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Mid-Term Results of Total Hip Arthroplasty for Femoral Neck Nonunions in
Long-Term Hemodialysis Patients
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Pavlov First Saint Petersburg State Medical University, Department of Traumatology and Orthopedics,
St. Petersburg, Russia

Background: Performing primary arthroplasty in patient with renal osteodystrophy is associated with a number of difficulties
due to low bone mineral density, which complicates the fixation of the endoprosthesis components, the presence of bone
defects, and functional insufficiency of the gluteal muscles. The aim of the study — evaluation of the mid-term results of
primary total hip arthroplasty using cemented femoral and acetabular implants in hemodialysis patients with nonunions of
the femoral neck.

Methods: The authors conducted a study of 26 hemodialysis patients with pseudarthrosis of the femoral neck. The patients
were divided into 3 groups: group I (12 patients) — classification type A of the femoral neck nonunion, group II (10 patients) —
classification type B, group III (4 patients) — of type C who underwent total hip arthroplasty.

Results: The longest surgery duration was observed in patients of the III study group — 121.25%19.26 minutes. There were
no statistically significant differences between the patients of the II and III study groups. The smallest rate of intraoperative
blood loss was noted among patients of the 1st study group — 440.83+133.65 ml, the statistical significance of the differences
was obtained both between the 1st and II, and between the I and III study groups, respectively. The smallest total number
of complications after surgery was obtained in the 1st group — 4 (8.33%). Revisions were performed in 8 (30.7%) patients
among all three groups. There was a significant improvement on the Oxford hip score after 12 months (mean 29.8) and 24
months (mean 33.1) in all groups compared with preoperative results (mean 12.5). Twelve 12 months after surgery, the average
value of the pain severity was reduced by 72.6% and amounted to 2.01. The risk of getting any orthopedic complication in
cemented total hip arthroplasty of the classification type A of the pseudarthrosis is 2.5, with type B — 3.4, with type C — 5.7.
Conclusions: The classification of femoral neck nonunions in hemodialysis patients allows to determine the tactics of
surgical treatment. Cemented dual mobility cups are effective in patients with any type of femoral neck nonunions.
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CpeaHecpouHble pe3ynbTaTbl TOTAJIbHOrO 3HAOMNPOTE3UPOBAHUS
y NALMEHTOB C NCEBAOAPTPO30M LUEUKU 6eapEeHHON KOCTH,
HaXoAALWMXCA HA XPOHUYECKOM reMoauanuse

A.H.len, H.E. Mymrtun, A.K. Ilynaes, A.B. [llmenes

@I'BOY BO «Ilepsuiti Cankm-ITemepOypeckuti 2ocydapcmeeHHblii MeOuyuHcKuti yHusepcumem um. akad. U.I1. Ilasnosa»
Munszdpasa Poccuu, 2. Cankm-Ilemep6ype, Poccus

