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Contractures — limitation of passive movements in the joint — are 
a fairly frequent complication after immobilization or limitation 
of mobility and loading of the limb due to injuries, but the exact 
cause of their formation has not been clarified. Objective. Based 
on the meta-analysis of the results of experimental modeling and 
clinical studies of immobilization contractures, create a concep-
tual model of their formation. Methods. Literature sources from 
scientific bases were analyzed: Cochrane Library, Scopus, National 
Library of Medicine, ReLAB-HS Rehabilitation Resources Reposi-
tory, Mendeley Reference Manager, The Physiological Society li-
brary, Google Scholar. Results. A conceptual model of the develop-
ment of contractures was created. It is shown that immobilization 
of the joint of the injured limb blocks the execution of the signal 
of motor impulses. The lack of movement in the joint leads to a de-
crease in muscle strength and a slowdown in blood circulation. 
These processes are interrelated: hypotonia of the muscle is due to 
the restriction of nutrition through the blood supply, and the lack 
of contractile activity of the muscles leads to the rearrangement 
of the blood vessels. Articular cartilage is nourished through 
the subchondral bone and due to osmosis from the synovial fluid 
during movements. The lack of movement limits nutrition, protein 
synthesis is disrupted, the surface of the cartilage, synovial mem-
brane and fluid begins to be rebuilt, the joint capsule, ligaments, 
and tendons thicken. At the same time, the structure of the muscles 
changes, they shorten and become denser. With long-term immo-
bilization, degenerative processes in the tissues of the joint worsen 
its general condition, which can eventually lead to complete immo-
bilization. Conclusions. The created conceptual model of the for-
mation of immobilization contractures of joints takes into account 
the morphological changes of tissues as a result of immobilization. 
Immobilization affects all components of the joint and adjacent tis-
sues from the first days, the changes progress over time. The use 
of the model will allow the development of a system of treatment 
measures to prevent the development of contractures. 

Контрактури — обмеження пасивних рухів у суглобі — до-
волі часте ускладнення після іммобілізації чи обмеження 
рухомості та навантаження кінцівки внаслідок травм, 
але точна причина їхнього формування не з’ясована. Мета. 
На підставі метааналізу результатів експериментально-
го моделювання та клінічних досліджень іммобілізаційних 
контрактур створити концептуальну модель їхнього фор-
мування. Методи. Проаналізовано джерела літератури 
з наукових баз: Cochrane Library, Scopus, National Library 
of Medicine, ReLAB-HS Rehabilitation Resources Repository, 
Mendeley Reference Manager, бібліотеки «The Physiological 
Society», Google Scholar. Результати. Створена концеп-
туальна модель розвитку контрактур. Показано, що іммо-
білізація суглоба ушкодженої кінцівки блокує виконання 
сигналу рухових імпульсів. Відсутність рухів у сугло-
бі призводить до зменшення сили м’язів та уповільнення  
кровообігу. Ці процеси взаємопов’язані: гіпотонія м’яза обу-
мовлена обмеженням живлення через кровопостачання, 
а відсутність скорочувальної діяльності м’язів призводить 
до перебудови русла судин. Живлення суглобового хряща здій-
снюється через субхондральну кістку і завдяки осмосу з си-
новіальної рідини під час рухів. Відсутність рухів обмежує 
живлення, синтез білків порушується, починається перебу-
дова поверхні хряща, синовіальної оболонки та рідини, потов-
щується суглобова капсула, зв’язки, сухожилки. Разом із цим 
змінюється структура м’язів, вони вкорочуються і стають 
щільнішими. За тривалої іммобілізації дегенеративні про-
цеси в тканинах суглоба погіршують його загальний стан, 
що згодом може призвести до повного знерухомлення. 
Висновки. Створена концептуальна модель формування  
іммобілізаційних контрактур суглобів ураховує морфоло-
гічні зміни тканин унаслідок знерухомлення. Іммобілізація 
впливає на всі компоненти суглоба та прилеглі тка-
нини з перших діб, зміни прогресують із плином часу. 
Використання моделі дозволить розробити систему ліку-
вальних заходів для профілактики розвитку контрактур. 
Ключові слова. Іммобілізація суглоба, контрактура, струк-
тура суглоба, біосинтез, концептуальне моделювання.
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Introduction
A contracture is a restriction of passive move-

ments in a joint, i.e., a condition in which the limb 
cannot be fully bent or extended in one or more joints. 
It is a fairly frequent complication after immobiliza-
tion or limitation of mobility and loading of the limb 
due to injuries, but the exact abnormality underlying 
contractures has not been clarified, and to this day 
there are conflicting opinions about which elements 
of the joint are involved in the process of contracture 
formation.

