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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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Pedepar

AxkmyansHocme. AcenTMueckOoe pacliaThbiBaHME KOMIIOHEHTOB 3HAOIPOTE3a KOJIEHHOTO CYCTaBa SIBJISIETCS
OAHO U3 PacHpPOCTPAaHEHHBIX MTPUYMH BBIMIOJIHEHUS PEBU3MOHHOTO BMeIlaTeabCTBa. JOMyCTUMBII AUana3oH
YIJIOBBIX 3HAUEHMIt MOCIe0IepaliOHHOTO BbIpaBHUBAHMS OCY HMKHEN KOHEUHOCTU U (POHTAIBHOTO pacio-
JIO’KEHMSI KOMITOHEHTOB SHAOIIPOTE3a SBJISIETCS AUCKYTabeIbHbBIM BOITPOCOM.

Ilens uccnedosanus — onpeneauTb MPeIUKTOPbI PAHHETO aCEIITUYECKOTO PacIlaThIBaHMSI KOMIIOHEHTOB SHI0-
MpoTe3a Mpy MepBUYHOM SHAOMPOTE3UPOBAHUM KOJIEHHOTO CYCTaBa.

Mamepuan u memoodst. B ucciemyeMylo TPyIIy Bomien 31 ManyeHT ¢ aCeNTUUECKMM paciiaTbIBaHMEM KOM-
TIOHEHTOB SHAOIIPOTE3a, a B IPYIIITYy CPaBHEHUS — 55 MaleHTOB, Y KOTOPBIX He ObLIM BbISIBJIEHBI IIPU3HAKA
pacmaTbeiBaHUs HA MPOTSDKEeHUM MUHUMYM 8 jieT. CpaBHUBAIUCh UCXOAHBbIE AaHHbIE (TI0JI, BO3PAaCT, UHAEKC
Macchl Tea, CTOpOHAa omepalun), a Takxke 10- 1 MocjeoTepaMoOHHas yriaoBas OleHKa 0CY HUKHUX KOHEYHO-
CTeif, B YaCTHOCTY aHaTOMMYECKUit heMopo-TubuanbHbiit yroa (a®TY) u 6egpeHHO-KOJIEHHO-TOIbIKEUHbIA
yron (BKJIY), a Takke pedepeHTHbIE YIJIbl yCTAHOBKM KOMIIOHEHTOB 3HA0IIPOTE3a.

Pesynsmamet. Bospact maimeHToB crapiie 60,5 roga u UMT 6onbiine 27,5 yBeIMUMBAIOT PUCK paciiaThiBa-
HMS KOMIIOHEHTOB B 2,9 1 2,6 pa3a cOOTBeTCTBeHHO. [loomnepaiiMoHHas BapycHas fedhopmaiius, Ipyu KOTOpoit
BKJIY mpeBbimaet 9,5° a a®TVY — 6,5°, yBeIMuMBaeT PUCK pacilaThbiBaHUSI KOMIIOHEHTOB B 9,6 u 23,1 pasa
COOTBETCTBEHHO. [Toc/ieonepanoHHas ocTaTouHas nedopmaiiyus, mpepsimatomas 0,5° mo adTV B 1r060M Ha-
MpaBJeHNY, YBEIMUMBAET PUCK paclIaTbIBaHMsI KOMIIOHEHTOB B 8,7 pa3a. PacronokeHne TM6MaIbHOTO KOM-
TMMOHEHTAa B BAJIbT'YCHOM MOJIOKEHUY yBEJINUMBAET PUCK pacliaTbIBaHMSI KOMIIOHEHTOB B 2,8 pa3sa.
3axkntoueHue. V TaIMeHTOB MTOKMUIOTO BO3PAcTa C M36bITOYHBIM BECOM, MMEIOIIMX BBIPAKEHHYIO BapyCHYIO
mebopMalnio HUKHE KOHEUHOCTH, cleayeT u3beratrh MIAGJOHHOTO IMpeaoIepaliOHHOTO IUIaHMPOBAHMUS
M OTHABaTh MPEAIIOUTEHME TEPCOHAIM3MPOBAHHOMY, Goiee M30MpaTeIbHOMY IpenoIepalioHHOMY IIa-
HUPOBAHMIO MJIs1 TIPOPUIAKTUKM paHHEro acerTU4YeCcKOTO pacHiaThbiBAHMS KOMIIOHEHTOB JHJIOMpOTe3a.
B wiyyasix BbiSiBieHMSI B TTOC/Ie0IepalliOHHOM Iepuofie OCTaTOYHOM AedopMaliui 1 BaIbI'yCHOT'O TOJIOXKe-
HUST TMOMAIBHOTO KOMIIOHEHTa TpebyeTcsl YCUIEHHbIi KOHTPOJIb C MPOBedeHNEM peHTreHorpadpmueckux
MCCIeIOBaHM Kaxkable 6 Mec. [Ipy MporpeccpoBaHMM PEHTTEHOIPO3PAUHbBIX JIMHUI M HATUUUM GOJIEBOTO
CUHIpPOMa HeoOX0IUMO He3aMeIIMTeIbHO PAaCCMOTPETD BOIIPOC O MPOBEIeHUM TOBTOPHOTO XUPYPrudecKo-
r0 BMeIIaTe/JIbCTBa, YTO MOBIIIAET BEPOSITHOCTh YCIIEITHOTO BIMTOJTHEHVSI KOHCEPBATUBHOM PEBU3UN.

