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The main causes of knee contractures are the dominance 
of the hamstring muscles, particularly the biceps femoris, as well 
as associated hip joint contractures, which are combined with 
torsional deformities of the lower limb bones. Femoral deformity 
involves anteversion of its proximal epimetaphysis, which arose 
during ontogenesis and due to the action of external rotators, 
as well as internal rotation resulting from spasticity of the hip 
adductor muscles. Pathological external torsion of the tibia is 
a  consequence of  a compensatory mechanism aimed at restor-
ing the axis of the lower limb, overcoming spasticity of the biceps 
femoris muscle, and retraction of the anterior cruciate ligament. 
Objective. To investigate the pathogenesis of flexion contractures 
of the knee joints, as well as associated anatomical and structural 
changes in the bones and primary and secondary stabilizers in 
children with cerebral palsy. Methods. The analyzed data were 
obtained during the treatment of 40 patients with cerebral palsy, 
spastic diplegia, and tetraparesis. In all cases, hip joint contrac-
tures were noted, and in most patients, knee joint contractures 
and foot deformities were observed. Clinical and instrumental 
diagnostic methods were used. Results. The causes of flexion con-
tractures of the knee joints were studied, theoretically substantiat-
ed, and investigated. A direct correlation was established between 
the degree of contracture and degenerative-dystrophic changes in 
the intra-articular tissues of the joint, as well as between the de-
gree of torsional deformity of the lower limb bones. Conclusions. 
The pathogenesis of knee joint contractures is multifactorial in 
nature and depends on structural changes in the bones of the low-
er extremities and in the primary and secondary stabilizers of the 
knee joint, which influences the clinical course of the disease and 
the future choice of treatment strategy. 

Основними причинами контрактур колінних суглобів є домі-
нування м’язів hamstring-групи, і особливо — двоголового м’яза 
стегна, а також наявність супутніх контрактур кульшового 
суглоба, які поєднуються з торсійними деформаціями кісток 
нижніх кінцівок. Деформація стегна включає антеверсію його 
проксимального епіметафізу, який виник у процесі онтогенезу 
та дії зовнішніх ротаторів, а також внутрішнього поворо-
ту внаслідок спастики привідних м’язів стегна. Патологічна 
зовнішня торсія великогомілкової кістки є наслідком компен-
саторного механізму, який спрямований на відновлення осі 
нижньої кінцівки, подолання спастики двоголового м’яза стег-
на та ретракцію передньої схрещеної зв’язки. Мета. Вивчити 
патогенез згинальних контрактур колінних суглобів, супут-
ніх анатомічних і структурних змін у кістках, первинних та 
вторинних стабілізаторах у дітей, хворих на ДЦП. Методи. 
Проаналізовано показники, отримані під час лікування 40 па-
цієнтів, хворих на ДЦП, зі спастичною диплегією та тетра-
парезом. У всіх випадках відзначались контрактури кульшових 
суглобів та у більшості дітей — контрактури колінних суглобів 
і деформації стоп. Застосовувалися клінічні й інструменталь-
ні методики діагностики. Результати. Вивчені, теоретично 
обгрунтовані та досліджені причини виникнення згинальних 
контрактур колінних суглобів. Встановлено пряму залежність 
між ступенем контрактури та дегенеративно-дистрофічни-
ми змінами в інтраартикулярних структурах суглоба, а та-
кож — між ступенем торсійної деформації кісток нижньої 
кінцівки. Висновки. Механогенез контрактури колінного сугло-
ба має мультифакторну природу виникнення та залежить від 
структурних змін у кістках нижніх кінцівок, первинних і вто-
ринних стабілізаторах колінного суглоба, що впливає на клі-
нічний перебіг хвороби та майбутній вибір тактики лікування. 
Ключові слова. Діти, церебральний параліч, контрактури сугло-
бів, торсійні деформації кісток, дегенеративно-дистрофічні 
зміни в м’язово-зв’язковій системі, математичне моделювання, 
больовий синдром.

Key words. Сhildren, cerebral palsy, joint contractures, torsional bone deformities, degenerative-dystrophic 
changes in the musculoskeletal system, mathematical modeling, pain syndrome
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Introduction
Flexion contractures of the knee joint are ob-

served in 47–53% of patients with cerebral palsy (CP) 
and represent an integral component of the patho-
logical process [1–4]. The main cause of this defor-
mity, according to most authors, is muscle imbalance 
resulting from impaired reciprocal innervation and 
the pathological effect of co-contraction [5, 6]. Under 
these conditions, there is a predominance of the ham-
string muscles over the quadriceps, as well as 
of the hip adductors over the abductors [7]. However, 
the myofascial relationship between these muscle 
groups in the development of knee joint contracture 
remains insufficiently studied.