Depending on the etiology, joint contractures are 
divided into arthrogenic (changes occur in the car-
tilage, synovial membrane, capsule, and ligaments) 
and myogenic (caused by changes in muscles, ten-
dons, and fascia). The primary factors in the forma-
tion of joint stiffness are still being discussed. In 
a large number of studies, the first of which date back 
to the 1940s, individual joint tissues were studied in 
animal models and were limited to a period of up to 
6 weeks. Only in recent years, the results of studies 
on the formation of immobilization contractures in 
time course (from 4 days to 32 weeks) on a significant 
number of animals have been published, which con-
template the changes in the tissues of the joints and 
the muscles that surround them.

The purpose of the study: to create a conceptual 
model of their formation based on a meta-analysis 
of the results of experimental modeling of immobi-
lization contractures and clinical studies of patients 
with contractures.

Material and methods
The study was performed using a meta-analysis 

of literature sources from scientific bases: Cochrane 
Library, Scopus, National Library of Medicine — Na-
tional Institutes of Health, ReLAB-HS Rehabilitation 
Resources Repository, Mendeley Reference Mana-
ger, Physiological Society Library, and literature on 
physiology and biochemistry of domestic and foreign 
authors.

We studied the data on the effect of restriction 
of movements and long-term non-use of joints on 
their mobility and changes that occur in tissues as 
a result of these actions.

The study involved an assessment of 150 sources, 
of which 56 were selected, where the impact of im-
mobilization on joint structures was directly conside-
red. Other articles not used in the review dealt with 
genetic, immunological changes and the basis for 
the formation of contractures, and also covered other 
issues that were not the subject of our study.

Results and their discussion
General structure of joints
The knee and elbow joints are classified as syno-

vial joints. A synovial joint consists of bony surfaces 
covered with cartilage, a joint cavity containing syno-
vial fluid, and a joint capsule [1]. The joint is charac-
terized by the presence of mandatory main elements 
and auxiliary (additional) apparatus.

The main elements of the joint are as follows 
(Fig. 1):

1. Articular surfaces of bones covered with articu-
lar (hyaline) cartilage.

2. Joint cavity with synovial fluid.
3. Joint capsule consisting of outer fibrous and in-

ner synovial layers (synovial membrane).
Auxiliary structures of the joint include ligaments, 

which can be extracapsular, capsular, intracapsular; 
intra-articular (fibrous) cartilages located between 
the articular surfaces; synovial folds, i.e. connective 
tissue formations covered with a synovial membrane, 
synovial bags.

To determine the changes in the joint structures 
under the conditions of the formation of immobiliza-
tion contractures, we will consider their functionality 
from a review of tissue biochemistry (Fig. 2).

From the standpoint of modern osteology, bone 
is studied as an organ of the locomotor system, 
which shape and structure (macro- and microsco-
pic) is determined by functions [2]. The composition 
of the bone includes cortical (compact) and spongy 
substances (in the skeleton, they make up 80 and 
20 % of the mass, respectively), the content of which 
depends on the shape of the bones. Bone tissue main-
ly consists of mineral substances bound by a small 
amount of organic matrix.

Bone

Muscle

Cartilage

Synovial bag

Tendons

Synovial 
membrane

Synovial 
fluid

Joint capsule

Fig. 1. Structure of a joint



ISSN 0030-5987. Orthopaedics, traumatology and prosthetics. 2022.  № 3–4

Hyaline cartilage, joint capsule, synovial memb-
rane, tendons, and ligaments are made of different 
types of connective tissue. Connective tissue contains 
from 50 to 80 % water. That is, water is the main com-
ponent ensuring its normal functioning. Let us con-
sider the role of water in the functioning of the connec-
tive tissue of the joints to understand the processes that 
take place under the conditions of its limitation.