Pecdepar

AKmyansHoCcms. BbITONIHEHVE TIePBUYHOI apTPOIIACTUKM Ha (OHe PeHaJbHOM OCTEeOnUCTPOMUN COTMPSIKEHO C PSILOM
TPYZHOCTe, 06YyCIOBIEHHBIX HU3KO0M MUHEPATbHOM IUIOTHOCTHIO KOCTHOM TKAaHM, UTO YCIOXKHSIET (GUKCAIMI0 KOMIIO-
HEHTOB 3HJOIpPOTe3a, HAIMUMeM KOCTHBIX IedeKkToB, a Takke (HYHKIVOHAIbHO! HEJOCTATOYHOCTBIO SITOAUYHBIX MBbIIIILI.
Llens uccnedosanuss — OIeHKA CpeIHECPOUYHBIX DPe3ylIbTaTOB IEePBMYHOTO IHIOMPOTE3MPOBaHMSI Ta300eIpeHHOTro
cycTaBa C IpUMeHeHMeM I[eMeHTHBIX GelpeHHbIX U aleTaby/IsIpHbIX KOMIIOHEHTOB y TAIMeHTOB C JIOKHbIMM CyCTaBa-
MU 1ieiiku 6eppenHoit koctu (IUBK), Haxonsuumxcsl Ha remonuanuse. Mamepuan u memodst. [IpoBefeHO uccieqoBaHMe
26 TAIMEeHTOB TeMOIMAIM3HOrO Npodwmis ¢ JokHbiMU cycTaBamu LIBK. IMaryeHThl 6bUIM pacrpeneneHbl HA 3 IPyII-
nbl: rpynma I (12 yenoBek) — Tum A nicepgoaprtposa IIBK no kinaccudukanyuy aBTopos, rpymmna I (10 yenoBek) — tum B,
rpymmna III (4 60mbHBIX) — TuM C, KOTOPHIM ObLIO BBIIIOMHEHO TOTAIbHOE SHAOMPOTe3MPOBaHNE Ta306eAPeHHOr0 CyCcTaBa.
Pe3ynvmamei. Haubosbiias IJIMTeIbHOCTh OTIepaluy oTMeveHa y 60ibHbIX 111 rpyribl ucoteqoBaumus — 121,25%19,26 MuH.
Mexny nmauyeHtamu 11 u III rpymm cTaTUCTHMYECKY 3HAYMMBIX OTAMYMIT He 0OHapyskeHO. HauMeHbIMi1 mokasaTtenb MHTpa-
OIepalyiOHHO KPOBOIIOTEPYU OTMEeUEeH cpeay 60bHbBIX I rpymiibl uccmeqoBauust — 440,83+133,65 mi1, craTuCTUYeCKast 3Ha-
YMMOCTb OT/IMUMII TToyvYeHa Kak Mexay I u 11, Tak u mexxny I u 111 rpyninamu uccnegoBaums. HaumeHbliee o61iee Yymcio oc-
JIOKHEHMIA ITOCJTe oriepalu noiaydeHo B I rpyrme — 4 (8,33%). PeBu3MOHHbIE BMEIIaTeTbCTBA ObIIM BbITIOIHEHBI Y 8 (30,7%)
ManyeHTOoB Bcex Tpex rpymi. OTMeueHo 3HauMMoe yiyuileHrue GyHKIMOHAIbHBIX IToKa3aTeneii o mkane Oxford Hip Score
yepe3 12 mec. (cpenHee 3HaueHue 29,8) u 24 mec. (cpengHee 3HaueHue 33,1) BO Bcex rpyInax B CpaBHEHUU C IIpenoIrepa-
LIMOHHBIMM pe3yibTaTaMy (cpenHee 3HaueHue 12,5). Yepes 12 mec. mocie onepauuu cpefHee 3HaUeHMe BbIPaKeHHOCTU
60711 6bUTIO CHUKEHO Ha 72,6% u coctassiio 2,01. Puck pa3sBUTHS JIIOOOTO OPTOITEIMUECKOTO OCIOKHEHUS TTPY TOTAJTbHOM
LIeMeHTHOM HJIOIIPOTE3VPOBAaHMUM Y TAI[MEHTOB C JIOKHBIM cycTaBoM LIBK Tuma A cocrasiser 2,5; nipu Turie B — 3,4; pu
turne C — 5,7. 3axnouenue. TlpennoxkeHHas pabouast kiaccuduraums mncesnoapTpo3os IBK y manmneHToB, HAXOHSIIMXCS
Ha XpOHMYECKOM reMojuasu3e, o3BoJsIeT OMpelesiTh TAKTUKY XUPYPTUUECKOro jJeueHusl. lleMeHTHbIe areTabyisipHbie
KOMITOHEHTBI JBOITHOI MOOGMIBHOCTY 3¢ deKTUBHBI IPY MEPBUYHOM SHIOIPOTE3UPOBAHUM Ta300€IpeHHOTO CyCcTaBa IIpu
BCeX TUIIax rncesroaprposa lIBK.

KiroueBble ¢/I0Ba: JIOXKHbBII CYCTaB IIeiiku 6ePeHHO KOCTH, TOTA/IbHOE IIEMEeHTHOe SHAOIPOTe31POBaHme Ta300eApeH-
HOTO CyCTaBa, XPOHMYECKMIT TeMOIMAIN3, peHATbHAS OCTeOOUCTPODMS.

HcTounnK GMHAHCHMPOBAHUSA: TOCYIapCTBEHHOE OI0/KETHOE (PMHAHCHPOBaHMeE.