Joint stability depends on the interaction between 
primary and secondary stabilizers, namely muscles 
and the ligamentous system [8]. However, joint mal-
position disrupts gait biomechanics and posture. Load 
distribution changes across the femoral condyles, tib-
ial plateau, and intra-articular structures. Therefore, 
the pattern of pathological changes in these regions 
in children with CP differs from traumatic injuries, 
which result from the application of a large amount 
of kinetic energy over a short period of time [9–13]. 
In flexion contractures caused by muscle imbalance, 
degenerative and dystrophic changes in muscles and 
in the anterior and medial knee complexes depend on 
the degree of spasticity and the duration of the patho-
logical process, which develops gradually.

Hip and knee flexion contractures are well estab-
lished to be accompanied by hip adduction, valgus 
deviation, and external tibial rotation [6, 14]. How-
ever, the  role of associated deformities and degen-
erative-dystrophic changes in muscles and the  liga-
mentous system in the development of contractures 
remains controversial. It should be noted that most 
authors identify muscle imbalance as the primary 
cause of flexion contracture, but they do not ac-
count for changes in the ligamentous system, nor for 
the comparative mass of agonist and antagonist mus-
cles, the magnitude of their moment arms, and the di-
rection of force vectors.

According to recent studies, pain syndrome is one 
of the contributing factors in the development of knee 
flexion contractures [15]. However, its relationship 
with the degree of contracture and changes in pri-
mary and secondary knee stabilizers remains insuffi-
ciently investigated.

One component in the development of knee flex-
ion contractures is internal torsion of the distal femur 
and compensatory external torsion of the tibia, which 
disrupt the anatomical axis of the limb and the con-

gruence of joint surfaces. This creates a pathologi-
cal cycle that further limits joint mobility [16, 17]. 
Therefore, in the treatment of knee flexion contrac-
tures, some authors consider correction of torsional 
deformities of  the bones to be necessary [18]. At 
the same time, the mechanisms underlying torsional 
deformities remain controversial, leading to differ-
ing approaches in defining indications and treatment 
strategies.

Thus, the mechanisms underlying the develop-
ment of knee flexion contractures, structural changes 
in muscles and intra-articular tissues, and torsional 
deformities of the bones of the lower extremities re-
quire further investigation.

Purpose: to investigate the mechanisms of devel-
opment of knee flexion contractures, associated ana-
tomical and structural changes in bones, and altera-
tions in primary and secondary stabilizers in children 
with cerebral palsy.

Materials and Methods
The study involved examination during treat-

ment of a total of 40 patients with cerebral palsy, 
including spastic diplegia and tetraparesis. All pa-
tients presented with hip contractures, and the ma-
jority also had restricted knee joint mobility and foot 
deformities.

The study was conducted in accordance with 
the  principles of the Declaration of Helsinki. 
The  study protocol was approved by the local eth-
ics committee of the State Institution “All-Ukrainian 
Center for Motherhood and Childhood of the National 
Academy of Medical Sciences of Ukraine” (Protocol 
No. 12 dated 27.03.2026), and informed consent was 
obtained from all patients.

The patients were divided into three groups de-
pending on muscle tone impairment: Group 1 — 
14 children aged 4–7 years with reflex tonic hyper-
tonia; Group 2 — 13 patients aged 8–12 years with 
spasticity; Group 3 — 13 patients aged 13–17 years 
with rigidity.

Pain syndrome assessment was performed consid-
ering the etiological causes of pain (myofascial, neu-
rogenic, arthralgic) using the Numerical Rating Scale 
(NRS).

Depending on the range of motion in the knee 
joints, four degrees of contracture were defined 
(Table 1).

The femoral neck anteversion angle was analyzed 
[14]. The external tibial torsion angle was calcu-
lated on radiographs using a developed method [18]. 
The anatomical axis was assessed on frontal long-leg 
radiographs of the lower extremities.
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The force distribution acting on intra-articular 
knee structures, hip adductors, and hamstring mus-
cles was analyzed in the frontal and sagittal planes.

Ultrasound examination (US) was used to evalu-
ate the degree of structural changes in muscles and 
intra-articular tissues, as well as the cross-sectional 
size of muscles in the middle third of the thigh.

To assess changes in muscle mass in children with 
cerebral palsy, we developed a muscle mass index, 
calculated using the formula:

MMI = ML / (MCSA + FCSA),

where ML — muscle length, MCSA — muscle cross-
sectional area, FCSA — fascia cross-sectional area. 
A decrease in the muscle mass index indicates an in-
crease in cross-sectional area [11].

The study included patients with cerebral palsy 
and knee joint flexion contractures. Children without 
neurological pathology and those with post-traumatic 
or congenital contractures were excluded.