Articular cartilage consists mainly of extracellu-
lar matrix (ECM), synthesized by chondrocytes [3]. 
In adults, they make up approximately 1 % of tis-
sue volume [4]. Under normal physiological condi-
tions, chondrocytes are responsible for maintaining 
cartilage homeostasis, balancing the synthesis and 
degradation of extracellular matrix components [5] 
and providing the tissue with nutrients [6]. Articular 
hyaline cartilage comprises four zones (superficial, 
intermediate, deep and calcification) depending on 
the location of collagen fibers of the extracellular mat-
rix and the morphology of chondrocytes.

In addition to water, the matrix of hyaline carti-
lage contains collagens (up to 40 %), proteoglycan 
aggregates (mostly in the form of aggrecans), and 
glycoproteins.

Proteoglycans give characteristic properties to 
hyaline, elastic and fibrous cartilage. In particular, 
the critical mechanical properties of hyaline carti-
lage (elasticity and stiffness during compression) are 
due to the ability of aggrecan complexes to bind wa-
ter [7]. Articular cartilage absorbs the load owing to 

deformation and ensures the smoothness of the ar-
ticular surfaces to minimize friction during joint 
movements [8].

The complexity of body movements leads to vari-
ous loads on cartilage tissue. In the knee joint, defor-
mations of the articular cartilage can reach 20 % or 
more, depending on the movements [9‒11]. In addi-
tion, movements in the joint include sliding and rota-
tion, that is, the articular cartilage is subject to shear 
forces [12].

The main component of ECM of articular carti-
lage of an adult is water (65–80 % of the total mass), 
which is tightly bound inside it due to the special 
physical properties of cartilage tissue macromole-
cules that are part of collagens, proteoglycans, and 
non-collagenous glycoproteins [13]. The presence 
of water in ECM is an important component. It de-
termines the volume of the tissue and, due to con-
nections with proteoglycans, provides resistance to 
compression. In addition, water provides transport 
of molecules and diffusion in ECM. The biomechani-
cal properties of cartilage depend on the interaction 
of collagen fibrils, proteoglycans and the fluid com-
ponent of the tissue. Structural and compositional 
changes caused by a mismatch between the processes 
of synthesis and catabolism, degradation of macro-
molecules and physical trauma significantly affect 
the properties of cartilage and change its function.

During loading, there is a complex distribution 
of tension, shear and compression forces [14] (Fig. 3).

Fig. 2. Contents of substances in tissues forming a joint
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The movement of water directly depends on 
the duration and strength of the applied load. The liq-
uid moves towards the joint cavity under the influ-
ence of the load, taking along the products of cel-
lular metabolism. A small amount of water remains 
in cartilage tissue thanks to proteoglycans, which 
actively bind water and increase cartilage elasticity. 
During deformation of the tissue, proteoglycans are 
more tightly pressed against each other, thus effec-
tively increasing the density of the negative charge, 
and intermolecular ones, repelling the negative 
charge force, increase the resistance of the tissue to 
further deformation. Eventually, the deformation 
reaches equilibrium, in which the external load forces 
are equal to the internal resistance forces — swelling 
pressure (interaction of proteoglycans with ions) and 
mechanical stress (interaction of proteoglycans and 
collagens). When the load is removed, the structure 
of the cartilage tissue can be restored by absorption 
of water along with nutrients [14], and the swelling 
pressure of the proteoglycans is balanced by the re-
sistance of the collagen network. Without load, most 
of the water in the tissue is bound to proteoglycans.

Cartilage, as a tissue without blood vessels and 
nerves, receives nutrition through diffusion due to 
movement. During movements, it absorbs synovial 
fluid like a sponge, only to return it back after some 
time. When joints are immobilized, the flow of wa-
ter is limited, the synthesis of proteoglycans slows 
down, but the content of collagen fibers increases, 
which can retain calcium salts and become calcified, 
which again reduces the degree of hydration of pro-
teoglycans and the elasticity of cartilage tissue [16]. 
That is, all types of immobilization of joints lead 

to dystrophic changes of cartilage tissue of varying 
severity [17‒19]. Injuries of long bones without im-
mobilization, but only with a restriction in the range 
of movements in the joint and the load on the limb, 
were found to result in thinning of the cartilage and 
dystrophic changes in the long term. Instead, an in-
crease in dynamic load led to a moderate increase in 
the synthesis and content of proteoglycans [20].

