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Abstract

Aim of the study — to evaluate our own experience of the use of non-modular tapered stems in revision hip
arthroplasty to determine the incidence and causes of repeated revisions, functional outcomes, and factors
associated with the subsidence of non-modular tapered stems.

Methods. We retrospectively analyzed the results of using 78 non-modular tapered stems. The average
follow-up period was 5.1 years.

Results. There were repeated revisions accompanied by the removal of non-modular tapered stems
in 14 (17.9%) cases. Significant subsidence was observed in 5 (6.4%) cases. Bicortical contact less than 2.0 cm
(p = 0.017) was a risk factor for the subsidence of non-modular tapered stems. The risk of having a bicortical
contact of less than 2 cm was higher in patients with type IV femoral defect (p = 0.048). An improvement
in functional parameters was found. Patients with significant subsidence of non-modular tapered stems
had worse functional outcomes compared to the patients without significant subsidence.

Conclusions. The use of non-modular tapered stems in revision hip arthroplasty shows good results in terms
of repeated revision rates and functional outcomes. Periprosthetic infection and aseptic loosening were the
most frequent causes of repeated revisions with the removal of non-modular tapered stems. All patients with
significant subsidence of non-modular tapered stems underwent repeated revision due to aseptic loosening.
Bicortical contact less than 2.0 cm was a risk factor for significant subsidence of non-modular tapered stems.
The risk of bicortical contact less than 2.0 cm was higher in patients with type IV femoral defects. Therefore,
it is recommended to use non-modular tapered stems with caution or consider other hip reconstruction
options in this type of defect.
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Pedepar

Ilenv uccnedosanus — oreHKa COGCTBEHHOTO OIBITA VCIIOTb30BaHMsI HEMOIY/IbHBIX KOHUUECKUX OeIpeHHbIX
KOMIIOHEHTOB TIPY PEBU3VIOHHOM SHAOMIPOTE3MPOBAHNY Ta300eIpEHHOTO CyCTaBa IJIsl OTpeeIeHNs YaCTOThI
Vi IPUYMH TOBTOPHBIX peBU3MIL, QYHKIMOHAIbHBIX PE3YIbTATOB, & TAKKE (AKTOPOB, aCCOIMMUPOBAHHBIX C MTPO-
cemaHMeM HeMOIY/IbHbIX KOHMYECKUX OeIpeHHbIX KOMITOHEHTOB.

Mamepuan u memodsl. Bbu1 TpoBeieH PeTPOCIIEKTUBHBIN aHAIN3 PE3YIbTATOB MCIIOTb30BaHMSI HEMOTYTbHbIX
KoHMueckux 6eqpeHHbx kKomrnoneHToB (HKBK) B 78 cinyuasix. CpemHuii CpoK HAGMIOAEHMS COCTaBuII 5,1 JieT.
Pesynomamet. B 14 (17,9%) cinydyasx 6bUIM BbITIOTHEHBI TOBTOPHBIE PEBU3UM, COTTPOBOXKIAIOIINECS YAATEHN-
eMm HKBK. 3HaunuTenbHOE TIpocemaHe HabIIOmanoch B 5 (6,4%) cnydyasax. BUKOPTUMKAIbHBIN KOHTAKT MEHee
2,0 cm (p = 0,017) 6611 haKTOPOM PUCKA TPOCEIAHMS HEMOIYIbHBIX KOHMYECKUX OeIPEeHHBIX KOMIIOHEHTOB.
Puck monyyeHus: GUKOPTUKAIBHOTO KOHTAKTa MeHee 2 CM ObLI BBbIIIE Y MAIIMEHTOB ¢ AedeKkToM 6eapeHHOI
koctu IV Tumna (p = 0,048). Bblj10 BBISIBIEHO yiIydlieHre QYHKIMOHAIbHBIX ITOKa3aTeseii. [TarMeHThI co 3HA-
yuTenbHbIM IpocemannemM HKBK nmeny xyammme GyHKIMOHAIbHbIE PE3YIbTAThI IO CPABHEHMIO C TTALIVIEHTA-
My 6e3 3HAUUTEIBHOTO IIPOCeqaHmsl.

