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MORPHOLOGICAL VARIATION OF KNEE JOINTS IN
DEGENERATIVE-DYSTROPHIC DISEASES

Introduction. Structural differences in knee joints associated with
sex, height, body weight, individual characteristics and ethnic origin
have been confirmed by numerous studies. However, the issue of
segmenting a heterogeneous population of patients with degenerative-
dystrophic knee joint diseases remains unresolved. Understanding the
morphological variability of knee joints may contribute to improving
orthopedic intervention techniques in line with the principles of
personalized surgery and enhancing clinical outcomes in patients with
degenerative-dystrophic knee conditions. A4im.: To characterize the
prevalence of morphological variants of the knee joint in patients with
degenerative-dystrophic diseases, based on a modified Coronal Plane
Alignment of the Knee (CPAK) classification and a custom clustering
system.

Materials and Methods. Radiographic examination of 100 cases of
degenerative medial knee joint disease were analyzed. The average age
was 63.56+8.10 years. The structural variants of the knee joint were
assessed using a modified CPAK classification and a custom clustering
system. Based on the clustering of morphometric indicators, morphotype
I was identified in 21 patients (21.00 %), morphotype II in 38 patients
(38.00 %), morphotype III in 29 patients (29.00 %), and morphotype IV
in 12 patients (12.00 %). Statistical analysis was conducted using
Statistica 13 software, with a significance level set at p<0.05.

Results. The mean value of the modified joint line orientation
(mJLO) in the examined patients was 174.28+5.20°, and the mean
arithmetic hip-knee-ankle angle (aHKA) was 0.19+4.74°, indicating a
predominantly distal orientation of the joint line and neutral lower limb
alignment in patients with degenerative-dystrophic knee diseases. A
distal apex of the joint line was observed in 72 patients (72.00 %), a
neutral position in 25 patients (25.00 %), and a proximal position in 3
individuals (3.00 %). aHKA values < -2° were recorded in 35 patients
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(35.00 %), values within £2° in 41 patients (41.00 %), and values > 2° in
24 patients (24.00%). According to the modified CPAK classification,
the most common knee joint types were type I (30.00 %), type II
(28.00 %), and type III (14.00 %).

Conclusion. The study confirmed the morphological variability of
knee joints in degenerative-dystrophic diseases.

Keywords: knee joint, degenerative-dystrophic  diseases,
osteoarthritis, diagnosis, morphology, classification, gonarthrosis.
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MOP®DOJIOTTYHA BAPIABEJIBHICTD KOJIIHHHUX
CYTIJIOBIB P JEITEHEPATUBHO-AUCTPO®IYHUX
3AXBOPIOBAHHSAX

Beryn. CTpykTypHi BIAMIHHOCTI KOJIHHHMX CYIJIOOIB, 3yMOBJICHI
CTATTIO, 3pOCTOM, MACOI0 TiJIa, CTHIYHMM MOXOKCHHSAM ITiTBEPIKCHI
pe3yJbTaTaMH YHMCJICHHHX AOCIIKEeHb, MPOTE MpodiieMa CerMeHTaii
reTeporeHHol MOMyJIALii MalieHTiB 3 JereHepaTHBHO-AUCTPODIYHUMHU
3aXBOPIOBAHHSAMH KOJIIHHOTO CYIJI00a 3aJMIIalOThCS HEBHPILICHOIO.
Po3zyminHs MopdororiuHoi  BapiaOelbHOCTI  KOJMIHHHX — CYTJIO0iB
JIO3BOJIUTH yJOCKOHAJIUTH METOJWKH OPTONEAWYHUX BTPy4YaHb 3
ypaxyBaHHSIM NpPUHIMITB TMEPCOHATI30BaHOI Xipyprii Ta MOKpAIIUTH
KIIiHIYHI ~ pe3yJbTaTH JIKyBaHHSI TAII€HTIB 3  JIeTeHEPaTHBHO-
TUCTPOMIYHUMH  3aXBOPIOBAaHHAMH  KONIHHOTO  cyrinoba. Mema:
OXapakTepHU3yBaTH MOIIUPEHICTh MOP(OJIOTIYHUX BapiaHTIB KOJIHHOTO
cyrioly y NAali€HTIB 3 JIeTeHePaTUBHO-AUCTPODIYHUMHU
3aXBOPIOBaHHSMHU, BIAMOBITHO 10 MoaudikoBaHoi kiacudikanii Coronal
Plane Alignment of the Knee (CPAK) Ta BiacHOT KJ1lacTepHOT CHCTEMH.

