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Abstract

Achilles tendon rupture is one of the most frequent tendon injuries. The aim
of this experimental study was to evaluate the effect of a non-steroidal an-
ti-inflammatory drug (NSAID) and of aerobic exercise, in an isolated fashion
and combined, on cell proliferation and on the biomechanical aspects of the
Achilles tendon during healing process after a complete tenotomy in 156
male Wistar rats. Half of the animals received an intra-muscular injection of
tenoxicam for 7 days and exercise was initiated on the 8th day for half the
animals of each group. Animals were sacrificed at 1, 2, 4 and 8 weeks after the
tenotomy and cell proliferation was evaluated by immunohistochemistry for
PCNA, biomechanical evaluation was performed with ultimate load and gait
cycle analysis was also carried out. Animals were divided into four treatment
groups: A) no NSAID and no exercise (control group); B) NSAID plus exer-
cise; C) no NSAID, with exercise; D) NSAID and no exercise. We used the
test of two-way analysis of variance with equal cells number, Kruskal-Wallis
test and also, Bonferroni method, in the R Project program 3.5.0. The highest
intensity of PCNA immunostaining was found at 2 weeks in all groups except
for group A (control) that had the highest intensity at 1 week. Animals sub-
mitted to exercise had significantly higher (P = 0.02) ultimate loads when
compared to animals that were not submitted to exercise at 8 weeks after in-
jury. The animals that received NSAID presented with a more stable gait
cycle than the animals that did not receive NSAID. Aerobic exercise, initiated
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early after a complete Achilles tendon tenotomy, was beneficial to the bio-
mechanical aspects of the tendon that occur during tendon regeneration and
the combined use of NSAID improved the gait’s characteristics which could
be protective against re-ruptures.
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Achilles Tendon Rupture, Experimental Study, Non-Steroidal
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1. Introduction

Achilles tendon is the largest and strongest tendon of the lower limb but it is also
the most frequently injured corresponding to 20% of tendon injuries [1]. Slow
recovery, late return to work, high re-rupture rate and other complications cha-
racterize this tendon’s rupture [2] [3]. In spite of this, treatment of this injury [4]
[5] [6] and post injury mobilization [7] [8] [9] are still controversial.

Ciclooxygenases are enzymes that form prostaglandins, important inflammato-
ry mediators [10]. Nonsteroidal anti-inflammatory drugs (NSAID), that inhibit
ciclooxygenases, are commonly used during the first week following musculoske-
letal traumas in order to diminish pain and the inflammatory response [11]. Non-
etheless, concern exists regarding their possible adverse effects with the tendon’s
regeneration process. Many have shown negative effects on the proliferative phase
of the tissue regeneration with inhibition of DNA synthesis, cell migration and
tendon cell proliferation [12] but positive effects on the remodeling phase [13].

Although most studies have shown the benefits of exercise on tendon regene-
ration and functional recovery [14] [15], controversy still exists concerning its
effect on the tendon’s biomechanical properties. When ultimate load is taken
into account, some have shown positive effects [16], negative effects [17] and no
effect [18]. In addition to this, the effect of exercise combined to the use of
NSAID has not been fully investigated. Christensen et al [19] have reported a
decrease in protein synthesis induced by exercise because of the combined use of
NSAID in human patellar tendon but the same authors question if the use of the
drug would be beneficial in the reduction of the collagen fibers degradation also
associated with the acute inflammatory phase.

Our hypothesis is that exercises combined with NSAID tenoxicam can lead to
a faster recovery of the affected area. Therefore, the aim of of this study is to
evaluate the effects of exercise and the NSAID tenoxicam, in an isolated fashion
and in combination, on cell proliferation and biomechanical aspects after a

complete tenotomy of the Achilles tendon in a rat model.

2. Methods

The Animal Research and Care Committee at our University approved all expe-

rimental protocols for this study. 156 male Wistar rats aged 3 months with an
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average weight of 300 g were used for this experiment. All animals were allowed
access to food (standard diet) and water ad libitum. Twelve-hour light/dark
cycles were maintained, with temperatures at 21°C * 2°C. The animals were kept
in regular cages and allowed complete freedom to move in the cages.

Animals were randomly divided into 4 groups: group A: a control group with
42 animals (received no NSAID and no exercise); group B with 36 rats (received
NSAID and exercise); group C with 36 rats (no NSAID, with exercise) and group
D with 42 rats (received NSAID but no exercise).