3axmouenue. Vicrionb3oBanye HKBK mpy peBM3MOHHOM SHIOMIPOTE3MPOBAHMM Ta300€IpeHHOTO CyCTaBa MOKa-
3bIBAET XOPOIIINE Pe3yabTaThl B OTHOIIEHMM YaCTOThI IOBTOPHBIX PEBU3UI U QYHKIIMOHAIbHBIX TOKa3aTeJIei.
Haunbonee yacTeiMy IpMUMHAMU TTOBTOPHBIX peBu3uit ¢ ynanenuem HKBK 6butv mepurpoTesHas MHGEKIUS
U acemnTMUecKoe paciiaTbiBaHMe. Y Bcex IMalieHTOB CO 3HAauMUTeNbHbIM npoceganueM HKBK 6blia BBITIOTHEHA
TOBTOPHAS peBU3USI MO MPUUYMHE aCeNITUUYECKOTO pacIiaThIBaHUSI. BUKOPTUKaIBHBIN KOHTAKT MeHee 2,0 CM SIB-
Jisiicst GakTOpoM pucKa 3HaunTenbHoro npocegans HKBK. PcK BOSHMKHOBEHMS GMKOPTUKAIbHOTO KOHTAKTa
MeHee 2,0 ¢cM GBI BBIIIE Y MAIMEHTOB ¢ AedeKkTamy 6eapeHHOM KocTy IV Tuma, mo3ToMy Mpu JaHHOM TUITE
nedexra pekoMeHayeTcst Mcoab3oBaTh HKBK ¢ 0CTOPOSKHOCTBIO MM PacCMaTpPUBATh APyrMe BapUaHThI pe-
KOHCTPYKIMM Gepa.

KiroueBble ¢JIOBa: peBU3MOHHOE SHIOMPOTE3MPOBaHMe Ta306eIPEHHOr0 CYCTaBa, HEMOIY/IbHbIN KOHUYECKMIA
6eIpeHHbII KOMIIOHEHT, 0MKOPTUKAIbHbBII KOHTAKT, TedeKT 6eJpeHHO0 KOCTH.
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BACKGROUND

National registries data indicate an increase
in the number of revision hip arthroplasties
(RHA) [1, 2, 3]. The choice of the femoral stem
for achieving stable fixation is one of the most
important stages of RHA. Nowadays, we have
gained experience in the use of various types of
stems in RHA [4, 5, 6, 7, 8].

In 1987, H. Wagner described the use of non-
modular tapered stems (NMTS) in RHA. The stem
is fixed in the diaphysis, the tapered geometry
provides axial stability, and longitudinal ribs
provide rotational stability [9]. These stems have
shown good results in RHA. However, a significant
subsidence (=10 mm) remains one of the problems
after implantation of these types of stems
[10, 11]. Several authors have shown that
subsidence of NMTS may be related to the
extent of bone loss of the femur and poor filling
of its canal with the stem [7, 10, 12]. Studies on
the outcomes of using modular tapered stems
indicate a greater risk of subsidence when bicortical
stem contact is less than 2 c¢cm [13, 14], while
bicortical contact of less than 2 cm as a risk factor
for NMTS subsidence has not been well studied.

Aim of the study is to evaluate our own
experience of the use of non-modular tapered
stems in revision hip arthroplasty to determine
its incidence and causes, functional outcomes,
and factors associated with subsidence of these
types of stems.

METHODS
Study design

Inclusion criteria were the use of Wagner Self-
Locking (SL) NMTS (Zimmer Biomet, USA) in
RHA and a follow-up period of at least two years.
An exclusion criterion was the use of Wagner
SL NMTS in primary total hip arthroplasty.
Seventy-eight RHAs performed between 2008
and 2020 by the same surgeon were included in
the study. A retrospective analysis of medical
histories and X-rays was performed. Patients
were invited to the clinic for physical and
radiological examination. Those who could not
come to the clinic were contacted by phone and
asked to send X-rays via e-mail. Mean follow-
up was 5.1 years: standard deviation (SD) — 2.5;

median (Me) — 4.9; interquartile range (IQR)
(25-75) — 3.8-6.1; minimum and maximum
values (min-max) — 2.1-14.3.