Martepiann i METOJH. [MpoanarnizoBaHo pe3ynbTaTu
pertreHorpadiusoro oobcrexenHs 100 BHUMAnKiB JereHEpaTUBHO-
TUCTPO(IYHOTO 3aXBOPIOBAHHSA KOJNIHHOTO CYyTiI00a 3 TepeBaKHUM
ypaxXeHHSM MeJianpHoro Bigainy cyrimoba. CepenHiit Bik — 63,56+8,10
pokiB. I XapakTepHCTHKH CTPYKTYpPHOTO BapiaHTy KOJIIHHOTO
cyrinoba BukopucToByBamu kiacugikanito CPAK 3 moaudikamismu ta
BJIacHy KijactepHy cucremy. Lllnsxom knactepusanii MopdomerpuaHux
nokazHUKiB Mopdortun [ komiHHOro cyrino6a BcraHoBieHO y 21
(21,00 %) marienta, mopdotun II — y 38 (38,00 %), y 29 (29,00 %)
obcrexxenux 3adikcoBano wmopdorun I, me y 12 (12,00 %) -
mopdotun IV. CraTucTHYHMN aHai3 BUKOHYBAJIM 3 BHKOPUCTaHHSIM
mporpaMHOTo 3aco0y Statistica 13. PiBeHb CTaTHCTHYHOI 3HAYYIIOCTI
Bu3Havanu npu p<0,05.

Pesyabratn. CepenHiii MOKa3HMK MOAM(IKOBAHOTO ITOKAa3HUKA
TOJIO’KEHHS BepXiBkH cyriioda (mJLO) y obcTexeHnxX XBOPUX CTAHOBUB
174,28+5,20°, a cepenHe 3Ha4CHHS apu(hMETHIYHOTO CTETHOBO-KOIIIHHO-
rominkoBoro kyTta (aHKA) — 0,19+4,74°, mo cBiT4HuTh PO MEepEeBaKHO
JIMCTAJIbHY Opi€HTAIliI0 cyTaI000BO1 JTiHIT Ta HEUTpaIbHE TOJOKEHHS OCi
HIDKHBOI KIHIIBKM Yy TALi€HTIB 3 JETeHEePaTUBHO-TUCTPOGIIHIMHU
3aXBOPIOBAHHSIMU KOJIHHOTO cyTiio0a. J[ucTanbHe MOJ0KEHHS BEPXiBKU
cyrnoba crocrepiranu y 72 (72,00 %) obcTexxeHux, HeUTpaibHe — y 25
(25,00 %), y 3 (3,00%) oci6 — npoxcumansHe. 3HaueHHs aHKA < -2°
BcTaHOBIICHO ¥ 35 (35,00 %) oOcresxkenux, aHKA +2° —y 41 (41,00 %),
nokazHuku aHKA > 2° cnocrepiranu y 24 (24,00 %) xBopux. Haii6inpm
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MOIIMPCHUMHU THITAMHU KOJIHHHUX CYIJI00iB, BCTAHOBICHHMH BiIMOBIIHO
1o moauixoBanoi Bepcii kmacudikamii CPAK, 6ymn tumm I (30,00 %),
1T (28,00 %) ta III (14,00 %).

BucHoBok.

B pesymbraTi mpoOBEmeHOrO OCTIMKEHHS HaMHU

MiATBEPIKCHO MOP(OIIOTiUHy BapiaOeNbHICTh KOJNIHHUX CYIJIO0IB Mpu
JIeTeHepaTHBHO-TUCTPO(iTHIX 3aXBOPIOBAHHSIX.

KoarouoBi cioBa: xoiiHHMHA Cyrio0, JereHepaTHBHO-AUCTPOQIUHI
3aXBOPIOBAHHS, OCTE0ApPTPO3, AIarHOCTHKA, MOPQOIIOTis, KiIacudikais,

TOHaPTPO3.

Aemop, ionogioansnuii 3a rucmysannsn. Jiroo6oe Kunumniok, meouunuii yenmp "Angels Clinic", m. Binnuys, Yxpaiua,

e-mail: kylymniuk@gmail.com

ABBREVIATIONS

AD (Apex Distal) — distal position of the joint apex; aHKA — arithmetic hip-knee-ankle angle; AN (Apex Neutral) —
neutral position of the joint apex; AP (Apex Proximal) — proximal position of the joint apex; CI — 95% confidence
interval; CPAK — coronal plane alignment of the knee; FTA — femoral-tibial angle; JLO — joint line orientation; LDFA
— lateral distal femoral angle; mJLO — modified joint line orientation; MPTA — medial proximal tibial angle; OR — odds

ratio

INTRODUCTION

A pressing task of modern orthopedics is the study
of the knee joint morphological heterogeneity in
degenerative-dystrophic diseases of the musculoskeletal
system.

