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Abstract. The purpose of this study was to  evaluate the  repair processes of the 

medial collateral (MCL), lateral collateral (LCL), anterior cruciate (ACL) and 

posterior cruciate (PCL) ligaments after complete dislocation by arthrotomy, and 

after disconnection. Forty eight mature young male white New Zealand rabbits. 

All four ligaments were reconnected using non-absorbable sutures, without limb 

immobilization. The contralateral knees served as internal controls. The 

effectiveness of Diclofenac (Voltaren, an NSAID), hyaluronic acid, and hyaluronic 

acid combined with collagenase in the healing processes was examined. 12 non-

operated rabbits (control group) received intraarticular injections of 1 ml 0.9% 

saline 3 per week for 3 weeks; 12 rabbits received intramuscular (Glutei) 

injections of Diclofenac sodium 1% (1ml/1kg BW) 3 per week for 3 weeks; 12 

rabbits received intraarticular injections with 1 ml hyaluronic acid alone; 12 

rabbits received intraarticular injections of hyaluronic acid and collagenase. 

Biomechanical and histological examinations of the joints were performed. The 

results indicated that healing of ACL and PCL was not achieved in any group. A 

favorable response to Diclofenac treatment was noticed in MCL as determined by 

both histology and biomechanical testing. In conclusions, Diclofenac administered 

by injections may offer some clinical benefits following major knee operations or 

injury.                                                                         (Biol.Sport 21:379-391, 2004) 
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Introduction 

 
 The two intraarticular ligaments (anterior cruciate and posterior cruciate) and 

the two periarticular ligaments (medial and lateral collateral) are important 

mechanical elements contributing to the complex functioning and stability of the 

knee joint. The ligaments are composed of various densities and spatial 

arrangements of collagen fibers embedded in a protein-polysaccharide matrix, 

commonly referred to as ground substance. Ligament injuries are common 

consequences of sports accidents, vehicle crashes, terrorist activities, wars and 

other traumatic events [13]. Ligament damage following traumatic events or 

surgical treatment, commonly results in scar tissue formation and adhesions, which 

impede normal functioning. Ligaments are important subjects in the new field of 

regenerative medicine [16]. 
 Ligament healing is of great interest to most orthopaedic surgeons. Repair and 

recovery from injury to ligaments is a relatively slow process compared with 

healing in other connective tissues [4]. The healing capacity of ligaments is very 

variable and dependent on multiple local physical and biological factors including 

biomechanical loading, biochemistry, blood supply, nutrition and growth factors. 

Spontaneous regeneration of damaged ligaments is very limited, and certain 

conditions must be met before any healing can occur. The torn ligament fibers must 

be confined within well-vascularized and non-infected soft tissue surroundings, and 

fairly precise functional and biomechanical stresses are necessary to stimulate the 

healing process.  
 We speculated that use of various chemical agents and drugs (collagenase, 

hyaluronic acid, Diclofenac) could possibly be effective in improving repair 

processes in injured ligament tissues. Collagenase is an enzyme that acts on 

collagen and contributes to cell membrane integrity, tissue remodeling and 

accelerating the repair processes. It belongs to the matrix metalloproteinases 

(MMPs) family of enzymes, that function in the extracellular space. Diclofenac 

sodium (1% Voltaren) is a non-steroid anti-inflammatory drug (NSAID) widely 

used to combat inflammatory processes in joints by blocking prostaglandin E 

(PGE2) production, and by increasing local blood flow and vascular permeability 

[9,10,14,15]. Hyaluronic acid (HA) is an important component of both cartilage 

matrix and synovial fluid, and contributes to the viscoelastic mechanical and 

biophysical properties of ligaments [2,21].  
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 We undertook an experimental study on knee joints of experimental rabbits 

after surgical resection of the joint ligaments and reattachment to determine the 

effectiveness of administration of Diclofenac, hyaluronic acid, and hyaluronic acid 

combined with collagenase (as combined drugs to accelerate the healing) in 

improving repair processes in ligaments after acute injury.  

