitendinosus tendon autograft; HT — hamstring tendon graft; BTB — patellar bone tendon block;

PLT — peroneus longus tendon graft.
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Table 3
Mean values of placement coordinates of central entry points of primary bone tunnels,
M=SD (min-max)
Primary bone tunnel Parameter Norm PLT,n=19 HT,n=17 p
Tibial EX (%) 43.8%3.0 44.63*1.89 48.47%+10.85 0.666
(40-47) (30-71) :
EY (%) 48.9%3.0 47.79+2.20 (45-51) 46.82+10.96 0.081
(5-52)
Femoral Gh (%) 29.9%3.0 47.11+15.48 45.12+14.72 0.962
(28-67) (29-67)
Gt (%) 30.1%£3.0 19.26+9.84 (4-31) 28.94+14.94 0.122
(5-56)

Henceforward: EX (%) — distance from the anterior edge of the tibial plateau in percentage; EY (%) — distance from the medial edge of
the tibial plateau in percentage; Gh (%) — distance from the deepest point of the medial margin of the lateral femoral condyle in percentage;
Gt (%) — distance from the Blumensaat’s line in percentage.

Fig. 4. Average position of the central entry points
into the primary canals (marked in red) and revision
canals (marked in green) of the tibial condyle

Assessment of the intraoperative data

Duration of revision intervention did not differ

Fig. 5. Average position of the central entry points
into the primary canals (marked in red) and revision
canals (marked in green) of the femur

The PLT revision autograft had a statistically

statistically in the studied groups; however, significantly diameter than the
the PLT group had a lower mean value. HT autograft did (Table 4).
Table 4
Analysis of intraoperative data, M*SD (min-max)
Parameter PLT,n=19 HT,n=17 p
Surgery duration, mins 83.95%27.92 (55-170) 94.12£38.7 (45-180) 0.494
Graft diameter, mm 8.61%0.49 (7.5-9.5) 7.44+0.35 (7-8) <0.001
Diamgter of revision tunnels, mm:
femoral 5452069 100 0,999
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Analysis of the postoperative data

Analysis of the position of the central entry points
of revision tunnels showed that there were no
statistically significant differences between the
groups, and the mean values of the coordinates
of the central points were in anatomic positions.
Mean values of the coordinates of position of
the central entry points of revision tunnels of
the studied groups are presented in Table 5 and
illustrated in Figures 4 and 5.

Subjective and objective assessment
of treatment outcomes

When assessing knee stability using the IKDC
2000 protocol and pivot-shift test before and
after surgical intervention, no statistically
significant differences between the groups were
found (Table 6).

A comparative analysis of the results of
assessment of subjective parameters by the
KOOS and Lysholm scales 12 months after the
revision intervention revealed statistically
significantly higher values in the PLT group, but
the results were comparable according to the
IKDC scale (Table 7).

Functional state of the ankle joint and
foot in the PLT group was assessed using the
AOFAS scale. All 19 patients had comparable
results preoperatively, 99.00+0.94 (97-100) and
12 months postoperatively, 99.21+0.71 (98-100)
(p =0.919).

Repeated graft failure or rupture, as well
as postoperative complications that required
repeated surgical revision were not revealed in
both groups during the mentioned observation
periods.

Table 5

Mean values of placement coordinates of central entry points of revision tunnels,
M=£SD (min-max)

