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Abstract

Myofibroblast numbers and α-smooth muscle actin expression are increased in anterior joint 

capsules of patients with posttraumatic elbow contractures. The purpose of our study was to 

determine whether these changes occur regionally or throughout the entire joint capsule. We 

hypothesized that the α-smooth muscle actin mRNA expression and the myofibroblast numbers in 

posterior joint capsules would be elevated in elbows obtained from patients with posttraumatic 

joint contractures compared with joint capsules obtained from organ donor elbows without 

contractures. Semiquantitative reverse transcription-polymerase chain reaction was used to 

evaluate relative mRNA levels of α-smooth muscle actin. Glyceraldehyde-3-phosphate 

dehydrogenase was used to normalize the levels. Immunohistochemical analysis was used to 

determine the myofibroblast cell numbers. Higher α-smooth muscle actin mRNA levels were 

observed in elbows of patients with contractures compared with organ donor elbows without 

contractures. Immunohistochemical studies determined that myofibroblast numbers and the 

percentage of total cells that were myofibroblasts were elevated (2–2.5-fold) in the joint capsules 

from patients with posttraumatic joint contractures compared with similar tissue obtained from 

organ donor elbows without contractures. These results suggest elevated myofibroblast numbers 

occur throughout the whole joint capsule in posttraumatic elbow contractures, although there is 

some regional variation.

Human elbows are synovial hinge joints that are stabilized by ligaments and an articular 

capsule.18 Contracture formation can result after an injury such as a dislocation and/or 

fracture.14,16 Efforts to mobilize joint injuries in their early stages have been beneficial in 

preventing or decreasing the severity of posttraumatic joint contractures; however, they 

remain a problem.14,16 There is no apparent solution for joint contractures, and contractures 

in elbows are a common complication after injury.15 Changes in the joint capsule are key 

elements that limit joint motion and are poorly understood.3,7

From the perspective of surgical approach, the human elbow capsule is divided into two 

separated regions: the anterior and the posterior capsules. Studies involving other joint 

capsules, such as the hip and shoulder, have shown the structural and material properties 

vary throughout the hip capsule, and this often is associated with observed differences in 

thickness.1,4,17 Biochemical regional variation in joint capsules has been described, with 
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evidence of collagen type II near insertions to bone and in areas of joint capsules under 

compressive loads.2,8 These regional variations in normal joint capsules imply functional 

differences in the capsule and would suggest a pathologic capsule from posttraumatic 

contractures may have regional variation. Work in our laboratory evaluating anterior 

capsules of the human elbow has shown suggestions of elevated myofibroblast numbers and 

an increase in the expression of the myofibroblast marker α-smooth muscle actin (α-SMA) 

in patients with chronic posttraumatic elbow contractures when compared with similar 

tissues obtained from age-matched organ donors free of elbow contractures.7

We hypothesized that α-SMA mRNA levels and myofibroblast numbers are elevated in 

posterior joint capsules obtained from patients with posttraumatic contractures compared 

with similar tissue obtained from joints without contractures. In addition, we hypothesized 

the total extension-flexion arc of motion and elbow flexion have an inverse correlation with 

myofibroblast numbers in posterior joint capsules.

MATERIALS AND METHODS

Experimental posterior joint capsules of human elbows were obtained from eight patients, 

five women and three men, with contractures (mean ± standard deviation [SD], 37 ± 15 

years) at the time of surgery (Table 1). Four patients fractured the distal humerus, three 

patients fractured the radial head, and one fractured the proximal radius and ulna. The 

patients with contractures all had decreased range of motion (ROM) of the elbow with an 

average preoperative extension-flexion arc of motion of 63° ± 22° (normal, > 130°). Six 

elbows from organ donors without contractures were used as the control posterior joint 

capsules (range, 26 ± 15 years). There was no difference in the ages of the two groups. The 

organ donors consisted of four males and two females (Table 1). For organ donors with rigor 

mortis, the clinical history was used to determine whether the joints were free of 

contractures. The tissues from the organ donors were collected within 2 to 18 hours of death 

(body stored at 4°C). It has been reported mRNA levels in periarticular tissue samples are 

unaffected for at least 96 hours after death.11 Institutional review board approval was 

obtained from our institution and donor program.

