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Abstract Prolonged immobilization reduces passive range
of motion of joints creating joint contractures. Whether and
to what extent these iatrogenic contractures can be reduced is
unknown. We raised three questions using an animal model:
What degree of contracture remains at the end of a defined
remobilization period? Do contractures in sham-operated
and immobilized joints differ? What is the contribution of
the posterior knee capsule in limiting knee extension? We
immobilized one knee of 11 adult male rats in flexion to
induce a joint contracture; 10 control animals underwent a
sham operation. After 8 weeks, the internal fixation device
was removed, and the animals were allowed to resume
unrestricted activity for 4 weeks at the end of which the knee
range of motion was measured with standardized torques.
The mean flexion contracture was higher in the immobilized
group (51.9° & 2.8°) than in the sham-operated group
(18.9° £ 2.1°). Eighty-eight percent of the contractures
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remained in the immobilized group after dividing skin and
muscle, suggesting an important contribution of the posterior
knee capsule in limiting knee mobility. Based on our pre-
liminary study the range of motion of rat knees immobilized
for 8 weeks remained substantially reduced after a 4-week
period of unassisted remobilization.

Introduction

Motion of synovial joints is essential to maintain mobility in
their full anatomic range of motion (ROM). Immobility can
reduce passive ROM of joints [1, 6, 32], creating a joint
contracture [2, 22, 28]. Contractures diminish joint function
and lead to a reduction in patient autonomy [17, 20]. The
important role and frequent use of immobilizing procedures
to treat musculoskeletal disorders put joints at risk for
having contractures develop [1, 37]. Patients with limited
mobility and those confined to bed have multiple immo-
bility-induced joint contractures develop [7, 9, 15, 25].

A few experimental studies on immobility-induced joint
contractures suggest the timing of development of con-
tractures. In several studies an internal fixation device to
immobilize one hind limb of rats duplicated joint con-
tractures in humans, with substantial reductions in the
passive ROM [8, 12]. More recently, a time course study
over 32 weeks in rat knees immobilized at 135° flexion
caused a gradual decrease of the ROM in extension that
reached 69° after the first 8 weeks and then leveled off
[32]. The posterior capsular structures contributed to the
restriction [31, 32]. The process by which immobility
changes the mechanical properties of various articular
structures and limits joint movement is not fully under-
stood, but shortening, atrophy, and fibrosis of the posterior
capsule have been reported [1, 18, 27, 30, 33].
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Reversibility is clinically and functionally important
for patients. Michelsson [19] used a plastic splint to
immobilize 11 rabbit knees in extension and reported a
reduction in mobility after 5 weeks that disappeared
spontaneously in most cases after the splint was removed.
But, should the immobilization last 6 to 7 weeks or
longer, there was gradual but incomplete recovery after
8 weeks of remobilization, with the contracture being
severe and permanent. Akeson et al. [4] investigated the
reversibility of immobility-induced joint contractures
using a model of rabbit knees fixed in a flexed position
using transarticular wires. Knees immobilized for 9 weeks
recovered completely 3 weeks after the fixation was
removed. We immobilized canine shoulders for 12 weeks
with a cast to create a contracture. Four weeks of remo-
bilization did not reverse the limited motion but the
limitation began to reverse after 8 weeks of remobiliza-
tion and returned to normal after 12 weeks [24]. Van
Harreveld et al. [35] enforced 8 weeks of exercise after
7 weeks of immobilization of the horse metacarpopha-
langeal joint but could not restore joint motion. Finally,
immobilization of the rat ankle for 2 weeks revealed
that treadmill running improved ROM compared with no
running [23]. The literature on reversibility of joint
contractures in animals therefore seems contradictory. The
differences likely stem in part from the variety of joints,
times and methods of immobilization, and animal species.
The development of joint contractures secondary to
immobility is gradual, and reversibility is not well
documented.

We therefore raised three questions using an animal
model: (1) What degree of contracture remains at the end
of a 4-week remobilization period? (2) Do contractures in
sham-operated and immobilized joints differ? (3) What is
the contribution of the posterior knee capsule in limiting
knee extension?