Assessment of results

We analyzed various types of complications in the
postoperative period. Comparative assessment of
functional outcomes in the pre-and postoperative
periods was performed using the Oxford
Hip Score questionnaire [15]. The Paprosky
classification [16] was used to describe femoral
bone defects. The type of periprosthetic fracture
causing RHA was determined according to the
unified classification system [17]. Intraoperative
periprosthetic fractures were described according
to the Vancouver classification [18].

Radiological assessment was used to compare
the position of the components at two time
points: immediately after surgery and at the
time of the last radiological examination. Stem
subsidence was determined by comparing
landmarks on the femur and on the prosthesis,
which were clearlyvisible in all X-rays. The medial
point of the lesser trochanter, calcar, proximal
or distal contour of the lesser trochanter, and
cerclage wires were used as landmarks on the
femur. The apex of the stem shoulder was used as
a landmark on the prosthesis. We drew a line from
the reference point on the femur to the reference
point on the prosthesis. This vertical line allowed
us to calculate the actual length of the stem
subsidence over the cortical bone (Fig. 1).

A subsidence of 10 mm or more was
considered clinically significant. Bicortical
contact was determined as the total length of
the direct contact between the cortical plate
and the contour of the prosthesis without
a radiolucent line on the femur X-ray in the AP
view[13, 14] (Fig. 2). Stem varus-valgus alignment
was determined by measuring the angle between
the lateral periosteal surface of the femoral canal
and the longitudinal axis of the stem [19]. The
known diameter of the femoral head was used to
assess the accuracy of all measurements.

For 5-6 weeks, patients were advised to use
crutches and limit axial load on the operated leg.
In the period from 6 weeks to 3 months, patients
were recommended to start full weight bearing
on the operated leg using crutches or cane.
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Fig. 1. X-ray images of the left hip of a 64-year-
old patient after revision surgery:

a—onday1;

b — in 9 months: 24.3 mm subsidence of the
stem is observed

Fig. 2. X-ray images of the right hip of a 50-year-old patient
on day 1 after revision surgery:

a — the lines indicate the contact between the femoral
component and the cortical layer of the femur on the medial
and lateral sides;

b — the length of the bicortical contact was defined as the total
length of the direct contact between the cortical plate and

the contour of the prosthesis without a radiolucent line
(arrows 1 and 2)

Mean length of the implanted stems (SD — 48.5; Me — 180; IQR — 160.0-271.5;
was 2354 mm (SD — 40.2; Me — 225; min-max — 100-310), and mean blood loss was
IQR — 190-265, min-max — 190-305 mm); 605 ml (SD — 330.4; Me — 500; IQR — 400-825;
diameter — 16.9 mm (SD — 2.6; Me—17; min-max — 150-1600). Patients' characteristics
IQOR — 15-18; min-max —  14-25). and the features of surgical treatment are
Mean surgery duration was 188.8 min presented in Tables 1,2, 3.

Table 1
Baseline characteristics of patients
Parameter Number (%) M=SD Me IQR (25-75) min-max

Age, years old - 57.1£12.2 58.0 49-65 24-84
Gender

male 26 (33.3) B 3 B _

female 52 (66.7)
BMI, kg/m? - 26.9%4.2 27.1 23.7-28.7 17.8-38.2
Previous surgeries - 2.6%19.0 2 1-3 1-11
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Table 2
Revisions causes, types of defects and periprosthetic fractures
Parameter Number (%)

Revision cause

aseptic loosening 31 (39.7)

periprosthetic infection (second stage) 33 (42.3)

periprosthetic fracture 5(6.4)

pain after arthroplasty 2 (2.6)

dislocation 1(1.3)

mechanical destruction 6 (7.7)
Defect type (Paprosky classification)

I 16 (20.5)

IIIA 33 (42.3)

I1IB 24 (30.8)

v 5 (6.4)
Periprosthetic fracture type (unified classification system)

B2 2 (40)

B3 3 (60)

Table 3
Specific characteristics of surgeries
Parameter Number (%)