Immediately after collection, the capsules were stored at −80°C. For immunohistochemical 

analysis, the tissue samples were placed in optimal cutting temperature embedding material 

(Sakura Finetek, Torrance, CA), snap frozen in liquid nitrogen, and stored at −80°C.

Total RNA from each tissue sample was extracted using the TRIspin method.7 The frozen 

tissues were powdered at liquid nitrogen temperatures and TRIzol reagent was added (1 mL 

TRIzol/~30 mg tissue). The mixture was thawed to room temperature and then was kept at 

−20°C until further processing. Chloroform was added to the samples once they were 

thawed and then centrifuged. The aqueous top layer that contained the RNA was removed 

and 70% ethanol was added. The RNase-Free DNase Set Protocol (Qiagen, Chatsworth, CA) 

was used to extract and purify the total RNA. This was accomplished with the RNeasy Total 

RNA kit (Qiagen). Total RNA was quantified using Sybr® Green II (FMC BioProducts, 

Rockland, MN) reagent and was compared with the standards obtained from calf liver. The 

samples were stored at −80°C until analyzed.
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Semiquantitative reverse transcription-polymerase chain reaction (RT-PCR) was performed 

as follows. Reverse transcription (RT) of the total RNA was accomplished with 1 μg of total 

RNA and the Qiagen Omniscript Reverse Transcriptase Kit (Qiagen). RNase inhibitor, 

RNAse-free water, 10× RT buffer, random primers, Omniscript RT, and deoxynucleoside 

triphosphates were added to the template RNA. The mixtures were incubated for 60 minutes 

at 37°C, heated for 5 minutes at 93°C, and then cooled on ice. Aliquots of cDNA were 

amplified with 10× PCR buffer, forward and reverse primers, deoxynucleoside 

triphosphates, and Taq DNA polymerase. Glyceraldehyde-3-phosphate dehydrogenase 

(GAPDH) was used as the loading control gene. Each RT sample was analyzed for GAPDH 

cDNA level and the volumes were normalized. The polymerase chain reaction (PCR) was 

repeated until the integrated density values for GAPDH were similar. Polymerase chain 

reactions were performed with human primers at optimized conditions (Table 2). The 

integrated density values obtained from the assays performed with the human primers were 

compared with an average of the normalized GAPDH values. The PCR profile consisted of 

23 to 35 cycles of 1 minute at 94°C, 1 minute at the annealing temperature, and 1 minute at 

72°C. All assays were performed at least in duplicate for each sample. The PCR products 

were obtained, mixed with loading buffer, and loaded to a 2% agarose gel in which 

electrophoresis occurred. Immediately after, the gels were stained with ethidium bromide 

and destained with distilled water. A photograph of the gel was taken with Polaroid film 

number 55 (Technicare Inc, Calgary, AB, Canada). The standard 1-kb DNA Ladder (Life 

Technologies, Rockville, MD) was used to confirm the proper size of the PCR products. The 

approximate optical densities of the bands were determined by densitometric scanning of 

negatives (Masterscan Interpretive Densitometer, CSPI, Billerica, MA). The scanned images 

were analyzed with restriction fragment length polymorphism scanalytics (Scanalytics, 

CSPI).

We used the following immunohistochemical protocol established in our laboratory.7 A 

double labeling technique was applied for α-smooth muscle actin and laminin. Alpha-

smooth muscle actin was used as the marker for myofibroblasts; however, it also detected 

smooth muscle cells in blood vessels. Because laminin is a marker of blood vessels, it is able 

to distinguish α-SMA in vascular tissue from α-SMA in myofibroblasts.7 Specific 

antibodies were used to detect α-SMA and laminin (Table 3).

Frozen sections were cut at 8 to 10 μm with a cryostat at −25°C and mounted on precoated 

glass slides. The tissues were fixed with acetone at −20°C for 10 minutes and stored at 

−80°C until further processing. Frozen slides were thawed at room temperature and washed 

three times for 5 minutes with 0.1 mol/L phosphate buffered saline (PBS). Endogenous 

peroxidase activity was quenched by incubation in 0.3% hydrogen peroxide in methanol for 

20 minutes. Sections were rinsed three times in PBS for 5 minutes, then nonspecific binding 

was reduced with 10% normal goat serum in PBS applied for 20 minutes at 37°C. The 

monoclonal α-SMA antibody (clone asm-1, Röche Molecular Biochemicals, Laval, QC, 

Canada) was applied (5 μg/mL) and incubated for 60 minutes at 37°C, followed by three 5-

minute washes with PBS. The secondary antibody, a sheep anti-mouse immunoglobulin 

(IgG) horseradish conjugate (Röche), was applied to the sections (dilution 1:100) for 60 

minutes at room temperature followed by three 5-minute washes with PBS. 