In immobilization of the joint in the flexed position 
for more than 8 weeks, thickening of the cartilage in 
the loaded areas of the joint is often observed. Dur-
ing immobilization of the joint with subsequent axial 
load on the limb, no changes occur in the cartilage 
tissue. In a similar situation, thickening of articular 
cartilage was found in animal models. It is precisely 
such differences between animal models and the real 
situation in humans that must be taken into account 
when analyzing the results of experiments.

Under the conditions of 20-day bed rest, a rapid 
decrease in the mineral density of bones, mainly lum-
bar and metatarsal, was noted, although biochemi-
cal markers of bone resorption were not observed in 
the blood [21]. During prolonged bed rest or in condi-
tions of weightlessness, the loss of bone matrix can 
be from 10 to 30 %, but due to bone remodeling after 
the beginning of adequate loading, this problem is 
leveled [22].

The joint is surrounded by a joint capsule, which 
consists of collagen fibers and is attached to the bone 
near the periphery of the articular cartilage, passing 
into the periosteum. This structure seals the joint 
cavity, provides passive stability due to restric-
tion of movements and active stability with the help 
of proprioceptive nerve endings through reflex control  

Fig. 3. Movement of water in an articular cartilage under the impact of load and without it (according to [15])
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low permeability 
and water flow
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from the cartilage

The load is removed: 
volume increase, reverse flow 

of water into the cartilage



ISSN 0030-5987. Orthopaedics, traumatology and prosthetics. 2022.  № 3–4

of the corresponding muscles [23, 24]. Localized 
thickenings of the capsule form capsular ligaments 
that provide strong points of bone fixation. Tendons 
are usually attached to the joint capsule and some-
times replace it, as in the case of the quadriceps and 
patellar tendons in the front of the knee. Blood ves-
sels and nerves pass through the joint capsule.

The main material of the joint capsule is type I 
and III collagen, the balance of which is disturbed un-
der conditions of immobilization: the amount of type 
I collagen increases [25, 26]. Some authors consider 
hypertrophy of the synovial membrane and fibrosis 
of the joint capsule to be the main cause of post-im-
mobilization contractures [27, 28]. It has been shown 
that fibrosis of the joint capsule with excessive ex-
pression of type I collagen occurs and progresses 
within a week after immobilization, collagen density 
increases in 2 and 4 weeks, biochemical changes de-
velop in the composition of periarticular fibrous con-
nective tissue, with a noticeable decrease in the con-
tent of water and glycosaminoglycans [29].

The synovial membrane is the inner layer of the joint 
capsule, producing synovial fluid that lubricates 
the joint surfaces and provides nutrition to the car-
tilage [30]. It is a well-vascularized structure that 
consists of two layers: superficial (contains one or 
two layers of synovial cells) and basal (connective 
tissue). There are two types (A and B) of synovial 
cells: A — macrophage-like, B — fibroblast-like (se-
creting hyaluronic acid and glycoprotein molecules, 
which are part of synovial fluid). An extensive sys-
tem of permeable capillaries allows plasma to flow 
out of the bloodstream and enter the joint cavity. 
The content of filtered plasma combines with hya-
luronic acid, glycoproteins and leukocytes, forming 
synovial fluid [31].

Tendons and ligaments are structures made of dense 
connective tissue and tightly bound together. They 
play an important role in the mobility and stability 
of the musculoskeletal system [32]. Tendons connect 
muscles to bones and facilitate body movements by 
transmitting tensile forces and storing elastic ener-
gy. Ligaments stabilize joints and direct movements 
within the normal range [33‒35]. One of the impor-
tant features of tendons is the ability of their bun-
dles to slide independently of each other. This allows 
them to transmit stress during movements, despite 
changing joint angles [36], and to change shape in 
case of muscle contraction. Sliding inside tendons 
occurs not only between bundles of collagen fibers, 
but also between fibers, which can account for up to 
50 % of the longitudinal deformation (i.e. stretching) 
of the structure [37]. Any sliding of collagen fibers or 

their bundles relative to each other must occur within 
the proteoglycan-rich matrix.

