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ABSTRACT - We studied the levels of collagen type
I and type III in the knee joints of rats immobilized
for periods of 2, 4, 16 and 32 weeks and sham-oper-
ated controls. The intensities of immunostaining of the
anterior and posterior synovial intima, anterior and
posterior subintima, and patellar tendon were graded
on a scale from 0 to 3. We found higher type I collagen
levels in immobilized legs than in sham-operated legs
in the anterior subintima after 4 and 16 weeks (mean
score 2.1 vs 1.3, 2.2 vs 1.3, respectively) and posterior
subintima after 2, 4 and 16 weeks of immobility (2.4 vs
1.7, 2.3 vs 1.5, 2.2 vs 1.3, respectively). Lower type III
collagen levels were found in immobilized legs than in
sham-operated legs in the anterior synovial intima after
32 weeks (1.3 vs 2.3), and posterior synovial intima and
posterior subintima after 16 weeks of immobility (1.4
vs 2.8, 1.2 vs 1.7, respectively). The higher type I col-
lagen levels in the subintima combined with lower type
IIT suggests that the contracture process is marked by
fibrosis, not new tissue proliferation. In this respect,
contractures differ from granuloma, scar tissue and the
pannus of inflammatory arthritis.

The pathological changes in established joint con-
tractures have been described, but the pathophysi-
ology is incompletely understood. Microscopic
changes in synovial joints subjected to immobili-
zation have been described as global intraarticular
tissue proliferation (Evans et al. 1960, Thaxter et
al. 1965, Peacock 1966, Enneking et al. 1972, Fin-
sterbush and Friedman 1973, Langenskiold et al.
1979, Schollmeier et al. 1994), proliferation at the

intercondylar region (Evans et al. 1960, Thaxter et
al. 1965, Enneking et al. 1972, Akeson et al. 1973),
and synovial adhesions to the articular cartilage
followed by its degeneration (Evans et al. 1960,
Salter and Field 1960, Thaxter et al. 1965, Ennek-
ing et al. 1972, Finsterbush and Friedman 1973).
In contrast, other reports described neither pannus
proliferation nor adhesion after joint immobility
(Sood 1971, Akeson et al. 1973, Amiel et al. 1980).
Using standardized and quantitative studies, we
have been unable to measure any intraarticular
pannus formation after immobility (Trudel et al.
1998). In fact, we found reduction in synovial inti-
mal length and subintima after immobility which
suggested that adhesions of the synovial intima
rather than proliferative changes occurred in joint
contracture (Trudel et al. 2000).

Determination of the levels of the various struc-
tural collagens is key to the understanding of joint
capsule stiffness after immobilization. We found
only two reports on the distribution of collagen
types in periarticular connective tissue after joint
immobilization. Amiel et al. (1980) suggested
that type I, but no type III collagen was present in
both 9-week immobilized rabbit knee capsules and
control, using the standard differential salt precipi-
tation technique. However, using immunohisto-
chemistry, Schollmeier et al. (1996) reported high
levels of type III collagen in the synovial intima of
the canine shoulder after 12 weeks of immobiliza-
tion. The determination of type III collagen levels
is of value in deciding whether the changes in the
capsule of a joint developing a contracture are of a
proliferative/secretive or a degenerative/catabolic
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nature. Using immunohistochemistry, we assessed
the distribution of type I and type III collagen in
the capsules of joints subjected to various periods
of immobility.

Animals and methods

The protocol for this research project was approved
by the University Animal Care Committee. We
used 85 adult male Sprague-Dawley rats (average
weight 350 g). 47 underwent unilateral internal, but
extraarticular, knee joint immobilization at 135° of
flexion according to a previously described method
(Trudel et al. 1998). Briefly, rigid internal fixation
was performed surgically with a plastic plate and
two screws, inserted one each in the proximal
femur and distal tibia away from all knee joint
structures. The immobilized animals formed the
experimental group. 38 rats underwent a sham
operation after the same procedure in the experi-
mental group, except that the plate was removed
before inserting the screw. Surgery was performed
under halothane anesthesia and completed in 20
minutes. Pre- and postoperative pain control were
obtained with buprenorphine 0.05 mg/kg s.c. q12
hours for 48 hours. The animals were allowed
unlimited activity and free access to water and
food.