Diaminobenzidine (DAB)/peroxide buffer was applied to each section until the end point 
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was reached which took approximately 5 to 10 minutes. The slides were rinsed with PBS 

three times for 5 minutes each. Incubation with the second primary antibody, rabbit anti-

laminin (dilution 1:25; rabbit affinity purified antibodies, Sigma, St Louis, MO), was for 24 

hours at 4°C. Sections then were washed with PBS three times for 5 minutes each. The 

secondary antibody, a goat anti-rabbit IgG antibody conjugated with Alexa Fluor 488 

(Molecular Probes, Eugene, OR), was applied (dilution 1:1000) for 60 minutes in the dark at 

room temperature. Each section was rinsed three times for 5 minutes in PBS. The tissues 

were treated with 4′-6-diamidine-2-phenyl indole (DAPI, Vector Laboratories, Burlington, 

ON, Canada) and cover slips were placed on each section. The slides were stored in the dark 

at 4°C.

A light microscope (Zeiss, Axioskop 2 Plus, Toronto, ON, Canada) was used to view the 

sections. Three randomly selected areas (×200) from each of the six serial sections were 

photographed with a digital camera (Zeiss, Axiocam). Total cell counts were analyzed with 

Image-Pro Plus (Media Cybernetics, Silver Spring, MD). Adobe Photoshop 7.0 (Adobe 

Systems Incorporated, San Jose, CA) was used to determine the myofibroblast numbers. 

Cell nuclei associated with α-SMA and not laminin were counted as myofibroblasts. These 

data were collected as absolute myofibroblast numbers and expressed as a ratio of 

myofibroblast cells to total cells.

The data are presented as mean ± SD. Analysis of the mean data was accomplished by using 

a Student’s t test for two samples assuming unequal variance. Regression analysis was used 

to examine the relationships between myofibroblast numbers or α-SMA mRNA levels and 

total ROM and flexion combining the myofibroblast numbers and elbow motion numbers of 

the two groups. Probability values of 0.05 or less were considered significant.

RESULTS

The mRNA levels for α-SMA were elevated (p < 0.05) in the joint capsules of patients with 

contractures compared with similar tissues from the organ donors without contractures 

(Table 1; Fig 1). The normalized α-SMA/GAPDH ratio for the patients with contractures 

was 3.8 ± 1.8 whereas the value for the organ donors was 2.4 ± 0.6 The mRNA levels of 

GAPDH were greater (p < 0.05) for patients with contractures (0.80 ± 0.08) than for donors 

without contractures (0.59 ± 0.04).

Myofibroblast numbers were greater (p < 0.0002) in the joint capsules of patients with 

contractures compared with the donors without contractures (Table 1; Fig 2). The absolute 

number of myofibroblasts was elevated (p < 0.0002) in the joint capsules of patients with 

posttraumatic contractures (46 ± 12 cells per field) compared with the joint capsules of the 

donors without joint contractures (19 ± 3 cells per field) (Table 1). The percentage of total 

cells that were myofibroblasts was elevated (p < 0.05) in the joint capsules from patients 

with posttraumatic contractures (20% ± 5%) compared with the capsules of the donors 

without contractures (10% ± 1%) (Table 1). The total number of cells per field was similar in 

the groups (Table 1).
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Regression analysis of the data indicated an inverse correlation between total extension-

flexion arc of motion and myofibroblast numbers (r2 = 0.77; p < 0.0001). This inverse 

relationship was also seen when comparing the degree of flexion and the number of 

myofibroblasts (r2 = 0.56; p = 0.0001).

