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Abstract 

 
 

Introduction: Rupture of the Achilles tendon has become an increasingly common case in the 

last two decades with an incidence of 18% per 100,000 population. The controversy about the 

best treatment arises because the results are determined by the method of tendon repair and 

postoperative functional rehabilitation. In recent years, there is a great deal of interest in 

hyaluronic acid which is found in certain amounts in the soft tissue extracellular matrix and 

joint fluid. Several experimental studies have shown the application of hyaluronic acid (HA) to 

heal tendons and stimulate tendon healing and reduce adhesion formation. This research is to 

find out the effectiveness of injecting hyaluronic acid in behavior changes in mice that have 

modified Achilles tendon rupture in 21 mice divided into three groups according to their 

treatment, namely intramuscular HA (IM), Intralesional HA (IL) and NaCl in laboratory 

animals Sriwijaya University Faculty of Medicine 2019 by seeing changes in behavior every 7 

days 3 times. 

 

Results: The group with HA-IL treatment had the highest cure success rate, which was 7 

(58.3%) good grades, 5 (41.7%) good grades and 2 (100%) very good grades and 5 (33.3%) 

good and 2 (50%) extraordinary (change behavior 1, 2 and 3, respectively). Then HA-IM 5 

(41.7%) Good grades, 7 (58%) Good grades, and 5 (33.3%) and 2 (50%) exceptional grades 

(change behavior 1, 2 and 3, respectively) and NaCL only have a value of 5 (33.3%) both for 

behavior change 3. 

 

Conclusion: There is a difference in effectiveness between administration of hyaluronic acid 
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and without administration of hyaluronic acid to behavioral changes in repair of the Achilles 

tendon. 
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1. Introduction  

The Achilles tendon is the largest and most powerful tendon in humans. Spontaneous 

rupture has become the most frequent case lately due to an increase in the elderly population 

and sports activity in the middle-aged population. Although most Achilles tendon ruptures 

occur during exercise (44% -83%), changes in intrinsic, biochemical and biomechanical 

structure also play an important role.1-2 

Rupture of the Achilles tendon has become an increasingly common case in the last two 

decades with an incidence of 18% per 100,000 population. A male to female ratio of around 

1.7: 1 might illustrate the prevalence of men who are heavily involved in sports. Most studies 

show a picture of the age distribution with a peak in the fourth decade and follow the second 

in the 60s and 80s.3-4 the controversy about the best treatment arises because the results are 

more determined by the method of tendon repair and post-surgery. Functional rehabilitation. 

Especially regarding the risks and benefits between closed operations and maintenance are still 

being debated and safety risks, cost effectiveness is also not a decision.3-5 

Various pharmacological agents have been used to prevent the formation of adhesions. 

Prostaglandin inhibitors such as Indometacin and Ibuprofen have been shown to have little 

benefit. Steroids and antihistamines have shown promising experimental results but cannot be 

used clinically because of toxicity and interference with wound healing. In recent years, there 

is a great deal of interest in hyaluronic acid which is found in certain amounts in the soft tissue 

extracellular matrix and joint fluid. Several experimental studies have shown the application of 

hyaluronic acid in healing tendons and stimulating tendon healing and reducing the formation 

/ formation of adhesions.1-4 

Gentile et al. 2016 found that treatment with platelet rich plasma (PRP) and hyaluronic 

acid (HA) for postoperative complications of the Achilles tendon was effective in healing and 

regenerating soft and hard tissue with rapid healing time, maintaining plantar flexion strength 

and wrist extension. Foot and restore skin elasticity quickly.1-5 Kaux et al conducted a review 

article in 2015 that there were successful treatments with hyaluronic acid in 28 articles of 
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which 13 were in vitro studies, 7 of which were in vivo studies in animals and 8 other studies 

were studies in humans.6 This is similar to the in vitro study by Osti 2015 on experiments on 

human tendons that found increased viability and proliferation and within 24 hours 

administration of hyaluronic acid destroyed apoptosis compared to treatment without 

hyaluronic acid.7 

 

2. Methods 

This study was a Randomized Clinical Trial which was tested in mice as a test animal. 

The study was carried out on 21 mice weighing 150 g which had been divided into three 

groups according to their treatment (names of the groups in the order of HA-IL, HA-IM and 

NaCL) to determine whether there was an increase after injection. Hyaluronic acid in animal 

experiments on behavioral aspects. The dose of HA and NaCL used is 0.05 mg / ml. This 

research was carried out observations from before the tendon rupture operation, and every 7 

days thereafter for 3 times called observation 1, 2, 3 and 4. Rat behavior was assessed by the 

length of the fasting rat for 6 hours entering a special pipe at the end containing food. The 

results of observations are called behavioral changes 1, 2 and 3 according to their 

observations. Behavioral change assessment is assessed from the length of the rat running in a 

special pipe, if it is faster or the same as before the tendon ruptures, the value is excellent, if it 

takes longer to ≤ 5 seconds then the value is good and if the value is > 5 seconds then the 

value is fair. 