The functions of tendons and ligaments depend on 
a strong, flexible structure of collagen fibers, which 
are hierarchically organized and connected by sheaths 
of connective tissue. Tendons and ligaments are com-
posed of type I collagen, proteoglycans, elastin, and 
glycoproteins. In tendons, type I collagen fibers are 
located parallel to each other along the longitudinal 
axis, in ligaments, the fibers are multidirectional and 
less organized to better withstand tension loads [38].

Tendons and ligaments are attached to bones 
through an enthesis, which is designed to dissipate 
mechanical stress at the interface between hard and 
soft tissues [33].

Short-term immobilization leads to a violation 
of the mechanical properties of tendons, they lose 
stiffness and elasticity [39], but only long-term (more 
than 9 months) immobilization or bed rest causes 
dystrophic changes.

Muscles are not directly part of the joint, but pro-
vide its stabilization and mobility. The muscular sys-
tem is a collection of muscle fibers capable of contrac-
tion, united in bundles. The mass of muscles is much 
greater than that of other organs, in an adult it can 
reach up to 40 % of the total body weight. The main 
functions of muscles are motor, protective (protection 
of the abdominal cavity), formative (muscle develop-
ment to some extent determines the shape of the body 
and the function of other systems, for example, re-
spiratory); energy (transformation of chemical energy 
into mechanical and thermal energy). 70–80 % of mus-
cle mass is water. Most of the dry residue (20‒30 %) 
is made up of proteins and other organic compounds 
and mineral salts.

The description of the structures of the joint in view 
of the structure and biochemistry makes it possible 
to understand what happens in it during immobiliza-
tion or long-term restriction of mobility. Let us briefly 
summarize the above. As a result of immobilization 
or forced reduction of motor activity, signs of dystro-
phic changes in the form of a decrease in strength and 
mass begin to develop in the muscles [40]. This leads 
to the initiation of biochemical processes, which is 
manifested in a decrease in the number of myofibrillar 
proteins; levels of ATP and creatine phosphate, activity 
of sarcoplasmic enzymes, ATPase activity of myosin; 
an increase in the amount of stroma proteins and myo-
albumin, the activity of lysosomal enzymes, the ac-
tivity of creatine phosphokinase (CPK) in the blood, 
creatinuria [41]. Loss of muscle strength occurs at 
different rates and averages between 5 and 15 % per 
week, increasing with age [42].
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In our opinion, immobilization contractures can 
be divided into two types, namely: developing direct-
ly as a result of immobilization; developing due to 
restriction of movements and load on the joint or de-
generative diseases. Depending on the etiology, joint 
contracture is divided into arthrogenic and myogenic. 
Arthrogenic is caused by changes in bone, cartilage, 
synovial membrane, capsule and ligaments. Myoge-
nic is caused by muscles, tendons and fascia [43, 44]. 
If there have been changes in the joints due to the vio-
lation of biochemical processes with the subsequent 
restructuring of tissues, we can talk about the pro-
cess of contracture formation. But the signs of stiff-
ness in the joints after short-term immobilization, or 
the presence of temporary pain due to trauma, skin 
irritation, etc., are often observed.

In such cases, tissue reconstruction does not oc-
cur, and mobility is restored in full after a short pe-
riod of time after the elimination of limiting factors. 
The described conditions are classified as neurogenic 
reflex contractures. In the study, we do not consider 
neurogenic contractures caused by persistent disor-
ders of the central nervous system, cerebral palsy, 
paralysis.

The specified changes in the immobilized joints 
occur from the beginning of the limitation of mobi-
lity, but become visible with time. We present 
the time course of the reconstruction of the joints in 
co ditions of limited mobility (Fig. 4).

The first changes occur after 72 hours of joint 
immobilization. In muscles, dystrophic disorders 
of slow and fast muscle fibers occur in 14 and 17 %, 

Fig. 4. Temporal changes in structural elements of a joint under conditions of limited mobility
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respectively [45]. After a week of immobilization, 
a decrease in the length of the muscle sarcomeres 
[46] is noted, followed by disruptions in the collagen 
network. That is, in the first 2 weeks collagen fibers 
are located longitudinally along the axis of muscle fi-
bers, then circularly in 4, 8 and 12 weeks. In addition, 
the amount of hyaluronic acid increases, resulting in 
tighter muscles. That is, their mechanical properties 
change: they become harder and lose elasticity.