Results
Mechanism of knee joint contracture formation
We considered the knee joint as a stabilization 

center located between the ankle and hip joints. 
Myofascial structures are organized as antagonis-
tic pairs on both sides of the lower limb. When one 
group is shortened (concentric loading), the opposing 
group is subjected to tension, resulting in eccentric 
loading of muscles and fascia in a lengthened state. 
The development of degenerative-dystrophic changes 
leads to loss of elasticity of the myofascial structures 
along the posterior kinetic chain [7]. Increased ten-
sion of  the  sciatic nerve in the proximal thigh and 
of the common peroneal and tibial nerves in the pop-
liteal region leads to the  development of spastic-is-
chemic traction neuropathies [15]. Clinical manifes-
tations are associated both with neurogenic factors 
and with degenerative-dystrophic changes occurring 
in the muscles and ligamentous system of the knee 
joint.

Another key factor in contracture development 
is increased physiological motor neuron output to 
the  flexor and adductor muscle groups of the lower 
limb, which subsequently leads to increased spastic-
ity. A  second important factor is the biomechanical 
distribution of muscle forces acting on the femur and 
tibia. The quadriceps femoris is the largest muscle; 
however, its mechanical effect is lower than the com-
bined action of the knee flexors. The main reason for 
this discrepancy is the difference in moment arms 
acting on the tibia and their number. The moment 
arm of the quadriceps femoris muscle is 21.5 % 
of tibial length. At the same time, part of the tendon 
of the biceps femoris muscle (force arm, accounting 
for 43.2 % of tibial length) directly continues into 
the crural fascia, thereby increasing the moment arm 
of this muscle. The quadriceps femoris has a single 
force vector, whereas the knee flexors have multiple 
vectors. In the presence of impaired muscle tone, 
all these factors lead to a functional predominance 
of flexors over extensors.

Analysis of the influence of the muscular compo-
nent on knee flexion contracture formation indicates 
the need to consider the direction of the force vec-
tor of  its individual elements. Thus, part of  the  ten-
don of the long head of the biceps femoris attaches 
to the  head of the fibula, while another, more dis-
tal portion, attaches to the crural fascia. Given 
the  greater force of  the biceps femoris compared 
with the  semimembranosus–semitendinosus group, 
the  resulting moment acting on the lateral aspect 
of the tibia becomes dominant and enhances external 
tibial rotation (and, in the long term, torsion).

This alters the projected positions of the fixation 
points of the semimembranosus–semitendinosus mus-
cles, increases their kinematic chain length, and cre-
ates a pathological cycle in the development of knee 
flexion contracture.

There is also a direct fascial connection between 
the long head of the biceps femoris and the fibularis 
longus muscle, which contributes to a predominance 
of foot pronators (Fig. 1). Fascial continuity between 

Table 1
Degree of knee joint contracture depending on the range of active and passive movements

Grade Extension position Number of patients

supine standing

active passive active

І 158° ± 2.0° 169° ± 3.0° 148° ± 2.6° 13
ІІ 149° ± 1.6° 157° ± 2.5° 127° ± 3.0° 9
ІІІ 137° ± 2.4° 149° ± 3.0° 118° ± 2.5° 12
IV 108° ± 2.0° 116° ± 3.5° 100° ± 3.2° 3
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the long head of the biceps femoris and the fibularis 
longus leads to foot eversion with a tendency toward 
flattening of the medial longitudinal arch.

The short head of the biceps femoris attaches to 
the head of the fibula and has fascial continuity with 
the middle portion of the adductor magnus muscle, 
which passes beneath the main bulk of the biceps 
femoris (Fig. 1). This fascial connection increases 
the overall force of the adductors, which have a large 
attachment area along the linea aspera (adductor bre-
vis, adductor longus, and adductor magnus), thereby 
enhancing their dominance.

Thus, loss of elasticity in the hamstring muscles 
and pain syndrome are key elements in the develop-
ment of flexion posture in the knee joints. Excessive 
activity of the biceps femoris muscle, which is con-
sidered the primary factor in knee flexion contrac-
ture formation, also leads to increased torsional de-
formity of the tibia, alteration of its axis, and valgus 
positioning of the foot. The short head of this muscle, 
in addition to its primary function, also contributes 
to the development of valgus deformity of the knee 
joint.

Antagonistic myofascial structures of the anterior 
and posterior muscle groups of the lower limb nor-
mally stabilize the knee joint in the sagittal plane, 
which is confirmed by mathematical modeling 
(Fig. 2a, b).

The distance KN (segment between the fixation 
points of the biceps femoris muscle) is calculated 
using the cosine theorem with F = 10 N, α = 10°, 
β = 180°–10° = 170°, ON = 50 (tibial length), OB = 60 
(femoral length), where ON is the tibial length (50), 
and OK is the force vector of the biceps femoris 
muscle.