KiroueBbie ¢10Ba: 3HIOMNPOTE3MPOBaHME KOJIEHHOIO CYyCTaBa; aCelTHYeCKOe paciiaThiBaHue KOMIIOHEHTOB 9H-
IOMpOTe3a; PeBM3MOHHOE SHAOIPOTE3MPOBaHE KOJIEHHOIO CYCTaBa; OCh HIKHMX KOHEUHOCTEI; IIpenorepariy-
OHHOE IIJIaHMPOBaHMe.
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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].

Patients who underwent revision total knee arthroplasty
unrelated to infection (n = 193)

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.

Excluded patients (n = 143):
« contractures and knee pain (n = 59)
« primary arthroplasty performed at other healthcare facilities
(n=29)
« phoenix-brand prostheses (n = 20)

Y

Patients selected for the study group after applying
exclusion criteria (n = 50)

Y

« ligamentous instability (n = 18)
« periprosthetic fractures (n = 14)
« unicondylar arthroplasty (n = 1)
« patellar dislocation (n = 1)

« insert dislocation (n = 1)

( Patients excluded due to lack of follow-up X-rays (n = 17)

Y

[ Patients included in the final study group (n = 31) )

Figure 1. Flow-chart of patient selection

Patients excluded due to femoral/tibial fracture malalignment

k over 15° (n= 2)
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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
Manufacturer
Commbes | WHghtMP | GNECT Depuysigma | SN | ST Ao
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-3to 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).

Arithmetic HKA angle (mMPTA and mLDFA)

Varus (-) Neutral (0) Valgus (+)
D A AR/
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Figure 2. CPAK classification for coronal lower limb
alignment [8]

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).

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 [Q,; Q,].
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

Table 3
Number of patients with available radiographic examination
Study group (n = 31) Control group (n = 55)
Type of radiographic examination
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 B _
parameters Study group (n = 31) Control group (n = 55) p

Gender:

female 28 (90.3%) 47 (85.5%) 0.739!

male 3(9.7%) 8 (14.5%)
Side:

left 12 (38.7%) 32 (58.2%) 0.116!

right 19 (61.3%) 23 (41.8%)

Age, years old

21-35 1(3.2%)
36-59 8(25.8%)
60-74 19 (61.3%)
75-90 3(9.7%)
BMI, kg/m?
Me [Q,; Q] 32 [29; 35]
M*SD 32.58+6.46
(min-max) (21-48)

Overall comparison: 0.023,
p (correction of p)

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

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

2 (3.6%) 0.346 (0.451)
32 [28; 35] 0.8922
32.33+5.88

(22-50)

