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Abstract
Background. Aseptic loosening of the knee prosthesis components is one of the most common causes  
of revision surgery. The acceptable range of angular values for postoperative alignment of the lower limb and 
the frontal positioning of the prosthetic components remains a subject of debate. 
The aim of the study — to identify the predictors of the early aseptic loosening of prosthetic components 
following primary total knee arthroplasty.
Methods. The study group included 31 patients with aseptic loosening of prosthetic components.  
The comparison group consisted of 55 patients with no signs of loosening over a follow-up period  
of at least 8 years. Baseline characteristics (sex, age, body mass index, and operated side) were compared, 
along with preoperative and postoperative angular alignment of the lower limbs, specifically, the anatomical 
femorotibial angle (aFTA) and the hip-knee-ankle angle (HKA), as well as reference angles for prosthetic 
component positioning.
Results. Patient age over 60.5 years and BMI over 27.5 were associated with a 2.9-fold and 2.6-fold increased 
risk of prosthetic loosening, respectively. Preoperative varus deformity, with an HKA angle exceeding 9.5° 
and an aFTA over 6.5°, increased the risk of loosening by 9.6 and 23.1 times, respectively. Postoperative 
residual deformity exceeding 0.5° in either direction, as measured by the aFTA, increased the risk of loosening  
by 8.7 times. Valgus positioning of the tibial component was associated with a 2.8-fold increased risk  
of component loosening. 
Conclusions. In elderly and overweight patients with pronounced varus deformity of the lower limb, 
personalized preoperative planning should be prioritized to prevent early aseptic loosening of prosthetic 
components. In cases where postoperative residual deformity or valgus positioning of the tibial component 
is detected, enhanced clinical follow-up with radiographic monitoring every 6 months is recommended. 
If radiolucent lines progress and pain is present, early consideration of revision surgery is advisable, as it may 
increase the likelihood of a successful conservative revision.
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Предикторы раннего асептического расшатывания компонентов 
эндопротеза при первичном эндопротезировании  
коленного сустава
М.Б. Гуражев, В.Л. Лукинов, В.С. Баитов, А.С. Гофер, Е.А. Иванов,  
В.В. Павлов, А.А. Корыткин, А.А. Пронских

ФГБУ «Новосибирский научно-исследовательский институт травматологии и ортопедии  
им. Я.Л. Цивьяна» Минздрава России, г. Новосибирск, Россия

Реферат
Актуальность. Асептическое расшатывание компонентов эндопротеза коленного сустава является  
одной из распространенных причин выполнения ревизионного вмешательства. Допустимый диапазон 
угловых значений послеоперационного выравнивания оси нижней конечности и фронтального распо-
ложения компонентов эндопротеза является дискутабельным вопросом. 
Цель исследования — определить предикторы раннего асептического расшатывания компонентов эндо-
протеза при первичном эндопротезировании коленного сустава.
Материал и методы. В исследуемую группу вошел 31 пациент с асептическим расшатыванием ком-
понентов эндопротеза, а в группу сравнения — 55 пациентов, у которых не были выявлены признаки 
расшатывания на протяжении минимум 8 лет. Сравнивались исходные данные (пол, возраст, индекс 
массы тела, сторона операции), а также до- и послеоперационная угловая оценка оси нижних конечно-
стей, в частности анатомический феморо-тибиальный угол (аФТУ) и бедренно-коленно-лодыжечный 
угол (БКЛУ), а также референтные углы установки компонентов эндопротеза.
Результаты. Возраст пациентов старше 60,5 года и ИМТ больше 27,5 увеличивают риск расшатыва-
ния компонентов в 2,9 и 2,6 раза соответственно. Дооперационная варусная деформация, при которой 
БКЛУ превышает 9,5° а аФТУ — 6,5°, увеличивает риск расшатывания компонентов в 9,6 и 23,1 раза 
соответственно. Послеоперационная остаточная деформация, превышающая 0,5° по аФТУ в любом на-
правлении, увеличивает риск расшатывания компонентов в 8,7 раза. Расположение тибиального ком-
понента в вальгусном положении увеличивает риск расшатывания компонентов в 2,8 раза. 
Заключение. У пациентов пожилого возраста с избыточным весом, имеющих выраженную варусную 
деформацию нижней конечности, следует избегать шаблонного предоперационного планирования  
и отдавать предпочтение персонализированному, более избирательному предоперационному пла-
нированию для профилактики раннего асептического расшатывания компонентов эндопротеза.  
В случаях выявления в послеоперационном периоде остаточной деформации и вальгусного положе-
ния тибиального компонента требуется усиленный контроль с проведением рентгенографических 
исследований каждые 6 мес. При прогрессировании рентгенопрозрачных линий и наличии болевого 
синдрома необходимо незамедлительно рассмотреть вопрос о проведении повторного хирургическо-
го вмешательства, что повышает вероятность успешного выполнения консервативной ревизии.

