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Abstract

Background. Impaction bone grafting remains an alternative method for managing bone deficiency.
Cyclic loads on the allograft may cause its further compaction and deformation, leading to migration of the
acetabular component.

The aim of this study — to evaluate the effectiveness and refine the indications for the use of impaction
bone grafting for acetabular defects in revision and complex primary total hip arthroplasty by assessing
the mid-term survival of implanted cemented acetabular components.

Methods. We performed a retrospective analysis of the results of impaction bone grafting in 48 patients whose
data were available for the assessment of acetabular component survival. Radiographic data were analyzed
in 42 cases, clinical outcomes were assessed in 44 cases. Structure of operations was represented by
37 revisions and 5 cases of complex primary hip arthroplasty. The average follow-up period was 60 months.
We assessed radiographic signs of cup migration, loosening and bone allograft remodeling. Kaplan-Meier
survival analysis with 95% confidence intervals was performed.

Results. The general survival of acetabular components was 97.9% (95% CI: 97.86-97.94) for 60 months
and 84.3% (95% CI: 84.15-84.43) for 90 months. In 4 (7.4%) cases, we recorded an unsatisfactory result.
In 7 cases, radiolucent lines without clinical signs of loosening were detected. In 22 (52.3%) cases
a simultaneous change in inclination and cranial displacement of the rotation center were noted. In isolated
assessment of inclination, changes were noted in 24 (57.1%) cases. We found a direct correlation between
the acetabular component migration, defect severity and the use of a containment device (p = 0.006),
as well as between the displacement of the rotation center by more than 5 mm and the inclination by more than
10°in 91.7% of cases (p < 0.0001). The median functional assessment according to the Hip Harris Score showed
85.50[70.5; 95.0] points and 6.5 [2.0; 21.0] points according to the WOMAC questionnaire.

Conclusions. Impaction bone grafting is a method of choice for limited bone defects replacement. Migration
of the cup, displacement of the rotation center by more than 5 mm and an increase in its inclination by more
than 10° can be regarded as a conditional norm due to natural biomechanical processes, which is confirmed
by high medium-term survival rates of the implant according to clinical data.
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Pedepar

AKkmyansHocmp. VIMITaKIMOHHAS KOCTHAS TUIACTMKA OCTAETCSI aJIbTePHATUBHBIM CITIOCOG0M BO3MEI€HMSI KOCTHOTO
nedwrura. LIykamyeckye Harpy3KM Ha a/VIOTPAHCIIAHTAT MOTYT BBI3bIBATD €T0 AaibHelillee yIIOTHeHME U Jedop-
MaluIo, IPUBOAS K MUTPaLiM BePTIIYKHOTO KOMIIOHEHTa.

Llens uccnedosanus — oueHUTb 3GGEKTUBHOCTh M YTOUHUTD MTOKA3aHMS [JIS1 IPUMEHeHMs] MMITAaKIMOHHOM KOCT-
HOJI MIacTuku JedeKkToB BePTIYKHOI BIIAAMHbI IIPY PEBU3VOHHOM U MEPBUYHOM CIOXKHOM 3HIOIPOTE3UPOBAHNUY
Ta300eJpeHHOTO CyCTaBa ITyTeM OIpefeseHNs] CPeSHEeCPOYHBIX Pe3y/IbTaTOB BbDKMBAEMOCTM MMIUIAHTUPOBAHHBIX
BEPTIYKHbIX KOMITOHEHTOB I[eMEHTHO (uKcaIun.

Mamepuan u memoodst. IIpoBeleH PeTPOCIIEKTUBHBIN aHAIM3 Pe3yAbTAaTOB IIPMMEHEHNMS UMITaKIIMOHHOM KOCTHO
TJIACTUKY Y 48 MaleHTOB, JaHHbIE KOTOPBIX ObLIY AOCTYITHBI JJISI OL€HKY BHIKMBAEMOCTY BEPTIIY>KHOTO KOMITOHEH-
Ta. PeHTreHONMOrMYecKye JaHHble TPOaHAAM3UPOBAHBI B 42 CIydasix, OLleHKa KIMHUYECKMUX PE3YIbTaTOB IPOBeleHa B
44 cnyyaax. CTpyKTypa oIepaliuii mpefcTaBieHa 37 peBU3MOHHBIMY BMeNIaTebCTBAMMU U 5 oTlepalusiMiu IepBUUHO-
TO CJIOKHOTO 3HIOMpoTe3upoBanusi. CpemHnit cpok HabmogeHus coctaBmi 60 mec. O1ileHeHbl PEHTTeHOIOTYeCcKye
NPU3HAKU MUTPaLVK, paclIaTbIBAHMS BEPTVIY>)KHOTO KOMIIOHEHTA, IepeCcTPOMiKM KOCTHOTO a/lloTpaHcIuiadTara. [Ipo-
BelleH aHaIM3 BbDKMBaeMoCTH 1o Kartany — Maitepy ¢ 95% moBepuTeIbHbBIMY MHTEPBATaAMMI.

Pe3ynemamost. O06111as1 BbDKMBAEMOCTb SHOIPOTE30B, B YACTHOCTY BEPTIYKHBIX KOMIIOHEHTOB, cocTaBuiaa 97,9%
95% IU: 97,86-97,94) 3a 60 mec.; 84,3% (95% IU: 84,15-84,43) 3a 90 mec. B 4 (7,4%) crydasx 3aduKCUpPOBaH He-
YIOBJIETBOPUTE/bHBIN pe3ynbTat. B 7 ciydasix BbISIBJI€HBI PEHTI€HOIIPO3payHble JIMHUM 63 KIVMHUYECKUX MPU3HaA-
KOB pacmaTeiBauus. B 22 (52,3%) wrydyasx OTMeUEHO OZHOBPEMEHHOE M3MeHeHMe MHKIMHAIIUY Y KpaHUaJIbHOe
CcMellleHye IeHTpa potaiuu. IIpy U301MPOBaHHOI OlleHKe MHKIMHALMY U3MeHeHusT oTMeueHbl B 24 (57,1%) cy-
yasx. BeisiB/ieHa mpsiMasi KOpPessiuysl MUTPaly BEPTAYKHOTO KOMIIOHEHTA, TSDKeCTH JedeKTa U UCIIONMb30BaHUS
orpaHMuMBampIeii KoHCTpyKuuu (p = 0,006), a Takke MeXAy CMeNeH)eM I[eHTpa poTaluu 6osee 5 MM B JIIOO60M
HaIlpaBJIeEHUN ¥ YBeIMUYEHMEM UHKINHAIMK 60ee yueM Ha 10° B 91,7% ciryuaeB (p < 0,0001). Megmana GbyHKIMO-
HaJIbHOJ OLIEHKM IT0 mKaye Xappuca nmokasasna 85,50 [70,5; 95,0] 6asna u 6,5 [2,0; 21,0] 6as1a coryiacHO OITPOCHUKY
WOMAC.