Llen A.H., Mywrrun H.E., TynaeB A.K., [lImeneB A.B. CpefHecpouHble pe3y/nbTaThl TOTATbHOTO SHAONPOTE3MPOBAHMS
y TalMeHTOB C I[ICeBA0apTpPO30M IIeiiku OedpeHHO KOCTY, HAXOASIIMXCS Ha XPOHMUYECKOM TreMOoAuaninuse.
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Background

The annual increase in the frequency of intra-ar-
ticular fractures of the proximal femur is a global
problem of modern traumatology. The issues of
high mortality remain relevant (14-40%) [1, 2, 3, 4],
general somatic complications (bedsores, pneumo-
nia, thrombosis, cardiovascular, etc.) (9-25%) [5, 6,
7] and orthopedic complications, among which the
most common are non-unions of the femoral neck
[8, 9]. In general population, the risks of various
complications and an unsatisfactory outcome of
treatment proximal femur fractures have a direct
correlation with age. In the population of patients
with end-stage chronic kidney disease (CKD) and
in need of renal replacement therapy (RRT), the
frequency of both general somatic and orthopedic
complications is significantly higher and has no re-
lation to age and gender [10, 11].

Against the background of violations of calcium-
phosphorus metabolism and the processes of remode-
ling of bone tissue and its mineralization, the problem
arises not only of restoring the integrity of the bone,
but also the strength of fixation of various metal im-
plants. In addition, when performing various types
of osteosynthesis for a pathological fracture of the
femoral neck in young patients undergoing chronic
hemodialysis develop infectious complications, which
significantly complicates further treatment [12]. The
most common pathogens of infectious complications
of surgical intervention site in patients receiving
chronic hemodialysis are Staphylococcus aureus and
Streptococcus epidermis, spreading hematogenously
through the arteriovenous fistula [13]. In case of de-
tection of a deep infection of the area of the hip joint
after surgical treatment, hip arthroplasty is performed
in two stages [14].

Total hip replacement is the method of choice
for patients with terminal CKD, not only in cases of
the development of femur neck non-union, but also
with fresh intracapsular fractures of the proximal fe-
mur, regardless of age. However, performing primary
arthroplasty against the background of renal osteo-
dystrophy is associated with a number of difficulties
due to low bone mineral density, which complicates
the fixation of the endoprosthesis components, the
presence of bone defects of both the acetabulum and
the femur [15], as well as functional insufficiency of
the gluteal muscles, which is reflected in the high fre-
quency of the endoprosthesis dislocations[16].

The aim of the study was to evaluate the medium-
term results of primary hip replacement with the use
of cement femoral and acetabular components in
patients with femoral neck non-union undergoing
hemodialysis.

Methods
Design

A retrospective single-center randomized study of 26
patients with hemodialysis profile with femoral neck
non-union treated at the Clinic of Traumatology and
Orthopedics of the First St. Petersburg State Medical
University named after Academician I.P. Pavlov" from
2017 to 2020

Criteria for inclusion in the study:

- femoral neck non-union (fracture at least 12
months);

- presence of stage 5 CKD (chronic hemodialysis
for at least 3 years);

- cement acetabular and femoral components of hip
endoprostheses intended for primary arthroplasty;

- the presence of bone defects of the acetabulum
and proximal femur, including those requiring bone
grafting.

Exclusion criteria:

- follow-up period less than 12 months after
surgery;

- absence of laboratory indicators of any degree of
renal osteodystrophy (an increase in parathyroid hor-
mone more than 300 pg /mg, a decrease in serum level
of 1.25 OH-D3 less than 40 ng/ml, an increase in the
bone fraction of alkaline phosphatase more than 100
1U/D;

- absence of histological confirmation of renal os-
teodystrophy (from a biopsy of the femoral head).

The study involved 15 (57.7%) women and 11
(42.3%) men, their average age was 59.2 years (min —
36, max — 80). The average follow-up period for pa-
tients was 27.3 months (95% CI: 23-31 months). The
main characteristics of the clinical material are pre-
sented in Table 1.

Classification

To date, there is no generally accepted classification of
femoral neck non-union, which would allow predict-
ing the outcome of hip replacement depending on the
radiological and functional changes of the hip joint. In
this regard, we have proposed 3 classification types of
femoral neck non-union for an objective assessment
of the results of the performed operations (Fig. 1):
Type A — shortening of the lower limb (no more
than 2 cm); absence of additional local signs of os-
teoporosis (the value of the Barnet — Nordin mor-
phocortical index is more than 0.4 units); absence of
functional insufficiency of the gluteal muscles (the
patient's ability to perform active movements in the
hip joint); absence of osteolysis of the femoral head.
Type B — shortening of the lower limb more than
2 cm; signs of local osteoporosis (Barnet-Nordin in-
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dex < 0.4 units); functional insufficiency of the gluteal
muscles (lack of active movements in the hip joint);
osteolysis of the femoral head.