! — Fischer’s exact test, 2 — Mann-Whitney U test. Statistically significant differences are indicated in bold here and

further below.
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Table 5
Preoperative lower limb alignment in both groups based on aFTA
and HKA angle measurements
Lower limb Study group Control group Fischer’s exact test,
Measurement alignment (n = 31/30) (n = 55/53) 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.
. Study group Control group Mann-Whitney U test,
Preoperative angles (n = 31%/30%%) (= 55%/53%%) p
aFTA
Me [Q,; Q] -2[-4.5;-0.5] -5[-10; 3]
M=SD -2.8%4.2 -3.10+10.01 0.485
min-max -16...7 -27...22
HKA angle
Me[Q,; Q)] -10[-12;-8] -13[-17.8; -2.0]
M=SD -10.6%4.4 -9.70%+10.73 0.943
min-max -22...0 -33...14
* — 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 Study group Control group Fischer’s exact test,
8 alignment (n = 31%/19%%) (n = 55%/45%%) 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.

In both groups, postoperative correction of in the study group, although the difference was
the lower limb alignment toward the neutral axis not statistically significant (Table 8).
was observed compared to preoperative values; No statistically significant differences
however, residual varus deformity predominated were found between the groups in terms of
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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.
. Study group Control group Mann-Whitney U test,
Postoperative angles n = 31%/19%* n = 55%/45% p
aFTA
Me [Q,; Q,] 2[0.0; 7.5] 5(2;6]
M=SD 3.7%4.9 4.1+¥2.4 0.361
min-max -4...16 -1...9
HKA angle
Me [Q,; Q] -1.0[-8.5; 1.5] -3[-6;-1]
M=SD -2.6%6.1 -3.2%3.2 0.621
min-max -13...8 -9...3
* — measurement based on aFTA; ** — measurement based on HKA angle.
Table 9
Postoperative component alignment combinations based on mechanical reference angles
L . Fischer’s exact test
Combination ratio Study group Control group PR
MLDFA/mMPTA (n = 19) (n = 45) 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%).
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Figure 3. Preoperative distribution graph of the knee
joint phenotypes among patients

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.

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).
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Figure 4. Postoperative distribution graph of the
knee joint phenotypes among patients

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 wyears 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
x> = 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

Radiographic signs of implant loosening

according to aLDFA/aMPTA reference . . Displacement of one Displacement of both
angles Radiolucent lines component 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

Number of cases of component loosening by time, years

according to aLDFA/aMPTA reference
angles 1

2 3 4 5

Valgus/valgus (n = 1)
Valgus/norm (n = 1)
Varus/valgus (n = 8)
Varus/norm (n = 13)

_ W W = =

Norm/valgus (n = 5)

Norm/varus (n = 1) -

Norm/norm (n = 2) 1

— =R
N N =
[N
—
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Table 12
Logistic regression models of aseptic loosening of prosthetic components
(n = 86, including 31 (36%) cases of loosening)
Univariate model Multivariate model
Covariates/explanatory variable
OR [95% CI] p OR [95% CI] p

Preoperative lower limb axis measured by aFTA 23.14 <0.001
with a value less than -6.5° [5.72; 158.23]
Preoperative lower limb axis measured by HKA angle 9.60 <0.001
with a value less than -9.5° [3.11; 34.36]
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 8.76[3.32; 25.10] | <0.001 | 9.58[3.53;28.69] | < 0.001
a value more than or less than 0.5° the norm
Tibial component installed in valgus position 2.83[1.10; 7.43] 0.032

100
1

80
|

Thrieshold 0.55 (85.5%, 64/5%)

60

AUC: 77.3%

Sensitivity, %
40

T T T T T T
100 80 60 40 20 0

Specificity, %

The formula of the multivariate model for
predicting the aseptic loosening of prosthetic
components is as follows:

P=1—1/(1+exp(B+A X, +A,X),

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.

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

Coefflc_lents and Description Acceptable values in the formula
variables
B Constant coefficient -2.657833
A Constant coefficient 2.259605
X, Postoperative lower limb axis measured by 0 — the value of more than 1.5° and less than 7.5°;
aFTA 1 — the value of 1.5° or less and of 7.5° or greater
A, Constant coefficient 1.243753
X, 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 vyears),
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 a-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-Munoz
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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