3axnrouerue. IMNakIMOHHAsT KOCTHAS TUIACTMKA SIBJISIETCS METOIOM BbIOOpA /ISl 3aMeIeHMsT OTPaHMYEHHbIX KOCT-
HbIX fedeKTOB IPY PeBU3MOHHOM IHAOIMPOTE3UPOBAHNY Ta300€IPEHHOT0 CycTaBa. MUrpanuo BepTIYKHOTO KOM-
MTOHEHTA, CMelIeHne LieHTpa poTaiyu 6ojee 5 MM ¥ yBeIMYEHME ero MHKIMHaIMu 6oee 10° MOKHO paciieHUBaTh
KaK yUIOBHYIO HOPMY, 00YC/IOBJIEHHYIO €CTECTBEHHBIMY 6MOMeXaHNYeCKVIMM ITPOLIecCaMu, YTO IO TBEPIKIAeTCST BbI-
COKOV CpeHECPOYHOM BbIKMBAEMOCTbIO SHA0IIPOTE3a.

KirroueBbie (JIOBa: MMIIAKLIVOHHAS] KOCTHAS TJIACTUKA; KOCTHBIN 1eeKT; peBU3MOHHOE SHIONTPOTe3POBAHME ; MU-
rpauusi BEPTIIY>KHOTO KOMIIOHEHTa; aHa/Iu3 BbUkKMBaemMocTu 1o Karany — Maiiepy.
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INTRODUCTION

Bone defect restoration remains a key prere-
quisite for successful hip joint reconstruction
during revision arthroplasty, along with
restoration of the center of rotation and
achievement of stable component fixation [1, 2].
In recent decades, there has been a growing
trend in hip reconstructive surgery toward the
use of modular revision systems made from
various porous materials with pronounced
osteoconductive properties [3, 4].

Nevertheless, interest in the use of various
bone grafting materials (BGM) remains high.
The use of massive structural allografts is
limited due to the risk of resorption and reduced
long-term stability, as bone remodeling occurs
only partially in the revascularized peripheral
zone [5]. An alternative method of managing
bone defects currently involves impaction bone
grafting (IBG) using morselized allograft
bone. Numerous studies have demonstrated
satisfactory outcomes with IBG in combination
with cementless highly porous acetabular
components [6, 7], modular revision systems
[8, 9, 10], cages [11], reconstruction rings, and
custom implants [12], where the mechanical
support is provided by the native bone while
the allograft fills the defect cavity. Most of the
clinical experience with IBG in hip arthroplasty
has been associated with cemented fixation
of the acetabular component [13, 14, 15,
16, 17].

A distinctive feature of this approach is the
potential for changes over time in the spatial
position of the acetabular component, which
rests on a bed of impacted morselized allograft
bone. This characteristic is an inherent aspect
of the technique and is likely related to the fact
that the bone graft material undergoes additional
compaction and deformation under cyclic
loading [18]. This fundamentally differs from the
implantation of the acetabular component into
native acetabular bone, which does not undergo
significant structural changes under cyclic loads.
Despite the known limitations of IBG, such as the
risk of resorption of the impacted bone graft [19],
lower initial stability of cemented acetabular
component, and potential for migration [20, 21],
the biological potential for restoring acetabular

bone defects remains an attractive advantage of
this technique.

The aim of this study - to evaluate the
effectiveness and refine the indications for the
use of impaction bone grafting for acetabular
defects in revision and complex primary total hip
arthroplasty by assessing the mid-term survival
of implanted cemented acetabular components.

METHODS

Study design

A single-center retrospective observational
study was conducted to evaluate the outcomes
of impaction bone grafting using the X-Change
system with specialized instrumentation
(Stryker Howmedica, Newbury, UK) in revision
and complex primary total hip arthroplasty
(THA) in patients operated on between Sep-
tember 2015 and February 2022 at the Federal
Center of Traumatology, Orthopedics, and
Arthroplasty (Barnaul, Russia).

Inclusion criteria were as follows:

1) revision or complex primary THA;

2) contained or combined (with segmental
deficiency) acetabular bone defects requiring
reconstruction;

3) use of IBG in combination with a cemen-
ted acetabular component.

The exclusion criterion was the use of
alternative techniques for acetabular defect
reconstruction, including cementless acetabular
components with augments, reconstruction
cages, or structural allografts.

Initially, 54 patients meeting the inclusion
criteria were selected. By the time of mid-
term follow-up assessment, 6 patients were
lost to follow-up and could not be contacted or
examined. Three patients had died from causes
unrelated to the surgical procedure; however,
available clinical data and X-rays obtained
during their follow-up period were included
in the study. As a result, data from 48 patients
were included in the final survival analysis of
cemented acetabular components. Radiographic
data were analyzed in 42 cases (37 patients who
underwent revision procedures and 5 patients
who underwent complex primary THA), and
clinical outcome questionnaires were completed
by 44 patients.

22 2025;31(3)
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Baseline patients’ characteristics

The study included 23 (47.9%) women and 25
(52.1%) men. The mean age at the time of surgery
was 59.8 years (range, 35-78 years); 21 patients
were under 60 years of age, and 27 patients
were aged 60 years or older. The mean body
mass index (BMI) was 28.55%4.9 kg/m? (range,
18.2-39.0). Twelve patients (25.0%) had normal
weight, 17 (35.4%) were overweight, 14 (29.2%)
had class I obesity, and 5 (10.4%) patients had
class II obesity. The mean follow-up period was
60 months (range, 12-111 months).

The indications for the use of IBG were
determined based on preoperative evaluation
in cases of contained acetabular bone defects or
combined defects with a segmental component,
provided that the defect could be augmented
with various metal constructs and converted
into a fully contained defect capable of retaining
the BGM.

Initially, revision arthroplasty accounted
for 47 of the performed procedures. Of these,
30 cases were due to aseptic loosening, 2 cases
due to osteolysis, and 1 case due to a massive
post-explant acetabular defect following a
failed reconstruction attempt using alternative
methods. In 13 cases, IBG was performed during
the second stage of treatment for periprosthetic
joint infection (PJI), and in 1 case during single-
stage treatment for PJI. In 7 cases, acetabular
bone grafting was performed during primary
THA: in 1 case for a massive osteolytic cyst,
in 1 case for femoral head avascular necrosis
with a secondary acetabular defect, in 1 case
during two-stage treatment of arthritis following
femoral head osteomyelitis, and in 4 cases for
protrusio acetabuli. In 26 cases, revision of the
acetabular component was combined with the

exchange of the femoral component, and in 11
cases IBG was performed on both the pelvis and
femur simultaneously.