Materials and Methods

We immobilized the knees of 11 adult Sprague Dawley rats
(300-350 g) in 135° flexion for 8 weeks then remobilized
the knees for 4 weeks. Ten similar rats with sham surgery
but no immobilization served as controls. All rats were
obtained from one source (Charles River Laboratories, St
Constant, Quebec, Canada) and housed individually in
standard cages. At the end of 8 weeks we removed the
fixation devices (experimental animals) and sham screws
(control animals) and allowed free activity (unassisted
remobilization) for 4 weeks. We then sacrificed the ani-
mals and measured knee motion. The contribution of
the posterior knee capsule in limiting joint motion was
determined by sectioning all skin and posterior muscles.

@ Springer

We immobilized the knees of the 11 experimental rats in
135° flexion using an internal system consisting of a Del-
rin™ plate (DuPont Engineering Polymers, Wilmington,
DE) secured with one screw to the proximal femur and one
screw to the distal tibia. The course of the plate was such
that it passed laterally between the peronei and lateral
gastrocnemius muscles at the leg and medial to the tensor
fasciae lata at the thigh without violating the knee. Details
of the surgical protocol and a description of the immobi-
lization system were published previously [32]. The knees
of 10 rats (control group) underwent similar surgery with
the insertion of two screws but not the plate.

Postoperatively the rats were allowed free activity in
individual cages for 8 weeks. At the end of the 8-week
period, the immobilized and control groups underwent
limited surgery to remove the plate and/or screws and then
were returned to their cages for a 4-week period of unre-
stricted activity in their cages. We defined remobilization
as this 4-week period of spontaneous active mobilization
after discontinuation of immobilization.

At the end of the 4-week remobilization period, the
animals were euthanized with carbon dioxide exposure
using a protocol approved by our animal ethics committee.
Joint ROM was measured immediately with a graded
spring-loaded goniometer (arthrometer) adapted to the rat
knee [29]. The arthrometer measured the joint angles
reached at two torque values: 667 g/cm (Torque 1) and
1060 g/cm (Torque 2). The motion in extension was
measured on the operated knee and the contralateral knee.
The angular displacement of the operated leg, immobilized
or sham, was reported as the mean lack of ROM in
extension (ie, an flexion contracture). The mean joint
contracture was calculated by subtracting the ROM miss-
ing to reach full extension of the operated leg from the
measurement taken from the contralateral leg (Fig. 1). To
elucidate the contribution of the posterior knee capsule in
limiting knee ROM, all skin and muscles crossing the knee
were divided with a scalpel and the ROM measurement
repeated. The contribution of the posterior knee capsule in
limiting knee extension was calculated by the lack of ROM
after division of skin and transarticular muscles.

In humans, the knee extends to 0°. A knee flexion
contracture is defined by the number of degrees missing to
full extension. In normal Sprague Dawley rats, the knee
does not reach full extension, possibly owing to the
habitual knee flexion posture. Therefore, to report knee
flexion contracture, we subtracted the lack of extension of
the contralateral knee from the lack of extension of the
surgically treated knee for the immobilized and the control
animals.

All data were expressed as mean =+ standard error of the
mean. Lack of extension was compared between the
immobilized and sham-operated groups using an unpaired
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Fig. 1A-B Knee flexion contractures caused by 8 weeks of immo-
bilization were not reversed by 4 weeks of remobilization.
Contractures are calculated as the ROM lacking in extension of the
surgically treated knee (sham or immobilized group) minus the ROM
lacking in extension of the contralateral knee (sham or immobilized
group) (data presented in Table 1) at two torque values: (A) Torque

t test. In both groups, the ROM was compared with that of
the contralateral knee using paired t tests. For contracture,
an unpaired t test was used to compare the means of the
immobilized and control animals. We used a post hoc
Bonferroni correction for multiple comparisons. The data
were stored and analyzed using SPSS 15.0 (SPSS Inc,
Chicago, IL).