Side

left 41 (52.6)

right 37 (47.4)
Extent of revision

femoral stem replacement 19 (24.4)

femoral and acetabular component replacement 59 (75.6)
Femoral bone grafting

morselized bone graft 5(50)

structural bone graft 5 (50)

Statistical analysis

Clinical (age, weight, gender, number of hip
surgeries, previous infection, allograft use,
femoral stem length, femoral stem diameter,
preoperative periprosthetic fractures,
intraoperative periprosthetic fractures, extended
femoral osteotomy, type of femoral defect)
and radiological (medial-lateral bicortical
contact of the stem and stem varus-valgus
alignment) factors were analyzed. Normality of
the distribution was tested using the Shapiro-
Wilk test and the Kolmogorov-Smirnov test.
In case of normal distribution of quantitative
indicators, we used Student's t-test to analyze
the independent samples. If the distribution of
quantitative indicators differed from normal,

the Mann-Whitney U test was used to analyze
the independent samples. Wilcoxon's test was
used for analysis of dependent samples. The
chi-square test and Fisher's exact test were used to
assess the differences between nominal variables.
In some cases, the odds ratio (OR) was identified.
A value of p<0.05 was used as a criterion for
statistical significance of observed differences.
However, a Bonferroni correction for p-value was
applied when comparing individual categories
in categorical variables. Thus, for intraoperative
periprosthetic fractures, periprosthetic fractures
as causes of RHA, and types of femoral defects
according to the Paprosky classification, p<0.01,
p<0.025, and p<0.0125 values were determined as
criteria for statistical significance, respectively.
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Statistical analysis was performed using Past
software version 4.03 (Norway) [20].

RESULTS

In 14 (17.9%) out of 78 cases, repeated revisions
with stem removal were performed for the
following reasons: periprosthetic joint infection
(PJI) in 7 cases, aseptic loosening of the femoral
stem in 5 cases, pain syndrome in 1 case, and
mechanical failure in 1 case. The mean time
for complications was 31 months (SD — 42.5;
Me — 15; IQR — 5.0-46.5; min-max — 3-166).
The mean stem subsidence in all patients was
1.9 mm (SD — 7.0; Me — 0; IQR — 0-0-0; min-
max — 0.0-37.8). Significant subsidence was
observed in 5 (6.4%) cases. The mean subsidence
in this group of patients was 26.5 mm (SD — 8.4;
Me — 24.7; IQR — 18.8-35.1; min-max — 18.4-
37.8). All 5 patients underwent repeated revision
due to aseptic loosening of the femoral stem.
In 73 (93.6%) cases, the subsidence was less than
10 mm with the mean subsidence of 0.07
(SD—0.4; Me —0;IQR —0-0; min-max — 0.0-3.3).

In 9 (12.3%) out of 73 cases with subsidence
less than 10 mm, complications that required
repeated revisions with stem removal were
observed: in 7 cases due to PJI, in one — due
to pain, and in one more — due to mechanical
stem destruction. Patients with significant stem
subsidence were significantly more likely to have
a bicortical contact less than 2 cm compared to the

group of patients with stem subsidence less than
10 mm (Table 4). The odds ratio for the bicortical
contact factor less than 2.0 cm when comparing
two groups of patients was 15.5 (95% CI 1.6-148.9;
p = 0.017). The lowest value of bicortical contact
was found in patients with type IV femoral defect
—2.8cm (SD —2.2; Me — 1.3; IQR — 1.2-4.8; min-
max — 1.2-6.3). In patients with less femoral bone
loss, we obtained the following bicortical contact
values: type II femoral defects — 5.3 cm (SD — 3.1;
Me — 6.1; IQR — 2.6-8.2; min-max — 0.0-9.5),
type IIIA femoral defects — 4.6 cm (SD — 3.7,
Me — 4.5; IQR — 0.8-7.5; min-max — 0.0-10.8),
and type IIIB femoral defects — 5.5 cm (SD — 4.0;
Me — 4.3; IQR — 2.2-8.6; min-max — 0.0-14.3).
The risk of bicortical contact less than 2.0 ¢cm
was higher in patients with type IV hip defects
(OR = 6.3; 95% CI — 0.9-41.5; p = 0.048 for type
IV compared to types II, IIIA, IIIB).

