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Objectives: A knee joint contracture, a loss in passive range of motion (ROM), can be caused 

by prolonged immobility. In a rat knee immobilization flexion contracture model, the posterior 

capsule was shown to contribute to an irreversible limitation in ROM, and collagen pathways 

were identified as differentially expressed over the development of a contracture. Collage-

nases purified from Clostridium histolyticum are currently prescribed to treat Dupuytren’s and 

Peyronie’s contractures due to their ability to degrade collagen. The potential application of 

collagenases to target collagen in the posterior capsule was tested in this model.

Materials and methods: Rats had one hind leg immobilized, developing a knee flexion 

contracture. After 4 weeks, the immobilization device was removed, and the rats received one 

50 µL intra-articular injection of 0.6 mg/mL purified collagenase. Control rats were injected 

with only the buffer. After 2 weeks of spontaneous remobilization following the injections, 

ROM was measured with a rat knee arthrometer, and histological sections were immunostained 

with antibodies against rat collagen types I and III.

Results/conclusion: Compared with buffer-injected control knees, collagenase-treated knees 

showed increased ROM in extension by 8.0°±3.8° (p-value ,0.05). Immunohistochemical 

analysis revealed an increase in collagen type III staining (p,0.01) in the posterior capsule of 

collagenase-treated knees indicating an effect on the extracellular matrix due to the collagenase. 

Collagen I staining was unchanged (p.0.05). The current study provides experimental evidence 

for the pharmacological treatment of knee flexion contractures with intra-articular collagenase 

injection, improving the knee ROM.

Keywords: joint, contracture, collagen, immobilization range of motion

Introduction
A knee joint contracture, or the loss of passive range of motion (ROM) of the knee 

joint, affects normal mobility and negatively impacts a person’s daily life. Contractures 

can severely inhibit a person’s independence and healthy life style. They may require 

medical attention, especially when multiple limbs are affected.1

Contractures can develop in a variety of ailments, including congenital disorders,2 

arthritis,3 secondary to injury,1 as a complication of arthroplasty,4 and after extended 

periods of immobility.5–7 In one report, .70% of institutionalized elderly patients 

who were immobile had at least one joint contracture compared with none in mobile 

patients.6 Prolonged immobility is also enforced in the intensive care unit; a stay of 

over 2 weeks was associated with at least one functionally restrictive contracture in 

over a third of patients,5 and 70% of these patients still had self-reported issues with 

reduced mobility at 3.3 years after discharge.8 In knee arthroplasty patients, a 3.6% 

occurrence of contractures was reported at 2 years post surgery4; in the US, this 

corresponds to 4,630 new cases of knee flexion contractures every year out of the 
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130,000 knee replacement surgeries performed on patients 

with disabling arthritis.9

Joint contractures develop slowly, are chronic, and have 

been treated with limited success.10–12 While prevention is 

the preferred approach, most contractures are diagnosed only 

after they have become chronic. The most common treatment 

is physical therapy with manual stretching and splinting, 

even though their efficacy lacks evidence.1,11,13 Posterior knee 

joint capsule surgical release is considered for functionally 

limiting contractures refractory to medical management. 

While effective, the surgery is reported to be technically 

demanding, is risky due to important blood vessels and nerves 

in close proximity to the capsule, and can create instability 

and other surgical complications.11 The current treatments for 

joint contractures are inadequate, and knee joint contractures 

can permanently impair a person’s mobility.