DISCUSSION

Regional variation has been reported in biomechanical and biochemical evaluations of 

normal capsules obtained from hips, shoulders, knees, and facet joints.1,4,13,17 There is no 

information on regional variation in the elbow capsule, or pathologic joint capsule in 

posttraumatic contractures. Previously, we found an increase in myofibroblasts in the 

anterior joint capsule of the human elbow with posttraumatic contractures when compared 

with similar tissue obtained from organ donors free of contractures.7 We found inverse 

correlations between myofibroblast numbers of the posterior joint capsule and total arc of 

extension-flexion and flexion of the elbow. Total cellularity in the posterior joint capsule was 

similar in the two groups.

Our study has several limitations. The gene product detected in the gel was not sequenced to 

confirm it is α-SMA. However, the increased numbers of myofibroblasts shown by 

immunohistochemical techniques detecting α-SMA protein are consistent with the elevated 

mRNA levels of the gene product that was detected at the expected base-pair site for the α-

SMA primers. Only one evaluator (M.Z.) determined the myofibroblast and cell numbers in 

the immunohistochemistry studies. Although this enhances reliability, it may introduce 

systematic bias. However, this same evaluator counted cells and myofibroblasts in previous 

studies of the anterior joint capsule done in our laboratory, which allows comparisons to be 

made between the studies on the anterior and posterior capsules of human elbows.5,7 

Another possible limitation to the current study is that regional variation may exist in the 

posterior (or anterior) joint capsule. Although defining anterior versus posterior joint capsule 

is easy anatomically and surgically, it is technically difficult to consistently sample the same 

parts or region of the anterior or posterior joint capsule surgically. Therefore, it is difficult to 

pool regional results in an anterior or posterior elbow capsule.

The RT-PCR results suggested the two groups differed in the GAPDH. However, since the 

alterations of the α-SMA mRNA levels in the two groups were greater than the alterations of 

the GAPDH mRNA levels, the difference in GAPDH is insignificant and did not make 

enough of an effect on the overall trend observed. A significant difference between the 

groups for the α-SMA/GAPDH ratios was still seen. Thirty-five cycles were used to detect 

the α-SMA which is consistent with results of studies of matrix and cellular molecules from 

joint capsules and ligaments.6,7,9,10

We found differences in the cellularity and the number of myofibroblasts between the 

posterior and anterior joint capsules of these two groups (Table 4). The anterior capsule of 

normal and pathologic joints had increased cellularity with respect to the posterior joint 

capsule. The total cell counts were approximately four times greater in the anterior capsule 

compared with the posterior capsule. Myofibroblast numbers also were dependent on 

location (anterior versus posterior). When considering donor (control) elbows, myofibroblast 
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numbers were approximately 3.5 times greater in the anterior capsule than in the posterior 

capsule. However, the percentage of total cells that were myofibroblasts was similar; 10% in 

the posterior control capsules and 9% in the anterior control capsules. When considering 

myofibroblast numbers in elbows with contractures, there seemed to be a selectively greater 

increase of myofibroblasts in the anterior capsule compared with the posterior capsule. The 

myofibroblast numbers in the anterior capsule of patients with contractures was at least 

seven times greater than in the posterior capsule (Table 4). The control donors used for the 

posterior capsule analysis were the same donors used in our previous study.7 For the control 

capsule, age, gender, and genetics were matched. Myofibroblast proliferation occurs 

throughout the entire joint capsule in patients with post-traumatic joint contractures. The 

differences in cellularity and myofibroblast numbers between anterior and posterior capsules 

were not likely the result of laboratory methods. The experimental techniques used for the 

anterior capsule were identical to those used for the posterior capsule.

Reports of comparisons of biomechanical variations in human hip and shoulder capsules are 

similar to the cellular comparisons made in this study.13,17 The human hip capsule differs in 

thickness and tangent structural stiffness, therefore heterogeneity exists throughout the hip 

capsule.17 Similar work describing regional variation has been done on the proximal 

interphalangeal joint of the human finger and the dorsal capsule of the lumbar and thoracic 

facet joints.2,8 Some studies13,17 have focused on functional differences rather than cellular 

differences, although one histologic study compared normal shoulder capsules with unstable 

shoulders and shoulders after failed thermal capsulorrhaphy.12 The investigators did not 

discuss regional variation, but confirmed a difference in cellularity between injured and 

uninjured capsules.12 Being able to characterize and understand the entire capsule is 

important because each component of a joint has a certain purpose in joint function. In 

addition, strategies to modify cellular factors with techniques such as gene therapy, may be 

different depending on where the cells are located to be modified.

