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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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Какие факторы могут привести к проседанию немодульного 
конического бедренного компонента после ревизионного 
эндопротезирования тазобедренного сустава?
Р.М. Тихилов 1, А.А. Джавадов 1, А.В. Копцов 2, П.В. Филонов 1,  
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Реферат
Цель исследования — оценка собственного опыта использования немодульных конических бедренных 
компонентов при ревизионном эндопротезировании тазобедренного сустава для определения частоты 
и причин повторных ревизий, функциональных результатов, а также факторов, ассоциированных с про-
седанием немодульных конических бедренных компонентов.
Материал и методы. Был проведен ретроспективный анализ результатов использования немодульных 
конических бедренных компонентов (НКБК) в 78 случаях. Средний срок наблюдения составил 5,1 лет. 
Результаты. В 14 (17,9%) случаях были выполнены повторные ревизии, сопровождающиеся удалени-
ем НКБК. Значительное проседание наблюдалось в 5 (6,4%) случаях. Бикортикальный контакт менее 
2,0 см (p = 0,017) был фактором риска проседания немодульных конических бедренных компонентов. 
Риск получения бикортикального контакта менее 2 см был выше у пациентов с дефектом бедренной 
кости IV типа (p = 0,048). Было выявлено улучшение функциональных показателей. Пациенты со зна-
чительным проседанием НКБК имели худшие функциональные результаты по сравнению с пациента-
ми без значительного проседания. 
Заключение. Использование НКБК при ревизионном эндопротезировании тазобедренного сустава пока-
зывает хорошие результаты в отношении частоты повторных ревизий и функциональных показателей. 
Наиболее частыми причинами повторных ревизий с удалением НКБК были перипротезная инфекция 
и асептическое расшатывание. У всех пациентов со значительным проседанием НКБК была выполнена 
повторная ревизия по причине асептического расшатывания. Бикортикальный контакт менее 2,0 см яв-
лялся фактором риска значительного проседания НКБК. Риск возникновения бикортикального контакта 
менее 2,0 см был выше у пациентов с дефектами бедренной кости IV типа, поэтому при данном типе 
дефекта рекомендуется использовать НКБК с осторожностью или рассматривать другие варианты ре-
конструкции бедра.

Ключевые слова: ревизионное эндопротезирование тазобедренного сустава, немодульный конический 
бедренный компонент, бикортикальный контакт, дефект бедренной кости.
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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 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 clearly visible 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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Mean length of the implanted stems 
was 235.4 mm (SD — 40.2; Me — 225;  
IQR — 190-265, min-max — 190-305 mm);  
diameter — 16.9 mm (SD — 2.6; Me — 17; 
IQR — 15-18; min-max — 14-25). 
Mean surgery duration was 188.8 min  

(SD — 48.5; Me — 180; IQR — 160.0-271.5; 
min-max — 100-310), and mean blood loss was  
605 ml (SD — 330.4; Me — 500; IQR — 400-825; 
min-max — 150-1600). Patients' characteristics 
and the features of surgical treatment are 
presented in Tables 1, 2, 3.

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)

1

2

а b

Fig. 1. X-ray images of the left hip of a 64-year-
old patient after revision surgery: 
a — on day 1; 
b — in 9 months: 24.3 mm subsidence of the 
stem is observed

11,4

b

35,7

а

Table 1
Baseline characteristics of patients

Parameter Number (%) M±SD Ме IQR (25–75) min-max

Age, years old – 57.1±12.2 58.0 49–65 24–84

Gender
     male
     female

26 (33.3)
52 (66.7) – – – –

BMI, kg/m2 – 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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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. 