Structural differences in knee joints due to gender,
height, body weight, individual characteristics, and
ethnic origin of individuals have been confirmed by the
results of numerous studies [1, 2, 3]. In addition, the
heterogeneity of clinical symptoms of osteoarthritis has
been proven, taking into account the variation of femur
and tibia morphology [4, 5].

Despite the great attention of scientists to this issue,
the problem of phenotyping a heterogeneous population
of patients with degenerative-dystrophic diseases of the
knee joint remains unresolved [6, 7]. In this context, the
use of personalized medicine approaches considering
the individual morphofunctional characteristics of the
patient is becoming increasingly relevant.

One of the modern tools for analyzing the
morphological variation of knee joints is the Coronal
Plane Alignment of the Knee (CPAK) classification [8].
Using the CPAK classification helps to systematize the
types of knee joints, taking into account the orientation
of the joint line and the position of the lower limb axis.
In addition, the CPAK classification is a comprehensive
prognostic tool for determining pre-arthritic features of
the knee joint structure, which can be used both in
healthy individuals and in patients with degenerative-
dystrophic diseases [3, 8]. It is worth noting that the use
of this classification has a number of limitations. In
particular, performing orthoradiographs, which is a
prerequisite for using CPAK, is not always available in
daily clinical practice. In addition, the classification

does not take into account morphological parameters in
the sagittal plane as well as individual patient factors,
and is unsuitable in cases of segmental extra-articular
deformities [9]. The issue of geographical variation of
knee joint morphology and the reasonability of using the
classification in different ethnic groups remains
insufficiently studied.

In a systematic review, Pagan et al. (2023) presented
an analysis of the results of 7 studies that examined the
geographical variation of knee joint phenotypes
according to CPAK in 2804 patients with osteoarthritis.
The researchers found that CPAK type I was the most
common type of knee joint in France (33.4%), India
(58.8%), and Japan (53.8%), while patients from
Australia had a higher frequency of CPAK type II
(32.8% of cases). The difference in prevalence of CPAK
I and II types in the considered geographical regions
was statistically significant (p<0.01) [2].

According to a study by Hsu et al. (2022),
characteristic features of knee joint morphology for the
Asian population are a higher frequency of varus types
and a wider distribution in lower limb alignment. The
scientists associated these changes with genetic factors,
cultural characteristics, and the peculiarities of physical
load on the lower extremities [3].

Thus, the results of international studies indicate
ethnic variation in structural variants of the knee joint in
patients with degenerative-dystrophic diseases and
significant differences in the distribution of joint types
according to CPAK, taking into the
geographical factor. There is no information on the
morphological variation of knee joints in the Ukrainian

account

population. Widespread use of the CPAK system for
knee joint types classification is not available due to the
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limited use of orthoradiographs in  surgical
interventions. However, understanding the
morphological variation of knee joints in degenerative-
dystrophic diseases will help to improve existing
methods of corrective osteotomy of the femur and tibia,
as well as the methods of monocondylar and total
arthroplasty with respect to the principles of
personalized surgery. At the same time, considering the
individual structural features of the knee joint during
preoperative planning will improve the clinical results
of treatment in patients with degenerative-dystrophic
diseases of the knee joint.

The objective of the study: to characterize the
prevalence of morphological variants of the knee joint
in patients with degenerative-dystrophic diseases
according to the modified CPAK classification and our
own cluster system.

MATERIALS AND METHODS

The presented observational cross-sectional study
analyzed the results of radiographic examination of 100
cases of degenerative-dystrophic knee joint disease with
predominant lesion of the medial joint in 70 patients
who were inpatients in the Traumatology Department of
the Vinnytsia City Clinical Hospital of Emergency
Medicine in 2017-2025. The average age was
63.56+8.10 years. The group included 26 (37.14%) men
and 44 (62.86%) women. Signs of unilateral
degenerative-dystrophic lesion of the knee joint were
detected in 40 (57.14%) patients, and bilateral disease
was recorded in 30 (42.86%) of the examined patients.

