Biomedical Research 2008; 19 (2): 78-81

Contribution of articular and muscular structures to the limitation of range of motion after joint immobility: An experimental
study on the rat ankle
Sadaaki Oki, Takeya Ono, Michele Eisemann Shimizu, Akira Otsuka, Shusaku Kanai, Koji
Shimatani
Department of Physical Therapy, Faculty of Health Sciences, Prefectural University of Hiroshima, 1-1,Gakuencho, Mihara City, Hiroshima 723-0053, Japan
Key words: joint, contracture, immobilization, rat
Accepted May 17 2008

Abstract
To investigate contribution of articular and muscular structures to the limitation of range of
motion after joint immobility, we carried out an experimental study.
Unilateral ankle joints of 36 rats were immobilized in full plantar flexion with casts from the
toes to below the knee joint. The rats were divided into three sets, each set having 12 rats immobilized for durations of 1, 2, or 4 weeks. Each set of rats was then divided into two groups
(A and B), each group containing 6 rats. At the end of each period the casts were removed
from 12 of the rats consecutively, and the measurements of the range of motion of the ankle
joint were performed as follows. For Group A, the measurements were performed in four
stages: Stage 1: before skin resection, Stage 2: after skin resection, Stage 3: after a myotomy
(resection of the flexor muscles of the ankle joint), and Stage 4: after an arthrotomy (resection
of capsule and ligaments of the ankle joint). For Group B, the measurements were also performed in four stages: Stage 1: before skin resection, Stage 2: after skin resection, Stage 3: after an arthrotomy, and Stage 4: after a myotomy.
There is a general tendency to presume that the muscular factor is dominant over the articular factor, but there were no differences found. As a result, both the arthrogenic and the myogenic factors contribute to joint restriction at 1, 2, and 4 weeks of immobilization.

Introduction
Joint contractures related to immobilization are a frequent
problem in physical rehabilitation. Many studies have
documented how joint contractures increase after immobilization. In these studies, histological and physiological
investigations were carried out to clarify the factors related to joint contractures [1-7]. Recently, it has been explained that the articular structures (bone, cartilage, synovium/subsynovium, capsule, and ligaments) and the muscular structures (muscle, tendon, and fascia) are most often involved in uncomplicated contractures (contractures
not accompanied by neural or skin changes) [8].
For treatment, identifying which factors cause the cotractures is essential. A few experiments [9,10] done to clarify
the cause of the contractures involved myotomies follow-

ing arthrotomies. Thus, the articular causes of the contracture could be observed directly. However, the muscular factors of the contracture were estimated by using calculation [10]. In this study, our purpose was to clarify the
exact effect of each factor by performing arthrotomies
following myotomies, in addition to myotomies following
arthrotomies. Using these procedures, each factor was
directly identified.

Materials and Methods
The protocol of this study was approved by our University Ethics Committee for Animal Experimentation. Animal experiments were carried out in accordance with the
National Institutes of Health Guidelines for the care and
use of laboratory animals. Thirty-six female Wistar rats
(10 weeks old) were used. The animals were housed in a
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temperature- controlled room at 20 degree C with a 12
hour light-dark cycle. The rats were provided free access
to standard rat food and to water.
Under pentobarbital sodium anesthesia (0.5ml/kg), one
ankle joint of each animal was immobilized in full plantar
flexion with a cast from the toes to below the knee joint.
A wire was introduced into the middle of the femur
(Fig.1). The cast was anchored by a wire to prevent it
from falling. The hip and knee joints of the immobilized
limb were left free. The rats were randomized into three
sets, each set having 12 rats immobilized for durations of
1, 2, or 4 weeks. Each set of rats was then randomized
into two groups, A (n=6) and B (n=6). At the end of each
immobilized period, the rats were killed with pentobarbital sodium (2.0ml/kg). Their casts were removed, and,
within 15 minutes, at room temperature, the measurements of the range of motion on the ankle joint were
done. For Group A, the measurements were performed in
four stages: Stage 1: before skin resection, Stage 2: after
skin resection, Stage 3: after a myotomy (resection of the
flexor muscles of the ankle joint), and Stage 4: after an
arthrotomy (resection of capsule and ligaments of the ankle joint). For Group B, the measurements were also performed in four stages: Stage 1: before skin resection,
Stage 2: after skin resection, Stage 3: after an arthrotomy,
and Stage 4: after a myotomy. In Stage 3 for Group B, the
muscles were displaced to keep the continuity (Fig.2).
After the arthrotomy was performed, the displaced musc-