Surgical technique

All procedures were performed via an
anterolateral approach by three experienced
surgeons, each with over 10 years of surgical
practice. Intraoperatively, the condition of the
acetabulum and the extent of any segmental
bone defects were assessed. In areas of the
acetabulum where bone loss resulted in
uncontained defects, a metallic reconstruction
mesh (X-Change, Stryker Howmedica, Newbury,
UK), a custom-made 3D-printed titanium mesh
(Logeeks MS, Novosibirsk, Russia) manu-
factured via selective laser melting, or a porous
tantalum augment (Zimmer, Warsaw, Indiana,
USA) was used. The distribution of constructs
used for acetabular defect augmentation
is presented in Table 1. The bone graft
material (chips approximately 10 mm?® in
size) was manually prepared from thermally
disinfected allograft bone obtained from the
institutional bone bank using Luer rongeurs.
Cemented acetabular components from various
manufacturers, ranging in size from 40 to
58 mm,wereimplanted.Patients were mobilized
on the first postoperative day, followed by
partial weight-bearing on the operated limb for
6 weeks.

Outcome assessment methods

At the time of the study, patients were invited for
a follow-up visit, during which X-rays of the hip
joint were obtained in anteroposterior and axial
views. A clinical examination was performed,
including assessment of functional outcomes
using the modified Harris Hip Score (HHS) [22]

Table 1

Methods of bone defect augmentation in acetabular reconstruction

Augmentation method

Number of cases

Without a construct

Reconstruction of a peripheral defect using the Stryker mesh
Reconstruction of a medial wall defect using the Stryker mesh

Reconstruction of peripheral and medial defects using the Stryker mesh

Reconstruction using a custom-made 3D-printed mesh

Porous tantalum augment

19
20

L) ) S S
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and the Western Ontario and McMaster
Universities Osteoarthritis Index (WOMAC)
[23]. Patients who were unable to attend an in-
person visit were interviewed by phone, and their
X-rays were requested by mail and subsequently
analyzed.

Based on preoperative X-rays, computed
tomography data, and intraoperative
findings, acetabular defects were classified
according to their containment and severity
using the American Academy of Orthopaedic
Surgeons (AAOS) classification [24] and the
W. Paprosky classification [25], respectively.
In revision arthroplasty cases, the distribu-
tion of defects according to the Paprosky
classification was as follows: type 3B in
27 (57.4%) cases, type 2A in 18 (38.3%) cases,
and types 2B and 2C in one case (2.1%) each.
Uncontained defects (Type I) were observed
in 2 (4.3%) cases, while the remaining cases
included contained defects (Type II) in
11 (23.4%) patients and combined defects
(Type III) amenable to reconstruction and
conversion into fully contained defects in
34 (72.3%) cases. Among complex primary
arthroplasty cases, contained defects (Type II)
were identified in 5 cases and combined
defects (Type III) in 2 cases (Table 2).

In evaluating implant survival - specifically,
that of the acetabular component - radiographic
signs of loosening at the study endpoint or
removal of the acetabular component during
the follow-up period after revision surgery were
considered as failure outcomes.

To assess changes in the position of the
center of rotation of the acetabular component
over time, a horizontal reference line (X-axis)
was drawn through the inferior margin of the
“teardrop” figure on both hips. A perpendicular
line (Y-axis) was then drawn from the lateral
edge of the “teardrop” on the operated side.
Horizontal and vertical distances from the center
of the prosthetic femoral head were measured
by projecting perpendiculars from the head
center to the X and Y axes [26]. Additionally, we
measured the inclination angle of the acetabular
component relative to the X-axis and its
anteversion (Figure 1).

The magnitude of acetabular component
displacement was determined by calculating the
difference between the initial and final positions
of the center of rotation along the X and Y axes.
Similarly, changes in inclination and anteversion
angles were assessed. Calibration of radiographic
images was performed using DICOM files,
and all measurements were conducted with
the BonaPlanner 2D software, utilizing the
“postoperative control” function.

Table 2
Distribution of bone defects according to the W. Paprosky and AAOS classifications
W. Paprosky AAOS
Type ‘ Number Type ‘ Number
Revision arthroplasty (n = 47)

Type 2C 1 Typel 1

Type 2B 1 Type III
Type 2A 18 Type II 7
Type III 11
Type 3B 27 Type 1 1
Type Il 4
Type III 22

Complex primary total hip arthroplasty (n=7)

Type 11 5
No Type III 2

24 2025;31(3)
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Figure 1. Scheme of acetabular component
displacement measurements

Radiographic assessment of the bone allograft
was performed using the criteria described by
T.]J. Slooff et al. [27]. Complete graft incorpora-
tion was defined as radiographic density of the
graft identical to that of the host bone, with
continuous trabecular patterns throughout
the interface. Radiolucent lines at the bone-
cement interface were evaluated according to the
three-zone system described by J.G. DeLee and
J. Charnley [28]. The outcome was considered
unsatisfactoryinthe presence of radiolucent lines
in all three zones, mesh breakage or screw migra-
tion, or dislocation of the acetabular component.

Statistical analysis

The study data were analyzed using both
parametric and non-parametric statistical
methods. Data collection, correction, orga-
nization, and visualization were performed
using Microsoft Office Excel 2016. Statistical
analysis was conducted with MedCalc software.
Continuous variables were described using the
median (Me) and interquartile range [Q; Q.].
Categorical variables were presented as abso-
lute values and percentages.

For comparisons of means in normally
distributed continuous variables, the Student’s
t-test was applied; the difference considered

statistically significant at p<0.05.In cases of non-
normally distributed data, the Mann-Whitney
U test was used for comparisons between
independent groups. For normally distributed
data across multiple groups, one-way analysis
of variance (ANOVA) was performed using
the F-test. Associations between categorical
variables were assessed using contingency
tables and Pearson’s chi-squared (y%) test.
Kaplan-Meier survival analysis was performed
with 95% confidence intervals (CI). Endpoints
included aseptic loosening, radiographic signs
of aseptic loosening, and revision for any reason
(aseptic loosening or infection) in the analysis of
overall implant survival.

RESULTS

During the follow-up period, no revision
procedures were performed in 44 (91.7%) cases.
Complications occurred in 4 (4.2%) cases, of
which 2 (4.2%) cases required surgical interven-
tion due to recurrence of the infectious process.
In another 2 (4.2%) cases, radiographic signs
of aseptic loosening were identified, for which
revision surgeries have been scheduled. Thus,
the overall prosthesis survival rate, specifically of
the femoral component, with aseptic loosening
or re-operation as the endpoint, was 97.9% (95%
CI: 97.86-97.94) at 60 months and 84.3% (95% CI:
84.15-84.43) at 90 months (Figure 2). The survival
rate with aseptic loosening as the endpoint was
100% at 60 months and 90.9% (95% CI: 90.78-
91.02) at 90 months (Figure 3).