Pharmacological treatments for joint contractures are 

emerging and most are in the experimental phase.14,15 A treat-

ment with collagenase purified from Clostridium histolyticum 

(Endo Pharmaceuticals Inc., Xiaflex®, Malvern, PA, USA), 

further referred to as CCH, has been approved for treatment 

of contractures in Dupuytren’s disease and Peyronie’s disease 

and is currently in commercial review for adhesive capsulitis 

in the shoulder.16,17 In Dupuytren’s disease, a build-up of col-

lagen in the palmar and plantar aponeuroses is thought to limit 

the mobility of joints in the fingers and toes,18 and therefore, 

collagenase treatment is a logical course. Regarding knee 

flexion contractures, a rat model has demonstrated fibrosis 

of the posterior capsule as a predominant cause limiting knee 

extension.11,18–21 Further research has demonstrated changes in 

gene expression of collagen pathways9 as well as changes in 

collagen protein levels and organization in the knee capsule 

during contracture development.3,18,22,23 We hypothesized 

that pharmacologically targeting the collagen matrix in the 

posterior capsule of a knee with flexion contracture would 

result in increased ROM in extension. As a proof of concept, 

collagenases were locally administered to treat immobility-

induced knee flexion contracture in the rat model.24

Materials and methods
Animals and surgery
The following was approved by the University of Ottawa’s 

Animal Care Committee under the protocol name “Knee 

Joint Contractures: Reversibility and Molecular pathways” 

(protocol no ME-2461). Animal welfare guidelines from 

the University of Ottawa’s Animal Care Committee were 

followed. Twenty adult male Sprague Dawley rats (Charles 

River Laboratories, St-Constant, Quebec, Canada) had one 

hind leg surgically immobilized at a 45° flexion angle between 

the femur and tibia, as previously described,23 for 4 weeks. 

Briefly, under halothane anesthesia, steel screws were 

used to fix a Delrin® plate (DuPont Engineering Polymers, 

Wilmington, DE, USA) internally but extra-articularly to 

the proximal femur and distal tibia. The side of surgery was 

alternated between rats and the contralateral hind legs had no 

intervention. After 4 weeks of immobilization, screws and 

plates were removed under similar surgical conditions. CCH 

(Endo Pharmaceuticals Inc., Xiaflex, Malvern, PA, USA) was 

suspended in the provided saline–calcium buffer according to 

the manufacturer’s guide. At the same time as plate removal, 

the experimental knees were intra-articularly injected with a 

sterile 27-gauge needle using a lateral approach. Treated rats 

received 50 µL of 0.6 mg/mL CCH and control rats received 

50 µL of the provided buffer. The dosage of collagenase 

selected was based on the manufacturer’s recommendation 

of reconstitution volume of 0.25 mL to be added to the vial 

containing 0.58 mg of dry collagenase. From the reconstituted 

collagenase, the injected volume was 50 µL and corresponded 

to half of the previously reported intra-articular volume of 

the rat knee, that is, 100 µL.32 Rats were allowed 2 weeks of 

unassisted remobilization after plate removal and injection. 

ROM in extension was immediately measured after each rat 

was euthanized with carbon dioxide inhalation.

ROM measurements
ROM in extension of both the experimental and contralateral 

hind legs were measured using an automatic arthrometer 

developed by the Bone and Joint Research Laboratory at the 

University of Ottawa, as previously described.25 Briefly, the 

femur was clamped onto the arthrometer and a rotating arm 

approaching posteriorly at the ankle displaced the tibia at 

four predetermined torques: 2.5, 7.5, 12.5, and 23.4 N⋅cm. 

At each torque, a picture was captured with a mounted 

camera (Canon EOS-500D, Tokyo, Japan). The skin and 

posterior musculature at the calf and hamstrings were then 

sharply divided (ie, cut perpendicularly to the bone), and 

ROM measurements were repeated at the same four torques; 

this second set of data was referred to as “muscle off”. Knee 

ROM measurements in extension were then conducted 

on the contralateral leg, with muscle on and muscle off. 