Inclusion criteria were: primary osteoarthritis of the
knee joint of the II-IIT degree according to the Kellgren-
Lawrence classification with a predominant lesion of the
medial joint; secondary osteoarthritis of the knee joint
with a predominant lesion of the medial joint, including
secondary osteoarthritis of the knee joint after aseptic
necrosis of the medial condyle of femur; satisfactory
condition of the lateral knee joint (intact meniscus and
full thickness of the articular cartilage); integrity of the
ligamentous apparatus of the knee joint; full extension of
the knee joint or flexion contracture < 10°.
total degenerative-
dystrophic lesion of the medial and lateral knee joints;
secondary post-traumatic osteoarthritis after a fracture
of the tibial plateau; the history of surgical interventions
on the proximal part of the tibia (except for arthroscopic
meniscectomy); flexion contracture > 10°; instability of
the ligamentous apparatus of the knee joint; secondary
osteoarthritis caused by dysplastic changes in bone
tissue or metabolic and other diseases (ochronosis,
Gaucher disease, Paget's disease, osteopetrosis); active

Exclusion criteria  were:

infectious process or presence of latent infection.
To characterize the structural variant of the knee
joint, the CPAK classification with our own

modifications was used. According to the original
methodology proposed by MacDessi et al. (2021), it is
necessary to determine two key parameters: the
arithmetic hip-knee-ankle angle (aHKA) and the joint
line orientation (JLO) [8]. These variables are calculated
as the difference or sum of the mechanical lateral distal
femoral angle (LDFA) and the mechanical medial
proximal tibial angle (MPTA) determined on the lower
extremity orthoradiographs.

Since orthoradiography was not available during this
study, standard (short) radiographs of the knee joints
were used, performed in direct projection with the lower
limbs bearing load. A high degree of correlation
between morphological parameters of the knee joint
found on standard knee joint radiographs performed in
anteroposterior projections and orthoradiographs was
proven in the study by Unal et al. (2020) [10]. Since we
used standard radiographs during the study, anatomical
angles were assessed, not mechanical ones. Anatomical
LDFA was calculated as the angle between the line
connecting the most distal parts of both femoral
condyles and the anatomical axis of the femur,
measured laterally. The angle between the line tangent
to the proximal tibial articular
anatomical axis of the tibia, measured from the medial

surface and the

side, was defined as the anatomical MPTA. The angle
between the anatomical axes of the femur and tibia was
defined as the femoral-tibial angle (FTA).

The next step was to calculate the modified values of
the aHKA and JLO. Thus, aHKA was calculated
according to the original methodology: aHKA = MPTA-
LDFA. Modified JLO was calculated according to the
mJLO=MPTA+LDFA+6°, 6° =
correction factor indicating valgus deviation of the
anatomical axis relative to the mechanical axis [11].

The interpretation of the obtained results was carried
out in accordance with the recommendations of the
original methodology [8]. The varus position of the
lower limb axis was defined for aHKA values < -2°,
neutral position — for aHKA values within —2°-(+2°),
valgus position — for aHKA values > +2°. The

formula: where

orientation of the joint line was defined as distal (AD
(apex distal)) when the mJLO index was <177°, as
neutral (AN (apex neutral)) when the mJLO
corresponded to the range of 177-183°, and as proximal
(AP (apex proximal) when the mJLO >183°.

Subsequently, a matrix of joint types was formed,
which combined three categories of the lower limb axis
position (aHKA): varus, neutral, valgus, and three types
of joint line orientation (JLO): distal, neutral, proximal.
A total of nine phenotypic knee joint variants were
analyzed.

Additionally, the knee joint types were characterized
according to our own cluster system. The features of
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clustering of knee joint types affected by degenerative-
dystrophic processes are presented in our previous
work [17].

The presented study was conducted in accordance
with the ethical principles of the World Medical
Association Declaration of Helsinki — Ethical
Principles for Medical Research Involving Human
Subjects (Seventh Revision, adopted at the 64th WMA
General Assembly, Fortaleza, Brazil, October 2013),
the Council of Europe Convention on Human Rights
and Biomedicine (Oviedo, Spain, April 4, 1997), as
well as in accordance with current national ethical
standards. All participants were informed about their
participation in the study and provided written
informed consent. Patients' personal data were
anonymized to ensure confidentiality.

Statistical analysis was performed using Statistica
13 software. Descriptive statistics methods were used
to evaluate and analyze quantitative data. Quantitative
variables were presented as mean + standard deviation
(M4£SD). Categorical variables were presented as the
absolute number of observations (n) and the
corresponding percentage (%). When comparing the
indicators of independent groups, the nonparametric
Kruskal-Wallis statistical criterion was used; the
functional relationship between variables was assessed
using the Kendall rank correlation coefficient
(Kendall's Tau). The prognostic value of the
considered parameters for the determination of the
morphological variant of the knee joint affected by the
degenerative-dystrophic process was assessed based on
the statistical model of binary logistic regression,
considering the odds ratio (OR) and 95% confidence
intervals (CI). The level of statistical significance was
determined at p<0.05.