Rats were killed 2, 4, 16 and 32 weeks later.
After harvesting the knee joint and surrounding
soft tissue, the knees were fixed in Bouin’s solu-
tion or in 10% formalin for 18-24 hrs at 41 °C.
All knees were decalcified in 10% EDTA in Tris
buffer 0.1 M (pH 7.2 adjusted with Tris base) at
41 °C for 2-3 months and embedded in low-melt-
ing point paraffin (Labware, St. Louis, MO, USA).
7 pm thick serial sections were made at the medial
mid-condylar level in the sagittal plane.

Immunohistochemistry

Deparaffinized sections were treated with 0.2%
trypsin in 0.1% CaCl,, adjusted to pH 7.4 with
0.1 M NaOH for 1 hr at 37 °C. After washing in
phosphate-buffered saline solution (PBS), sec-
tions were incubated in 3% H,0, in DH,0 for 30
min. To eliminate nonspecific antibody binding,
the sections were incubated both with 5% skim
milk for 30 min and Protein Block (normal goat

serum diluted in PBS containing 1% bovine serum
albumin, 0.09% sodium azide and 0.1% Tween-20;
BioGenex, San Ramon, CA) for 20 min. The sec-
tions were washed in PBS between each treatment.
Rabbit polyclonal antibodies against rat type I col-
lagen (1: 200) (Chemicon Intern. Inc., Temecula,
CA, USA) and type III collagen (1: 500) (Chemi-
con Intern. Inc.) were incubated on the slides
overnight (about 18 hr) at 4 °C. After washing, all
slides were exposed to biotinylated goat anti-rabbit
Ig (Super Sensitive Rabbit Link, BioGenex) for 20
min. The sections were then incubated with per-
oxidase-conjugated streptavidin (Super Sensitive
HRP Link, BioGenex) for 20 min, and incubated
with 3,3’-diaminobenzidine for 4 min. The sec-
tions were counterstained with hematoxylin.

Control sections were exposed to nonspecific
secondary antibodies. All slides were stained in
one session (same day, same reagents, same proto-
col). The slides were assessed with optical micros-
copy, but the observer was blinded as to which
specimen was being examined. The immunostain-
ing intensity was reported at 5 sites: anterior and
posterior synovial intima, anterior and posterior
subintima, and patellar tendon. The immunohisto-
chemical staining intensity of type I and type III
collagen was graded on a scale of 0-3 where: no
staining was 0, weak staining 1, moderate staining
2, and strong staining 3.

Intrarater reliability coefficient

After making all measurements, we randomly
selected 9 sections each for collagen type I and
type III and they were again blindly assessed again
by the same observer.

Statistics

We used the software program SPSS 10.0 for Win-
dows, (SPSS Inc., Chicago, IL, USA) for setting up
the database and the statistical analysis. The inter-
rater reliability coefficient was calculated, using
the non-parametric Kendall’s tau-b bivariate corre-
lations. Using a within subjects analysis, multiple
Mann-Whitney tests were employed to determine
the significance of differences in staining intensity
between the immobilized and the sham-operated
legs at each time. The effect of time on staining
intensity was studied, using the Kruskal-Wallis test
with post-hoc Mann-Whitney tests. Post-hoc cor-
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Table 1. Mean scores of staining intensity for type | collagen

2 weeks

4 weeks

16 weeks 32 weeks

Group Mean score (SD) n

Mean score (SD) n

Mean score (SD) n  Mean score (SD) n

Anterior synovial intima

Immobilization 2.7 (0.5) 15 2.4 (0.5) 8 2.7 (0.7) 10 2.9 (0.3) 9

Sham-operated 2.6 (0.5) 10 2.4 (0.5) 7 3.0 (0.0) 9 2.7 (0.5) 9
Anterior subintima