 
Materials and Methods 

 

 Animals: Forty eight male white New Zealand rabbits (8 months old), weighing 

3.5 kg0.5 (mean SD), were operated on under sterile conditions following 

general anaesthesia induced by an intramuscular injection of ketamine. The right 

knee of each rabbit was completely dislocated in two stages. Firstly, an anterior 

skin incision was made to expose the two periarticular ligaments (MCL, LCL), 

which were disconnected in the mid-portion, and then the two intraarticular 

ligaments (ACL, PCL) were transected by medial parapatellar arthrotomy. The 

capsule was left intact. The ligaments were surgically reconnected using non-

absorbable sutures and all wounds were closed routinely. The animals were 

allowed to move freely in their cages (50 cm
2
 area) with unrestricted weight-

bearing movement as tolerated. The rabbits were divided into 4 equal experimental 

groups. Group 1 rabbits (n=12) were non-operated controls that received an 

intraarticular injection of 1 ml 0.9% saline, three times a week for 3 weeks. Group 

2 rabbits (n=12) received intramuscular (Glutei) injections of Diclofenac sodium 

1% (Voltaren) 1mg/kg body weight. Group 3 rabbits (n=12) received intraarticular 

injections of 1 ml 2% hyaluronic acid (BTG Inc, Weizmann Technology Park, 

Rehovot, Israel). Group 4 rabbits (n=12) received a combination dose of hyaluronic 

acid mixed with collagenase (1 mg; Sigma C7926 type F). The mechanism which 

the injected substances ware completely absorbed both intra and extra articular is 

described by Dunham et al., 1993 [7]. Injection schedules were identical for all 

four groups and were started the first day following surgery. From previous models 

no changes were observed in the contralateral legs, therefore it served as internal 

controls [5].  

 3 weeks post-operation 50% of the rabbits from each group (n=6) were 

sacrificed. The physical and macroscopic appearance of all the operated knees was 

examined and recorded and the whole knee joints prepared for histology. Eight 

weeks post-operation the remaining rabbits were sacrificed in order to investigate 

longer-term biomechanical changes in the ligaments.  

 The experimental protocol received approval from the Ethics Committee for 

animal experimentation of Tel Aviv University. 
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 Histology: All operated knee joints were dissected and fixed by immersion in 

4% neutral buffered formaldehyde. Following decalcification with EDTA the 

samples were dehydrated in graded alcohols and embedded in paraffin wax 

(Paraplast Plus, Oxford Labware, St.Louis, MO). 7m sections from mid portion of 

the ligaments were stained with hematoxylin and eosin (H&E), and Masson’s 

trichrome [22].  

 Biomechanical tests: Disarticulation of both hip and ankle joints was performed 

on treated and contralateral non-treated legs. Hindlimbs were individually wrapped 

in saline-soaked gauze, placed in plastic bags and stored at –20
0
C. Prior to 

biomechanical testing, the specimens were stored overnight at 4
0
C. A Kirschner 

wire was attached to the trochanteric zone of the proximal end of the femur and a 

similar procedure was performed at the distal end of the tibia. Each specimen was 

attached to a materials testing machine (Instron System, series 1026, GB, SATEC, 

Grove City, PA, USA). The system was calibrated to a maximum load of 5kN (500 

kg/1100lbs) and 1mm elongation for 5 cycles and then loaded to failure at a rate of 

5mm/min [18]. We measured the uniaxial longitudinal tensile resistance of the soft 

tissue in the knee joint, which was recorded on-line to a personal computer and 

printed out graphically. Data were calculated using a Microsoft Windows Excel 

program. For tensile testing up to 10 kg loading capacity was applied followed by a 

slow release to zero resistance. Immediately after concluding the tensile testing, all 

soft tissues in the knee area (capsule, ligaments and tendons) were removed apart 

from the MCL. Tensile testing was resumed along the longitudinal direction of the 

MCL. The linearity and accuracy of the system is 0.5%. The residual deformation 

(in mm) of the ligaments was calculated by the following formula: X1 –X2 = ΔΔΔ 

X (X1 is 10 kg resistance, and X2 is ligament contraction). The ligament stiffness 

(in kg/mm) was evaluated by “force-elongation ratio” and was graphically 

described, and calculated by the following formula: stiffness = ΔF/ΔD. The slope 

of primary/toe and secondary/linear regions was determined (initial ΔF/ΔD, and 

linear ΔF/ΔD, respectively).  