Ключевые слова: эндопротезирование коленного сустава; асептическое расшатывание компонентов эн-
допротеза; ревизионное эндопротезирование коленного сустава; ось нижних конечностей; предопераци-
онное планирование.
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introduction
Total knee arthroplasty (TKA) is the most 
common surgical procedure performed at the 
terminal stage of knee osteoarthritis. However, 
up to 20% of patients remain dissatisfied with the 
outcome, and despite completing a full rehabili-
tation course, some of them require revision 
surgery [1, 2]. 

Aseptic loosening of prosthetic components 
(ALPC) is one of the most frequent reasons 
for revision procedures, accounting for 29.8% 
of cases. Aseptic loosening is a multifactorial 
phenomenon involving implant-related factors, 
surgical technique, and patient-specific factors 
[3, 4]. All of these factors are broad in scope 
and often interrelated. For example, improper 
positioning of prosthetic components (a factor 
related to surgical technique) increases the 
risk of excessive load and contact stress on one 
of the compartments of the knee joint. This,  
in turn, leads to premature generation of wear 
particles (an implant-related factor), followed by 
periprosthetic osteolysis and the development of 
aseptic loosening. When patient-related factors, 
such as increased BMI and/or osteoporosis, are 
added to this scenario, the risk of early ALPC 
increases significantly.

The precise positioning and alignment  
of prosthetic components remains the subject of 
active scientific discussion, especially following 
the introduction of computer-assisted navigation 
and robotic surgery into clinical practice [5, 6].  

At present, the orthopedic community has 
not reached a consensus on the acceptable 
range of angular values for postoperative lower 
limb alignment and the coronal placement 
of prosthetic components [7]. Moreover,  
the implementation of the knee phenotype 
concept [8] has further complicated the current 
approach to limb alignment, challenging the 
universality of the gold standard of mechanical 
alignment for all patients [9, 10].

The aim of the study – to identify the predictors 
of the early aseptic loosening of prosthetic 
components following primary total knee 
arthroplasty. 

methods

Study design
A retrospective case-control study was conduc-
ted in accordance with the Strengthening the 
Reporting of Observational Studies in Epidemio-
logy (STROBE) guidelines [11].

Patient group formation
Between 2010 and 2015, 331 patients (331 knees) 
underwent revision TKA at the Novosibirsk 
Research Institute of Traumatology and 
Orthopedics n.a. Ya.L. Tsivyan. To form the 
study group, 193 (58%) cases were selected 
in which revision surgery was performed for 
reasons unrelated to infection. The flowchart of 
patient selection for the study group is shown  
in Figure 1.

Figure 1. Flow-chart of patient selection

Patients who underwent revision total knee arthroplasty  
unrelated to infection (n = 193) Excluded patients (n = 143):

• contractures and knee pain (n = 59) 
• primary arthroplasty performed at other healthcare facilities 
(n = 29)
• phoenix-brand prostheses (n = 20) 
• ligamentous instability (n = 18) 
• periprosthetic fractures (n = 14) 
• unicondylar arthroplasty (n = 1)
• patellar dislocation (n = 1)
• insert dislocation (n = 1)Patients selected for the study group after applying  

exclusion criteria (n = 50)

Patients excluded due to lack of follow-up X-rays (n = 17) 
Patients excluded due to femoral/tibial fracture malalignment  

over 15º (n =  2)

Patients included in the final study group (n = 31)
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The control group consisted of 55 patients 
who underwent primary TKA at the same 
institution between 2010 and 2015 and showed 
no radiological or clinical signs of aseptic 
loosening during a follow-up period of 8 to 
10 years. It is important to note that both 

the study and control groups received only 
three-component primary TKA (femoral and 
modular tibial components), and all implants 
were of cruciate-retaining (non-linked) design.  
The list of implant models used in both groups  
is presented in Table 1.

Table 1
Implant models used in both groups

Group

Manufacturer

Aesculap 
Columbus Wright MP Zimmer 

NexGen DePuy Sigma Stryker 
Scorpio

Smith & Nephew 
Genesis II

Study (n = 31) 11 8 3 4 5 –

Control (n = 55) 20 6 7 8 5 9

Assessment methods
Baseline data for patients in both groups (sex, 
age, BMI, and side of surgery) were extracted 
from medical records.