Results

The mean flexion contracture after remobilization was
51.9° &+ 2.8° in the immobilized knees and 18.9° & 2.1° in
the sham-operated knees at Torque 1 (Table 1, muscle on).
The immobilized group lacked 41.9° £ 3.0° extension
while the sham-operated group lacked 9.8° £ 2.4° at
Torque 2 (Table 1, muscle on).

The contracture was greater (p < 0.05) in the immobi-
lized group (51.9° £ 2.8°) than in the sham-operated group
(18.9° £ 2.1°) (Table 1). The contracture also was greater

Table 1. Range of motion in extension of rat knees*

Torque 2
40

35 A
30 A
25 A
20 A

@ Immobilized M Sham

15 4
10 4

Muscle On Muscle Off

=9 Knee Flexion Contracture (degree)

1 = 667 g/cm and (B) Torque 2 = 1060 g/cm. Muscle on refers to
results calculated from data on the intact knee; muscle off refers to
results calculated from data on the knee after the skin and
transarticular muscles were removed. Error bars represent standard
error of the mean. " = p < 0.05 between immobilized and sham-
operated groups.

(p < 0.05) in the immobilized legs than in their contralat-
eral legs (21.1° £2.9°) at both torques (Table 1).
Immobilized legs also lacked more (p < 0.05) ROM in
extension than contralateral legs at both torques (Torque 1:
21.1° &+ 2.9° Torque 2: 10.3° £ 2.3°). Range of motion
measurements of the surgically treated and contralateral
legs in the sham-operated group were similar (Table 1).

Most (88% of the limitation at Torque 1 and 83% of the
limitation at Torque 2) of the contracture remained after
dividing the skin and transarticular muscles (Table 1).
Similarly, the knee flexion contracture remained in the
immobilized group after division of skin and muscle at
both torque values (Fig. 1).

Discussion
Prolonged immobilization reduces passive ROM of joints

creating joint contractures. Whether and to what extent
these iatrogenic contractures can be reduced is not clearly

Group Number of joints Mean lack of knee extension & SEM (°)
Torque 1 Torque 2
Muscle on Muscle off" Muscle on Muscle off
Experimental
Immobilized 11 519 £28 45.6 £ 2.7 419 £ 3.0 347 +£29
Contralateral 11 21.1 £ 2.9* 152 £ 2.5 103 £ 2.3 6.5 + 2.3
Control
Sham-operated 8 18.9 + 2.1* 154 + 1.4* 9.8 + 2.4 6.3 + 2.0
Contralateral 8 17.6 £ 274 115 +2.4% 6.9 + 2.0% 2.8 + 2.5

* Range of motion measurements correspond to the angular displacement missing to reach complete extension (0°) at the knee; Torque
1 = 667 g/cm; Torque 2 = 1060 g/cm; Tthe muscle off procedure isolated the posterior joint capsule as the tissue limiting knee ROM;

*p < 0.05; SEM = standard error of the mean.
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known from the few published studies. We therefore raised
three questions using an animal model: (1) What degree of
contracture remains at the end of a defined remobilization
period? (2) Do contractures in sham-operated and immo-
bilized joints differ? (3) What is the contribution of the
posterior knee capsule in limiting knee extension?

Given the single time point and number of animals, we
considered this a preliminary study and therefore did not
perform a power analysis. Additional studies would be
required to fully characterize the response to remobiliza-
tion, and we cannot say whether the contractures are
permanent. We first tested animals for combined arthro-
genic and myogenic restriction (muscle on) at both torque
values and then for arthrogenic restriction only (muscle
off) at both torque values. In the first series of testing, the
posterior capsule and other arthrogenic structures may
have been damaged beyond their elastic properties. This
limitation would underestimate the restriction imposed by
the capsular component of the knee.