Immobilization 2.0 (0.9) 15 21(06)2 8 22(0.6)2 10 19(0.9 10

Sham-operated 1.6 (0.7) 10 1.3(0.8)a 7 1.3 (0.5) 9 1.3(0.7) 9
Posterior synovial intima

Immobilization 3.0 (0.0) 15 2.6 (0.5) 11 2.6 (0.7) 9 2.8 (0.4) 9

Sham-operated 2.8 (0.4) 10 2.8 (0.5) 2.9 (0.3) 9 29(0.3) 10
Posterior subintima

Immobilization 24(0.7)2 15 23(0.7)2 11 22(0.6)2 10 19(0.7) 11

Sham-operated 1.7(0.7)2 10 1.5(0.8) 2 1.3 (0.5) 9 19(0.7) 10
Patella tendon

Immobilization 0.9 (0.5) 15 1.0 (0.6) 6 0.8 (0.8) 9 0.5(0.5) 10

Sham-operated 1.1 (0.6) 10 0.8 (0.4) 6 0.8 (0.4) 9 0.6 (0.5) 8

2 Significant difference between Immobilization and Sham-operated groups at each time (p < 0.05)

rection for multiple comparisons was done, using
the control for False Discovery Rate (Benjamini
and Hochberg 1995). Differences at p < 0.05 were
regarded as statistically significant.

Results

Microscopic examination

The microscopic appearance of the specimens from
the immobilized and sham-operated knees differed.
After 2 weeks of immobilization, moderate hyper-
cellularity appeared in the posterior subintima. 4
samples of 15 showed loose reticular fibers at small
synovial folds or at synoviocartilage recesses pos-
teriorly. These new fibers contained mesenchymal
cells that may have originated from the synovial
intima. The posterior subintima showed high cel-
lularity and new collagen fibers characteristic of a
fibrotic reaction.

After 4 weeks of immobilization, the fibrosis
increased in the posterior subintima. New loose
collagen fibers obliterated the small synovial folds
and synoviocartilage recesses in 4 samples of 11.
1 animal had a fibrotic bridge from the posterior
synovial intima to the articular cartilage of the
femur.

After long periods of immobilization (16 and 32
weeks), the synovial intima had atrophied mark-
edly, and in some cases could not be identified. The

posterior subintima was hypocellular with more
organized connective tissue than specimens from
animals that had been sham-operated or immobi-
lized for a short period. The sites where loose col-
lagen fibers were seen earlier (synovial folds and
synoviocartilage recesses) were filled with more
organized fibrous tissue.

The knee capsule of sham-operated legs showed
a normal synovial intima with no adhesion to car-
tilage throughout the experiment. The subintima
consisted of loose fibrous tissue and adipocytes of
normal cellularity and vascularity.

Immunohistochemistry

We excluded some sites/slides from the final anal-
ysis for technical reasons, like failure to identify
the synovial intima on some slides (mainly in the
experimental group at 16 and 32 weeks), histo-
logical disruption or inadequate staining (e.g., had
become dry during incubation overnight) (Tables 1
and 2).

The staining of type I collagen was strong in the
anterior and posterior synovial intima, with no sta-
tistical difference between immobilized and sham-
operated legs (Table 1). Type I collagen levels
were higher in the anterior and posterior subintima
of immobilized knees than in sham-operated ones
(Figure 1). The differences were significant at 2, 4
and 16 weeks in the posterior subintima, and at 4
and 16 weeks in the anterior subintima (Figure 2).