 

3. Results 

It can be seen in Table 1 that each treatment group HA-IM, HA-IL and NaCL had 7 

samples (33.3%), in observation 2 that had been carried out 7 days after ruptured tendon 

surgery, it seemed longer to walk in the pipe with a median value of 40 seconds (min.35 - 

max.47 seconds). On behavior change 1 there were 12 samples (57.15%) good value and 9 

samples (42.85%) fair but increased in behavior change 2 with 2 samples (9.5%) excellent and 

9 samples (42.85%) good value and on behavior change 3 the excellent value increased to 4 

samples and 15 samples (71.5%) good value. 
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Table 1. Characteristics of Samples 

Variable Data Presentation (N = 21) 

Observation 

Observation 1 (before surgery) 35 (33-38) seconds 

Observation 2 40 (35-47) seconds 

Observation 3 38(35-45) seconds 

Observation 4 38 (34-45) seconds 

Behavior Change 1 (before surgery and after 7 days of treatment) 

Excellent 0(0%) 

Good 12(57.15%) 

Fair 9(42.85%) 

Behavior Change 2 (before surgery and after 14 days of treatment) 

Excellent 2(9.5%) 

Good 9(42.85%) 

Fair 7(48%) 

Behavior Change 1 (before surgery and after 21 days of treatment) 

Excellent 4(19%) 

Good 15(71.5%) 

Fair 2(9.5%) 

* Categorical data is presented with N (%), abnormally distributed data using Saphiro Wilk (P <0.05) presented 

with a median (minimum-maximum) 

 

There is a very significant relationship difference between each group with changes in 

behavior that can be seen in Table 2. 

 

Table 2. Comparative Analysis of Each Group Based on Behavior Change 

Group 
Bef- 

*Obs1 

** p 
Bef- 

*Obs2 

**p 
Bef- 

*Obs3 

** p 
*Obs1- 

Obs2 

**p 
*Obs1 

-Obs3 

**p 
Obs2- 

Obs3 

**p 

HA-IM 4(3-6) 0,000 2(2-3) 0,000 1(1-1) 0,000 2(0-2) 0,000 2(2-3) 0,000 0(1-2) 0,000 

HA-IL 2(1-2) 0,000 1(1-2) 0,000 1(1-1) 0,000 1(0-3) 0,000 1(0-1) 0,000 0(0-1) 0,000 

NaCL 11(9-11) 0,000 9(7-10) 0,000 5(3-7) 0,000 1(1-2) 0,000 1(0-1) 0,000 3(0-3) 0,001 

** For the Wilcoxon Test, the p value is significant if p < 0.05. Abnormally distributed data are presented with a 

median (minimum-maximum value), * Bef = before / before, Obs1 = Observation 1, Obs2 = Observation 2, Obs3 
= Observation 3. 
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4. Discussion 

In this study treatment 1 and 2 value of HA-IL was superior to HA-IM. While in 

treatment 3 the value of HA-IL and HA-IM behavior changes are the same. The HA-IL 

treatment group had the highest cure success rate when seen from the Good score at most, 7 

(58.3%) and followed by the HA-IM group who had 5 (41.7%) Good values on behavior 

change, at behavioral change 2 HA-IL still has the highest level of success where the most 

Good values are 5 (41.7%) and 2 (100%) Excellent and followed by the HA-IM group which 

has 7 (58%) Good values and on changes in behavior 3 HA-IL. In behavioral change 3, HA-IL 

and HA IM have the same wound healing success value with HA-IL and HA-IM good value 

of 5 (33.3%) and 2 (50%) excellent. 

Kaux et al conducted an article review in 2015 that there were successful treatments with 

hyaluronic acid in 28 articles of which 13 of them were in vitro studies, 7 of them were in vivo  

studies in animals and 8 other studies were studies in humans.6 this is similar to the in vitro 

study by Osti in 2015 on trials in human tendons found increased viability and proliferation 

and within 24 hours administration of hyaluronic acid has broken down apoptosis compared 

with treatment without hyaluronic acid.7 

This is similar to the study of Zhao et al. Which identified the effect of using HA in 14 

dog samples to reduce adhesion and increase reconstruction of tendon repair. Zhao found a 

significant improvement in injection of 1% HA to have optimal recovery after 6 weeks. 8 This 

is similar to the study of Oryan et al in 40 rabbits, in addition to using HA, Oryan et al also use 

NaCl and show significant results even though the histoPA administration of NaCL has not 

shown significant tendon improvement such as an increase in tenoblast but it is still small and 

collagen fibrils have not been erected perfect.9 

Oryan et al. conducted a study of 40 rabbits on HA cusps that showed a significant 

change and healing success by significantly decreasing the diameter of tendon wounds that 

had increased the number of Tenoblasts and densities in collagen fibrils.9 Yoshida et al 

conducted studies on mice and found similar results, in 40 mice given HA in an 8-week trial 

found a significant cure rate where histoPA results showed good tendon scale 

improvement.10 whereas Liang et al found a tendon repair in 28 tendons Achilles rat on 

healing at 26 weeks.11 

In this study the comparison between surgical wound healing with HA-IM injection, 

HA-IL injection and administration (NaCL) in mice undergoing modification of the Achilles 

tendon rupture has the results: There is a very significant difference between each treatment 
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group based on changes in behavior with a P value = 0,000; There is a significant difference 

between behavior change with the comparison of HA-IM with HA-IL, as well as HA-IM and 

NaCL with p value < 0.05; and There was a significant difference in changes in observational 

behavior 1 with the comparison of HA-IM with HA-IL, and also HA-IL and NaCL with p < 

0.05. 

Oryan et al found a significant difference between HA use and the group using the 

NaCL placebo, this was also supported by Yoshida et al and Liang et al who found a significant 

difference between the recovery rate and repair of rat tendons in the HA administration group 

and the length of time observed.9 -11 

 

5. Conclusion 

The use of hyaluronic acid in tendon rupture showed an increase in the value of behavior 

change and there was a very significant difference between each treatment group based on 

changes in behavior with a value of P = 0,000. 
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