Using the model of knee immobility, we previously
documented a contracture after 8 weeks of immobility
with a ROM of 69° before sectioning skin and transartic-
ular muscles [32]. The current data show 4 weeks of
remobilization did not restore normal joint mobility and
there was a residual 42° extension contracture at Torque 1.
Most of the limitation in knee ROM remained after divi-
sion of skin and muscles. Sectioning of the posterior knee
capsule eliminated all resistance to knee extension [31].
Therefore we concluded the posterior capsule of the knee
caused the major limitation to knee extension after
immobilization and remobilization.

In previous reports on the reversibility of immobility-
induced joint contractures (Table 2), five studies used a
protocol of remobilization not complemented with exercise
or stretching and resulted in a lack of complete revers-
ibility [10, 14, 19, 34, 35]. Of those five studies of
unassisted remobilization, only one study reported both
measurements of angular displacement and statistical
analysis [14]. Similar to ours, that study reported incom-
plete reversibility of joint contractures secondary to
immobility [14]. However, the duration of the remobili-
zation period influenced the reversibility according to two
studies [4, 24]: joint contractures were reversible after long
periods of remobilization but irreversible after short peri-
ods although ROM measurements [24] and statistical
analysis [4, 24] were not reported in those studies. Our data
on remobilization after 8 weeks of immobility provide
evidence for the lack of reversibility at 4 weeks.

Many anatomic structures potentially limit mobility of
the knee. They include skin, bone, muscle, tendons, liga-
ments, and capsule. Published studies on the response of
those structures to immobility is available except for the
capsule. Although muscle fibers have plasticity for
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Table 2. Literature on reversibility of immobility-induced joint contractures

Reversible

Statistics

Number

Range of motion

Remobilization

Immobilization system

Animal joint

Study

(measured at the end
of remobilization)

No

No

11

No
25

Not assisted 8 weeks

Extension plaster, 5 weeks

Rabbit knee

Michelsson [19]

No: 1, 2, 3 weeks

No

Yes

Not assisted 1,2,3,6,9 weeks

Flexion internal, 9 weeks

Rabbit knee

Akeson et al. [4]

Yes: 6, 9 weeks

No

No

22
28

No

Not assisted 6, 8 months

Flexion cast, 2 weeks 6 weeks

Rabbit knee

Finsterbush and Friedman [10]

Hildebrand et al. [14]
Usuba et al. [34]

No

Yes

Yes

Not assisted 8, 16, 32 weeks

Stretching 4 weeks

Flexion 8 weeks

Rabbit knee
Rat knee

Yes No

53
39

Yes

Flexion internal, 40 days

No: without exercise

Exercise 6 weeks Yes Yes

Flexion cast, 2 weeks

Rat ankle

Sakakima et al. [23]

Yes: with exercise

No: 4, 8 weeks

No

10

No

Not assisted 4, 8, 12 weeks

Cast, 12 weeks

Canine shoulder

Schollmeier et al. [24]

Yes: 12 weeks

No

No

Yes

Exercise 2 weeks

Cast, 7 weeks

Horse metacarpo-

Van Harreveld et al. [35]

phalangeal
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adaptive lengthening [26, 37], intrafascicular endomysium
and intramuscular septa and perimysium, composed of
dense connective fascia, may be more resistant to rees-
tablishment of their previous length [1]. This also applies
to tendons and ligaments [3, 5, 11, 13, 16, 21, 36, 38, 39].
Our data suggest a possible role of the capsule and intra-
articular ligaments of the knee in the contracture. The
capsular changes, synovial villi adhesion, synovial short-
ening, and atrophy were not amenable to spontaneous
recovery after 4 weeks of remobilization [27, 30]. A tem-
poral study to evaluate the duration of the immobilization
period leading to irreversible joint contractures would
provide the rationale to develop a protocol for timely
clinical intervention. The incomplete reversibility of joint
contractures underscores the need for active preventive
action on immobile joints.

Range of motion of rat knees immobilized for 8§ weeks
remains substantially reduced after a 4-week period of
unassisted remobilization. The posterior knee capsule was
the primary structure restricting ROM.
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