Overall survival

90 |-

80}

70

60 |-

50

40

30

Survival probability (%)

20

101

oh S e I : e i
0 20 40 60 80 100
Time (month)

Figure 2. Kaplan-Meier curve for overall cup survival
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Survival: aseptic loosening
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Figure 3. Kaplan-Meier curve for cup survival with
revision aseptic loosening as the endpoint

Complications were observed in 6 (11.11%)
patients: in two cases, intraoperative perforation
of the femoral canal wall occurred during
the removal of the femoral component of the
prosthesis. In one case, sciatic nerve neuropathy
developed, which regressed within 6 months with
conservative treatment. In 3 cases, dislocation
of the femoral component occurred. In one of
these cases, due to recurrent dislocations, a re-
operation was required, involving implantation
of a dual mobility system into an impacted bone
graft bed following the removal of the acetabular
component using the “cement-in-cement”
technique prior to the patient’s discharge. This
case was not classified as an unsatisfactory
outcome. No mortality was recorded in the study
group.

Control X-rays were analyzed in 42 patients.
Reliable signs of the acetabular component

loosening were identified in only 4 (9.5%)
patients. In two (4.8%) cases the dislocation of
the cup beyond the boundaries of the acetabulum
was observed. In one (2.4%) case there was
noticed the presence of a radiolucent line at
the graft-cement interface in all three zones.
In one (2.4%) case a radiolucent line in zone III
was associated with a high degree of migration
(>5 mm along one of the axes), a change in
anteversion within 10°, and a low HHS value of
37 points. Radiolucent lines were detected in 7
(16.7%) cases: in 6 patients, they were observed
in only one zone, most frequently in zone III, and
in one case, a radiolucent line was found in two
zones (zones II and III).

Midterm radiographic assessment of the
position of the center of rotation, inclination,
and anteversion of the acetabular component
revealed simultaneous changes in inclination
and cranial displacement of the center of
rotation in 22 (52.4%) cases. An increase in
acetabular component inclination was observed
in 24 (57.1%) cases, indicating that changes in
inclination occurred in nearly all cases with
cranial displacement of the center of rotation.
A direct correlation was identified between the
displacement of the center of rotation by more
than 5 mm in any direction and an increase in
inclination by more than 10°, occurring in 91.7%
of cases (p < 0.0001). The analysis showed that
significant displacement of the center of rotation
(> 5 mm) most commonly occurred in the cranial
direction: 8 (19.0%) cases along the Y-axis and
3 (7.1%) cases along the X-axis. Types
of acetabular component migration in relation
to bone defect classification and reconstruction
method are presented in Table 3.

Table 3
Major indicators for acetabular component migration
& o Displacement of the center of rotation, mm
g _é: A of inclination, deg. Along the X-axis Along the Y-axis Paprosky | AOOS Rec?éles':ﬁgfiﬁon
A s 0 <10 | >10 0 <5 >5 0 <5 >5
1* . . . 2A I11 C
9 . . . 3B 11 c2
3 . . . 3B II 0
4 . . . 2A 111 C2
5 . . . 3B I C
6 o . o 3B I1I Cc2
7 . . . - 111 A
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End of Table 3
© o Displacement of the center of rotation, mm
_§ é A of inclination, deg. Along the X-axis Along the Y-axis Paprosky | AOOS Reconstruction
=l method
A S 0 <10 | >10 0 <5 >5 0 <5 >5
8 . . . 2A I C2
. . . 2B I
11 o . . 2A III
12 . . . 3B III C2
13 . . . 3B I C
14 . . . 3B III CM
15 . . . 2A I C
16 . . . 3B 111
17 . . . 2A I 0
18 . . . 3B 111 C2
19% . . . 3B III C
20* . . . - I 3D
21 . . . 2A II 0
22 o . . 3B III 3D
24 o . . 3B II 0
24* . . . 2A 111 C
25 . . . 2A I C
26 . . . 2A I 0
27 o . o 3B 111 C
28 . . . 3B 111 A
29 . . . 3B I C
30 . . . 3B 111 CM
31 . . . 3B I 3D
32 . . . 3B I C
33 . . . - II 0
34 . . o 2A II 0
35 . . . - II 0
36 . . . 2C I A
37 . . . 2A II 0
38 . . . 2A II 0
39 . . . 2A I C
40 . . . 3B II 0
41 . o . 3B II 0
42 . o . - I 0
Total 18 16 8 20 16 6 20 10 12

* — patients with unsatisfactory outcomes, C — a mesh along the acetabular rim, C2 — a mesh along the
acetabular rim and medial acetabular wall, CM — a mesh along the medial acetabular wall, 3D — a custom-made
3D-printed mesh along the acetabular rim, A — an augment, 0 — no constructs used.
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In the group of patients without the use
of any constraining implants (13 cases), the
displacement of the center of rotation was
observed in 30.8% of cases, with migration
occurring within 5 mm (Figure 4).

The use of any type of mesh to contain
acetabular bone defects was associated with
a change in the position of the acetabular
component in 68.0% of cases, i.e., with the
displacement of the center of rotation, an
increase in inclination, or both. In 44.0% of
these cases, the displacement of the center of
rotation was significant, being greater than
5 mm along any axis. At the same time, when
augments were used, only two out of four cases
demonstrated minor changes in acetabular
component position (displacement within 5 mm
and inclination change less than 10°).

A direct correlation was found between the
occurrence of acetabular component migration
and the type and severity of bone defect, as
well as the use of a containment device. An
increased frequency of any degree of migration
was observed in the presence of AAOS type III
and Paprosky type 3B defects when any type

of mesh was used along the acetabular rim
(p = 0.006).

The mean change in anteversion in the
midterm follow-up compared to the immediate
postoperative value was 2.8° (range: 0.5-4.5).
However, this parameter was not analyzed in
detail due to its projection variability depending
on pelvic positioning during radiographic
examination.

No correlation was found between the
displacement of the acetabular component’s
center of rotation and the diameter of the cup
used (p=0.3457), BMI (p=0.5726), or patient
age (p=0.3457). No statistically significant
associations between these parameters were
identified.

In our cohort, functional outcomes assessed
using the HHS questionnaire showed a baseline
median value of 44.0 points (range: 37.0-55.0),
which improved to 85.5 points (range: 70.5-95.0)
at the final follow-up. According to the WOMAC
questionnaire, baseline scores averaged 47.0
points (range: 45.0-52.0), improving to 6.5
points (range: 2.0-21.0) by the end of the study,
indicating good to excellent outcomes.

Figure 4. Clinical example of IBG without augmentation:

a — aseptic loosening of the acetabular component with contained acetabular bone defect AAOS type II,
Paprosky type 2A, femoral component malposition; b — right hip X-ray after acetabular and femoral IBG with
Stryker Exeter/Contemporary cemented fixation; ¢ — control X-ray after 68 months with clear signs of allograft
remodeling without component migration

DISCUSSION

The choice of surgical technique depending on
the size and shape of bone defects in revision
arthroplasty remains a relevant issue [1].
Modern modular revision systems and additive
technologies address most problems related

to acetabular reconstruction. Nevertheless, in
certain cases, impaction bone grafting (IBG)
remains the method of choice [29]. As with all
techniques used to manage massive bone defects
in revision arthroplasty, IBG is associated with
less favorable long-term outcomes compared
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to primary arthroplasty. However, subsequent
revisions following IBG may prove more
successful, as a greater amount of bone stock is
often preserved compared to the pre-revision
state. This is particularly important for patients
who have undergone multiple revisions or for
younger individuals likely to require additional
surgeries later in life [30, 31, 32].