During admission, all patients underwent 
radiographic examination both preoperatively 
and prior to discharge according to a standard 
protocol. This included targeted and full-length 
standing knee X-rays. Limb positioning during 
radiographic imaging complied with current 
quality standards for image acquisition [12].  
If the patient was unable to properly position 
the limb at the time of discharge (due to 
residual pain), the radiographic examination was  
repeated at the 6-month follow-up visit.

All radiographic measurements were 
performed digitally using the tools available 
in K-PACS software. Measurements were 
conducted at different time points by a single 
investigator, and all data were double-checked. 
The measurements included evaluation of lower 
limb alignment, determination of knee joint 
phenotype, and detection of radiographic signs 
of prosthetic component loosening. 

Reference angles were the following: 
− anatomical lateral distal femoral angle 

(aLDFA): the angle formed by the intersection 
of the anatomical axis of the femur and the line 
connecting the most prominent points of the 
femoral condyles;

− mechanical lateral distal femoral angle 
(mLDFA): the angle formed by the intersection 
of the mechanical axis of the femur and the line 
connecting the most prominent points of the 
femoral condyles;

− anatomical medial proximal tibial angle 
(aMPTA): the angle formed by the intersection 
of the anatomical axis of the tibia and the line 
running along the superior surface of the tibial 
plateau;

− mechanical medial proximal tibial angle 
(mMPTA): the angle formed by the intersection 
of the mechanical axis of the tibia and the line 
running along the superior surface of the tibial 
plateau (Table 2).

Lower limb alignment was assessed by 
measuring the anatomical femorotibial angle 
(aFTA) — the angle formed by the intersection of 
the anatomical axes of the femur and tibia — and 
the hip-knee-ankle (HKA) angle, defined as the 
intersection of the mechanical axes of the femur 
and tibia. In this study, varus deformity was 
assigned a negative value, while valgus deformity 
was assigned a positive value (Table 2).

Table 2
Reference angles and criteria for angular 

assessment of the lower limb alignment, deg.

Angle Varus Norm Valgus

aLDFA > 83 from 79 to 83 < 79

mLDFA > 90 from 85 to 90 > 85 

aMPTA/mMPTA < 85 from 85 to 90 > 90

HKA angle < -3 from -3 to 3 > 3

aFTA < 2 from 2 to 7 > 7
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Knee phenotype was determined using the 
CPAK (Coronal Plane Alignment of the Knee) 
classification, which evaluates coronal plane 
limb alignment based on the arithmetic hip-
knee-ankle (aHKA) angle and joint line obliquity  
(JLO) [8]. The arithmetic HKA angle is calculated 
as the difference between the mMPTA and  
the mLDFA, while joint line obliquity is defined 
as the sum of the mMPTA and mLDFA (Figure 2). 

In certain cases, preoperative X-rays were 
missing; in others, postoperative ones.

As a result, it was not possible to measure 
mLDFA and HKA angles for all patients. However, 
in order to preserve valuable measurement data, 
it was decided not to exclude these patients from 
the study (Table 3).

Statistical analysis
The Smirnov test for continuous data showed 
no normal distribution in the compared groups; 
therefore, descriptive statistics were primarily 
presented using nonparametric measures: 
median (Me), first and third quartiles [Q1; Q3]. 
Additionally, mean (M), standard deviation 
(SD), and minimum and maximum values (min-
max) were reported. Group comparisons were 
performed using the nonparametric Mann-
Whitney U test. Categorical variables (sex, 
side of prosthesis implantation, age group, 
classifications of coronal limb alignment and 
knee phenotypes) were described by the number 
and proportion of patients in each category, 
and group comparisons were performed using  
Fisher’s exact test. To correct for multiple 
comparisons in categorical data, Benjamini-
Hochberg adjustment was applied to the achie-
ved p-values. Only two-tailed tests were used.

Identification of predictors of prosthetic 
component loosening was performed using 
logistic regression modeling. Univariate 
logistic models were applied to identify indi-
vidual predictors associated with loosening. 
Covariates with a p-value < 0.3 in univariate 
analysis were included in the multivariate 
logistic regression model, built using both 
forward and backward stepwise selection based 
on the Akaike Information Criterion (AIC). 
The resulting forward and backward models 
were identical. For the final multivariate 
model, ROC analysis was used to determine 
the optimal classification threshold based  

Figure 2. CPAK classification for coronal lower limb 
alignment [8]
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Signs of prosthetic component loosening were 
assessed based on the following three criteria:

−  the presence of progressive radiolucent 
lines, measured according to the Knee Society 
Roentgenographic Evaluation Scoring System 
(KSRESS) [13];

−  mechanical collapse of one prosthetic 
component;

−  mechanical collapse of two prosthetic 
components.