We determined that myofibroblast numbers and normalized α-SMA mRNA levels are 

elevated in posterior joint capsules of patients with posttraumatic joint contractures when 

compared with similar tissues obtained from age-matched organ donor elbows that were free 

of contractures. The myofibroblast numbers in the posterior joint capsules are inversely 

related to the total extension-flexion arc of motion and the maximum elbow flexion. We 

found an increase in the total cellularity of the anterior joint capsule when compared with 

the posterior joint capsule in normal organ donor elbows.7 Anterior and posterior joint 

capsules have increased numbers of myofibroblasts over the organ donor control capsules, 

but there is a selectively greater increase of myofibroblast numbers in the anterior capsule 

when compared with the posterior capsule.
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Fig 1. 
A–B. (A) A graph shows the optical density measures for the contracture (n = 8) and control 

(n = 6) specimens. (B) A representative RT-PCR analysis shows α-SMA mRNA expression 

and the housekeeping gene, GAPDH. The α-SMA appears at 591 bp and GAPDH appears at 

326 bp. There are eight contracture specimens and six control specimens.
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Fig 2. 
A–F. Immunohistochemical analyses were done of the posterior joint capsule from an organ 

donor free of contractures (A–C), and a patient with a contracture (D–F). The images are 

from the same area of the same section for each specimen. Images A and D represent α-

SMA (α-SMA antibody (original magnification, ×200). Images B and E represent laminin 

(Stain, laminin antibody; original magnification, ×200). Images C and F represent cell nuclei 

(Stain, DAPI; original magnification ×200). The closed grey arrows indicate the vascular 

structures in cross section, and the open grey arrows indicate the vascular structures in 

longitudinal section. The white arrows show areas where there is positive α-SMA staining 

without laminin indicating myofibroblasts. Myofibroblasts were seen in the contracture 

group, but were not seen in the control group.

Germscheid and Hildebrand Page 9

Clin Orthop Relat Res. Author manuscript; available in PMC 2010 November 02.

C
IH

R
 A

uthor M
anuscript

C
IH

R
 A

uthor M
anuscript

C
IH

R
 A

uthor M
anuscript



C
IH

R
 A

uthor M
anuscript

C
IH

R
 A

uthor M
anuscript

C
IH

R
 A

uthor M
anuscript

Germscheid and Hildebrand Page 10

TA
B

L
E

 1

D
at

a 
Su

m
m

ar
y

C
on

tr
ac

tu
re

To
ta

l M
ot

io
n 

(°
)

P
re

op
er

at
iv

e 
E

xt
en

si
on

 (
°)

P
re

op
er

at
iv

e 
F

le
xi

on
 (

°)
M

yo
fi

br
ob

la
st

s
P

er
ce

nt
 M

yo
fi

br
ob

la
st

s
To

ta
l C

el
ls

α
-S

M
A

 m
R

N
A

E
xp

er
im

en
ta

l
60

40
10

0
54

26
20

3
2.

3

58
32

90
52

22
24

2
2.

4

73
44

11
7

44
21

20
6

4.
2

85
38

12
3

27
20

13
4

3.
4

57
28

85
47

19
25

3
7.

2

15
75

90
57

20
28

5
5.

5

81
45

12
6

58
21

27
3

3.
1

74
34

10
8

29
10

27
9

2.
0

M
ea

n
63

42
10

5
46

*
20

‡
23

4
3.

8†

SD
22

14
15

12
5

51
1.

8

C
on

tr
ol

>
 1

30
—

—
18

10
18

2
2.

0

>
 1

30
—

—
15

10
15

5
1.

9

>
 1

30
—

—
18

10
19

1
3.

2

>
 1

30
—

—
18

9
19

9
2.

5

>
 1

30
—

—
21

11
18

8
1.

8

>
 1

30
—

—
25

10
24

9
2.

9

M
ea

n
>

 1
30

—
—

19
*

10
‡

19
4

2.
4†

SD
—

—
—

3
1

31
0.