RESULTS

According to our own cluster system, 4 groups were
formed from the examined patients, which corresponded
to 4 morphological variants of the knee joint structure in
degenerative-dystrophic diseases. Morphotype 1 was
detected in 21 (21.00%) patients, morphotype II — in 38
(38.00%) patients, morphotype III — in 29 (29.00%)
patients, and morphotype IV —in 12 (12.00%) patients.

The average FTA angle in the examined patients
was 177.094£5.57°. In patients with morphotype I, the
average FTA angle was 169.76+1.48°, which
corresponded to varus deviation of the lower limb axis.
Varus deviation of the axis was also recorded in patients
with morphotype II, whose average FTA angle was
175.58£1.32°. In the examined patients with
morphotype III, the average FTA angle was
180.14+1.49° and corresponded to the neutral position
of the lower limb axis. In individuals with morphotype
IV, the average value of the studied angle was
187.33+3.75°, which corresponded to valgus deviation
of the axis. When comparing the average values of the
FTA angle in the formed groups, the difference was
statistically significant (p<<0.0001).

The average mJLO index in the subjects was
174.2845.20°. In individuals with knee joint morphotype
I, the average mJLO index was 170.14£5.62°, in patients
with morphotype II — 174.71+4.11°, in patients with type
I — 175.0744.21°, and in those with knee joint
morphotype IV — 178.25+5.63°; the difference was
statistically significant (p=0.004) (Table 1). A direct
weak correlation was demonstrated between FTA
indicators and mJLO values (1=+0.21, p=0.002),
indicating a higher frequency of proximal joint line
orientation in patients with valgus deviation of the lower
limb axis.

Table 1 — mJLO and aHKA characteristics with regard to the knee joint morphotype

Variants of knee joint morphotypes
I (n=21) II (n=38) I (n=29) IV (n=12) P

mJLO 170.14+5.62 174.71+4.11 175.07+4.21 178.25+5.63 0.004*

AD 21 (100.00%) 26 (68.42%) 20 (68.97%) 5(41.67%) 0.003*

AN 0 (0.00 %) 12 (31.58%) 8 (27.59%) 5(41.67%) 0.02*

AP 0 (0.00 %) 0 (0.00 %) 1 (3.44%) 2 (16.66%) 0.02*
aHKA -5.0£1.52° -1.67+£2.24° 2.55+1.40° 9.4242.27° <0.00001*

<-2° 21 (100.00%) 14 (36.84%) 0 (0.00 %) 0 (0.00 %) <0.00001*

+2° 0 (0.00 %) 23 (60.53%) 18 (62.07%) 0 (0.00 %) <0.00001*

>2° 0 (0.00 %) 1 (2.63%) 11 (37.93%) 12 (100.00%) <0.00001*

Note: * — a difference in indicators was statistically significant at p<0.05
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According to the established mJLO values, the vast
majority of the examined subjects, 72 (72.00%), had a
distal position of the joint apex, 25 (25.00%) — neutral
joint apex, and 3 (3.00%) — proximal joint apex.

The distal apex position was established in all
patients with knee joint morphotype I — 21 (100.00%)
subjects, and in the vast majority of patients with
morphotype II and III — 26 (68.42%) and 20 (68.97%)
subjects, respectively. In addition, the indicated position
was observed in 5 (41.67%) patients with morphotype
IV; the difference indicators was statistically
significant (p=0.003).

The neutral position of the joint apex was recorded
in 5 (41.67%) patients with morphotype IV, 8 (27.59%)
patients with morphotype III, and 12 (31.58%) patients
with morphotype II. The neutral position of the joint
apex was not observed in the group of morphotype I.
The difference in the studied frequency indicators was
statistically significant (p=0.02).

The proximal joint apex position was observed in 2
(16.66%) patients with morphotype IV and 1 (3.44%)
patient with morphotype III. In cases of varus deviation
of the lower limb axis, the proximal position of the joint
apex was not observed in knee joint morphotypes I and
II. The statistically
significant (p=0.02).