In our study, midterm outcomes demonstrated
a relatively high reliability of impaction bone
grafting in the reconstruction of large bone
defects. The overall implant survival rate was
97.9% at 60 months and 84.3% at 90 months.
The results obtained in our study are comparable
to those reported by other authors who have used
similar approaches. M.A. Buttaro et al. reported
a 90.8% survival rate in their study involving
IBG, metallic mesh, and cemented cup fixation
in patients with uncontained acetabular defects
undergoing revision total hip arthroplasty, with a
mean follow-up of 36 months [33]. B.W. Schreurs
et al. reported 96% and 84% cup survival rates
at 10 and 15 years, respectively, in patients who
underwent acetabular revision using IBG and
cemented components [34]. S. Rohe et al., in a
midterm study involving 56 patients treated with
IBG, also demonstrated a high survival rate of
88% at 7.8 years [12]. However, in the latter study,
the authors used IBG in combination with various
uncemented fixation constructs.

The term “impaction bone grafting”
is broad in orthopedic and trauma surgery and
generally refers to the compaction of morselized
allograft, with or without the use of additional
implants [35]. It is important to emphasize that
the present study focuses exclusively on cases
involving the X-Change technique, in which the
cemented fixation of the acetabular component
is performed directly onto the impacted allograft.
From a biomechanical perspective, the graft
behaves like soil, exhibiting typical changes in
its properties under cyclic loading [18]. A key
feature of IBG is that load transfer occurs through
the cement mantle into the graft, with the bone
cement playing an additional stabilizing role
for the graft material [36]. The success of IBG
using the X-Change technique typically depends
on the balance of numerous factors, including
the quality of the allograft, the size of the bone
chips, and the surgical technique employed to
achieve proper impaction [37].

The analysis of midterm outcomes in our
study is largely based on previously described
biomechanical aspects of the IBG technique,
which suggest that spatial changes in the
position of the cemented acetabular component
along with the cement mantle are virtually
inevitable. These changes are attributed to the
compaction processes of the graft material during
the postoperative period under the influence of
cyclic loading resulting from the patient’s daily
physiological activity [18, 38].

During the measurement and interpretation
of the obtained data, we encountered certain
methodological limitations. The described
method for measuring the displacement of the
center of rotation has a margin of error of 3 mm
[26]. According to C. Yang et al., even migration
of up to 2 mm may be classified as early
loosening [39]. Based on these considerations,
the measurements of center of rotation displace-
ment in our study were grouped using 5 mm
intervals.

The evaluation of the center of rotation and
inclination changes showed that acetabular
component migration occurred in 24 cases
(57.1%). We found no statistically significant
correlation between defect size and the degree
of component migration. However, we observed
a clear pattern: in 68% of cases, migration
occurred in patients in whom various types
of meshes were used to contain segmental
defects along the acetabular rim. In half of
these cases, the displacement exceeded 5 mm.
This group included patients undergoing
revision arthroplasty for AAOS type III defects
with Paprosky type 3B severity. Notably, all
four patients with unfavorable outcomes also
belonged to this group. In contrast, in cases where
no additional reconstruction of the acetabular
rim was performed, the migration rate was under
one-third and the displacement did not exceed
5 mm. Acetabular component migration
following IBG has been described by many
authors in both earlier [40, 41] and more recent
studies [18, 21, 39]. It is evident that in cases with
minor defects, where partial load on native bone
is achievable, the biomechanical conditions are
more favorable than in defects where the load is
borne entirely by the impacted allograft, as seen
in Paprosky type 3B defects with segmental loss.
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E. Garcia-Rey et al. demonstrated differences
in long-term outcomes depending on defect type
and the use of mesh along the acetabular rim [19].
The 15-year survival rate was 89.1+14.0% when
no mesh was required, 84.9+12.0% when mesh
was used for medial defects only, 79.6£12.0%
when mesh was placed along the rim, and just
53.9+22.0% when both medial and rim meshes
were needed (log-rank test, p = 0.008).

Migration likely depends to a great extent
on the balance between the biological
remodeling processes of the graft, its plastic
deformation, and the compaction caused by
interfragmentary motion of the morselized
allograft under cyclic loading, in other words,
on which process predominates first. M.Y. Abu-
Zeid et al. demonstrated that, according to the
Paprosky and AAOS classifications, the smaller
the acetabular defect, the greater the likelihood
of complete graft incorporation (p < 0.001).
The average graft layer thickness was sig-
nificantly higher in patients with partial
incorporation compared to those with complete
incorporation: 15.5 %+ 3.8 mm vs. 10.0 + 2.2 mm,
respectively (p < 0.001) [35].

When evaluating acetabular component
migration, most authors focus on the displace-
ment of the center of rotation. In our study, we
also observed a consistent increase in inclination
in nearly all cases where a reconstruction mesh
was used (p < 0.0001). In some cases, an increase
in inclination was the only radiographic sign of
acetabular component migration. Therefore, this
parameter may be considered an independent
risk factor for the progression of migration.
The biomechanics of these phenomena were
described by A.T. Phillips et al. [42].

Radiolucent lines were identified in 7
(16.7%) cases in our study. In six of these, the
lines were confined to a single zone. The HHS
values in this subgroup exceeded 74 points;
therefore, these radiographic findings were not
classified as failures in the survivorship analysis.
M.]. Willson et al. also reported the presence of
radiolucent lines at the prosthesis-bone interface
in clinically well-functioning joints [43]. As
previously demonstrated, classical radiographic
signs of aseptic loosening may not always be
evident against the background of ongoing
compaction of morselized bone graft under
cyclic loading [18]. Accordingly, the acetabular
component migration observed in our study

in 24 cases (57.1%) did not always present with
radiographic indicators of aseptic loosening, and
conversely, the presence of such markers did
not consistently reflect the clinical picture. The
signs of loosening often became apparent only in
cases where the acetabular component migrated
beyond the anatomical acetabulum (3 cases)
or when implant failure occurred with screw
migration (1 case). Moreover, the interpretation
of radiographic images was often complicated
by overlapping shadows from reconstruction
hardware superimposed on the graft mass or
the acetabular component itself. Thus, in the
evaluation of outcomes following IBG, the
interpretation of radiological data in conjunction
with clinical findings remains a critical aspect.
In our cohort, the functional outcomes were
classified as good to excellent based on the HHS
and WOMAC scores, with a median of 85.5 (95%
CI: 70.5-95.0) and 6.5 (95% CI: 2.0-21.0) points,
respectively, which is consistent with the findings
of other recent studies [16, 17, 35].