Images were imported into ImageJ software,26 and the angle 

between the femur and tibia was measured using landmarks 

of the arthrometer (femur clamp and center of rotation) 

and the lateral malleolus of the tibia. The angle was mea-

sured using ImageJ, and the R environment27 was used for 

statistical analysis.28
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Histology
After mechanical testing with the arthrometer, rat knee 

joints were fixed in 10% formalin overnight at 4°C. Knees 

were decalcified in 10% ethylenediaminetetraacetic acid 

for 60 days. Knees were embedded in paraffin, and 7 µm 

sagittal sections at the medial mid-condylar level were pre-

pared. Primary antibodies for Col I (GeneTex, GTX20292, 

Irvine, CA, USA) and Col III (Bioss Inc., bs-0549R, 

Woburn, MA, USA) were diluted in water in the ratio 1:300 

and 1:500, respectively. Sections were incubated overnight 

at 4°C. Positive staining was revealed with MACH 4 HRP-

Polymer (Biocare Medical, Concord, CA, USA) and Liquid 

DAB Substrate Pack (BioGenex, HK103-5K, Fremont, 

CA, USA). Sections were counterstained with hematoxylin 

(Thermo Electron Corporation, Waltham, MA, USA) and 

mounted. Four fields along the posterior capsule in the 

stained sections were visualized with an Olympus BH-2 

light microscope and a Marlin F080C digital camera (Allied 

Vision Technologies, Exton, PA, USA) with AVT Smartview 

1.5.1 software at 66×. Images were imported to ImageJ and 

converted to an RGB stack. The blue channel was chosen 

to eliminate intensity from the hematoxylin staining and 

focus on the immunostain. The intensity of the staining was 

quantified using the area under the plot profile graph and a 

completely black image would be interpreted as 100% stain-

ing intensity. Staining intensity was measured in all knee 

specimens in fields viewed at 20× magnification. The number 

of fields analyzed from each group was as follows: n=44 

fields from buffer knees, n=36 fields from collagenase-treated 

knees, and n=64 fields from contralateral knees. Results 

were reported as the average ± SD. An unpaired Student’s 

t-test was used to test for differences between CCH-injected, 

buffer-injected, and contralateral knee capsule staining.

Other sections of CCH- and buffer-injected knees were 

stained with hematoxylin and eosin to inspect for articular 

damage to the femoral and tibial articular cartilage. Repre-

sentative slides at 13.2× and 33× are presented.

Results
Knee ROM in extension
Pictures of the automated arthrometer with a rat leg posi-

tioned for ROM measurement of knee extension are shown 

in Figure 1. The rat femur was positioned over the center of 

rotation of the arthrometer and the leg rested on the movable 

arm that was pushed in extension at 0.69 rad/second to 

reach the following torques: 2.5 N⋅cm (Torque 1), 7.5 N⋅cm 

(Torque 2), and 12.5 N⋅cm (Torque 3). Measures of ROM in 

extension for each torque are indicated. ROM averages for 

immobilized and contralateral knees of each experimental 

group (CCH-treated and buffer-treated rats) are presented in 

Table 1 and Figure 2. The contralateral leg was +37.7°±1.2° 

more extensible than the immobilized leg (p,0.001, Table 2), 

and ROM was significantly higher (+33.8°±1.7°) as the 

torque increased from 2.5 to 23.4 N⋅cm (p,0.001, Table 2). 

Figure 1 Pictures of the automatic arthrometer developed by The Bone and Joint Laboratory and used to measure the knee ROM in extension.
Notes: Images show a rat leg without skin and with muscle mounted on the arthrometer with measures of the ROM in extension at (A) torque 1 (131°), (B) torque 2 (149°), 
and (C) torque 3 (161°).
Abbreviation: ROM, range of motion.
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For “muscle on” data, ROM was +23.8°±1.2° compared 

to “muscle off” (p,0.001, Tables 1 and 2). The ROM of 

immobilized knees injected with CCH was +8.0°±3.8° 

compared to buffer injected (p,0.05, Table 2). Variability 

of ROM measures in each group is displayed by box plots 

(Figure 3). A higher variability is evident in CCH-injected 

knees compared with buffer-injected knees; ROM data for 

buffer-injected knees distributed closely around the median 

compared with CCH-injected knees (Figure 3).