It should be noted that some patients lacked 
full-length standing X-rays (due either to their 
absence in the archive or to poor image quality). 

Table 3
Number of patients with available radiographic examination

Type of radiographic examination 
Study group (n  =  31) Control group (n  =  55)

Preop Postop Preop Postop

Full-length standing X-ray 30 19 53 45

Targeted X-ray 31 31 55 55
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on the Youden index (i.e., maximum combined 
sensitivity and specificity). A confusion matrix 
was then constructed to calculate predictive 
metrics, including sensitivity, specificity, 
method case rate, and observed case frequency. 
The Hosmer-Lemeshow test was used to assess 
the goodness-of-fit between predicted and 
observed frequencies of adverse events.

Statistical significance was established at a 
critical alpha level of p = 0.05; that is, differences 
and predictors were considered statistically 
significant when p < 0.05. All statistical 
analyses were performed in R-Studio (version 
2022.07.2+576, “Spotted Wakerobin”, USA) using 
R (version 4.1.3, Austria).

results
Baseline patient characteristics
No statistically significant differences in baseline 
clinical characteristics obtained from medical 
records were found between the two groups. 
However, the control group had a predominance 
of patients aged 36-59 years (n = 29; 52.7%), 
whereas the study group included more patients 
aged 60-74 years (n = 19; 61.3%) (Table 4).

Results of preoperative radiographic 
assessment
In both groups, the preoperative alignment 
of the lower limbs was predominantly varus, 
as determined by aFTA and HKA angle 

measurements, followed by neutral and valgus 
alignments. Baseline varus deformity, measured 
by the HKA angle, was significantly more common 
in the control group (p < 0.001). In contrast, 
valgus deformity was more frequently observed 
in the study group, although the difference did 
not reach statistical significance (Table 5).

In the study group, varus deformity was less 
frequent than in the control group, but when 
present, it tended to be more severe. However, 
this difference was not statistically significant 
(Table 6).

No significant intergroup differences were 
found in the preoperative reference angles.  
In both groups, the majority of reference angles 
fell within the neutral range (n = 130), followed 
by varus (n = 114) and valgus (n = 11) angles. 

Results of postoperative radiographic 
assessment
Based on the aFTA measurements, a neutral axis 
was more frequently observed in the control 
group compared to the study group (p < 0.001). 
According to the HKA angle measurements, 
a neutral axis was also more common in the 
control group, although the difference was not 
statistically significant. Valgus deformity, as 
determined by the HKA angle, was observed only 
in the study group and showed a statistically 
significant difference compared to the control 
group (p < 0.001) (Table 7).

Table 4
Comparison of baseline characteristics between the two groups

Baseline 
parameters Study group (n  =  31) Control group (n  =  55) p

Gender:
     female
     male

28 (90.3%)
3 (9.7%)

47 (85.5%)
8 (14.5%)

0.7391

Side:
     left
     right

12 (38.7%)
19 (61.3%)

32 (58.2%)
23 (41.8%)

0.1161

Age, years old

     21-35
     36-59
     60-74
     75-90

1 (3.2%)
8 (25.8%)

19 (61.3%)
3 (9.7%)

0 (0.0%)
29 (52.7%) 
24 (43.6%)

2 (3.6%)

Overall comparison: 0.023, 
p (correction of p)

0.360 (0.451)
0.023 (0.114)
0.177 (0.443)
0.346 (0.451)

BMI, kg/m2

     Ме [Q1; Q3] 
     M±SD 
     (min-max)

32 [29; 35]
32.58±6.46

(21-48)

32 [28; 35]
32.33±5.88

(22-50)

0.8922

1 – Fischer’s exact test, 2 – Mann-Whitney U test. Statistically significant differences are indicated in bold here and 
further below.
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In both groups, postoperative correction of 
the lower limb alignment toward the neutral axis 
was observed compared to preoperative values; 
however, residual varus deformity predominated 

in the study group, although the difference was 
not statistically significant (Table 8).

No statistically significant differences 
were found between the groups in terms of 

Table 5
Preoperative lower limb alignment in both groups based on aFTA  

and HKA angle measurements

Measurement Lower limb 
alignment

Study group  
(n  =  31/30) 

Control group  
(n  =  55/53)

Fischer’s exact test, 
p (correction of p)

aFTA Varus 20 (64.5%) 50 (90.9%) 0.004 (0.012)

Neutral 6 (19.4%) 4 (7.3%) 0.158 (0.158)

Valgus 5 (16.1%) 1 (1.8%) 0.021 (0.032)

HKA angle Varus 21 (70%) 52 (98.1%)  < 0.001 (< 0.001)

Neutral 6 (20%) 1 (1.9%) 0.008 (0.012)

Valgus 3 (10%) 0 (0.0%) 0.044 (0.044)

Table 6
Preoperative deformity values based on aFTA and HKA angle, deg.