 

Statistics  

 

 Two-way analysis of variance was used to indirectly assess postoperative 

healing and structural properties (stiffness and failure load) of the MCL. Paired and 

unpaired t tests were used to compare the differences in the properties between the 

contralateral (control) and experimental knees. The level of significance was set at 

P<0.05. 
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Results 

 

 Table 1 shows the profile of the experimental study groups and the procedures 

undertaken. 

 
Table 1  

Study groups 

 

Study groups Rabbits 

(n=48) 

Age 

(months) 

Body weight 

(kg) 

Group 1: 

Saline controls 

 

12 

 

3.870.57 

 

3.600.34 

Group 2: 

Diclofenac (Voltaren) 

 

12 

 

3.680.53 

 

3.580.25 

Group 3: 

Hyaluronic acid 

 

12 

 

3.620.42 

 

3.480.43 

Group 4: 

Hyaluronic acid + 

collagenase 

 

 

12 

 

 

3.710.49 

 

 

3.570.33 

 
 

 Macroscopic observation of all operated knees at 21 days post-operation 

revealed no significant changes, and all ligaments appeared non-infected, white and 

well-defined. The intraarticular ligaments (ACL, PCL) showed no signs of repair. 

The healing sites remained enlarged and the gap remained discontinuous. In 

contrast, the extraarticular ligaments, and in particular the MCL, showed some 

signs of repair. The MCLs had become rounder and slightly swollen, with synovial 

covering visible on their surfaces.  

 Histological studies (Fig. 1) showed that only limited healing processes were 

occurring in the MCL at 3 weeks post-operation, with the appearance of new blood 

vessels and collagen fibers. The collagen fibers were loosely packed, disorganized 

and disoriented without the regular alignment along lines of force as seen in the 

non-treated controls. In the Diclofenac-treated rabbits (group 2) the fibers were 

somewhat better organized (Fig. 1B) in comparison with the other treated groups 

(Figs. 1C, D) though still disorganized compared with the non-operated controls 

(Fig. 1A). 
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Fig. 1 

Histology of MCL three weeks post-operation (Masson’s Trichrome staining) 

A, Control non-operated group (Group 1); B, Diclofenac-treated group (Group 2); 

C, Hyaluronic acid-treated (Group 3); D, Hyaluronic acid + collagenase combined 

treatment (Group 4); All to same magnification  
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Table 2  

Residual deformation of medial collateral ligament (mean values in mm SD) 

determined using the Instron System 

 

 Group 1 

Saline 

control 

(n=12) 

Group 2 

Diclofenac 

(Voltaren) 

(n=12) 

Group 3 

Hyaluronic 

acid 

(n=12) 

Group 4 

Hyaluronic 

acid + 

collagenase 

(n=12) 

 

contralateral/ 

treated knee 

 

 

Students t-test 

* 

 

 

 

Students t-test 

** 

 

0.20.089 

0.20.063 

 

 

NS 

 

 

 

 

---- 

 

0.570.152 

0.570.170 

 

 

NS 

 

 

 

 

P<0.003# 

 

0.620.109 

0.150.052 

 

 

P<0.0001 

 

 

 

 

P=0.1 

 

 

1.150.207 

0.250.119 

 

 

P<0.0001 

 

 

 

 

P=0.1 

 

*Comparison between contralateral (control) knee and treated knee in each group 

(paired two-tail test); **Comparison between treated knees of groups 2-4 and 

control group 1 (unpaired two-tail test); # Only group 2 treated knees (Diclofenac) 

showed significant difference 

 

 The results of the biomechanical tests on the MCL (residual deformation, 

stiffness and ultimate force failure) are shown in Tables 2-4. All operated knees 

showed residual deformation ranging from 0.15 through 0.57mm, therefore, when 

the knee relaxed the ligaments did not fully return to their initial shortened length, 

with the exception of the Diclofenac group (Table 2). The force displacement and 

residual deformation of MCL were found significant (unpaired two tail, P<0.003) 

only in Group 2 (Diclofenac-treated) in comparison with the non-operated 

(contralateral) legs (Table 2). The residual deformation of operated and non-

operated MCL in the Diclofenac-treated group was similar in both legs and 

recorded as 0.57 mm. The ligament stiffness between the initial and linear values 

was significant (P<0.001) in MCL of all operated knees (Table 3).  
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Table 3 