ОNK : КN2 = F2 + ON2 + 2F × ON × cos β;
KN2 =102 + 502 – 2 × 10 × 50 × cos 170°;
KN2 =100 + 2500 – 1000 × (–0, 9848);

KN2 = 2600 + 984, 8; 
KN2 = 3584,8.

The results of the study demonstrate that the long 
moment arm of the biceps femoris muscle is balanced 
by the force of the quadriceps femoris muscle, which 
act as antagonistic myofascial structures and allow 
the knee joint to be maintained in a neutral position.

The flexor and adductor muscles of the lower limb 
in children with cerebral palsy demonstrate a  pre-
dominance over their antagonists [18]. Trunk and 
pelvic inclination leads to eccentric loading of the bi-
ceps femoris and gastrocnemius muscles, the tension 
of which is compensated by knee flexion, which is 
related to the anatomical characteristics of biarticu-

lar muscles. The approximation of the fixation points 
of the biceps femoris, from the ischial tuberosity to 
the tibia, reduces tension in the posterior thigh mus-
cle group, thereby decreasing pain syndrome, which 
is one of the leading factors in the development 
of  pathological movement patterns in the hip and 
knee joints (Fig. 3a–c).

We calculate the distance KN (distance between 
the fixation points of the biceps femoris muscle) using 
the cosine theorem, where ON = 50 (tibial length), 
OB = 60 (femoral length), and OK is the force vector 
of the biceps femoris muscle. We demonstrate that 
when the force of the hamstring muscles increases 
(F  = 20 N, ON = 50, α = 10°), KN² = 3584.8, and 
the angle β decreases.

The angle β of triangle ONK is determined using 
the cosine theorem.

KN2 = F2 + ON2 – 2 × F × ON × cos β;
3584,8 = 202 + 502 – 2 × 20 × 50 × cos β; 

3584,8 = 400 + 2500 – 1000 × cos β;
сos β = –0,6848; 

cos β = arcos (–0,6848) = 37°.

The obtained results indicate that with an in-
crease in force, the angle β decreases and equals: 
180° – 10°  – 37° = 133°. The mathematical model 
demonstrates that as the force of the biceps femoris 
increases, due to synergy with the peroneus longus 
muscle, knee flexion contracture progresses.

In the upright position, most adductor muscles 
(adductor longus, adductor brevis, adductor magnus, 
gracilis, and pectineus) are balanced in their action 
with the hip abductors. In addition to adduction, 
in the neutral position of the knee joint the adduc-
tors also contribute to external rotation of the femur 
(Fig. 4a, b).

We calculate the distance CB (distance between 
the ischial tuberosity and the medial malleolus) using 
the cosine theorem, where F = 10 N, α = 10°, β = 175°, 
OB = 50 (tibial length), OA = 60 (femoral length), 
and OC is the force vector of the adductor magnus 
muscle.

ОВС, angle Ω = angle ВОС = 360° – 175° – 10° = 175°;
СВ2 = ОС2 +ОВ2 –2ОС × ОВ × cos Ω;

502 + 102 – 2 × 50 × 10 × cos 175° = 2600 – 1000 ×  
× (–0,9962) = 3596,2. 

The results demonstrate that the long moment 
arm of the adductor magnus is balanced by the force 
of the hip abductors, which act as antagonistic myo-
fascial structures and allow the hip joint to be main-
tained in a neutral position.



ISSN 0030-5987. Orthopaedics, traumatology and prosthetics. 2026.  № 2

PR
EV

IE
W

PR
EV

IE
W

In children with cerebral palsy, an increase in 
the  total force of the hip adductor muscles (adduc-
tor longus, adductor brevis, adductor magnus, graci-
lis, and pectineus) is observed due to spasticity and 
continuous fascial continuity with the short head 
of  the biceps femoris, which leads to increased pre-

dominance of these muscles over the hip abductors. 
In hip flexion, the direction of their tension vector 
changes. In this condition, the hip adductors, in ad-
dition to their primary function, act as internal ro-
tators, which subsequently leads to internal torsion 
of  the  distal segment. At the same time, external  

Fig. 1. Myofascial continuity of the 
heads of the biceps femoris muscle: 1 — 
sacrotuberous ligament; 2 — long head 
of the biceps femoris muscle; 3 — middle 
portion of the adductor magnus muscle; 
4 — linea aspera; 5 — short head of the 
biceps femoris muscle; 6 — fibularis 
longus muscle

Fig. 2. Model of the lower limb in the sagittal plane under 
neutral hip and knee joint positioning: (a) schematic model: 
1 — stabilizing forces of flexors; 2 — stabilizing forces of 
extensors; OK — force vector of the biceps femoris muscle; (b) 
mathematical model

Fig. 3. Lower limb in knee flexion contracture: (a) a 10-year-
old patient V., diagnosis: cerebral palsy, hip flexion-adduction 
contractures grade III, knee flexion contractures grade III; 
(b) schematic model: 1 — concentric loading of flexors; 2 — 
eccentric loading of extensors; OK — force vector of the biceps 
femoris muscle; SL — force vector of the gastrocnemius muscle; 
(c) mathematical model