Preoperative angles Study group
(n  =  31*/30**) 

Control group
(n  =  55*/53**) 

Mann-Whitney U test,
p

aFTA

Мe [Q1; Q3] 
M±SD 
min-max

-2 [-4.5; -0.5]
-2.8±4.2
-16...7

-5 [-10; 3]
-3.10±10.01

-27...22
0.485

HKA angle

Мe [Q1; Q3] 
M±SD 
min-max

-10 [-12; -8]
-10.6±4.4

-22...0

-13 [-17.8; -2.0]
-9.70±10.73

-33...14
0.943

* – measurement based on aFTA; ** — measurement based on HKA angle.

Table 7
Postoperative lower limb alignment in both groups based on aFTA  

and HKA angle measurements 

Angle Lower limb 
alignment

Study group  
(n  =  31*/19**) 

Control group  
(n  =  55*/45**)

Fischer’s exact test, 
p (correction of p)

aFTA Varus 14 (45.2%) 10 (18.2%) 0.012 (0.012)

Neutral 9 (29.0%) 43 (78.2%)  < 0.001 (< 0.001)

Valgus 8 (25.8%) 2 (3.6%) 0.004 (0.005)

HKA angle Varus 6 (31.6%) 21 (46.7%) 0.406 (0.406) 

Neutral 6 (31.6%) 24 (53.3%) 0.170 (0.255)

Valgus 7 (36.8%) 0 (0.0%)  < 0.001 (< 0.001)

* – measurement based on aFTA; ** — measurement based on HKA angle.
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postoperative reference angles. In both groups, 
the majority of reference angles corresponded 
to a varus alignment (104), followed by neutral 
(102) and valgus (30) alignments. Comparison 
with preoperative reference angle data revealed 
balanced varus and neutral alignments and an 
increase in the number of valgus cases, mainly 
due to changes in the tibial component.

There were no statistically significant 
differences between the groups in postope-
rative component alignment based on 
anatomical reference angles. The most 
common combination of implant positioning 
in both groups was a varus position of the 
femoral component and a neutral position 
of the tibial component. The second most 

frequent combination in the study group was 
varus alignment of the femoral component 
and valgus alignment of the tibial component.  
In the control group, the second most common 
combination was neutral positioning of both 
femoral and tibial components.

Postoperative component alignment based on 
mechanical reference angles showed a statisti-
cally significant difference for the combination 
of a neutrally positioned femoral component 
and a valgus-positioned tibial component, which 
was more frequently observed in the study group  
(p = 0.007, p = 0.040). The most frequent implant 
alignment combination in both groups was a 
varus femoral component with a neutral tibial 
component (Table 9).

Table 8
Postoperative deformity values based on aFTA and HKA angle, deg. 

Postoperative angles Study group
n  =  31*/19**

Control group
n  =  55*/45**

Mann-Whitney U test,
p

aFTA

Мe [Q1; Q3] 
M±SD 
min-max

2 [0.0; 7.5]
3.7±4.9
-4...16

5 [2; 6]
4.1±2.4
-1...9

0.361

HKA angle

Мe [Q1; Q3] 
M±SD 
min-max

-1.0 [-8.5; 1.5]
-2.6±6.1
-13...8

-3 [-6; -1]
-3.2±3.2

-9...3
0.621

* – measurement based on aFTA; ** — measurement based on HKA angle.

Table 9
Postoperative component alignment combinations based on mechanical reference angles

Combination ratio  
mLDFA/mMPTA

Study group
(n  =  19)

Control group
(n  =  45)

Fischer’s exact test,
overall comparison: 0.007,

p (correction of p)

Valgus/valgus 1 (5%) 0 (0%) 0.286 (0.343)

Varus/valgus 4 (21%) 8 (18%) 0.729 (0.729)

Varus/norm 6 (32%) 25 (56%) 0.164 (0.327)

Norm/valgus 6 (32%) 2 (4%) 0.007 (0.040)

Norm/varus 1 (5%) 0 (0%) 0.286 (0.343)

Norm/norm 1 (5%) 10 (22%) 0.155 (0.327)
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Phenotype determination
Prior to surgery, most knee joint phenotypes in 
both groups were classified as Type I, with no 
statistically significant differences observed. 
Postoperatively, the most common phenotypes 
in the study group were Types I (17%), V (17%), 
VII (17%), and IX (17%), while in the control 
group – Types IV (11%), V (32%), and VII (34%).