The calculated average aHKA angle in the subjects
was 0.19+4.74°. The specified angle was (-5.0+£1.52°)
in patients with morphotype I, (-1.67£2.24°) — in
patients with morphotype II, (2.55£1.40°) — in patients
with morphotype III, and (9.42+2.27°) — in patients
with morphotype IV; the difference in the values of the
aHKA angle in the formed groups was statistically
significant (p<0.00001). A direct strong correlation
was demonstrated between FTA indicators and aHKA
angle values (1=+0.82, p<0.00001).

The value of aHKA <-2° was found in 35 (35.00%)
subjects. These indicators were observed in all patients
with morphotype I — 21 (100.00%) and in 14 (36.84%)
patients with morphotype II. In individuals with
neutral and valgus deviation of the lower limb axis and

in

difference in indicators was

morphotypes III and IV, respectively, these indicators
were not recorded.

aHKA values of £2° were observed in 41 (41.00%)
patients of the group: in the vast majority of those with
morphotype II — 23 (60.53%) and III — 18 (62.07%).
However, these indicators were not recorded
individuals with morphotypes [ and IV.

aHKA values of >2° were observed in 24 (24.00%)
examined subjects. These indicators were recorded in
all 12 patients with valgus deviation of the axis

in

(100.00%), 11 (37.93%) people with morphotype III,
and 1 (2.63%) subject with morphotype II.

The characteristics of the distribution of patients
according to the CPAK classification, taking into
account our own modifications, are shown in Figure 1.
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Figure 1 — Scatter plot of aHKA and mJLO in
the examined patients

The type frequency in groups formed according to the
morphological features of the knee joint structure in
degenerative-dystrophic diseases is given in Table 2.
Type I was observed in 30 (30.00%) subjects and
in 85.71% (30/35) of the knee joints with varus
deviation of the lower limb axis. The specified type
was reported in all patients with morphotype I — 21
(100.0%) cases and in 9 (23.68%) individuals with
morphotype II; in the patients with morphotypes III
and IV, the specified type was not found. The
difference in indicators was statistically significant
(p<0.00001). Type II was found in 28 (28.00%)
patients and 68.29% (28/41) of joints with a neutral
position of the lower limb axis. The indicated type was
observed in 16 (42.11%) patients with morphotype II
and 12 (41.38%) patients with morphotype III; the
remaining groups did not have the indicated type of
knee joint; the difference in indicators was significant
(p=0.0003). Type III was recorded in 14 (14.00%)
patients and 58.33% (14/24) knee joints with valgus
deviation of the lower limb axis, in particular in 5
(41.67%) individuals with morphotype IV, 8 (27.59%)
patients with morphotype III, and 1 (2.63%) patient
with morphotype II. This type was not observed in
patients with morphotype I. When comparing
frequency indicators in the formed groups, the
difference was statistically significant (p=0.0002).
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Table 2 — Characteristics of joint types according to the modified CPAK classification with regard to the

morphotype of the knee joint

Type Variants of knee joint morphotypes b
I (n=21) II (n=38) I (n=29) IV (n=12)
I 21 (100.0%) 9 (23.68%) 0 (0.00 %) 0 (0.00 %) <0.00001*
I 0 (0.00 %) 16 (42.11%) 12 (41.38%) 0 (0.00 %) 0.0003*
11 0 (0.00 %) 1 (2.63%) 8 (27.59%) 5(41.67%) 0.0002*
v 0 (0.00 %) 5(13.16%) 0 (0.00 %) 0 (0.00 %) 0.04*
v 0 (0.00 %) 7 (18.42%) 6 (20.69%) 0 (0.00 %) 0.06
VI 0 (0.00 %) 0 (0.00 %) 2 (6.90%) 5(41.67%) <0.00001*
VI 0 (0.00 %) 0 (0.00 %) 0 (0.00 %) 0 (0.00 %) 1.00
VIII 0 (0.00 %) 0 (0.00 %) 0 (0.00 %) 0 (0.00 %) 1.00
IX 0 (0.00 %) 0 (0.00 %) 1 (3.44%) 2 (16.66%) 0.02*
Note: * — difference in indicators was statistically significant at p<0.05
Type IV was found in 5 (5.00%) patients and associated with significantly lower chances of

14.29% (5/35) of knee joints with a varus position of the
lower limb axis. Type IV of the knee joint was recorded
in 5 (13.16%) patients with morphotype II; in the
remaining groups, this type was not observed; the
difference was statistically significant (p=0.04). Type V
was observed in 13 (13.00%) individuals and 31.71%
(13/41) of knee joints with a neutral position of the
lower limb axis: 7 (18.42%) patients with morphotype I1
and 6 (20.69%) patients with morphotype III, and in
none with morphotypes I and IV; the difference was not
statistically significant (p=0.06). Type VI was recorded
in 7 (7.00%) patients and 29.17% (7/24) of valgus knee
joints. The indicated type was found in 5 (41.67%)
patients with morphotype IV and 2 (6.90%) patients
with morphotype III; in those with morphotypes I and
II, type VI of the knee joint was not observed; the
difference in indicators was statistically significant
(p<0.00001).