338 Acta Orthop Scand 2002;73 (3): 335-343

Table 2. Mean scores of staining intensity for Type Ill collagen

2 weeks 4 weeks 16 weeks 32 weeks
Group Mean score (SD) n Mean score (SD) n  Mean score (SD) n  Mean score (SD) n

Anterior synovial intima

Immobilization 1.4 (0.6) 15 1.4 (0.8) 7 2.0 (1.0) 9 1.3(0.52 9

Sham-operated 1.3(0.5)bd 9 2.0 (0.9) 9 26 (05 8 2.3(0.8)2d 10
Anterior subintima

Immobilization 1.5 (0.6) 15 1.3 (0.8) 7 1.9 (0.9) 10 1.7(0.8) 10

Sham-operated 1.3 (0.5) 9 1.3(0.7) 9 1.8 (0.7) 8 1.7(0.8) 10
Posterior synovial intima

Immobilization 1.4 (0.7) 15 1.6(0.7) 11 1.4 (052 8 1.5(0.8) 8

Sham-operated 1.6 (0.7) 10 1.7(0.7)¢ 9 2.8 (0.4)3c 9 2.2(0.8) 10
Posterior subintima

Immobilization 15(0.7)2 15 1.6(0.7) 11 1.2(04)2 10 1.6 (0.5 11

Sham-operated 1.0 (0.0) abd 10 1.2 (0.4) 1.7 (0.5)ab 9 1.7(0.7)9 10
Patella tendon

Immobilization 0.5 (0.6) 15 0.6 (0.8) 7 0.5(0.7) 10 0.4(0.7) 10

Sham-operated 0.4 (0.5) 9 0.7 (0.7) 9 0.9 (1.0) 8 0.7 (0.7) 9

2 Significant difference between Immobilization and Sham-operated groups at each time (p < 0.05)

b Significant difference between 2 weeks and 16 weeks in each group, using Mann-Whitney tests with False Discovery
Rate correction (p < 0.05)

¢ Significant difference between 4 weeks and 16 weeks in each group, using Mann-Whitney tests with False Discovery
Rate correction (p < 0.05)

d Significant difference between 2 weeks and 32 weeks in each group, using Mann-Whitney tests with False Discovery
Rate correction (p < 0.05)

The staining intensity of type I collagen in the = Overall, the levels of type III collagen were lower
patellar tendon showed no difference between than those of type I collagen at all capsular sites
immobilized and sham-operated ones. studied (Table 2). In the anterior and posterior

Time had no significant effect on type I collagen  synovial intima, type III collagen showed weaker
levels in the immobilized or sham-operated legs.  staining in the immobilized than in the sham-

Figure 1. Type | collagen staining of immobilized and sham-operated legs. Microphotographs of the posterior capsule of a rat
knee joint. Note the posterior aspect of the medial femoral condyle (top right), the posterior horn of the medial meniscus (bottom
right), and the posterior capsule (left).
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A. 2 weeks after immobilization. The subintima shows  B.2 weeks after sham operation. The knee capsule shows

marked cellularity with organized connective tissue and  no proliferation or adhesion of synovial tissue to cartilage

strong type | collagen staining, x25. and weak type Il collagen staining. Counterstained with
hematoxylin, x25.
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operated legs (Figure 3). The differences were
statistically significant at 32 weeks in the anterior
synovial intima and at 16 weeks in the posterior
synovial intima (Figure 2). In the posterior subin-
tima, the intensity of type III collagen staining in
the immobilized legs was higher than the sham-
operated legs at 2 weeks, and lower at 16 weeks.
In the anterior subintima and patellar tendon, the
intensity of staining of type III collagen was about
the same in the immobilized and sham-operated
groups.

Time had no effect on the levels of type III col-
lagen in the immobilized knees, but they increased
with time after sham surgery. The staining intensity
was stronger at 16 weeks than at 2 weeks in the
anterior synovial intima, posterior synovial intima
and posterior subintima (Figure 2). Type III colla-
gen staining was also stronger at 16 weeks than at 4
weeks in the posterior synovial intima and stronger
at 32 weeks than at 2 weeks in the anterior synovial
intima and posterior subintima (Figure 2).

Intrarater reliability

The intrarater reliability coefficients for immuno-
histochemical scoring of type I and type III col-
lagen were 0.92 and 0.91, respectively (both p =
0.001).