Histology
Col I staining was significantly higher in the posterior cap-

sule of experimental knees than in the contralateral knees 

(Figure 4A, p,0.01 for CCH injected and p=0.05 for buffer 

injected). The increase in Col I staining in the posterior cap-

sule of CCH-injected knees compared to buffer-treated knees 

did not reach statistical significance (p.0.05). Representative 

images of stained knee sections used for the quantitative 

analysis are presented in Figure 4B. There were significant 

increases in Col III staining of CCH-treated capsules com-

pared with both buffer-treated (p,0.01) and contralateral 

(p,0.01) samples.

The surfaces of the articular cartilage of the femur and 

tibia of contralateral knee joints appeared smooth and 

undamaged (Figure 5). The articular cartilage of both 

buffer-injected and CCH-injected knees presented some 
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Figure 2 Mean extension angles of CCH-injected and buffer-injected experimental rat knees.
Notes: After 4 weeks of immobilization, experimental knees were intra-articularly injected and given 2 weeks for spontaneous remobilization. Mean angles were calculated 
after measurement of ROM at four torques (2.5, 7.5, 12.5, and 23.4 N⋅cm) with muscle on and then after sectioning the muscle (muscle off). Mean ROM values are given 
within each bar along with the mean gain in ROM with CCH treatment (number above buffer bar). The difference between the groups was most noticeable with muscle 
off and at the highest torque, where ROM in the treated legs was higher than the control legs. Means are presented with standard error. Collagenase, n=9; buffer, n=11. 
(Statistical analysis is presented in Table 2.)
Abbreviations: CCH, collagenase Clostridium histolyticum; ROM, range of motion.

Table 1 Mean extension angles between tibia and femur for both legs of CCH-injected and buffer-injected rats, with muscle on and 
muscle off and at four torques

Muscle Torque 
(N⋅cm)

CCH (n=9) Buffer (n=11)

Immobilized Contralateral Immobilized Contralateral

Mean (°) SEM Mean (°) SEM Mean (°) SEM Mean (°) SEM

On 2.5 93.3 6.7 134.7 4.5 89.5 2.8 125.1 2.7
7.5 98.4 7.2 143.8 4.3 95.7 3.2 134.5 2.6
12.5 116.2 7.7 156.3 3.0 105.6 3.7 145.4 2.4
23.4 133.4 6.4 169.4 2.6 119.1 4.1 157.0 2.3

Off 2.5 128.5 6.4 156.0 2.1 111.8 8.8 147.2 2.3
7.5 134.8 6.8 162.0 2.1 117.7 2.6 153.2 2.2
12.5 142.6 7.6 173.6 2.0 126.8 2.7 161.8 2.5
23.4 175.5 9.3 189.6 5.4 140.5 4.2 173.7 3.6

Notes: After 4 weeks of immobilization, experimental knees were intra-articularly injected with CCH (50 µL, 0.6 µg/µL) or buffer (50 µL). After 2 weeks of spontaneous 
remobilization, ROM was measured with an automatic arthrometer at torques 2.5, 7.5, 12.5, and 23.4 N⋅cm, with muscle on and muscle off. Mean extension angles are 
presented with standard error. (Statistical analysis is provided in Table 2.)
Abbreviations: CCH, collagenase Clostridium histolyticum; ROM, range of motion; SEM, standard error of mean.
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irregularities limited to the surface and was comparable for 

both experimental groups.

Discussion
This study sought to evaluate the potential therapeutic effect 

of a single intra-articular collagenase injection to reverse knee 

flexion contractures. Supporting our hypothesis, rat knees 

with flexion contractures gained 8.0°±3.8° in extension; 

a statistically significant increase in ROM compared with 

buffer-injected knees. In clinical terms, a gain of 8.0°±3.8° 

of extension at the knee can improve a person’s gait, energy 

expenditure, and function.