The preoperative distribution graph of the 
knee joint phenotypes demonstrated a high 
density of limb axes within the varus corridor 
(Figure 3).

This density was no longer observed on the 
postoperative distribution graph of the knee 
joint phenotypes (Figure 4).

Figure 3. Preoperative distribution graph of the knee 
joint phenotypes among patients 

Control group Study group Control group Study group

Figure 4. Postoperative distribution graph of the 
knee joint phenotypes among patients
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Radiographic signs of component 
loosening 
The variants of the radiographic signs of 

prosthetic component loosening, depending on 
their combination as determined by anatomical 
reference angles, are presented in Table 10.

The most frequent sign of loosening was 
mechanical collapse of a single component  
(3 cases, 41.94%), observed across all component 
alignment combinations. The second most 
common sign was the progression of radiolucent 
lines without the evidence of component collapse 
(11 cases, 35.48%), followed by the collapse  
of both components (7 cases, 22.58%). All 
radiographic signs of loosening were observed in 
cases where the femoral component was implan-
ted in a varus position, while the tibial compo-
nent was in either a neutral or valgus position.

Data on the timing of the detection of 
prosthetic component loosening, depending 
on the existing combination of component 
positioning as measured by the reference angles 
aLDFA/aMPTA, are presented in Table 11.

Signs of loosening were identified within 
5 years for all alignment combinations.  
The majority of ALPC cases (n = 25, 81%) occur-
red within the first 3 years.

Predictive model for aseptic loosening of 
prosthetic components
To identify predictors of prosthetic component 
loosening following knee arthroplasty, univariate 
and multivariate logistic regression analyses 
were performed (Table 12).

The univariate logistic regression models 
revealed several significant predictors of aseptic 
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loosening of prosthetic components. As shown 
in the table, severe preoperative varus deformity, 
as measured by the HKA angle and aFTA, was 
associated with an increased risk of loosening: 
by 9.6 to 23.1 times, respectively. According to 
postoperative alignment measurements using 
aFTA, deviation of the mechanical axis beyond 
the normal range (either into varus or valgus) by 
as little as 0.5° increased the risk of loosening 
by 8.7 times (3.32-25.10). Additional significant 
predictors included age over 60 years (OR 2.92) 
and BMI over 27.50 (OR 2.60).

The performed ROC analysis assessed the 
predictive performance of the multivariate 

model and identified the optimal Youden index, 
with a sensitivity of 64.5% and specificity of 
85.5% at a threshold probability of prosthetic 
failure of 55.1%. Thus, using this cut-off value, 
patients with a model-calculated probability 
of component loosening exceeding 55.1% were 
predicted to experience prosthetic loosening 
(Figure 5).

The Hosmer-Lemeshow goodness-of-fit test 
(p = 0.785, degrees of freedom = 4, Pearson’s 
χ² = 1.731) confirmed agreement between the 
predicted and observed frequencies of aseptic 
loosening, indicating adequate calibration of the 
multivariate model.

Table 10
Radiographic signs of implant loosening depending on component  

alignment combinations

Alignment combinations 
according to aLDFA/aMPTA reference 

angles

Radiographic signs of implant loosening

Radiolucent lines Displacement of one 
component 

Displacement of both 
components

Valgus/valgus (n = 1) – 1 –

Valgus/norm (n = 1) – 1 –

Varus/valgus (n = 8) 4 2 2

Varus/norm (n = 13) 2 6 5

Norm/valgus (n = 5) 4 1 –

Norm/varus (n = 1) – 1 –

Norm/norm (n = 2) 1 1 –

Table 11
Time of detection of the signs of prosthetic component loosening depending  

on component alignment combinations

Alignment combinations 
according to aLDFA/aMPTA reference 

angles

Number of cases of component loosening by time, years

1 2 3 4 5

Valgus/valgus (n  =  1) 1 – – – –

Valgus/norm (n  =  1) 1 – – – –

Varus/valgus (n  =  8) 3 4 1 – –

Varus/norm (n  =  13) 3 4 2 3 1

Norm/valgus (n  =  5) 1 1 2 1

Norm/varus (n  =  1) – 1 – – –

Norm/norm (n  =  2) 1 – – – 1
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The formula of the multivariate model for 
predicting the aseptic loosening of prosthetic 
components is as follows:

P = 1 — 1/(1+exp(B + A1· X1 + A2· X2)),

where P is the probability of aseptic loosening 
of components, and exp() is the exponential 
function. The values of the coefficients of the 
multivariate model are presented in Table 13.