A distinctive feature of this study was that
21 patients (50%) available for follow-up
presented with the most severe reconstruction
challenges: type 3B acetabular defects according
to Paprosky. The limited form of these defects
created the most favorable conditions for
retaining the bone graft material. This served
as a selection factor for determining indications
for IBG at the preoperative stage. The preserved
contour of the compact bone of the acetabular
region provided optimal support for graft
containment. As demonstrated by our data
and the findings of a systematic review by
M.A. Malahias et al. [44], the use of various
meshes for augmentation in segmental defects
was associated with more frequent or pro-
nounced migration of the acetabular component
in massive defects, suggesting the considera-
tion of alternative technologies when extensive
meshes or multiple constructs are required for
defect containment.

P. Cimatti et al., in their meta-analysis,
reported high survivorship rates of different
implant types used with IBG over an average
follow-up of 9.2 vyears. Cemented cups,
uncemented cups, and anti-protrusio devices
showed survivorship rates of 98.45%, 97.91%, and
97.51%, respectively [45]. Thus, in the current era
of diverse revision systems and reconstructive
approaches for bone defects, the indications
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for IBG can be more narrowly defined. In our
opinion, the optimal application of IBG combined
with cemented acetabular components is in
cases of strictly limited defects classified as
Paprosky types 2A and 3B, and AAOS type II,
with preserved acetabular rim and external
contour of the compact bone substance, which
do not require mesh reconstruction. In such
scenarios, we be-lieve that the implantation of
metallic augments often necessitates extensive
bone preparation and may exacerbate bone
loss, whereas IBG represents the optimal
reconstructive method.

Study limitations

The limitations of this study include a relatively
small number of cases available for final
evaluation, as well as the absence of a control
group. Comparative analysis remains challenging
due to the varying severity of defects and the
diversity of implants used for augmentation.
Another limitation is the inclusion of patients
who underwent primary complex arthroplasty
with the use of IBG via the X-Change technology.

CONCLUSIONS

Impaction bone grafting is a method of choice
for the reconstruction of limited bone defects
in revision total hip arthroplasty, with certain
specific features in the interpretation of
postoperative X-rays. Subsequent migration
of the acetabular component, displacement of
the center of rotation exceeding 5 mm along
any X/Y axis, and an increase in its inclination
within 10° correspond to a conditional norm
and are associated with natural biomechanical
processes occurring in the impacted cancellous
bone. The consistency of these processes
is confirmed by good and excellent clinical
outcomes at the study endpoint: HHS — 85.5
[70.5; 95.0] points, WOMAC — 6.5 [2.0; 21.0]
points. Revealed strong direct correlation
(p =0.006) between migration of the acetabular
component in type III defects by AAOS and
grade 3B by Paprosky with the use of any mesh
type on the acetabular rim does not indicate
the development of aseptic loosening of the
acetabular component. This is supported by the
midterm overall prosthesis survival estimated by

Kaplan-Meier analysis for revision and complex
primary total hip arthroplasty using impact bone
grafting, which was 97.9% at 60 months and
84.3% at 90 months.

DISCLAIMERS

Author contribution

Golnik V.N. - treatment of patients, data
interpretation, drafting and editing the
manuscript.

Ivanyuk A.M. - treatment of patients, data
interpretation.

Dzhukhaev D.A. - treatment of patients, data
interpretation.

Zolovkina A.G. - statistical data processing,
editing the manuscript.

Korenyak N.A. — data acquisition and processing,
editing the manuscript.

Batrak Yu.M. - data processing and analysis,
drafting the manuscript.

Peleganchuk V.A. - scientific guidance, editing
the manuscript.

Pavlov V.V. — study concept and design, editing
the manuscript.

All authors have read and approved the final
version of the manuscript of the article. All
authors agree to bear responsibility for all aspects
of the study to ensure proper consideration and
resolution of all possible issues related to the
correctness and reliability of any part of the work.
Funding source. This study was not supported by
any external sources of funding.

Disclosure competing interests. The authors
declare that they have no competing interests.
Ethics approval. Not applicable.

Consent for publication. Not required.

REFERENCES

1. Tikhilov R.M., Shubnyakov II., Denisov A.O.
Classifications of Acetabular Defects: Do They Provide
an Objective Evidence for Complexity of Revision
Hip Joint Arthroplasty? (Critical Literature Review
and Own Cases). Traumatology and orthopedics of
Russia. 2019;25(1):122-141. (In Russian). https://
doi.org/10.21823/2311-2905-2019-25-1-122-141.

2. Udintseva M.Yu., Volokitina E.A., Kolotygin D.A.,
Kutepov S.M. Compensation of acetabular defects
in primary and revision hip arthroplasty. Genij
Ortopedii. 2024;30(6):797-810. (In Russian). https://
doi.org/10.18019/1028-4427-2024-30-6-797-810.

31 2025;31(3)

TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



CLINICAL STUDIES

10.

11.

12.

13.

Sanghavi S.A., Paprosky W.G., Sheth N.P. Evaluation
and Management of Acetabular Bone Loss in Revision
Total Hip Arthroplasty: A 10-year Update. | Am
Acad Orthop Surg. 2024;32(10):e466-e475. https://
doi.org/10.5435/JAAOS-D-23-00645.

Whitehouse M.R., Masri B.A., Duncan C.P., Garbuz D.S.
Continued good results with modular trabecular metal
augments for acetabular defects in hip arthroplasty at
7 to 11 years. Clin Orthop Relat Res. 2015;473:521-527.
https://doi.org/10.1007/s11999-014-3861-x.

Hooten J.P., Engh C.A., Heekin R.D., Vinh T.N.
Structural bulk allografts in acetabular reconstruction.
Analysis of two grafts retrieved at post-mortem.
J Bone Jt Surg Br. 1996;78:270-275. https://
doi.org/10.1302/0301-620X.78B2.0780270.

D’Apolito R., Zagra L. Uncemented Cups and Impaction
Bone Grafting for Acetabular Bone Loss in Revision Hip
Arthroplasty: A Review of Rationale, Indications, and
Outcomes. Materials (Basel). 2022;15(10):3728. https://
doi.org/10.3390/ma15103728.

Teh H.L., Selvaratnam V., Low W.]., Kassim A.F.,
Ganapathy S.S., Chopra S. Outcomes of Impaction Bone
Grafting in the Management of Acetabular Defects with
the Use of Uncemented Acetabular Cups: Do Autografts
and Irradiated Femoral Head Allografts Integrate?
Indian ] Orthop. 2023;57(11):1842-1849. https://
doi.org/10.1007/s43465-023-00983-7.

Borland W.S., Bhattacharya R., Holland J.P,
Brewster N.T. Use of porous trabecular metal augments
with impaction bone grafting in management of
acetabular bone loss. Acta Orthop. 2012;83(4):347-352.
https://doi.org/10.3109/17453674.2012.718518.