les were returned to their original positions, and the
measurements were carried out. For the measurements of
the range of motion on the ankle joint, the ankle joints
were kept in dorsiflexion under a 4 N-mm torque, while
the knee joint was flexed maximally. Photographs of the
ankle joint were taken to serve as the measurements of
range of motion. Measurement of range of motion was
defined as the angle (0-180 degrees) from the base line of
the calcaneus to a line connecting the malleolus of the
fibula and the head of the fibula.
The Wilcoxon test was used to compare the changes between the four stages. Possible differences between Group
A and Group B in each stage were determined by the
Mann-Whitney test. All differences were considered to be
significant at p<0.05.

Results
The range of motion for the ankle joints in each stage at 1,
2 and 4 weeks is summarized in Table 1. Joint restriction
occurred in both groups at 1 week. The degree of the restriction increased at 2 and 4 weeks (Stage 1). But, there
were no differences between Groups A and B at 1, 2, and
4 weeks. After skin resection (Stage 2), joint restrictions
decreased in both groups at 1, 2, and 4 weeks (p<0.01). In
addition to Stage 2, joint restrictions decreased in Stages 3
and 4 for both groups at 1, 2, and 4 weeks (p<0.01).

Table 1. The limitation in extension in rat ankle joints

The limitations of the joint were compared for Groups A
and B in each stage at 1, 2, and 4 weeks. In Stage 2, there
were no differences between the groups at each week. In
Stage 3 of Group A, the restriction factor was the articular
structure only. On the other hand, the restriction factor
was muscle only in Stage 3 of Group B. In comparison
between the two groups at Stage 3, the predominant cause

of the contracture is different. There is a general tendency
to presume that the muscular factor is dominant over the
articular factor, but there were no differences found. It
was found that both arthrogenic and myogenic factors
contributed to the joint restriction at 1, 2, and 4 weeks of
immobilization. In Stage 4, there were no differences
found between both groups for each duration.

Factors of joint restriction
there is always a question about whether the articular
structure was resected completely or not before the
myotomy procedure was done. However, as we found no
differences between Group A and Group B in Stage 4, it
can be stated that complete resection of the articular structures was achieved before the myotomy was performed.
From the results of Stage 4, it is shown that our procedure
is a reliable one to evaluate the factors involved in the
restricted joint. As a result, we can show the distinction
between arthrogenic restriction and myogenic restriction
by comparing the results of Stage 3.

Figure 1: The procedure of joint immobilization.
Unilateral ankle joint was immobilized in full plantar
flexion with a cast from the toes to below the knee joint. A
wire was introduced into the middle of the femur. The
cast was prevented from falling by anchoring it with a
wire.

Trudel et al. [10] quantified the increasing role of arthrogenic changes in limiting the range of motion of joints
after immobilization, especially when the period of immobility extended past 2 weeks. On the other hand, in our
study, both arthrogenic and myogenic factors contributed
to joint restriction at 1, 2, and 4 weeks of immobilization.
The difference may be related to the difference in the
methods. As our method provides actual results, the precise causes of the contractures may be reflected in our
results.
In the rat, the morphological changes in the joint that are
caused by restriction of motion appear to be reversible if
the period of immobilization does not exceed thirty days.
After sixty days of immobilization, all major alterations
consequent to the restriction of motion are permanent [1].
Intra-articular adhesions also occur after prolonged joint
immobilization [1, 2]. These changes are not reversible.
In this study, we did not resect the intra-articular component. Actually, after the resection of the skin, muscles,
capsule, and ligaments, complete dorsiflexion was achieved. This result shows that intra-articular adhesion does
not occur within a 4-week immobilization period, as previously reported.

In Stage 3 of Group B, the muscles were displaced to
keep continuity (arrow). Arthrotomy was carried out in
this position. After the arthrotomy, the displaced muscles
were replaced into their original positions, and measurements were carried out under 4 N-mm torque.

Clinically, during the acute phase, joint exercise is widely
used as the treatment for joint contractures. Joint exercises are effective for not just one but for both the muscular and articular factors causing the contractures. However, physical modalities can be applied to the specific
affected areas. According to the results of our investigation, it is indicated that both muscular and articular factors, not just one, should be treated. The procedures that
we used cannot be performed on human beings, but further investigations on experimental animals may provide
more information on how treatment for the joint contractures should be performed effectively.

Discussion
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