The tissues targeted by the intra-articular injection of 

CCH and the molecular mechanisms involved were inves-

tigated. ROM measured after sectioning transarticular 

muscles confirmed the involvement of the posterior capsule 

in preventing full extension of the knee. In agreement with 

previous literature, our data indicate that joint contrac-

tures induced by immobilization are caused by myogenic 

and arthrogenic structures, mainly the posterior articular 

capsule.25 Moreover, for long-lasting contractures, the cap-

sule contribution to the contracture was more important than 

the muscular contribution.29 After 4 weeks of immobilization, 

spontaneous recovery of ROM was limited, and joint contrac-

tures persisted for at least 16 weeks after remobilization.29,30 

At 4  weeks of immobilization with no remobilization, 

a previous study showed flexion contractures with a mean 

of 101° in extension.30 In the current study, a 4-week con-

tracture was treated with CCH, and its effect was measured 

after 2 weeks. The experimental protocol tested the effects 

of CCH on established contractures that do not reverse with 

spontaneous remobilization.

The increase in rat knee range of extension after treatment 

was significant; however, full extension was not restored. 

The incomplete resolution of the contracture after a single 

injection of intra-articular collagenase may be due to dosing, 

frequency, and/or timing. Dosing and frequency in this study 

were based on previous literature and the clinical monograph 

of CCH for the treatment of Dupuytren’s contractures.31 

A single injection of 0.58 mg of CCH is recommended 

to restore finger joint mobility restricted by the fascia in 

the palm of the hand.31 For our study, the authors chose to 

mimic dosing as is prescribed to the patients of Dupuytren’s 

contracture. Further studies may adjust and modify dosing to 

determine the most optimal posology. Previous studies have 

shown that a maximum of 100 μL can be injected into a rat 

° °

Figure 3 Box plots showing the degree of variation for ROM for experimental and contralateral knees of buffer-injected and CCH-injected rats.
Notes: The black lines represent median values for each group: experimental (Exp) or contralateral (ConLat) with muscle on (on) or sectioned (off). Each box represents 
the interquartile range, whiskers indicate the range of highest and lowest extension angles that are nonoutliers, and outliers (outside 1.5 times the interquartile range) are 
plotted as individual points. CCH, n=9; buffer, n=11.
Abbreviations: CCH, collagenase Clostridium histolyticum; ROM, range of motion.

Table 2 Statistical linear mixed effect modeling to determine the 
effect of CCH injection compared to buffer injection on the ROM 
of a rat knee with contracture

Linear model: ROM ~ injection + torque + muscle + leg + 
(error: rat.ID)

Estimated 
increase (°)

Standard 
error

p-value Estimated 
increase (°)

Standard 
error

p-value

Buffer to CCH Torque 2.5 N⋅cm to torque 
23.4 N⋅cm

8.0 3.8 0.046 33.8 1.7 1.0×10−58

Muscle on to muscle off Immobilized to contralateral

23.8 1.2 3.9×10−55 37.7 1.2 4.3×10−95

Notes: CCH injection with 2 weeks of spontaneous remobilization increases ROM 
by 8.0° (±3.8°) with a p-value of 0.046. CCH, n=9; buffer, n=11.
Abbreviations: CCH, collagenase Clostridium histolyticum; ROM, range of motion.
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knee joint without disruption,32 and 50 μL volumes have been 

used in other intra-articular rat knee injection studies.33–35 

Similar to Dupuytren’s treatment, CCH in our model was 

administered after the contracture was established. Proceed-

ing from this study, the optimization of posology, timing, and 

frequency of administration is necessary to address residual 

contractures. Current treatment of Dupuytren’s contrac-

tures includes finger stretching in extension performed at 

24–72 hours after injection to facilitate disruption of collagen 

build-up.36 Also, CCH injections may be repeated up to three 

times at ~4-week intervals. Similarly, for knee flexion con-

tracture, establishment of a collagenase treatment to increase 

ROM could include physical therapy and stretching, more 

than one injection, and/or a higher dosage.