Table 12
Logistic regression models of aseptic loosening of prosthetic components

(n = 86, including 31 (36%) cases of loosening)

Covariates/explanatory variable
Univariate model Multivariate model

OR [95% CI] p OR [95% CI] p

Preoperative lower limb axis measured by aFTA  
with a value less than -6.5°

23.14
[5.72; 158.23]

 < 0.001

Preoperative lower limb axis measured by HKA angle  
with a value less than -9.5°

9.60
[3.11; 34.36]

 < 0.001

Patient’s age more than 60.5 years 2.92 [1.18; 7.60] 0.023

BMI more than 27.5 2.60 [0.75; 12.18] 0.165 3.47 [0.84; 18.67] 0.108

Postoperative lower limb axis measured by aFTA with  
a value more than or less than 0.5° the norm

8.76 [3.32; 25.10]  < 0.001 9.58 [3.53; 28.69]  < 0.001

Tibial component installed in valgus position 2.83 [1.10; 7.43] 0.032

Figure 5. ROC curve (threshold value 55.1%)  
of the multivariate model for predicting loosening  
of prosthetic components 

Table 13
Coefficients and variables of the multivariate logistic regression model for aseptic loosening 

of prosthetic components

Coefficients and 
variables Description Acceptable values in the formula

B Constant coefficient -2.657833

A1 Constant coefficient 2.259605

X1 Postoperative lower limb axis measured by 
aFTA

0 — the value of more than 1.5° and less than 7.5°;
1 — the value of 1.5° or less and of 7.5° or greater

A2 Constant coefficient 1.243753

X2 BMI 0 — the value of less than 27.5;
1 — the value of 27.5 or greater
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Discussion

At first glance, variables such as patient age and 
severity of varus deformity may not appear to be 
directly correlated. However, osteoarthritis tends 
to progress with age, and many patients delay 
seeking medical care due to the fear of surgical 
treatment. Therefore, it becomes apparent that 
the older the patient, the more pronounced the 
deformity of the lower limb is likely to be.

This trend was reflected in the results of 
the study: in the study group, the majority of 
patients were older (61% aged 60-74 years), 
compared to the control group (52% aged 36-
59 years). The more severe the varus deformity, 
the more difficult it is to correct while 
avoiding inaccuracies in prosthetic component 
positioning. That is why patients in the study 
group had more pronounced varus deformities 
than those in the control group. Evidence 
supporting the roles of age and varus deformity 
severity as predictors of ALPC is provided by the 
univariate logistic regression model: the severity 
of deformity increases the risk of loosening by 
23 times, while age over 60 years increases the 
risk threefold.

In the postoperative period, neutral alignment 
of the lower limb axis was observed more 
frequently in the control group than in the study 
group (p < 0.001), while postoperative valgus 
deformity was detected only in the study group 
(p < 0.001). A more pronounced residual varus 
deformity after surgery was noted in the study 
group. These results suggest a predisposition 
to prosthetic component loosening in patients 
with greater deviation from neutral alignment 
toward varus, with deviation toward valgus being 
an even less acceptable misalignment. Similar 
findings were obtained in the multivariate 
logistic regression model: postoperative 
deviations of the lower limb mechanical axis 
measured by aFTA exceeding 0.5° toward either 
varus or valgus increased the risk of loosening by 
8.7 times (3.32-25.10) (Table 12). Y.H. Kim et al.,  
analyzing 3048 knee X-rays from patients with 
a mean prosthesis survival of 15 years, drew 
the same conclusion. The authors stated that a 
mechanical axis deviation greater than 3° varus 
measured by aFTA significantly increases the 
risk of prosthetic component loosening [14]. 
On the other hand, B.S. Lee et al. found that  
a varus deviation greater than 3°, measured by 

the HKA angle, also increases the risk (by 10%)  
of prosthetic component loosening [15].

The results of our study showed that, 
most frequently in both groups, the femoral 
component was implanted in varus alignment, 
while the tibial component was in neutral. 
This likely occurred because surgeons either 
overlooked or lacked the means to measure the 
preoperative α-angle, and a standard 5° was 
automatically set on the distal femoral cutting 
block, which proved insufficient to achieve 
neutral femoral component positioning in 
the coronal plane. This combination occurred 
in over 50% of cases in the control group, 
suggesting that the risk of loosening in this 
scenario is low. In the study group, loosening 
with this combination likely arose due to 
other related factors. Statistically significant 
differences between groups were observed 
in the component positioning combinations 
measured using mechanical reference angles, 
where loosening most frequently occurred when 
the femoral component was implanted neutrally 
and the tibial component in valgus alignment 
(Table 9). This finding further underscores the 
poor survival prognosis of prostheses when 
initial varus deformity is overcorrected to 
valgus, due to valgus positioning of the tibial 
component. Conversely, tibial components 
positioned in varus alignment (mMPTA 85°) 
with preservation of overall neutral lower limb 
alignment demonstrated a 10-year prosthesis 
survival rate with good clinical outcomes in  
66 patients, as reported by F.A. Miralles-Muñoz  
et al. [16].