Type VII and type VIII were not reported in any
case (0/35 and 0/41, respectively). Type IX was
observed in 3 (3.00%) patients, which was 12.5%
(3/24) of the knee joints with a valgus position of the
lower limb axis. In particular, this type was found in 2
(16.66%) patients with morphotype IV and 1 (3.44%)
patient with morphotype III; in the groups of patients
with morphotypes I and II, type IX of the knee joint
was not observed. The comparison demonstrated a
statistically  significant difference in
indicators in the formed groups (p=0.02).

Evaluation of the prognostic value of mJLO and
aHKA in determining the knee joint morphotype
revealed that distal orientation of the knee joint line in
with  degenerative-dystrophic  diseases is

frequency

patients

developing morphotype IV (OR=0.22, CI (0.06-0.79),
p=0.02) (Table 3). In contrast, proximal orientation of
the knee joint line increases the chances of developing
morphotype IV (OR=17.40, CI (1.40-216.10), p=0.02).

Analysis of the calculated aHKA indicators
confirmed that the aHKA values of +2°, indicating a
neutral position of the lower limb axis, are associated
with significantly higher chances of developing
morphotypes I (OR=3.75, CI (1.58-8.87), p=0.002) and
III (OR=3.42, CI (1.37-8.49), p=0.006). On the other
hand, aHKA values of >2°, indicating a valgus position
of the lower limb axis, significantly reduce the risk of
developing morphotype II (OR=0.05, CI (0.006-0.37),
p=0.00001) and increase the risk of developing
morphotype I (OR=2.73, CI (1.03-7.22), p=0.04).

Additionally, we studied the possibility of
predicting knee joint morphotypes in degenerative-
dystrophic diseases based on the joint type according
to the modified CPAK classification.

Significantly higher chances of developing
morphotype II in patients with CPAK type II of the
knee joint (OR=3.03, CI (1.22-7.54), p=0.01) were
confirmed (Table 4). CPAK type III is associated with
significantly =~ higher  chances of developing
morphotypes III (OR=4.13, CI (1.27-13.46), p=0.02)
and IV (OR=6.27, CI (1.62-24.32), p=0.01) of the knee
joint in degenerative-dystrophic processes and lower
chances of developing morphotype II (OR=0.10, CI
(0.01-0.84), p=0.005). Significantly higher chances of
developing morphotype IV were recorded in patients
with CPAK types VI (OR=30.71, CI (4.90-192.34),
p=0.00009) and IX (OR=17.40, CI (1.40-216.10),
p=0.02).
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Table 3 — Prognostic value of mJLO and aHKA in determining knee joint morphotype

Variants of knee joint morphotypes
I 11 I1I v
mJLO
p=0.02
AD p=0.00007 p=0.53 p=0.67 OR=0.22
CI (0.06-0.79)
AN p=0.0002 p=0.24 p=0.70 p=0.18
p=0.02
AP p=0.23 p=0.09 p=0.87 OR=17.40
CI (1.40-216.10)
aHKA
<-2° p<0.00000001 p=0.76 p<0.00000001 p=0.0008
p=0.002 p=0.006
+2° p=0.0000003 OR=3.75 OR=3.42 p=0.0002
CI (1.58-8.87) CI (1.37-8.49)
p=0.00001 p=0.04
>2° p=0.0003 OR=0.05 OR=2.73 p<0.00000001
CI (0.006-0.37) CI (1.03-7.22)
DISCUSSION consistent with the data of the study by Corban et al.

The average mJLO in the patients was
174.2845.20°, and the average aHKA was 0.19+4.74°,
which indicated a predominantly distal orientation of
the joint line and a neutral position of the lower limb
axis in the patients of the study group. Our results are

(2024), where the average JLO in patients with knee
osteoarthritis was 174.7£3.3°, and aHKA was (-
0.1£4.0)°, as well as the study of Senel et al. (2024),
where the average values of JLO and aHKA were
174.6+3.7° and (-1.4+3.9)°, respectively [13, 14].