Fig. 5. Valgus deformity of the knee joint: (a) a 12-year-old 
patient D.; diagnosis: cerebral palsy, hip flexion-adduction 
contractures grade II, valgus deformity and knee flexion 
contractures grade II, equinovarus foot deformity; (b) schematic 
model: 1 — OC — force vector of hip adductors; 2 — internal 
torsion of the distal femur; 3 — external rotation of the tibia; 
4 — lateral deviation of the tibia; 5 — external torsion of the 
proximal femur; 6 — RD — force vector of hip external rotators; 
(c) mathematical model

a b

a b c

a b c

Fig. 4. Model of the lower limb in the frontal plane under neutral 
hip and knee joint positioning: (a) schematic model: 1 — hip 
adductors; 2 — external rotation of the femur; 3 — internal 
rotation of the tibia; OC — force vector of the adductor magnus 
muscle; (b) mathematical model

a b

Fig. 6. Loading simulation of the anterior cruciate ligament: (a) 
unloaded condition; (b) continuous loading simulation due to 
tibial plateau inclination

a
b
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rotators (gluteus maximus, piriformis, obturator mus-
cles, and gemelli) contribute to excessive femoral an-
teversion. A compensatory mechanism is excessive 
external tibial torsion (Fig. 5a–c).

We calculate the distance CB (segment between 
the ischial tuberosity and the lateral malleolus). We 
demonstrate that with an increase in force (F = 12 N, 
tibial length OB = 50, femoral length OA = 60, OC 
as the force vector of the adductor magnus muscle, 
α = 10°), CB² = 3596.2, and angle β decreases (Fig. 5).

The angle Ω of triangle OBC is determined using 
the cosine theorem.

СВ2 = ОС2 + ОВ2 – 2 × ОС × ОВ × cos Ω;
3596,2 = 122 + 502 – 2 × 12 × 50 × cos Ω;

–1200 × cos Ω = 1088,56; 
cos Ω = –0,9071;

Ω = arcos ( — 0,9071) = 155°;
β = Ω — α = 155° — 10 = 145°.

Thus, with increasing force, angle β decreases and 
equals β = Ω – α = 155° – 10° = 145°. Our findings 
demonstrate that an increase in the force of the ad-
ductor magnus muscle, in synergy with the short head 
of the biceps femoris, leads to an increase in valgus 
deformity of the knee joint, as well as internal rota-
tion of the femur (and subsequently torsional defor-
mation of its distal segment relative to the proximal 
segment). To preserve gait function and prevent scis-
soring of the limbs, a valgus deviation of the tibia 
develops.

In hamstring syndrome, patients present with 
a  flexed posture at the hip joints, internal rotation 
of  the femurs, and flexed knee positioning (Fig. 8). 
The development of pathological patterns in the hip 
and knee joints results in excessive loading of the pri-
mary stabilizers. Changes in the angle between 
the  femur and tibia in both the frontal and sagittal 
planes create constant tension in the anterior cruciate 
ligament and the patellar ligament (Fig. 6a, b).

The anterior cruciate ligament plays a key role in 
stabilizing the knee joint in the sagittal plane [22]. 
Degenerative-dystrophic changes lead to reduced me-
chanical strength and reflex overloading of the patel-
lar ligament, medial collateral ligament, lateral me-
niscus, and medial meniscus (Fig. 7a, b).

At the same time, in the case of injury to the an-
terior cruciate ligament (lig. cruciatum anterius), 
pathological mobility of the tibia develops in the sa-
gittal plane, with its appearance in the frontal plane. 
In conditions of high spasticity of the hip adductor 
muscles, an adductor syndrome develops, in which 
the child stands and walks with the thighs adducted 
to the point of full contact or crossing at the level 

of  the middle and distal thirds of the thighs, knee 
joints, and legs. This results in compensatory valgus 
deviation of the lower legs at the knee joints (Fig. 5a).

Increased loading on the medial knee complex 
leads to its damage (Fig. 8a, b). It consists of the su-
perficial medial collateral ligament (lig. tibiale col-
laterale superficiale) and the deep medial collateral 
ligament (lig. collaterale profundum), which are 
the main stabilizers of the knee joint under forces di-
rected laterally to the tibia (valgus loading). The me-
dial complex also includes the oblique popliteal liga-
ment (lig. popliteum obliquum), which is responsible 
for rotational stability of the knee joint.