When comparing the Oxford Hip Score,
there was a statistically significant difference
(p<0.001): preoperatively (M*SD — 14.5%7.2;
Me — 15; IQR — 10-20; min-max — 0 to 27) and
postoperatively (M£SD — 34.2+7.2; Me — 34,
IQR — 28-41; min-max — 22 to 48). Patients with
significant stem subsidence had lower Oxford
Hip Score values compared to patients without
significant subsidence — (M*SD — 22.8+1.3;
Me — 22; IQR — 22-24; min-max — 22 to 25)
vs (M£SD — 36.5%7.1; Me — 36; IQR — 31-43;
min-max — 22 to 48) (p<0.001) (Fig. 3).

Table 4
Analysis of the influence of various factors on the femoral stem subsidence
Factor Patients with significant Patients without significant stem
stem subsidence,n =5 subsidence,n =73 p
Age, years old Mean — 62.4 Mean — 56.7 0.136
(SD — 2.6; Me — 62; (SD —11.9; Me — 57; IQR — 52-64;
IQR — 60-65; min-max — 24-84)
min-max — 60-66)
BMI, kg/m2 Mean — 29.9 (SD — 2.7; Mean — 26.5 (SD — 4.6; 0.102
Me — 39; IQR — 27.5-31.8; Me — 26.5; IQR — 23.9-28.5;
min-max — 27.2-32.5) min-max —17.8-38.2)
Male 3 (60%) 23 (31%) 0.326
Number of surgeries on the hip Mean — 2.4 Mean — 2.5 0.835
joint (SD—1.9;Me — 1; (SD —1.9; Me — 2; IQR — 1-3;
IQR — 1-4.5; min-max — 1-11)
min-max — 1-5)
Infection in the medical history 2 (40%) 31 (42.5%) 1.0
Use of the structural allograft 0 (0%) 5(6.8%) 1.0
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End of Table 4
Factor Patients with significant Patients without significant stem
stem subsidence,n =5 subsidence,n =73 p
Length of the stem, mm Mean — 249 (SD — 35.8; Mean — 232.3 (SD — 41.3; 0.412
Me — 225; IQR — 225-285; Me — 225; IQR — 190-265;
min-max — 225-305) min-max — 190-305)
Diameter of the stem, mm Mean — 16.2 (SD — 1.9; Mean — 17.1 (SD — 2.7; 0.566
Me — 16; IQR — 14.5-18; Me — 17; IOR — 15-18;
min-max — 14-19) min-max — 14-25)
Factor Patients with significant Patients without significant stem
stem subsidence,n = 5 subsidence,n=73 p
Intraoperative periprosthetic
fractures
A2 0 (0%) 2 (2.7%) 1.0*
A3 0 (0%) 1(1.4%) 1.0*
B2 0 (0%) 1(1.4%) 1.0*
B3 1(20%) 0 (0%) 0.064*
C2 0 (0%) 1(1.4%) 1.0*
Periprosthetic fractures as a
cause of RHA

B2 0 (0%) 2(2.7%) 1.0**

B3 0 (0%) 3(4.1%) 1.0%*
Extended osteotomy of the 1(20%) 14 (19.2%) 1.0
femur
Defect type
(Paprosky classification)

I 1(20%) 15 (20.5%) 1.0%**

1A 2 (40%) 31 (42.5%)

I11B 0 (0%) 24 (32.9%)

I\Y 2 (40%) 3(4.1%) 0.031%**
Medial-lateral bicortical 4 (80%) 15 (20.5%) 0.011
contact <2,0 cm
Stem varus-valgus alignment, Mean — 0.32 (SD — 0.3; Mean — 0.63 (SD — 0.9; 0.874
deg. Me — 0.3; IQR — 0-0.65; Me — 0.2; IQR — 0-0.9;

min-max — 0-0.8) min-max — 0.3-3.6)

Statistically significant p is in bold.

After application of the Bonferroni correction: * — p<0,01; ** — p<0,025; *** — p<0,0125.