Type C is femoral neck non-union, complicated
by the presence of a previously implanted hardware,
which led to infection of the hip joint and/or the de-
velopment of a defect of the acetabulum or proximal
femur as a result of its migration.

To diagnose hip infection in a patient with previ-
ously implanted hardware, we recommend follow-
ing the algorithm accepted at the Second Second
International Consensus Meeting on Periprosthetic
infection in 2018 [17]. In addition to laboratory pa-
rameters, it is necessary to perform a puncture of the
replaced joint with a cytological examination of the
fluid and seeding to determine the sensitivity spec-
trum of antibiotics. Surgical tactics in the diagnosis of
deep PJI against the background of femoral neck non-

union in patients undergoing chronic hemodialysis
involves two-stage treatment.

In accordance with our proposed classification of
femoral neck non-union, patients were divided into
3 groups: group I — 12 (46.1%) patients — classifica-
tion type A of femoral neck non-union, group II — 10
(38.4%) patients — type B, group III — 4 (15.5%) pa-
tients — type C. Hip replacement in all cases, it was
performed by one surgical team using Harding's ap-
proach under spinal-epidural anesthesia.

Figure 2 shows the distribution of cement com-
ponents of hip endoprosthesis in the studied groups
of patients. Among the patients of groups I and III,
the implanted components were distributed approxi-
mately equally. Group II patients were significantly
more likely to have low-profile cement acetabular
components and femoral components of the Miiller

type.

© 1

Fig. 1. Types of the femoral neck false joints according to the authors’ classification:

a — type A; b — type B; ¢ — type C (explanation in the text)
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Outcome assessment

Functional results were evaluated on the 48-point
Oxford Hip Score (OHS) scale 12 and 24 months after
total cemented hip arthroplasty and compared with
preoperative baseline data. The severity of pain was
assessed on a 10-point visual analog scale (VAS) after
12 months.

Statistical analysis

The normality of the quantitative indicators distribu-
tion was carried out on the basis of the Shapiro-Wilk
criterion. With an abnormal distribution, logarithm
was performed. The significance of the differences
in the quantitative indicators of the duration of sur-
gery and the amount of blood loss was assessed using
a single-factor analysis of variance using the ANOVA
module. In identifying the statistical difference, an
additional analysis was carried out by pairwise com-
parison of aggregates using the a posteriori Tukey
criterion. During the statistical analysis of qualitative
parameters in the structure of complications and the
frequency of revision interventions, the exact Fisher
criterion for small samples was used. Statistical pro-
cessing of the obtained data was performed using the
IBM SPSS v.20 program.

Results

The average age of the primary fracture was 13.5
(SD = 2.02) months. This value is identical to the
timing of the primary complex hip replacement in
these patients. The average follow-up period for pa-
tients of all study groups was 27.3 (SD = 3.64) months.

Table 2 shows the results of perioperative indica-
tors and the overall frequency of complications and
revision interventions in the study groups. The long-
est duration of total cemented arthroplasty was ob-
served in group III patients (type C of femoral neck
non-union) — 121.25%¥19.26 min. Such results are as-
sociated with the need for one-stage removal of metal
structures previously implanted due to the femoral
neck fracture. However, when comparing the duration
of surgery between patients of groups II and III, no
statistically significant differences were found. When
assessing intraoperative blood loss, the lowest indica-
tor was found in patients of group I of the study —
440.83* 133.65 ml, and the statistical significance of
the differences was obtained both between groups I
and II, and between groups I and III of the study. The
lowest total number of complications after total ce-
mented arthroplasty was obtained in group I (type A
non-union) — 4 (8.33%).

In the structure of orthopedic complications, post-
operative hematomas were most common (30.7% in
all study groups), which, on the one hand, is associat-
ed with a violation of the hemostasis system in hemo-
dialysis patients, and on the other hand, explains the
high frequency of infectious complications (23.07%
among all patients). Statistically, deep PJI was signifi-
cantly more common among patients after hip arthro-
plasty for femoral neck non-union classification types
B and C (Table 3). The same results were obtained for
other orthopedic complications, such as peripros-
thetic fractures, dislocations, osteolysis around the
cement mantle of the implants. The frequency of
intraoperative bleeding in patients of all groups did

Main characteristics of the clinical material

Parameter

Gender:
male
female.
Affected side:
right lower extremity
left lower extremity
Acetabular component:
cement standard (low profile)
cement double mobility
Femoral component:
cement standard (Miiller type)
cement standard (Exeter type)

Table 1
Quantity
total %
11 42,3
15 57,7
12 46,1
14 53,9
17 65,4
9 34,6
16 61,5
10 38,5
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The main perioperative indicators and the overall frequency of complications

Parameter Type A (n = 12)

Surgery duration, min. 99,58+14,11

Intraoperative blood loss, ml 440,83+133,65

Number of revisions, n 1(8,33%)
Complications, n

4(33,32%)

* The value is statically significant.