Gill K., Wilson M.]J., Whitehouse S.L., Timperley A.].
Results wusing Trabecular Metal™ augments in
combination with acetabular impaction bone grafting
in deficient acetabula. Hip Int. 2013;23(6):522-528.
https://doi.org/10.5301/hipint.5000053.

Torre-Escuredo B., Gémez-Garcia E., Alvarez-Villar S.,
Bujan J., Ortega M.A. Bone impaction grafting with
trabecular metal augments in large defects in young
patients: Unravelling a new perspective in surgical
technique. BMC Musculoskelet Disord. 2020;21:1-8.
https://doi.org/10.1186/s12891-019-3017-y.

Marx A., Beier A., Richter A., Lohmann C.H.,
Halder A.M. Major acetabular defects treated with the
Burch-Schneider antiprotrusion cage and impaction
bone allograft in a large series: a 5- to 7- year follow-
up study. Hip Int. 2016;26(6):585-590. https://
doi.org/10.5301/hipint.5000388.

Rohe S., Dorr N., Bohle S., Matziolis G., Brodt S.,
Rohner E. Mid-term results in revision hip arthroplasty
with impaction bone grafted cup reconstruction for
acetabular defects. Sci Rep. 2022;12(1):13322. https://
doi.org/10.1038/s41598-022-17526-z.

Welten M.L., Schreurs B.W., Buma P., Verdonschot N.,
Slooff T.J. Acetabular reconstruction with impacted
morcellized cancellous bone autograft and cemented
primary total hip arthroplasty: a 10- to 17-year follow-
up study. J Arthroplasty. 2000;15(7):819-824. https://
doi.org/10.1054/arth.2000.7110.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Golnik V.N., Peleganchuk V.A., Batrak Y.M., Pavlov V.V.,
Kirilova I.A. Reconstruction of Acetabular and Femoral
Bone Defects With Impaction Bone Grafting in Revision
Hip Arthroplasty: A Case Report. Traumatology and
Orthopedics of Russia. 2023;29(3):102-109. (In Russian).
https://doi.org/10.17816/2311-2905-8008.

Xiong L., Li H., Huang X., Jie S., Zhu W., Pan J. et al.
Both Acetabular and Femoral Reconstructions with
Impaction Bone Grafting in Revision Total Hip
Arthroplasty: Case Series and Literature Review.
Arthroplast Today. 2023;24:101160. https://
doi.org/10.1016/j.artd.2023.101160.

Li X., Pan B.Q., Wu X.Y., Fu M., Liao W.M., Wu C.H. et al.
Impaction Bone Grafting Combined with Titanium Mesh
for Acetabular Bone Defects Reconstruction in Total
Hip Arthroplasty Revision: A Retrospective and Mini-
Review Study. Orthop Surg. 2022;14(5):902-910. https://
doi.org/10.1111/0s.13262.

Li H., Tan K.G., Li Z., Wu X., Cai G., Zhu W. et al.
Impaction Bone Grafting with Low Dose Irradiated
Freeze-Dried Allograft Bone for Acetabular Reconstruc-
tion. Orthop Surg. 2022;14(10):2519-2526. https://
doi.org/10.1111/0s.13471.

Golnik  V.N., Fedorova N.V.,, Larichkin AYu.,
Boyko S.V., Panchenko A.A., Kosinov A.M. et al.
Impaction Bone Grafting for Acetabular Bone
Defects Replacement in Revision Hip Arthroplasty:
Biomechanical Aspects. Traumatology and Orthopedics
of Russia. 2024;30(4):101-113. (In Russian). https://
doi.org/10.17816/2311-2905-17564.

Garcia-Rey E., Madero R., Garcia-Cimbrelo E. THA
revisions using impaction allografting with mesh is
durable for medial but not lateral acetabular defects.
Clin Orthop Relat Res. 2015;473(12):3882-3891. https://
doi.org/10.1007/s11999-015-4483-7.

Mohaddes M., Herberts P., Malchau H., Johanson P.E.,
Karrholm J. High proximal migration in cemented
acetabular revisions operated with bone impaction
grafting; 47 revision cups followed with RSA for
17 years. Hip Int. 2017;27(3):251-258. https:/
doi.org/10.5301/hipint.5000452.

Abdelnasser M.K., Khalifa A.A., Mahran M.A., Mosa M.,
Bakr H.M., Khalifa Y.E. et al. Post-operative hip centre
restoration and migration after impaction bone grafting
in revision and complex primary hip arthroplasty. Eur J
Orthop Surg Traumatol. 2019;29(7):1411-1417. https://
doi.org/10.1007/s00590-019-02458-8.

Nilsdotter A., Bremander A. Measures of hip function and
symptoms: Harris Hip Score (HHS), Hip Disability and
Osteoarthritis Outcome Score (HOOS), Oxford Hip Score
(OHS), Lequesne Index of Severity for Osteoarthritis of
the Hip (LISOH), and American Academy of Orthopedic
Surgeons (AAOS) Hip and Knee Questionnaire. Arthritis
Care Res (Hoboken). 2011;63 Suppl 11:S200-207. https://
doi.org/10.1002/acr.20549.

Pollard B., Johnston M., Dixon D. Exploring differential
item functioning in the Western Ontario and
McMaster Universities Osteoarthritis Index (WOMAC).
BMC Musculoskelet Disord. 2012;13:265. https://
doi.org/10.1186/1471-2474-13-265.

32

2025;31(3)

TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



CLINICAL STUDIES

24.

25.

26.

27.

28.

29.

30.

31.

32.

33,

34.

35.

D’Antonio J.A., Capello W.N., Borden L.S., Bargar W.L.,
Bierbaum B.F., Boettcher W.G. et al. Classification and
management of acetabular abnormalities in total hip
arthroplasty. Clin Orthop Relat Res. 1989;(243):126-137.

Paprosky W.G., Perona P.G., Lawrence J.M.
Acetabular  defect classification and  surgical
reconstruction in revision arthroplasty: a 6-year
follow-up evaluation. J Arthroplasty. 1994;9(1):33-44.
https://doi.org/10.1016/0883-5403(94)90135-x.

Nunn D., Freeman M.A., Hill PF., Evans S.J. The
measurement of migration of the acetabular component
of hip prostheses. | Bone Joint Surg Br. 1989;71(4):629-
631. https://doi.org/10.1302/0301-620X.71B4.2768311.

Slooff T.J., Schimmel J.W., Buma P. Cemented
fixation with bone grafts. Orthop Clin North Am.
1993;24(4):667-677.

DeLee ].G., Charnley ]. Radiological demarcation of
cemented sockets in total hip replacement. Clin Orthop
Relat Res. 1976;(121):20-32.