457

357

20

Fig. 3. The functional status according

to the Oxford Hip Score:

a — preoperative (x), postoperative (y);
b — patients with significant stem
subsidence (x), patients without significant

stem subsidence (y)
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DISCUSSION

In our study, we evaluated the results of NMTS
use in 78 cases of RHA. A statistically significant
improvement in functional outcomes was noted,
which is consistent with the results of the studies
by other authors [21]. The subsidence in all
patients was 1.9 mm. A significant subsidence
was observed in 5 (6.4%) cases. These results
are comparable to those reported in other
studies [10, 11, 22]. The risk factor for significant
subsidence was a bicortical contact of less than
2 cm. S. Tangsataporn et al. also identified
bicortical contact of less than 2 cm as a risk factor
for significant subsidence, but only for modular
tapered stems [13]. P. Moriarty et al. also reported
that modular tapered stems with bicortical
contact less than 2 cm were characterized by a
higher incidence of significant subsidence [14].
Regarding NMTS, J. Gutiérrez Del Alamo et al.
and A. Baktir et al. reported that significant
subsidence was associated with poor filling of
the femoral canal. In our opinion, poor femoral
canal filling may indirectly indicate insufficient
bicortical contact. However, this is only our
assumption, since bicortical contact was not
evaluated in these studies [10, 12].

We found that the risk of having a bicortical
contact of less than 2 cm was higher in patients
with Paprosky type IV femoral defect (p = 0.048).
Thus, in this case it is much more difficult to
achieve a bicortical contact threshold of 2 cm,
which may result in significant subsidence. The
option of using NMTS in this type of defect
was considered in a study by D. Regis et al.
Wagner SL revision stem was implanted in 12
(29.3%) out of 41 cases in type IV femoral defect
according to the Paprosky classification, and no
significant subsidence of the stem was observed
in any case [11]. On the other hand, P. Bohm and
O. Bischel noted a positive association between
femoral defects graded as 1B or higher according
to the Bohm and Bischel classification system
and subsidence of the Wagner SL revision
stem; however, it should be noted that the
characteristics of the femoral defects according
to this classification differ from those of the
femoral defects according to the Paprosky
classification [7]. We believe that NMTS should
be used with caution in type IV femoral defects.
We would like to emphasize that the use of NMTS

in other types of femoral defects may be a good
solution because, for example, in types IIIA, IIIB,
and II femoral defects we obtained bicortical
contact values well above the 2 cm threshold,
which ultimately reduces the risk of significant
subsidence.

We recommend aggressive reaming, especially
in the pedestal region, to ensure adequate contact
of the stem with the cortical bone. We also
consider it reasonable to perform intraoperative
X-rays in the AP view to assess the achievement
of the 2 cm bicortical contact threshold, although
in our cohort of patients there were only a few
cases with intraoperative radiological control.

The most common cause of NMTS removal in
the study by A.]. Clair et al., similar to our report,
was PJI — 4.5% of the total number of cases [23].
The authors noted that the higher PJI incidence
in patients with NMTS compared to patients
with modular stems may be related to the
longer mean surgery duration in case of NMTS
use — 193*66 minutes versus 163+78 minutes.
Mean surgery duration when implanting NMTS
in our study was shorter compared to the data
of A.]. Clair et al. and amounted to 188.8 min.
At the same time, in 5 out of 7 cases where the
Wagner SL revision stem was removed due to
PJI, the patients had previously undergone hip
interventions associated with PJI. In our opinion,
PJI development in these patients may be related
not only to the duration of revision surgery, but
also to the presence of infectious complications
in the medical history.

Limitations of the study

Our study is retrospective. We do not have
complete data on each patient at certain time
points. All operations were performed by the
same surgeon.

CONCLUSIONS

The use of non-modular tapered stems in
revision hip arthroplasty shows good results in
terms of revision rates and functional outcomes.
Periprosthetic infection and aseptic loosening
were the most frequent causes of repeated
revisions with removal of non-modular tapered
stems. All patients with significant subsidence
of these stems underwent repeated revision due
to aseptic loosening. Bicortical contact less than
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