654,03+141,59

Table 2
Type B (n = 10) Type C (n =4) p
pI-1I=0,15085
109,5%13,56 121,25+19,26 pI-III = 0,02394*

pII-TII = 0,64492
pI-1I = 0,01400*
pI-IIT = 0,00038*
pII-TII = 0,32305

750+158,11

The structure of orthopedic complications in the groups

Complication type TXI()"Z ;X
Bleeding 0 (0)
Periprosthetic fracture 0(0)
Endoprosthesis dislocation 0 (0)
Osteolysis 1(8,3)
Stress-shielding syndrome 1(8,3)
Postoperative hematoma 1(8,3)
Deep PJI 1(8,3)

not exceed 10%, which is due to the use of an original
blood-saving algorithm for patients on chronic hemo-
dialysis, involving the sequential administration of
erythropoietin, conjugated estrogens and desmopres-
sin, as well as mandatory transfusion of two doses of
erythrocyte mass to increase the hematocrit above 30
mmol/1 [18].

In a detailed analysis of orthopedic complications
in the study groups, we established the relative risk
of complications with a ratio of chances (RC) depend-
ing on the type of femoral neck non-union. The risk of
developing any orthopedic complication with total ce-
ment hip replacement of the classification type A of the
non-union is 2.5 (CI 95%: 0.6797-9.6078; p = 0.1649),
OR - 3.33 (CI1 95%: 0.605-18.371; p = 0.1232); with type
B -3.4(CI195%: 1.0524-11.0321; p = 0.0408), OR - 5.33
(95% CI: 1.156-24.559; p = 0.0125); with type C - 5.7
(95% CI: 1.7365-19.0401; p = 0.0042), OR - 6.6 (95% CI:
0.895-49.676; p = 0.0118).

5 (50,00%) 2 (50,00%)
pl-II = 0,043*
8 (80,00%) 3 (75,00%) pI-IIT = 0,26
plI-III = 1,01
Table 3
TX I();) ;3 TXI();) )C Total n (%)
2 (20) 0 (0) 2 (7,69)
3 (30) 2 (50) 5(19,2)
4 (40) 0(0) 4(15,3)
3 (30) 0(0) 4(15,3)
3 (30) 1 (25) 5(19,2)
6 (60) 1(25) 8(30,7)
3(30) 2 (50) 6 (23,07)

During the study period, revision interventions were
performed in 8 (30.7%) patients of all three groups. At
the same time, in group I, i.e. among patients with the
most favorable clinical picture of femoral neck non-
union, revision arthroplasty was performed only in one
patient, and the largest number of revisions were per-
formed in patients of group II.

Single-stage revision hip replacement was per-
formed in only two patients (7.69%) (osteolysis of the
femoral component of the endoprosthesis), and both
had classification type B of femoral neck non-union. In
8 (30.7%) patients, revisions were performed in 2 stag-
es due to the development of infection in the surgical
intervention site. Moreover, these patients had intra-
operative periprosthetic fractures (3 patients — 11.5%),
as well as one recurrent dislocation of the endopros-
thesis head (3.8%). Of the 8 patients, three (11.5%) had
the classification type B of femoral neck non-union, 2
(7.6%) — type C, and only one (3.8%) patient who un-
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derwent revision hip arthroplasty had the classification
type A of femoral neck non-union. Thus, our assump-
tion about an increase in the risks of complications
during primary hip arthroplasty due to femoral neck
non-union associated with the classification type of
non-union is justified.

Functional results were evaluated on a 48-point OHS
scale 12 and 24 months after total cemented arthro-
plasty and compared with preoperative baseline data.
Patients showed statistically significant improvement in

7,5
7 73
7,25
6
5
£
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1 1
0
before surgery after 12 mon.