Discussion

The distribution of collagen type I and type III in
the joint capsule provides information about the
pathophysiology of joint contracture secondary to
immobility. We report a complete study where rat
knees were immobilized for up to 8 months and

Figure 2. Type | and Type Il collagen levels in rat knees.
Mean scores of staining intensity of the immobilized and
the sham-operated legs.

A. Type | collagen in the anterior subintima.

B. Type | collagen in the posterior subintima. Type | col-
lagen levels are higher in the anterior and posterior
subintima of immobilized than in sham-operated legs.

C. Type lll collagen in the anterior synovial intima.

D. Type lll collagen in the posterior synovial intima. Type IlI
collagen levels are lower in the immobilized than in the
sham-operated legs.

%: Significant difference (p < 0.05) between the immobi-
lized and the sham-operated legs at various times.

*: Significant effect of time (p < 0.05).

Error bar = 1SD.
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Figure 3. Type lll collagen staining of immobilized and sham-operated legs. Microphotographs of the posterior cap-
sule of the rat knee joint. Note the posterior femoral condyle (top left) and posterior synovium (right).

o

A. 16 weeks after immobilization.

developed a flexion contracture. Throughout this
period, the levels of type I and type III collagens
were assessed with immunohistochemistry. Stan-
dardized methods and the use of a sham-operated
group allowed us to distinguish between the effects
of immobility and experimental artifacts.

In our study, the microscopic appearance of
the immobilized specimens did not show marked
pannus proliferation. This is contrary to some pre-
vious reports (Evans et al. 1960, Thaxter et al.
1965, Finsterbush and Friedman 1973, Langen-
skiold et al. 1979, Michelsson and Hunneyball
1984, Schollmeier et al. 1994, 1996) but consistent
with others (Sood 1971, Akeson et al. 1973, Amiel
et al. 1980). The difference between our study and
others can be related to the methods used. Some
interventions may have damaged the knee joint
or capsule whereas our fixation was completely
extraarticular. In other studies, immobilization was
achieved by pinning, casting, splinting, bandag-
ing, denervation, a combination of these, or were
case reports. These methods may have permitted
joint movement thereby promoting the formation
of repair tissue. Villous synovial lining hyperpla-
sia was found on remobilization after immobili-
zation (Evans et al. 1960, Michelsson and Hun-
neyball 1984). Our internal fixation by plate and
screws was more rigid.

The biochemical changes leading to pathologi-
cal alterations are poorly understood. After immo-
bilization, periarticular connective tissues includ-

3 af(

B. 16 weeks after sham operation. The synovial intima in
the immobilized joint shows atrophy and weaker staining
for type Ill collagen than in the sham-operated leg. Coun-
terstained with hematoxylin, x33.

ing tendon, ligament, capsule and synovial tissue
lose significant amounts of glycosaminoglycans
and water (Akeson et al. 1973, Woo et al. 1975).
Lower concentrations of glycosaminoglycans and
water are thought to reduce plasticity and resil-
ience of connective tissue matrices and lubrica-
tion efficiency (Akeson et al. 1973). An increase
in the total collagen in the posterior capsule has
been found after immobilization (Peacock 1966).
In contrast, others have detected no change in total
collagen as reflected by the hydroxyproline con-
centration (Akeson et al. 1973, Woo et al. 1975).
Moreover, the levels of salt-soluble collagens
(mainly procollagen) fell (Woo et al. 1975). These
data indicate that the contracture process can not
be due to accelerated collagen synthesis alone.