Revision tunnel Parameter Norm PLT,n=19 HT,n=17 p
Tibial EX (%) 43.8+3.0 44.58%1.61 (41-47) 43.41+3.02 (39-48) 0.629
EY (%) 48.9%3.0 48.42+2.59 (45-55) 48.71%1.93 (45-52) 0.469
Femoral Gh (%) 29.9+3.0 31.89+2.73 (24-36) 32.18+3.40 (25-39) 0.835
Gt (%) 30.1+3.0 30.79+4.2 (25-40) 30.53%3.61 (23-37) 0.861
Table 6
Objective knee stability assessment before and after surgery
Total, n = 36 PLT,n =19 HT,n=17
Test
after before after before
before surgery after surgery
surgery surgery surgery surgery
IKDC 2000; 0/0/22/14 16/20/0/0 0/0/10/9 6/13/0/0 0/0/12/5 10/7/0/0
Lachman test,
A/B/C/D
Pivot-shift test, 0/2/16/18 24/12/0/0 0/1/7/11 14/5/0/0 0/1/9/7 10/7/0/0
0/1+/2+/3+
p>0.999.
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Table 7
Comparative analysis of subjective assessment results of knee function, M+*SD (min-max)
PLT,n=19 HT,n=17 p
Scale before in12
before surgery in 12 months before surgery in 12 months surgery months

KOOS (total score) 48.58+7.61 82.95+3.84 47.29%9.60 73.71£3.64 0.558 <0.001
(36-63) (77-90) (34-62) (68-81)

KOOS (pain) 41.68+10.32 90.26+5.41 39.76*13.35 79.53%6.64 0.485 <0.001
(24-62) (82-99) (21-60) (69-91)

KOOS (symptoms) 60.74%5.61 84.58+7.6 59.18+7.23 77.18+5.79 0.465 0.013
(51-71) (72-95) (49-71) (66-88)

KOOS (everyday 69.53%5.09 89.05%5.19 68.59%6.22 79.47%£3.74 0.515 <0.001
activity) (61-78) (77-98) (60-78) (72-86)

KOOS (sport 42.11+10.49 84.11+5.64 40.65%13.18 76.47%7.81 0.456 0.004
activity) (25-62) (76-95) (23-62) (64-92)

KOOS 29.05+6.64 68.32+5.51 27.47+8.16 58.06+5.3 0.474 <0.001
(quality of life) (18-40) (55-80) (16-39) (46-66)

Lysholm 60.32+11.35 81.21+5.17 55.24*+10.65 77.35+4.49 0.158 0.042
(40-75) (72-89) 41-71) (68-84)

IKDC 2000 52.37+7.65 80.58+4.86 51.53+8.09 77.24+4.98 0.600 0.065
(38-65) (72-88) (38-65) (68-86)

DISCUSSION

Analysis of the results of modern studies allows us
to determine that the non-anatomic placement
of bone tunnel is one of the main technical errors
that lead to the ACL graft failure [5, 17, 18]. In
particular, J.A. Morgan et al. have found that the
incorrect placement of the femoral tunnel leads
to residual rotational instability of the femoral
condyle with chronic injury to the ACL graft and
the development of its failure [5]. Similar results
were obtained when analyzing the material of
our study: non-anatomic placement of the bone
tunnel was observed in 19 cases (52.8%), with the
most frequent isolated incorrect placement of
the femoral tunnel, which was located vertically
and anteriorly from the anatomic position.
When assessing the nature of trauma in this
category of patients, a statistically significant
correlation (p<0.001) was revealed between
the incorrect placement of the primary tunnel
entries and the development of the graft failure
in the absence of trauma in the medical history