The classification of coronal plane alignment 
of the knee (CPAK) was originally developed 
to identify which knee joint phenotype would 
benefit most from kinematic alignment. 
However, we chose to use this classification to 
identify patterns in the development of ALPC. 
No statistically significant differences in joint 
phenotype distribution were found between the 
groups. Considering that the majority of joints in 
both groups preoperatively belonged to the varus 
phenotypic corridor, it can be assumed that there 
is no predisposition to component loosening if 
the phenotype remains within the same axial 
corridor. Regarding patient satisfaction with 
surgical outcomes, maintaining the preoperative 
varus phenotypic corridor demonstrates 
favorable results, as patients in the control group 
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were operated on at least 8 years ago and have 
reported no complaints during this period.

The most frequent radiographic sign of 
component loosening was collapse of a single 
component (41.94%), ranking first because the 
progression of radiolucent lines is not always 
detected in a timely manner. This is partly due 
to patients often not adhering to postoperative 
follow-up protocols and presenting for their first 
outpatient visit only after clinical and radio-
graphic signs of loosening appear. Additionally, 
there are difficulties in detecting radiolucent 
lines as some patients present asymptomatically 
with X-rays taken at local clinics, where AP and 
lateral view accuracy is often compromised and 
the film quality is suboptimal. Considering that 
the cohort of patients who underwent revision 
surgery for aseptic loosening was collected 
between 2010 and 2015, and primary arthroplasty 
X-rays available in the archives start only from 
2008, the longest documented time to component 
failure did not exceed 5 years.

The derived formula of the multifactorial 
model, which includes unrecovered neutral 
postoperative lower limb alignment and 
BMI, is also logically consistent. Mechanical 
alignment of the lower limb axis during TKA 
implies mandatory achievement of a neutral 
axis position through soft tissue releases, 
while performing horizontal (floor-parallel) 
distal femoral and proximal tibial cuts. That is, 
the surgical intervention aimed at correcting 
limb alignment is performed on the soft 
tissues (releases), whereas the bony cuts are 
standardized for all patients. Consequently, 
any deviation from the neutral limb axis during 
mechanical alignment leads to improper load 
distribution on the prosthetic components, 
resulting in their premature failure. At the same 
time, current requirements for the correction 
of the lower limb axis deformity are carried 
out mainly due to distal femoral and proximal 
tibial cuts combined with individualized 
femoral component rotation [10, 17]. Such 
alignment techniques allow for so-called safe 
undercorrection of the neutral axis position.

The most unexpected result of our study was 
the eightfold increase in the risk of prosthetic 
component loosening with just a 0.5° deviation 

in either direction as measured by aFTA.  
A deviation of 0.5° is very small and difficult to 
detect intraoperatively during manual TKA using 
a conventional metallic alignment guide. This 
finding highlights the potential advantage of 
robot-assisted arthroplasty, which ensures high 
precision in executing planned bone cuts, thus 
guaranteeing accurate prosthetic component 
positioning. However, it should be noted that 
long-term studies are necessary to confirm the 
benefits of robot-assisted techniques.

Study limitations
This study involved a relatively small sample size; 
however, this did not prevent the identification of 
predictors for early ALPC following primary TKA, 
thanks to the use of logistic regression modeling. 

Potential inaccuracies in radiographic 
measurements of lower limb alignment angles 
and reference angles for prosthesis component 
positioning cannot be entirely excluded. Such 
measurement errors may have influenced the 
statistical calculations in both univariate and, 
consequently, multivariate models for identifying 
ALPC predictors.

Surgical interventions were performed by 
different surgical teams, and prostheses from 
various manufacturers were used, although all 
implants were of a similar unlinked design. 

conclusionS
In elderly patients with overweight and 
moderate-to-severe varus deformity of the 
lower limb, personalized and more selective 
preoperative planning is essential to prevent 
early aseptic loosening of prosthetic components. 
In patients exhibiting residual deformity and 
valgus positioning of the tibial component 
postoperatively, intensified postoperative moni-
toring with control X-rays every six months  
is recommended. If progression of radiolucent 
lines is detected alongside pain symptoms, 
prompt revision surgery should be performed to 
increase the likelihood of a conservative revision. 
Principles of conservative revision include 
avoiding the use of revision prosthesis constructs 
and minimizing aggressive interventions to 
preserve intact adjacent soft tissues and bone 
structures.
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