We observed higher levels of type I collagen in
our model after immobilization which was mainly
located in the anterior and posterior subintima.
This correlated with histological findings of sub-
intimal fibrosis. The fibrotic reaction started early
(2 weeks), increased during the first 16 weeks
and plateaued thereafter. In the patellar tendon,
the type I collagen levels were not affected. This
accords with other reports, showing no statistical
change in the total collagen mass of the patellar
tendon after 9 weeks of immobilization (Amiel
et al. 1982, Harwood and Amiel 1992, Bland and
Ashhurst 1997). After 12 weeks of immobilization,
significant losses in total collagen mass have been
noted (Harwood and Amiel 1992).
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Figure 4. Type | and type Il collagen staining of the postero-inferior recess of an immobilized joint. Serial sections
of the same specimen 2 weeks after immobilization.

¥

A.Type | collagen.

Type III collagen localizes in tissues and organs
that require a structural scaffolding able to respond
to varying tensions, which has been postulated
to maintain the structure in expansible organs
(Montes et al. 1984), and stabilize new matrices
(Cheung et al. 1983). We confirmed that it is a
major constituent of normal synovium (Eyre and
Muir 1975, Linck et al 1983, Ashhurst et al. 1991,
Bland and Ashhurst 1997) and present in inflamed
synovium (Weiss et al. 1975) and proliferative
rheumatoid synovium (Eyre and Muir 1975, Weiss
et al. 1975, Adam et al 1976). Large amounts of
type III collagen are found in late embryonic and
early postnatal life in the human dermis (Epstein
1974). In adults, it is synthesized in large amounts
in granulomatous tissue (Bailey et al. 1975),
during wound healing and fracture repair (Lane et
al. 1986). In wound healing, the initial proliferative
phase is marked by a peak expression of type III
collagen (Barnes et al. 1976, Gay et al. 1978, Clore
etal. 1979, Lane et al. 1986, Haukipuro et al. 1991,
Rasmussen et al. 1992, Betz et al. 1993, Cornelis-
sen et al. 2000). Later, in the organization phase,
type I collagen fibers replace type III collagen
fibers (Gay et al. 1978, Rasmussen et al. 1992).

We found lower type III collagen levels in
immobilized rat knee capsules than in sham-oper-
ated legs in the anterior and posterior synovial
intima after 16 and 32 weeks of immobility. In our
model, synovial folds and joint recesses were of
special interest. These were the only areas where

S
o STPRE
. 53

#\; U i S
e ! _‘..:' R BRI
B. Type Il collagen. New loose fibers are seen. Type |
collagen shows strong staining of the new fibrous tissues,

but weak staining for type Il collagen. Counterstained with
hematoxylin, x50.

microscopic adhesions were found. In those areas
during immobilization, the intensity of staining of
type III collagen was very weak while immunos-
taining of type I collagen was strong (Figure 4).
These findings suggest that the contracture pro-
cess does not involve an initial phase of type III
collagen deposition in the synovial or subintimal
tissues. Type III collagen consists of three o1(III)
chains, while type I collagen is made of one a.2(I)
and two a1(I) chains. The genes coding for these
three chains are located on different chromosomes:
the human genes for a.1(I), a2(I) and o 1(III) are on
chromosomes 17, 7 and 2, respectively (Uitto and
Chu 1989). The systematic sequential expression
first of type III collagen, then of type I collagen in
repair processes suggests the temporally ordered
expression of these genes. Our findings indicate
that joint immobilization stimulates type I colla-
gen synthesis directly. In this respect, the capsular
reaction during contractures seems to differ from
the wound healing and fracture repair processes.

In the sham-operated legs, type III collagen
levels were higher in the synovial intima and pos-
terior subintima after long periods of immobiliza-
tion. One reason may be the increase in activity
that was temporarily reduced after the surgical pro-
cedure. This was not seen in immobile joints since
no remobilization took place.

Our findings support the view that periarticular
changes in joint contractures do not resemble those
in wound healing or inflammatory proliferative



342

Acta Orthop Scand 2002;73 (3): 335-343

processes, but are more characteristic of a fibrotic
process. Future research should aim to quantify
biochemically the type I and type III collagen
levels in the capsules of joints with contractures.
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assistance, Ms. Dorothyann Curran for her advice with the
statistical analysis, and Dr. David Jackson for his review of
the manuscript.
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