6

To
ta

l m
ot

io
n 

=
 e

xt
en

si
on

-f
le

xi
on

 a
rc

 o
f 

m
ot

io
n;

 m
yo

fi
br

ob
la

st
s 

=
 n

um
be

r 
of

 c
el

ls
/f

ie
ld

; p
er

ce
nt

 m
yo

fi
br

ob
la

st
s 

=
 m

yo
fi

br
ob

la
st

 n
um

be
rs

/to
ta

l c
el

l n
um

be
rs

; t
ot

al
 c

el
ls

 =
 n

um
be

r 
of

 c
el

ls
/f

ie
ld

; α
-S

M
A

 
m

R
N

A
 =

 o
pt

ic
al

 d
en

si
ty

 o
f 

sc
an

ne
d 

se
m

iq
ua

nt
ita

tiv
e 

R
T-

PC
R

 α
-S

M
A

/G
A

PD
H

 m
R

N
A

 e
xp

re
ss

io
n;

 S
D

 =
 s

ta
nd

ar
d 

de
vi

at
io

n;

* Si
gn

if
ic

an
tly

 d
if

fe
re

nt
 a

t p
 <

 0
.0

00
2;

† Si
gn

if
ic

an
tly

 d
if

fe
re

nt
 a

t p
 <

 0
.0

5;

‡ Si
gn

if
ic

an
tly

 d
if

fe
re

nt
 a

t p
 <

 0
.0

5

Clin Orthop Relat Res. Author manuscript; available in PMC 2010 November 02.



C
IH

R
 A

uthor M
anuscript

C
IH

R
 A

uthor M
anuscript

C
IH

R
 A

uthor M
anuscript

Germscheid and Hildebrand Page 11

TA
B

L
E

 2

L
is

t o
f 

Pr
im

er
s

P
ri

m
er

Se
qu

en
ce

Si
ze

 (
bp

)
T

A
 (

°C
)

T
M

 (
°C

)
O

pt
im

al
 C

yc
le

s

G
A

PD
H

5′
-T

C
A

C
C

A
T

C
T

T
C

C
A

G
G

A
G

C
G

A
-3

′ 
(f

or
w

ar
d)

5′
-A

G
T

G
A

T
G

G
C

A
T

G
G

A
C

T
G

T
G

G
-3

′ 
(r

ev
er

se
)

32
6

65
62

23

α
-S

M
A

5′
-G

C
T

C
A

C
G

G
A

G
G

C
A

C
C

C
C

T
G

A
A

-3
′ 

(f
or

w
ar

d)
5′

-C
T

G
A

TA
G

G
A

C
A

T
T

G
T

T
G

A
C

A
T-

3′
 (

re
ve

rs
e)

59
1

60
58

35

T
A

 =
 a

nn
ea

lin
g 

te
m

pe
ra

tu
re

; T
M

 =
 m

el
tin

g 
te

m
pe

ra
tu

re
; G

A
PD

H
 =

 g
ly

ce
ra

ld
eh

yd
e-

3-
ph

os
ph

at
e 

de
hy

dr
og

en
as

e;
 α

-S
M

A
 =

 a
lp

ha
-s

m
oo

th
 m

us
cl

e 
ac

tin

Clin Orthop Relat Res. Author manuscript; available in PMC 2010 November 02.



C
IH

R
 A

uthor M
anuscript

C
IH

R
 A

uthor M
anuscript

C
IH

R
 A

uthor M
anuscript

Germscheid and Hildebrand Page 12

TABLE 3

Antibodies

Protein

Primary Antibody Secondary Antibody

Antibody Dilution Antibody Dilution

α-SMA Anti α-SMA monoclonal antibody 5 μg/mL Sheep anti-mouse IgG horseradish conjugate 1:100

Laminin Rabbit anti-laminin 1:25 Goat anti-rabbit IgG antibody conjugated with alexa fluor 488 1:1000

α-SMA = alpha-smooth muscle actin
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TABLE 4

Comparison of Cellularity and Myofibroblasts in Elbow Capsules

Specimen Total Cells Myofibroblasts Percent Myofibroblasts

Control

 Anterior 845 ± 335 69 ± 41 9 ± 0.04

 Posterior 194 ± 31 19 ± 3 10 ± 1

Contracture

 Anterior 919 ± 187 326 ± 61 36 ± 0.04

 Posterior 234 ± 51 46 ± 12 20 ± 5
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