Stiffness of medial collateral ligament (F/D kg/mm SD) 

 

 Group 1 

Saline control 

(non-operated) 

Group 2 

Diclofenac 

(Voltaren) 

Group 3 

Hyaluronic 

acid 

Group 4 

Hyaluronic 

acid + 

collagenase 

F/D 

kg/mm SD 

 

 

(n=12) 

 

(n=12) 

 

(n=12) 

 

(n=12) 

Contralateral 

Initial values 

Linear values 

1.600.15 

3.500.39 

 

0.800.09 

2.020.28 

 

1.620.50 

2.970.77 

 

1.540.51 

3.290.72 

 

Right knee 

Initial values 

Linear values 

1.220.13 

2.250.30 

0.700.12 

1.530.15 

0.880.53 

1.760.67 

1.280.54 

4.800.48 

Students t-test 

* 

P<0.001 

 

P<0.002 P<0.003 P<0.001 

Students t-test 

** 

------- P<0.001 NS NS 

 

*Comparison between contralateral (control left) knee and treated knee in each 

group (paired two-tail test).; **Comparison between treated knees of groups 2-4 

and control group 1 (unpaired two-tail test); NS, non-significant 

 

 The MCL in the Diclofenac group showed less stiffness than in the control 

group (2.02 vs 3.50 kg/mm respectively). The hyaluronic acid group showed less 

linear stiffness compared to the control group (2.97 and 3.50 kg/mm respectively). 

Biomechanical testing indicated that the mean elongations at ultimate force failure 

load values for MCL were greatest (paired two-tail test) in the hyaluronic acid-

treated rabbits (groups 3 and 4) with the highest and most significant values found 

in group 4 (Table 4). The mean ultimate force failure values of MCL in the 

operated knees of the Diclofenac group were comparable to those of the 

contralateral knees. The mean ultimate force failure values of the Diclofenac group 

showed no significant difference between the operated knee and the contralateral 

knee in comparison with non-operated controls (group 1) (Table 4). Group 4, in 

contrast, showed significant differences in ultimate force values in comparison 

with the non-operated controls. 
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Table 4 

Ultimate force failure test (mean values in kg  SD) of medial collateral ligament 

determined using the Instron System 

 

 Group 1 

Saline control 

(non-operated) 

 

(n=12) 

Group 2 

Diclofenac 

(Voltaren) 

 

(n=12) 

Group 3 

Hyaluronic 

acid 

 

(n=12) 

Group 4 

Hyaluronic 

acid + 

Collagenase 

(n=12) 

 

contralateral/ 

treated knee 

 

6.40.44 

6.41.09 

 

6.60.67 

6.50.44 

 

6.90.65 

6.70.94 

 

6.91.40 

5.61.20 

Students t-test  

* 

 

NS 

 

NS 

 

P<0.02# 

 

P<0.002# 

Students t-
test  

** 

    

contralateral/ 

treated knee 

 

------- 

 

NS 

 

NS 

 

 

P<0.18 

 

*Comparison between contralateral (control left) knee and treated knee in each 

group (paired two-tail test); #Significant differences were found in Groups 3 and 4 

with lower values in the treated knee; **Comparison between treated knees of 

groups 2-4 and control group 1 (unpaired two-tail test); Only group 4 showed 

significant difference in ultimate force failure in comparison to control group 

 

 In general, the best results of treatment on the MCL were seen in the Diclofenac 

group as shown both by both histology and biomechanical testing. The hyaluronic 

acid group also showed some improvement in biomechanical parameters, but less 

than those of the Diclofenac group. However this was not seen histologically.  