or in case of injury mechanism characterized
by excessive load, which, other things being
equal, could not lead to the rupture of the ACL
or had a low-energy character. Thus, taking into
account the negative influence of the incorrect
placement of bone tunnels on the results of the
primary ACL reconstruction, there is a necessity
of their anatomical placement during revision
intervention to reduce the risk of ACL revision
graft failure.
Theanalysisofthedimensionalcharacteristics
of the bone tunnels during the revision
intervention in our study showed that their
average diameter was: 8.42%0.72 mm in the tibia
and 8.45*0.69 mm in the femur. The obtained
data show that the performance of a one-stage
revision ACL reconstruction with anatomically
placed tunnels in most cases is possible with
their diameter up to 10 mm, which is also
confirmed by the data of scientific literature
[19, 20]. The size of the prepared graft is most
often less than 10 mm, which may not allow
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adequate impaction into the canal due to the
differences in diameters of the tunnel and the
graft and lead, in turn, to the development of
graft failure [21]. Nevertheless, in some
studies, a one-stage revision was performed in
anatomically placed tunnels with diameters
ranging from 10to 14 mm [22,23].In our opinion,
this cannot be universally applicable for one-
stage surgical treatment, despite the known
methods of one-stage replacement of one of the
secondary dilated tunnels with bone-tendon
allografts [23, 24]. Meanwhile, preoperative
assessment of the interposition of primary and
planned tunnels plays an important role in
reducingtheriskofintraoperative complications.
In particular, two cases of intraoperative fusion
of primary and revision tunnels were observed
in our study, which led to an increase in the
duration of surgical intervention and forced to
perform a two-stage operation. Thus, we can
conclude that it is necessary to develop the most
accurate methodology of preoperative planning
based on mathematical calculations and correct
selection of patients for one- or two-stage
revision ACL reconstruction, especially taking
into account the available scientific publications
showing that the long-term results of
one-stage and two-stage revision interventions
are comparable [20].

The choice of a graft for revision ACL
reconstruction is still a subject of debate in the
surgical community. The results of modern studies
suggest the advantages of using the patient's own
tissues as a graft for ACL reconstruction [7, 25].
The most frequently encountered revision
autografts in the scientific literature are
hamstring tendon (HT) grafts, patellar bone
tendon blocks (BTB), and the quadriceps tendon
(QT) [9]- On the one hand, there are studies
reporting comparable results of tendon grafts
compared to bone-block grafts [26, 27]. On the
other hand, QT and BTB autografts have some
advantages, as under certain conditions they
allow performing revision ACL reconstruction
with one-stage bone grafting of the secondary
dilated tunnel and expect predictable results
[26]. Nevertheless, the available advantages, in
our opinion, do not overlap the negative aspects
that may result from the use of QT or BTB grafts.
The disadvantages include: an increased risk of

patella fracture with a graft with a bone block
of more than 1 cm, decreased rehabilitation
rates due to the fact that the quadriceps femoris
muscle is one of the main active stabilizers of the
knee and together with the patella ligament is a
direct participant of the knee extensor apparatus,
the problem of donor site soreness (pain in the
anterior knee), the presence of contraindications
for the use of this type of grafts in case of
degenerative changes in the patellofemoral
joint, as well as the relative difficulty of graft
taking. In turn, allografts are devoid of the above
disadvantages and due to the fact that they are
currently subjected to more effective methods
of sterilization, storage and transportation, they
allow to safely avoid problems associated with the
donor site, as well as make it possible to perform
one-stage bone grafting of the secondary dilated
tunnel and ACL reconstruction [10]. However,
this type of graft is not available to everyone and,
according to studies, has a higher risk of damage
than autograft [7, 8].

In recent years, there has been an increase in
the number of published studies analyzing the
results of ACL reconstruction using PLT autograft
[28, 29, 30, 31, 32]. In particular, KY. Phatama
et al. in their experimental cadaveric study
have found that PLT has better but comparable
strength characteristics than HT graft (p>0.05),
but compared to BTB and QT grafts, the
peroneus longus tendon has significantly higher
(p<0.05) tensile strength values [32]. T. Goyal
et al. analyzed the use of PLT as a graft for ACL
reconstruction, and on average after 2 years of
follow-up all patients included in the study had
good postoperative parameters according to the
Lysholm and IKDC scales (85.03%7.2 and 80.7+6
points, respectively). Also, the authors did not
record any cases of infectious complications
and graft failure [28]. In another study F.D. Shi
et al. performed a comparative evaluation of
the results of PLT and HT grafts in primary
ACL reconstruction. They obtained comparable
postoperative results between the groups when
assessed by the Lysholm functional scales (in
PLT group 92.00+6.81; HT 93.00+5.22) and
IKDC (in PLT group 90.13+3.01; HT 89.22+3.83)
at an average follow-up of 24 months [30].
Similar results were obtained in our study: at an
average of one year after surgical intervention,
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comparative analysis of subjective results on
the IKDC scale showed comparable values in
the PLT and HT groups (p = 0.065). However, the
KOOS and Lysholm scores in the PLT group were
statistically significantly higher than in the HT
group (p<0.001 and p = 0.042, respectively).