Golnik V.N., Peleganchuk V.A., Dzhukhaev D.A.,
Batrak Yu.M., Pavlov V.V. Impaction bone grafting
as a method of choice in bone defect management
in the revision hip arthroplasty: a cases series. Genij
Ortopedii. 2024;30(2):245-254. (In Russian). https://
doi.org/10.18019/1028-4427-2024-30-2-245-254.

Schreurs B.W., Rijnen W. Acetabular Revision
with Impaction Bone Grafting. In: Garcia-Rey
E., Garcia-Cimbrelo E. (eds) Acetabular Revision

Surgery in Major Bone Defects. Springer, Cham. 2019.
https://doi.org/10.1007/978-3-319-98596-1 5.
Garcia-Rey E., Saldana L., Garcia-Cimbrelo E.
Impaction bone grafting in hip re-revision surgery.
Bone Joint J. 2021;103-B(3):492-499. https://
doi.org/10.1302/0301-620X.103B3.B]]-2020-1228.R1.
Rahmansyah N., Santoso A., Anwar IB., Sibarani
T.S.M.H.S., Mariyanto 1. New acetabulum bone
formation after 10-years impaction bone graft
and cemented acetabular cup lead to simple
revision-THA with cementless acetabular cup: A
case report. Int | Surg Case Rep. 2022;95:107230.
https://doi.org/10.1016/j.ijscr.2022.107230.

Buttaro M.A., Comba F., Pusso R., Piccaluga F. Acetabular
revision with metal mesh, impaction bone grafting, and
a cemented cup. Clin Orthop Relat Res. 2008;466(10):
2482-2490. https://doi.org/10.1007/s11999-008-0442-x.
Schreurs B.W., Bolder S.B., Gardeniers J.W.,
Verdonschot N., Slooff T.]., Veth R.P. Acetabular revision
with impacted morsellised cancellous bone grafting
and a cemented cup. A 15- to 20-year follow-up. ] Bone
Joint Surg Br. 2004;86(4):492-497.

Abu-Zeid M.Y., Habib M.E., Marei S.M., Elbarbary
A.N., Ebied A.A., Mesregah M.K. Impaction bone
grafting for contained acetabular defects in total
hip arthroplasty. J Orthop Surg Res. 2023;18(1):671.
https://doi.org/10.1186/513018-023-04154-0.

36.

37.

38.

39.

40.

41.

42.

43.

45.

Gehrke T., Gebauer M., Kendoff D. Femoral stem
impaction grafting: extending the role of cement.
Bone Jjoint J. 2013;95-B(11 Suppl A):92-94. https://
doi.org/10.1302/0301-620X.95B11.32762.
Garcia-Cimbrelo E., Garcia-Rey E. Impaction bone
grafting with reinforcement metallic mesh and cemented
cup for the treatment of Paprosky 3B acetabular
defects. Ann Joint. 2017;2:42. Available from: https://
aoj.amegroups.org/article/view/3743.

Putzer D., Pallua J., Degenhardt G., Dammerer D.,
Nogler M., Arora R. Microarchitectural properties of
compacted cancellous bone allografts: A morphology
micro-computed tomography analysis. ] Mech
Behav Biomed Mater. 2024;160:106781. https://
doi.org/10.1016/j.jmbbm.2024.106781.

Yang C., Zhu K., Dai H., Zhang X., Wang Q., Wang Q.
Mid- to Long-term Follow-up of Severe Acetabular
Bone Defect after Revision Total Hip Arthroplasty Using
Impaction Bone Grafting and Metal Mesh. Orthop Surg.
2023;15(3):750-757. https://doi.org/10.1111/0s.13651.
Ornstein E., Franzén H., Johnsson R., Sandquist P.,
Stefansdottir A., Sundberg M. Migration of the acetabular
component after revision with impacted morselized
allografts: a radiostereometric 2-year follow-up analysis
of 21 cases. Acta Orthop Scand. 1999;70(4):338-342.
https://doi.org/10.3109/17453679908997821.

Waddell B.S., Della Valle A.G. Reconstruction of
noncontained acetabular defects with impaction
grafting, a reinforcement mesh and a cemented
polyethylene acetabular component. Bone
Joint J. 2017;99-B(1 Supple A):25-30. https://
doi.org/10.1302/0301-620X.99B1.B]]-2016-0322.R1.
Phillips A.T., Pankaj, Brown D.T., Oram T.Z.,
Howie C.R., Usmani A.S. The elastic properties of
morsellised cortico-cancellous bone graft are dependent
on its prior loading. J Biomech. 2006;39(8):1517-1526.
https://doi.org/10.1016/j.jbiomech.2005.03.032.
Wilson M.J.,, Whitehouse S.L., Howell J.R,,
Hubble M.J.W., Timperley A.]., Gie G.A. The results
of acetabular impaction grafting in 129 primary
cemented total hip arthroplasties. ] Arthroplast.
2013;28(8):1394-1400.

.Malahias M.A., Mancino F., Gu A., Adriani M., De

Martino 1., Boettner F. et al. Acetabular impaction
grafting with mesh for acetabular bone defects:
a systematic review. Hip Int. 2022;32(2):185-196. https://
doi.org/10.1177/1120700020971851.

Cimatti P., Del Piccolo N., Dallari B., Mazzotta A.,
Dallari D. Use of morselized bone allograft in revision
hip arthroplasty for massive acetabular defect:
A systematic review and meta-analysis. ] Exp Orthop.
2024;11(4):e70091. https://doi.org/10.1002/je02.70091.

Authors’ information
™ Vadim N. Golnik

Address: 1/3, st. Lyapidevsky, Barnaul, 656045, Russia
https://orcid.org/0000-0002-5047-2060

e-mail: vgolnik@mail.ru

33

2025;31(3)

TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA


https://doi.org/10.1007/978-3-319-98596-1_5

CLINICAL STUDIES

Alexey M. Ivanyuk
https://orcid.org/0009-0007-6287-8811

e-mail: alexei.ivanuk@yandex.ru
Denis A. Dzhukhaev
https://orcid.org/0000-0003-2920-2346

e-mail: dzhukhaeov@mail.ru

Anna G. Zolovkina — Cand. Sci. (Med.)
https://orcid.org/0000-0003-2923-6511

e-mail: zolovkinaag@gmail.com
Nina A. Korenyak — Cand. Sci. (Med.)
https://orcid.org/0009-0004-1328-8223

e-mail: ninakorenyak@mail.ru
Yuriy M. Batrak — Cand. Sci. (Med.)

https://orcid.org/0000-0003-0489-1480
e-mail: 297501 @mail.ru

Vladimir A. Peleganchuk — Dr. Sci. (Med.)

https://orcid.org/0000-0002-2386-4421
e-mail: 297501 @mail.ru

Vitaliy V. Paviov — Dr. Sci. (Med.), Associate Professor
https://orcid.org/0000-0002-8997-7330

e-mail: pavlovdoc@mail.ru

34 2025;31(3)

TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