Progression of the force of the hamstring mus-
cles and hip adductors leads not only to damage 
of  the  frontal and medial knee complexes but also 
to degenerative changes in the menisci. Overloading 
of the deep collateral ligament (lig. collaterale pro-
fundum), which is connected to the medial meniscus 
and consists of meniscofemoral and meniscotibial 
components, occurs. Considering the anatomical re-
lationship between the meniscus and the ligament, 
valgus angulation of the knee joint induces structural 
changes in the deep collateral ligament and the me-
dial meniscus. At the same time, compressive loading 
of the lateral femoral condyle on the lateral meniscus 
increases (Fig. 8a).

The superficial medial collateral ligament has 
proximal and distal portions. Mathematical modeling 
demonstrates that with increasing force of the hip ad-
ductors, valgus deformity of the knee joint increases. 
Therefore, the greatest load is applied to the distal 
portion of the ligament, resulting in its injury. This 
leads to shortening of the obliquely oriented superfi-
cial medial collateral ligament (pars proximalis) and 
the oblique popliteal ligament, which slows femoral 
retrotorsion and enhances compensatory external tor-
sion of the tibia (Fig. 9).

During physiological growth of the lower limb, 
both the femur and tibia undergo external rotation. 
The anatomy of the bones and the degree of femo-
ral internal rotation along its longitudinal axis are 
variable and age-dependent. Gradually, the femoral 
neck anteversion angle decreases, while external tib-
ial torsion increases with growth. The angle between 
the femoral neck and femoral condyles at the age 
of  4–7  years ranges from 31° to 43°; at 8–12  years 
it decreases to 21°–25°; and at 13–17 years it varies 
from 10° to 14°. The external tibial torsion angle 
in patients aged 4–7 years ranges from 0° to 5°; at 
8–12 years it increases to 8°–12°; and at 13–17 years 
it reaches 14°–18° [18, 19].
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In children with cerebral palsy, increased torsional 
deformity of the femur results from incomplete axial 
rotation between its proximal and distal ends due to 
impaired muscle tone [19]. External rotators increase 
femoral neck anteversion, while hip adductor muscles 
cause internal torsion of the distal femoral segments, 
producing twisting of the bone in the vertical plane. 
External tibial torsion increases both as a compensa-
tory mechanism aimed at restoring limb alignment 
and due to the pathological influence of primary and 
secondary stabilizers.

Thus, knee flexion contracture has a multifactorial 
origin, including impaired interaction between pri-
mary and secondary stabilizers, structural changes 
in muscles and intra-articular tissues, pain syndrome, 
and torsional deformities of the bones, all of which 
represent key elements in the pathogenesis of this 
deformity.

Analysis of clinical observations showed that in 
Group 1 (14 patients aged 4–7 years), all patients 
had hip flexion-adduction contractures of grade I. 
In 11  patients (78.6 %), flexed knee positioning in 
the  upright posture was observed, which may sub-
sequently progress to flexion contractures. The mean 
body weight in this group was 19.2 kg.

In this group, pain associated with physical activ-
ity was localized along the posterior thigh and calf 
region and was observed in 4 patients (28.6 %).

In all patients of Group 1, ultrasound find-
ings demonstrated signs of long-standing retrac-
tion of  the  biceps femoris muscle, including thick-
ening of  muscle fibers and an increase in their 
volume, in contrast to the stretched and thinned fibers 
of the quadriceps femoris muscle, in which structural 
integrity was preserved. A decrease in the  muscle 
mass index indicates an increase in cross-sectional 
area. Thus, the muscle mass index of the biceps fem-
oris was 1.6 ± 0.1 (reference value 1.7 ± 0.2), and it 
decreased relative to the quadriceps femoris, which 
was 1.73 ± 0.3 (reference value 1.60 ± 0.5). In 5 pa-
tients (35.7%), isolated degenerative-dystrophic ar-
eas of the biceps femoris were also identified. Due to 
only partial loss of elasticity and function of the mus-
cles, a  high gradient between active and passive 
range of  motion in the  knee joints was maintained 
(20.1 ± 0.5). Sonographic evaluation of the knee joints 
revealed moderate synovitis and loosening of the an-
terior cruciate ligament structure in 6 patients 
(42.9 %), while 4 patients (28.6 %) also had injury to 
the medial complex. Only 1 patient had involvement 
of the medial meniscus.

There were no signs of malalignment of the lower 
limb or torsional deformity of the tibia. The femo-

ral neck anteversion angle was within the age norm 
(35° ± 4.0°).

In Group 2 (13 patients aged 8–12 years), knee 
flexion contractures of grade I were observed 
in 2  children (15.4 %), grade II in 7 (53.8 %), and 
grade  III in 4 (30.8 %). The mean body weight in 
this group was 31.5 kg. Pain syndrome was present in 
8 patients (61.5 %).