The amplitude of ROM gained after CCH injection was 

comparable to previously published studies designed to test 

the effects of injected intra-articular drug compounds on con-

tractures using animal models. In a study with experimental 

rats undergoing surgical knee trauma with postoperative 

immobilization, a single intra-articular injection of montelu-

kast (leukotriene receptor antagonist), triamcinolone (corti-

costeroid), and forskolin (increases cAMP) led to increases 

in extension of 12°, 23°, and 10°, respectively, compared 

with control rats.37 In a mouse model of immobilized knees, 

intra-articular injection of oligonucleotides designed to 

inhibit the expression of the hypoxia inducible factor 1 gene 

gained ~10° extension at 1 week after injection.38 Similar to 

intra-articular-injected CCH, these compounds increased 

Figure 4 Immunostaining of collagen type I and collagen type III in the posterior capsule from contralateral knees and experimental knees intra-articularly injected with 
CCH or buffer.
Notes: (A) The extracellular matrix staining was quantified using ImageJ. Intensity of staining as a percentage is presented in the bar graphs (with total black considered as 
100%). Experimental capsules (both CCH and buffer) showed significantly more staining than contralateral for collagen type I. Quantification of collagen type III staining for 
the same capsules showed a significant increase in staining in the CCH-treated capsule compared with buffer-treated and contralateral capsules (n=44 fields from buffer knees, 
n=36 fields from CCH knees, and n=64 fields from contralateral knees). (B) Representative micrographs of sections from the posterior knee capsule from joint injected with 
either buffer or collagenase (CCH) and stained with collagen type I or type III are shown.
Abbreviation: ns, not significant.
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ROM but did not completely reverse the contracture. While 

rat knee ROM cannot be directly correlated with human knee 

ROM, two studies report the benefit of even a slight gain in 

knee extension. In the first study, a loss of knee extension 

as little as 5° resulted in a limp and abnormal gait.11 In the 

second study of 18 patients who had received arthroscopic 

lysis of posterior capsule adhesions, a mean improvement of 

6.11° was reported between preoperative and postoperative 

ROM flexion contracture.39 Thirteen of the 15 patients the 

researchers were able to contact indicated overall satisfac-

tion with the procedure.39 These two studies support not only 

a statistical but also a functional impact of a gain of 8° of 

knee extension.

The molecular mechanisms involved in capsule changes 

leading to joint contractures are not well understood. Abnor-

mal fibrosis involving the extracellular matrix, in particular 

collagen content and organization, has been proposed. 

Strategies to target articular fibrosis and restore complete 

ROM have been tested with limited success. Intra-articular 

injection of decorin had no significant effect on ROM in a 

rabbit knee contracture model.40,41 Collagenase therapy has 

the potential to treat a variety of conditions caused by excess 

collagen and reorganization of the matrix in connective 

tissues. CCH for the treatment of Dupuytren’s hand contrac-

tures has had its enzyme activity of degrading collagen exten-

sively studied.42 Prokaryotic collagenase, such as those from 

C. histolyticum, has broad substrate specificity and has been 

reported to degrade a wide variety of collagen types.43,44 The 

mix of purified collagenase used in the current study has been 

shown to spare collagen type IV,42 the main component of 

basement membrane. This has important clinical value given 

the proximity of neurovascular structures to the posterior 

Figure 5 Hematoxylin and eosin staining of contralateral knees and experimental knees intra-articularly injected with CCH or buffer.
Notes: Original magnification of 13.2× and 33×. The articular cartilage along the femoral condyles and tibial plateaus of the contralateral joints is smooth and undamaged. 
The cartilage of joints with contractures is uneven; however, CCH-injected knee joints show no further damage compared to the buffer-injected joints.
Abbreviation: CCH, collagenase Clostridium histolyticum.
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knee capsule. The current study demonstrates a potential new 

use of CCH to treat knee flexion contractures.