The response to long-term immobilization is myo-
fibrosis, a condition with excessive formation of con-
nective tissue in the endomysium and perimysium 
of skeletal muscles [47]. In addition, the biochemical 
composition of muscle tissue is disturbed, which col-
lectively makes normal muscle functioning impos-
sible [48].

After a week of immobilization, the first changes 
in the joint capsule were recorded [27] in the form 
of an increase in its thickness by 20 % and collagen 
density per unit area up to 60 %, which continues 
to increase during immobilization. The changes in-
creased during the immobilization of the joint, and by 
the 4th week, the thickness of the capsule increased by 
50 %, and the density of collagen increased by 78 %. 
According to Y. Zhou et al. [49] the activity of joint 
capsule remodeling slows down after 6 weeks of im-
mobilization. It has been established that the stretch-
ing of the capsule depends on its thickness [51, 52], 
and it can be assumed that hypertrophy of the capsule 
affects the development of arthrogenic contracture.

In the first week of immobilization, the cartilage 
surface loses its shine [52], in the second week it be-
comes rough, and in the fourth week signs of degene-
ration appear [53]. On the 32nd week in an immobilized 
joint without load, cartilage was shown to be replaced 
by bone [54]. The process begins from the second week 
of immobilization of the knee joints and progresses to 
14, 75, 95, 100 % within 2, 4, 8, 16 weeks of immobi-
lization, respectively [55]. The authors emphasize that 
such changes are irreversible [54].

Immobilization affects not only the structure 
of the joint and muscles, but also the blood vessels. 
According to R. D. Hyldahl et al. [56], 10 days after 
its onset, the diameter of resistant arteries significant-
ly decreased and vascular functions were suppressed, 
which, in turn, negatively affected the nutrition 
of the joint and, accordingly, its structural and func-
tional features.

A conceptual model of the formation of contrac-
tures has been proposed based on the created tempo-
ral sequence of changes in joint components (Fig. 5). 
It is based on the presence of three main elements, 
namely: the control system — the movement control 

center; movement mechanism — joint; life support 
systems.

The created conceptual model of the develop-
ment of contractures suggests that the immobilization 
of the joint of the injured limb blocks the execution 
of the signal of motor impulses, that is, the mobility 
of the joint becomes impossible or significantly limi-
ted. After a short period of time, the lack of move-
ment in the joint leads to a decrease in muscle 
strength and a slowing of blood circulation, which 
causes the narrowing of blood vessels in the near 
future. These processes are interconnected, i. e. hy-
potonia of the muscle is simultaneously triggered by 
the limitation of nutrition resources through the blood 
supply, at the same time, the lack of contractile ac-
tivity of the muscles results in the reorganization 
of the blood vessels.

Despite the fact that cartilage does not have blood 
vessels, its nutrition is carried out through the sub-
chondral bone and thanks to osmosis from the sy-
novial fluid, the synthesis of which, in turn, requires 
the nutrition of the capillary-rich synovial membrane. 
All this happens under conditions of joint mobility. 
The lack of movement limits the supply of nutrition, 
the synthesis of relevant proteins is disrupted, the sur-
face of the cartilage, synovial membrane and fluid 
begins to be rebuilt, the joint capsule, ligaments, and 
tendons thicken, and their density increases. As a re-
sult of the distortion of biochemical processes with 
the cessation of a full supply of nutrition, the amount 
of connective tissue in the muscles increases, they 
become shorter and denser.

Fig. 5. Conceptual model of contracture development
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In long-term immobilization, degenerative pro-
cesses in the tissues of the joint lead to deterioration 
of its general condition, which may later cause its 
complete immobilization.

Conclusions
A conceptual model of the formation of immo-

bilization contractures of joints is proposed, which 
takes into account structural and functional changes 
in them under conditions of immobilization. Conside-
ring the cumulative effect of destructive disorders, it 
is possible to predict at what time of immobilization 
irreversible changes in the joint occur. Immobiliza-
tion affects all components of the joint and adjacent 
tissues from the first days, the changes progress over 
time. The model can be used to develop a system 
of treatment measures to prevent the development 
of contractures.
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