According to ultrasound findings, the quadriceps 
femoris showed a marked increase in areas of fiber 
disorganization, with the appearance of microtears, 
in contrast to the biceps femoris, in which the fi-
bers remained thickened with focal areas of connec-
tive tissue within its structure. The muscle mass 
index of  the  biceps femoris was 1.4 ± 0.1, whereas 
that of  the quadriceps increased to 1.80 ± 0.4. Loss 
of  muscle elasticity led to a reduction in the gradi-
ent between active and passive knee joint motion 
(12.5 ± 1.3).

In 10 patients (76.9 %), degenerative-dystrophic 
changes of the patellar ligament and partial injury 
of  the anterior cruciate ligament were observed. In 
7 patients (53.8 %), these injuries were combined with 
partial rupture of the medial collateral ligament fi-
bers. In 4 patients (30.8 %), injury of the medial me-
niscus was noted, and in 1 patient, injury of the lat-
eral meniscus.

Moderate signs of lower limb malalignment 
in the  frontal plane were observed. External tib-
ial torsion exceeded physiological values, reaching 
11.5° ± 2.5°. The femoral neck anteversion angle was 
29° ± 3.0°.

In Group 3 (13 patients aged 13–17 years), mus-
cle tone impairment manifested as rigidity. Knee 
flexion contractures of grade III–IV were observed 
in the majority of patients; only 2 patients (15.4 %) 
had grade II contractures. The mean body weight was 
54.5 kg. Pain syndrome was present in only 3 chil-
dren (23.1 %).

Ultrasound examination of the biceps femoris and 
quadriceps femoris muscles demonstrated degenera-
tive-dystrophic changes in muscle fibers, with multi-
ple foci of connective tissue. The muscle mass index 
was similar in both muscles (1.85 ± 0.3 and 1.82 ± 0.4, 
respectively). A near-complete loss of muscle elas-
ticity was observed, with a significant reduction in 
the gradient between active and passive knee joint 
motion (8.5 ± 2.0).

Analysis of primary stabilizers revealed damage to 
the frontal and medial knee complexes in 12 patients 
(92.3 %), including microtears and areas of scar tissue 
formation. In 7 patients (53.8%), degenerative-dystro-
phic changes of the menisci were observed.
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Alterations in the anatomical axis of the lower 
limb in the frontal plane were noted, with lateral 
deviation of the first interdigital space. External 
tibial torsion exceeded physiological values, reach-
ing 20.5° ± 1.3°. The femoral neck anteversion angle 
reached 24° ± 2.0°.

A direct proportional relationship was observed 
between degenerative-dystrophic changes in primary 
stabilizers and the degree of knee joint contracture 
(Fig. 10).

Discussion
A. Mustafaeva et al., noting the high incidence 

of  knee flexion contractures (47–58 %) in patients 
with cerebral palsy, state that a 15° deformity neg-
atively affects not only the statics and kinematics 
of gait but also the function of all joints of the lower 
extremities [20]. According to recent publications, 
grade I–II deformities are accompanied by pain syn-
drome associated with impaired microcirculation, 
altered subfascial pressure, and degenerative-dystro-
phic changes in myofascial structures [7, 15]. This 
is confirmed by our findings. Thus, in patients with 
muscle tone impairment in the form of reflex hy-
pertonicity, pain syndrome was observed in 28.6 % 
of  cases, while in spasticity it was 61.5 %. In con-
trast, in patients with rigidity, the lowest level of pain 
was recorded (15.4 %). This is explained by progres-
sion of the contracture severity and significant de-

Fig. 7. Model of the right knee joint in the 
sagittal plane and ultrasonography: (a) model 
with damage to the anterior knee complex: 
1 — patellar ligament; 2 — anterior cruciate 
ligament; 3 — fibular collateral ligament; 4 — 
lateral meniscus; (b) ultrasonography (patient V., 
12 years old; diagnosis: cerebral palsy, knee 
flexion contracture grade II). 1 — tibial portion 
of the anterior cruciate ligament (Ø — 2.8); G — 
area of hypoechoic disorganization with internal 
fiber rupture (Ø — 4.2); 2 — femoral portion of 
the anterior cruciate ligament (Ø — 3.6); 3 — 
tibial plateau

Fig. 8. Model of the right knee joint in the 
frontal plane and ultrasonography: (a) model 
with damage to the medial knee complex: 1  — 
superficial medial collateral ligament; 2 — 
deep collateral ligament; 3 — medial meniscus; 
4 — patellar ligament; 5 — lateral meniscus; 
(b) ultrasonography (patient D., 12 years old; 
diagnosis: cerebral palsy, valgus deformity 
and knee flexion contractures grade II); G3  — 
superficial medial collateral ligament with 
internal fiber rupture; S — signs of chronic 
exudative synovitis

Fig. 9. Development of external tibial torsion in case of damage 
to the medial and anterior knee complexes: 1 — anterior 
cruciate ligament; 2 — superficial medial collateral ligament 
(distal part); 3 — superficial medial collateral ligament 
(proximal part); 4 — oblique popliteal ligament; 5 — patellar 
ligament

Fig. 10. Relationship between degenerative-dystrophic changes in the 
ligamentous system of the knee joint and the degree of contracture

a

a

b

b
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generative-dystrophic changes in both primary and 
secondary stabilizers of the knee joint. Accordingly, 
determining the causes of pain syndrome and its 
management remains one of the main and most com-
plex challenges.