 
Discussion 

 

 In this study, we used an experimental rabbit model of a controlled severe 

surgical knee injury followed by surgical reconnection of the knee ligaments, in 

order to examine ligament recovery under various therapeutic regimes, with 

particular emphasis on the MCL. Surgical reconstruction is widely recommended 
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for severe knee injury [19,23] however, the optimal conditions for comprehensive 

treatment of ruptured MCL have still to be determined [17,24]. Healing of MCL 

after total knee dislocation injury differs from healing occurring after an isolated 

injury of the MCL [11,25]. In our study we examined the healing capacities of the 

four major knee ligaments, but focused in particular on the MCL. Previous studies 

have tended to investigate the regenerative capacities of the knee ligaments as a 

whole [6,12] or combined knee ligament injuries [7]. Regeneration of ligaments is 

a slow process, compared with the healing of other connective tissues such as bone 

and muscle.  

 The effects of hyaluronic acid administration on connective tissue repair, 

including ligaments, tendons and joint capsules, have been fairly widely 

investigated and documented [1,8]. In our study examining the comparative effects 

of Diclofenac, hyaluronic acid and hyaluronic acid combined with collagenase on 

the four major ligaments of the knee of experimental rabbits, we showed that there 

is relatively little ligament regeneration after complete transection and surgical 

reconnection. The rationale and the benefit for the intraarticular use of collagenase 

as a proteolytic enzyme in the joint previously indicated as a good treatment for 

increasing in chondrocyte density and enhancing joint repair [3]. The mechanical 

properties of MCL in hyaluronic acid-treated and the Diclofenac-treated groups 

improved significantly compared with the other ligaments, but only in the 

Diclofenac group was this seen histologically. No significant effects on other 

ligaments of the knee (LCL, ACL, and PCL) were detected.  

 It has been reported that tearing of cruciate ligaments requires surgical 

intervention for healing, whereas extraarticular ligaments can undergo 

spontaneous, but slow, healing responses [10,23,24]. The various benefits of 

NSAID therapy for skeletal tissues have been documented [14,15]. The known 

analgetic effect of Diclofenac may influenced the animals exercise pattern and 

thereby ligament healing. Diminished pain and inflammation promotes earlier limb 

mobilization and shortens time for rehabilitation. However, the question remains 

whether such as early healing responses compromise the mechanical strength of the 

ligament. 

 In our study, MCLs of rabbits given HA or Diclofenac exhibited greater failure 

load values than those of rabbits given HA with collagenase. The appropriateness 

of NSAID therapy for management of soft tissue injury is controversial owing to 

the decrease in mechanical strength. Nonetheless, the administration of HA 

promoted an early healing response, and later enhanced greater mechanical 

strength. At 8 weeks, the mechanical values of operated MCL in the HA and 

Diclofenac groups were comparable to those of contralateral controls. The force 
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displacement of a ruptured MCL treated with an NSAID is greater than in control 

groups, in both the short and long-term [8,20]. The higher MCL ultimate failure in 

the HA and Diclofenac groups at 8 weeks may have been due to the larger cross-

sectional area in the transectional site as seen by histology.  

 The increased MCL strength in rabbits treated with HA and Diclofenac leads us 

to postulate, that Diclofenac has important effects in reducing the initial 

inflammatory responses. The use of an NSAID should be considered as the first 

mode of intervention secondary to soft tissue injury, followed by administration of 

HA to increase the mechanical properties of the ligament. The combined treatment 

of HA and collagenase did not positively affect the healing responses of the 

ligaments (including the MCL) and did not prevent adhesions within the 

connective tissue. A similar lack in preventing fiber adhesions in humans has also 

been reported [9].  

 In conclusion, our results indicate that administration of an NSAID and 

hyaluronic acid both induce positive effects on the healing responses and 

mechanical properties of MCL after injury. The response to the Diclofenac was 

better than the other interventions in the early stages of ligament recovery after 

injury. The fact that Control group did not have any surgery might indicate that 

comparison of normal healing is not possible. Thus, we should be more cautious on 

the effectiveness of Diclofenac in the MCL healing. Moreover, we are fully aware 

that the entire subject of MCL healing in animals model is quite complex. As such, 

despite our conclusions are valid we know that many other factors also influence 

healing thus a clinical correlation could be somewhat tenuous. Yet, the fact that the 

MCL specifically responded favorably to the Diclofenac treatment is additive to 

our knowledge. 
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