Table 4 — Prognostic value of joint types according to the modified CPAK classification in determining the knee

joint morphotype in gonarthrosis

Variants of knee joint morphotypes
Type
I 11 111 v
I p<0.00000001 p=0.28 p=0.0000005 p=0.002
p=0.01
11 p=0.00007 OR=3.03 p=0.06 p=0.004
CI (1.22-7.54)
p=0.005 p=0.02 p=0.01
111 p=0.007 OR=0.10 OR=4.13 OR=6.27
CI (0.01-0.84) CI (1.27-13.46) CI (1.62-24.32)
v p=0.12 p=0.001 p=0.06 p=0.25
A% p=0.01 p=0.21 p=0.16 p=0.06
p=0.00009
VI p=0.06 p=0.008 p=0.98 OR=30.71
CI (4.90-192.34)
p=0.02
IX p=0.23 p=0.09 p=0.87 OR=17.40
CI(1.40-216.10)

The most common knee joint types according to the
modified CPAK classification were types I (30.00%), II
(28.00%), and III (14.00%). The data we obtained are a
primary reflection of the prevalence of different knee
joint types in the Ukrainian population. The established
distribution is generally comparable to the results of the

studies by Senel et al. (2024), Huber et al. (2023), and
MacDessi et al. (2021), in which researchers noted a
higher frequency of these types in patients with
degenerative-dystrophic diseases of the knee joint [1, 8,
14]. Thus, in a large-scale study by Huber et al. (2023),
which presents the results of the analysis of 8739
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orthoradiographs of 7456 patients with knee joint
osteoarthritis, CPAK type I was detected in 28.1% of
subjects, type II —in 27.3% of subjects, and type III — in
20.9% of subjects [1]. The study by Senel et al. (2024)
presented the results of the evaluation of 408 knee
osteoarthritis cases in 296 patients from the Turkish
population. The most common CPAK types were type 11
(31.6%), type 1 (28.2%), and type III (13.5%) [14]. In
the work of MacDessi et al. (2021) based on the
analysis of radiological parameters of 500 knee joints
affected by osteoarthritis, type I was found in 19.4% of
cases, type II —in 32.2%, and type III — in 15.4% [8].

Most scientists noted the low prevalence of apical
joint types of the knee joint — VII, VIII, and IX, which
were recorded in 3.0% of the patients. The data we have
established corresponds to global trends. Thus, the
frequency of apical types according to Huber et al.
(2023) was 1.3%; MacDessi et al. (2021) observed these
types in 2.6% of cases; in the work of Mulpur et al.
(2022), the frequency was 3.4% [1, 8, 15].

The high frequency of distal joint line orientation in
patients with degenerative-dystrophic diseases of the
knee joint is worth noting. The distal joint apex position
was observed in the vast majority of patients examined—
72 (72.00%), which is consistent with the literature data.
In particular, in the study by Senel et al. (2024), the
frequency of knee joint types with distal joint line
orientation was 73.3%; in the paper of Huber et al.
(2023), it was 76.3%; similar results were reported in
the work of Corban et al. (2024) — 76.3% [1, 13, 14].

PROSPECTS FOR FUTURE RESEARCH

Despite the modification of the calculations, the
results obtained are comparable with the data of world
studies, which confirms the validity of the proposed
approach to the CPAK-based analysis of knee joint
morphotypes. In addition, our data provide further
evidence of geographic variation in the distribution of
knee joint morphotypes, as described in detail in the
systematic review by Pagan et al. (2023). The
researchers noted a significantly higher prevalence of
varus forms of the knee joint, in particular CPAK type I,
in Asian populations [2]. According to Toyooka et al.
(2023), the frequency of CPAK type I in Japanese
patients with knee osteoarthritis was 53.8%; in patients
from India, this figure reached 58.8% [15, 16].

CONCLUSIONS

As a result of the study, we confirmed the
morphological variation of knee joints in degenerative-
dystrophic diseases.

The average mJLO index in the examined patients
was 174.2845.20°, and the average aHKA angle was
0.19+4.74°, indicating a predominantly distal
orientation of the joint line and a neutral position of the
lower limb axis in patients with degenerative-dystrophic
diseases of the knee joint. The most common knee joint
types according to the modified CPAK classification
were types I (30.00%), II (28.00%), and III (14.00%).

Thus, we believe that the high morphological
variation of knee joints necessitates an individualized
approach to planning orthopedic interventions for
degenerative-dystrophic diseases.

Studying the structural variation of the knee joint in degenerative-dystrophic diseases will allow us to improve the
personalized approach to orthopedic interventions, particularly by determining the features of individualized positioning
of endoprosthesis components.
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