—8— Group | == Group Il =@ Group Ill

functional parameters after 12 months (mean value of
29.8 SD = 3.3 points) and 24 months (mean value of 33.1
SD = 2.5 points) in all groups compared with preopera-
tive results (mean value of 12.5 SD = 0.6 points) (Fig. 3).

Along with functional indicators, the results of as-
sessing the severity of pain on a 10-point VAS scale
were analyzed. The average score before surgery was
7.35 (SD = 0.1). 12 months after total cemented arthro-
plasty, the average pain score decreased by 72.6% and
was 2.01 (SD = 0.74) points.
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Fig. 3. Preoperative and postoperative results assessment in the study groups: a — pain severity according to VAS;

b — functional results according to OHS

Discussion

The results obtained by us are quite difficult to in-
terpret due to the small number of domestic and
foreign publications on this narrowly focused topic.
Nevertheless, if we talk about the occurrence of femo-
ral neck non-union, then, according to G.P. Slobogean
et al, this indicator is only 9.3% among young and
middle-aged patients (up to 60 years old) [19], while
among elderly and senile people (over 60 years old)
this indicator increases 10 times and amounts to
92.6% [20]. In the presence of a patient with severe
concomitant pathology, such as rheumatoid arthritis
or end-stage CKD, which decreases the quality of bone
tissue, the incidence of non-union is 28%, regardless
of age [21].

The number of unsatisfactory outcomes after vari-
ous variants of osteosynthesis of intraarticular frac-
tures in patients undergoing chronic hemodialysis is
66.7%, which is significantly more than in patients
with the usual population [22]. However, the main
cause of the development of femoral neck non-union
in patients with end-stage CKD is conservative treat-
ment of intracapsular fractures of femoral neck [23].

In this regard, further treatment of the consequences
of these fractures is a difficult task for orthopedic sur-
geons and requires not only expensive implants, in-
cluding for the replacement of bone defects, but also
special tools, equipment and the presence of bone
bank.

It should be noted that the development of femoral
neck non-union aggravates the manifestation of local
osteoporosis as a result of a prolonged lack of weight-
bearing of the lower limb according to Wolf's law. In
the study of A.N. Reshetnikov et al, data of densitom-
etry of 34 patients with a diagnosis of "femoral neck
non-union" in the preoperative period are presented
[24]. In 100% of patients, a decrease in bone mineral
density was diagnosed. The authors also point to an
increase in bone mineral density a year after total hip
replacement, without specifying at the same time what
type of implant was applied. In our study, the number
of satisfactory outcomes after total hip cemented ar-
throplasty with non-union in patients with hemodi-
alysis profile was 69.3% in all study groups, which is
an acceptable result for this category of patients.
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Double mobility cement cups have significant ad-
vantages over standard acetabular components in pa-
tients with the consequences of fractures. H. Favreau
et al, published the results of the use of double mo-
bility cement cups in arthroplasty in 40 patients with
the consequences of fractures of the trochanter region
with an average follow-up period of 54 months. The
authors note the absence of dislocations of the endo-
prosthesis for the specified period of time [25]. In our
study, the use of acetabular components of double mo-
bility also did not lead to postoperative dislocations
of the endoprosthesis, regardless of the classifica-
tion type of femoral neck non-union, while the use of
standard cement cups led to 15.3% of dislocations.

The frequency of revision interventions after total
hip arthroplasty in patients undergoing renal replace-
ment therapy varies from 5% to 40%, but these indi-
cators are significantly higher compared to patients
in the general population [26]. In our study, the to-
tal revision rate was 30.7%, while in 26.9% of cases
revision arthroplasty was performed after obviously
complex cases of primary arthroplasty (types B and C
of non-union, implying pronounced retraction of the
femur, osteolysis of the femoral head, low indicators
of the morphocortical Barnett index — Nordina or the
presence of metal implants that led to the forma-
tion of a bone defect). The main reason for revision
hip replacement in the study was deep PJI (6 cases —
23.07%), which fully corresponds to the global data
on infectious complications after total arthroplasty in
patients with end-stage CKD [12].

Conclusions

The proposed working classification of femoral neck
non-union in patients undergoing chronic hemodi-
alysis allows determining the tactics of surgical treat-
ment. Cement acetabular components of double mo-
bility are effective in primary hip replacement in all
types of femoral neck non-union.

Informed consent

The patients gave their voluntary written informed
consent to participate in the study and publish its
results.
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