According to the modern studies data, the use
of PLT as an autograft for ACL reconstruction
does not have a significant negative effect
on the function of the foot and ankle joint
[28, 29, 30, 31]. In particular, ]. He et al. during the
meta-analysis revealed statistically significant
but not meaningful differences in the AOFAS
scale between preoperative and postoperative
scores (mean score decreased by 0.31; p = 0.01),
and when assessed by the FADI scale, the results
were comparable (mean difference of 0.02 points)
[29]. The results obtained in our study also prove
that there is no significant effect on foot and
ankle function. Specifically, when analyzing the
results of the AOFAS score, it was found that
the preoperative and postoperative scores were
comparable (p = 0.919).

The question of the influence of the graft
diameter on the results of ACL reconstruction
is quite often considered in modern studies. For
example, in the study of L. Spragg et al. and in the
article by T. Snaebjornsson et al. is shown that
the increase of the graft diameter by every 0.5 mm
(from 7.0 to 10.0 mm) resulted in the reduction of
the risk of revision by 0.82 times and 0.86 times,
respectively [33, 34]. The above-mentioned study
results are related to primary ACL reconstruction,
but these findings are also applicable to revision
intervention. In our opinion, the diameter of the
revision autograft should exceed 8.0-8.5 mm,
because, firstly, it is necessary to reduce the risk
of repeated revision by reducing the influence of
one of the risk factors, and secondly, this graft
size in most cases allows to "overlap" the diameter
of anatomically placed tunnel from the previous
intervention. The analysis of literature data
allowed us to determine that the PLT graft in most
cases has a diameter of more than 8 mm [28, 29,
30, 31]. S. Rhatomy et al. during the comparative
evaluation of the average values of PLT
(8.8#0.7 mm; 8 to 10 mm) and HT (8.2+0.8 mm;
7 to 9 mm) graft diameters revealed statistically
significant differences (p = 0.012) [31]. The results

obtained in the work of S. Rhatomy et al. are
confirmed by the findings of our study: the average
diameter of PLT graft was 8.7 mm (from 7.5 to
9.5 mm), which was significantly greater than
the average diameter of HT graft (7.6 mm; from 7
to 8 mm; p<0.001).

Limitations of the study

The present study has some limitations. Firstly,
the results were analyzed retrospectively
and, therefore, there was no randomization
of patients. Secondly, we did not analyze the
stability and range of motion in the ankle joint,
as the obtained results and their reliability in
the study of J. He et al. [29] were considered
sufficient. Thirdly, the small number of patients
included in the study is explained by the fact that
to date there has not been a sufficient number of
cases of revision ACL reconstruction where PLT
graft was used. The positive aspects of our study
are the analysis of the use of PLT autograft in the
framework of revision intervention in comparison
with the most popular HT graft. At the same
time, the use of international evaluation scales
(Lysholm, IKDC, KOOS) allows direct comparison
with foreign studies. The study is of preventive
nature due to expected increase in the number of
revision ACL reconstructions.

CONCLUSIONS

One-stage revision ACL reconstruction is a safe
and effective surgical intervention providing
satisfactory objective and subjective clinical
results. The use of PLT autograft allows to obtain
better results than the use of HT autograft
according to the KOOS and Lysholm scales.
Consideration of all possible factors affecting the
outcome of revision surgery may allow to obtain
the results comparable to primary anterior cruciate
ligament reconstructions. Further prospective
studies with a larger number of patients are
needed to confirm these results.
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