A concern with using intra-articular collagenase treat-

ments for joint contractures is the possible degradation of 

collagen type II in the articular cartilage. In a rabbit model, 

knee injections of C. histolyticum collagenase have been used 

to induce osteoarthritis (OA).45 However, the dosage used to 

induce OA was more than 30-fold higher (1 mg compared to 

30 µg), and the injections were performed twice, at days 1 

and 4, compared to our experiment where injection was 

performed only once.45 Contractures secondary to immobi-

lization without collagenase injections are known to deterio-

rate the articular cartilage, including an increase in surface 

irregularity.46 Microscopic examination of rat knees with 

contracture showed surface irregularity compared with the 

contralateral knees, likely resulted from the immobilization, 

as previously reported.46 Qualitatively, knees injected with 

CCH showed no further structural damage to the cartilage 

compared to the buffer-injected knees. The experimental 

knees were examined after only 2 weeks of remobilization 

and it is possible that there would be further damage after 

2 weeks post injection. The stability and long-term activity 

of this collagenase mix have not yet been fully character-

ized. Clinically, patients with preoperative contractures 

have an increased likelihood of developing contracture post 

total knee arthroplasty.4 In these cases, the entire cartilage 

surfaces are replaced with material components, and there 

is no articular cartilage available to be subjected to damage 

from collagenase. This constitutes a potential application of 

intra-articular collagenase treatment of joint contractures in 

patients who do not have viable cartilage. Potential damage of 

other connective tissues present in the knee, such as tendons 

and ligaments, has not yet been investigated.

An interesting finding in this study is the significantly 

higher ROM in the contralateral knees of the rats treated with 

CCH compared with those of the buffer-treated rats, even 

though no interventions were performed on the contralateral 

legs. This finding is consistent with data from a rabbit con-

tracture model showing additional contractures developing 

in contralateral knee of immobilized animals compared with 

unoperated controls.14 These results are also congruent with 

clinical studies of OA patients with knee flexion contractures 

who also had limited ROM in the contralateral leg when com-

pared with OA patients without contractures.47 Contralateral 

legs may compensate for the lack in ROM in the affected leg 

by establishing habitual flexion. In this experiment, we con-

clude that the increased ROM in the treated knee allowed for 

further ROM in the contralateral leg, supporting the evidence 

that the treatment increases functional ROM.

Limitations to this study include two rats in the CCH-

treated group that had notably increased the variability of 

ROM and were identified as outliers at the highest torque 

measured post myotomy. Their lower ROM could be attrib-

uted to the blind injection missing the intra-articular space, 

and CCH may not have reached the posterior capsule. Train-

ing for intra-articular injection accuracy was performed on 

Sprague–Dawley rats that had been euthanized for other 

studies using Evan’s blue dye. A lateral approach with the 

knee in flexion performed best. While the blind injection 

conformed to the overall goal of minimal interference with 

the knee joint, it is possible that, despite training, some injec-

tions missed the rat knee intra-articular space. Future studies 

with radiologic support may improve the yield of successful 

drug delivery. This study was limited to 4 weeks of knee 

immobilization with a 2-week follow-up. The effect of CCH 

on contractures developed from longer durations of immo-

bilization was not studied. Given the increase in ROM after 

sectioning of the muscles, a myogenic component of the con-

tracture is also present. This myogenic component must also 

be recognized in order to efficiently treat the loss of ROM.

Conclusion
Our study adds to the preclinical research for the use of inject-

able prokaryotic collagenase as a treatment for a variety of 

collagen-related diseases. Research investigating the potential 

of administering CCH is underway, including clinical trials 

for frozen shoulder syndrome (adhesive capsulitis), lipoma, 

and uterine fibroids.16 CCH injections have so far been suc-

cessful in treating Dupuytren’s and Peyronie’s diseases.48,49 

Further research should aim to examine the optimal use of 

collagenase in treating joint contractures.
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