E. Pantzar-Castilla, C. Martinez et al. note that 
the  main cause of contracture formation is mus-
cle imbalance with predominance of knee flexor 
strength, particularly the hamstring group [21, 22]. 
I. Levaj et al. and H. Sachn also emphasize the im-
portance of quadriceps femoris weakness, resulting 
in altered patellar positioning [1, 23]. In our view, 
pathological muscle synergies also contribute to con-
tracture development. Thus, the myofascial connec-
tion between the peroneus longus muscle and the long 
head of  the biceps femoris creates a functional pre-
dominance of the latter over the quadriceps femoris. 
The  myofascial interaction between the short head 
of the biceps femoris and the adductor magnus forms 
a synergistic link that prevails over the hip abductors.

E. Cloodt et al. report that the fixed joint position 
depends on muscle length both in the initial phase and 
after pathological retraction [24]. In our opinion, not 
only the magnitude of the muscular kinematic chain 
and muscle mass affect contracture formation, but 
also the magnitude of the moment arm and the num-
ber of attachment points. The quadriceps femoris is 
the largest muscle of the lower limb in terms of mass; 
however, due to having only one fixation point and 
thus a single moment arm, its mechanical influence 
on the tibia is lower compared to the flexor mus-
cle group. Assessment of the cross-sectional area 
of  the  flexor muscles demonstrates the  predomi-
nant role of the biceps femoris (muscle mass index). 
The obtained data correspond to clinical findings and 
mathematical modeling results.

S. Herasymenko et al., studying knee joint bio-
mechanics in flexion contractures ≥ 30°, report dis-
ruption of contact between the tibial articular surface 
and femoral condyles. A fixed position of the articular 
surfaces leads to retraction not only of muscles but 
also of the posterior joint capsule [25]. These changes 
are key factors in contracture formation and progres-
sion, as also noted by C. Martinez et al. [21]. Our 
ultrasound assessment of intra-articular structures 
demonstrated deep degenerative-dystrophic changes 
not only in the joint capsule but also in ligaments, 
menisci, and Hoffa’s fat pad. It has been shown that 
with increasing strength of the hip flexors and ad-
ductors in children with cerebral palsy, the influence 
of  retracted anterior cruciate and oblique popliteal 
ligaments increases in the development of contracture 
and pathological external tibial torsion. In our opin-

ion, these ligamentous changes should be considered 
in prognostic assessment and in selecting treatment 
strategies.

F. Biligli et al. suggest that knee flexion con-
tracture formation is closely associated with hip 
flexion-adduction contractures, anterior pelvic tilt, 
increased lumbar lordosis, and femoral neck antever-
sion [26]. According to our findings, deformity most 
often develops in a stepwise manner: first in the hip 
joint, then in the knee, and subsequently in the ankle 
joint, consistent with the “joint-by-joint” concept.

E. Ciccodicalo, P.T. Thomason et al. note that 
pathological external torsion of the tibia results from 
compensatory positioning in response to excessive 
femoral neck anteversion [27–29]. Our observations 
confirm the influence of these factors on the develop-
ment of external tibial torsion and progression of knee 
contracture. Femoral torsion occurs as a twisting 
deformation with external rotation of  the  proxi-
mal segment and internal rotation of the distal seg-
ment, leading to compensatory external positioning 
of the tibia. The biceps femoris muscle also contrib-
utes to tibial torsional deformity, acting not only as 
a flexor but also as a physiological external rotator.

Conclusions
The mechanogenesis of knee joint contracture has 

a multiplanar pattern of development and depends on 
multiple factors:

– muscle imbalance characterized by dominance 
of the adductor and hamstring muscle groups due to 
a larger moment arm, a greater number of attachment 
sites, and pathological synergies;

– pain syndrome (myofascial, neurogenic, and ar-
thralgic pain), which leads to compensatory flexion 
postures of the knee joints with subsequent transfor-
mation into contractures;

– altered loading of the tibial plateau, primarily af-
fecting the frontal and medial knee complexes, result-
ing in overload and degenerative-dystrophic changes 
in intra-articular structures;

– complex torsional deformity involving multiple 
segments of the lower limb, including excessive fem-
oral neck anteversion, internal torsion of the distal 
femur, combined with pathological external torsion 
of the tibia;

– dependence of the severity of knee contracture 
on age, duration of the pathological process, and body 
weight in children with cerebral palsy.
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