Table 2
Revisions causes, types of defects and periprosthetic fractures

Parameter Number (%)

Revision cause
     aseptic loosening
     periprosthetic infection (second stage)
     periprosthetic fracture
     pain after arthroplasty
     dislocation
     mechanical destruction

31 (39.7)
33 (42.3)

5 (6.4)
2 (2.6)
1 (1.3)
6 (7.7)

Defect type (Paprosky classification)
     II
     IIIA
     IIIB
     IV

16 (20.5)
33 (42.3)
24 (30.8)

5 (6.4)

Periprosthetic fracture type (unified classification system)
     B2
     B3

2 (40)
3 (60)

Table 3
Specific characteristics of surgeries

Parameter Number (%)

Side
     left
     right

41 (52.6)
37 (47.4)

Extent of revision
     femoral stem replacement
     femoral and acetabular component replacement

19 (24.4)
59 (75.6)

Femoral bone grafting
     morselized bone graft
     structural bone graft

5 (50)
5 (50)
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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 
— 2.8 cm (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 
stem subsidence, n = 5

Patients without significant stem 
subsidence, n = 73 p

Age, years old Mean — 62.4 
(SD — 2.6; Ме — 62;  

IQR — 60–65;  
min-max — 60-66)

Mean — 56.7  
(SD — 11.9; Ме — 57; IQR — 52–64;  

min-max — 24-84)

0.136

BMI, kg/m2 Mean — 29.9 (SD — 2.7;  
Ме — 39; IQR — 27.5–31.8; 

min-max — 27.2-32.5)

Mean — 26.5 (SD — 4.6; 
Ме — 26.5; IQR — 23.9–28.5; 

min-max —17.8-38.2)

0.102

Male 3 (60%) 23 (31%) 0.326

Number of surgeries on the hip 
joint

Mean — 2.4 
(SD — 1.9; Ме — 1;  

IQR — 1–4.5;  
min-max — 1-5)

Mean — 2.5  
(SD — 1.9; Ме — 2; IQR — 1–3;  

min-max — 1-11)

0.835

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 
stem subsidence, n = 5

Patients without significant stem 
subsidence, n = 73 p

Length of the stem, mm Mean — 249 (SD — 35.8;  
Ме — 225; IQR — 225–285;  

min-max — 225-305)

Mean — 232.3 (SD — 41.3; 
Ме — 225; IQR — 190–265;  

min-max — 190-305)

0.412

Diameter of the stem, mm Mean — 16.2 (SD — 1.9;  
Ме — 16; IQR — 14.5–18;  

min-max — 14-19)

Mean — 17.1 (SD — 2.7;  
Ме — 17; IQR — 15–18; 

min-max — 14-25)

0.566

Factor Patients with significant 
stem subsidence, n = 5

Patients without significant stem 
subsidence, n = 73 p

Intraoperative periprosthetic 
fractures

A2
A3
B2
B3
C2

0 (0%)
0 (0%)
0 (0%)

1 (20%)
0 (0%)

2 (2.7%)
1 (1.4%)
1 (1.4%)
0 (0%)

1 (1.4%)

1.0*
1.0*
1.0*

0.064*
1.0*

Periprosthetic fractures as a 
cause of RHA

B2
B3

0 (0%)
0 (0%)

2 (2.7%)
3 (4.1%)

1.0**
1.0**

Extended osteotomy of the 
femur 

1 (20%) 14 (19.2%) 1.0

Defect type  
(Paprosky classification)

II
IIIA
IIIB
IV

1 (20%)
2 (40%)
0 (0%)

2 (40%)

15 (20.5%)
31 (42.5%)
24 (32.9%)

3 (4.1%)

1.0***
1.0***

0.316***
0.031***

Medial-lateral bicortical 
contact <2,0 cm

4 (80%) 15 (20.5%) 0.011

Stem varus-valgus alignment, 
deg.

Mean — 0.32 (SD — 0.3;  
Ме — 0.3; IQR — 0–0.65;  

min-max — 0-0.8)

Mean — 0.63 (SD — 0.9;  
Ме — 0.2; IQR — 0–0.9;  

min-max — 0.3-3.6)

0.874

Statistically significant p is in bold. 
After application of the Bonferroni correction: * — p<0,01; ** — p<0,025; *** — p<0,0125.

х Y х Y

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)а b
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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. Baktır 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. Böhm and  
O. Bischel noted a positive association between 
femoral defects graded as 1B or higher according 
to the Böhm 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.J. 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.J. 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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2.0 cm was a risk factor for significant subsidence 
of non-modular tapered stems. The risk of 
bicortical contact of 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 
replacement options in this type of defect.
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