2.1. The Injury

All animals were submitted to a tenotomy of the right Achilles tendon. For this,
animals were anesthetized with an intraperitoneal injection of 30 to 50 mg/kg of
thiopental (Thiopentax, Cristalia, Brazil). After the hind limb was disinfected, a
posterior longitudinal incision of approximately 5 mm was made proximal to
the calcaneus’ posterior tuberosity and the plantaris tendon was identified and
preserved. After this, a complete transverse incision of the Achilles tendon was
made 7 mm proximally to the calcaneus tuberosity. The skin was sutured with
non-absorbable sutures and no post-op immobilization was used. This improved
experimental technique for complete Achilles tenotomy in rats, with plantaris
tendon sparing, performed under light microscopy has been described before
[20].

2.2. Non-Steroidal Anti-Inflammatory Drug

Animals from groups B and D received an intramuscular injection of tenoxicam
(Eurofarma, Brazil). Animals received one dose (10 mg/kg) a day for 7 days in-
itiated immediately before the injury. Dosage was based upon previous work by
Giordano et al [21].

Animals that did not receive NSAID (groups A and C) received an intramus-

cular injection of saline solution, once a day for 7 days.

2.3. Exercise Protocol

Beginning at the 8th day after injury animals from groups B and C were submit-
ted to a running protocol on a treadmill (Insight, Ribeirdo Preto, Brazil): they
ran 5 times a week with a progressive increase in time and speed until they ran
for 30 minutes at 14 m/min for 1, 3 or 7 weeks. This protocol is considered low
intensity exercise [22]. Animals from groups A and D that were not submitted to
the exercise protocol were placed on the treadmill for 30 minutes but the ma-

chine was left off.

2.4. Outcomes

The animals were sacrificed by sodium thiopental overdose at 1, 2, 4 and 8 weeks

after the tenotomy.
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2.4.1. Histology
Histology was performed 1, 2, 4 and 8 weeks after tenotomy in groups A and C

(6 animals in each group for each time point) and after 2, 4 and 8 weeks in
groups B and D (6 animals in each group for each time point).

The right Achilles tendon was dissected and fixed in 10% formaldehyde, em-
bedded in paraffin and 5 pm cuts were made. Immunohistochemistry for proli-
ferating cell nuclear antigen (PCNA, Santa Cruz Biotechnology, OR, USA) was

performed.

2.4.2. Biomechanics

Biomechanical evaluation was performed 2, 4 and 8 weeks after tenotomy (6
animals per group per time point) on a universal traction machine type E 200.
For this, the distal end of the triceps surae is fixed in the superior clamp and the
animal’s paw is fixed in the inferior clamp. The ultimate loads were measured in

Newton.

2.4.3. Gait Analysis

Two animals from group B and two animals from group D were randomly cho-
sen each week and their gait, on the treadmill, was recorded with a Casio digital
camera (Casio Exilim F1) from week 1 to week 7.

30 frames per second were obtained with the camera and, for each animal, 10
seconds of film was evaluated 3 times, at different time points, by the same ob-
server. The parameters observed were: time of stance phase, time of swing phase,
total cycle time (stance phase + swing phase) and pace frequency for the injured
hind limb.

2.4.4. Statistical Analysis
The statistical analysis was performed in free software R (R Project, version

3.5.0). In data analysis, we used the test of analysis of variance (two-way analysis
of variance with equal cells number), the nonparametric Kruskal-Wallis test and
also, Bonferroni method. Graphical models were used to supplement the analy-

sis. Statistical significance was set at 0.05.

3. Results

3.1. Histology

At one week after tenotomy the intensity of PCNA immunostaining was low in
group D (NSAID group) and high in group A (non NSAID group) (Figure 1).
At two weeks after tenotomy, weak immunostaining was found in group A
and high immunostaining was found in groups B, C and D that received NSAID
and/or exercise. In these 3 groups, the highest marking was found at the muscu-
lotendinous junction when compared to the tendon’s mid-substance (Figure 2).
At four weeks after tenotomy, the intensity of PCNA immunostaining was low

in all groups. In group A, the highest marking was found at the musculotendinous
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Figure 1. Histology of the longitudinal section of the Achilles tendon. One week after te-
notomy there is a high immunostaining for PCNA (arrows) at the tendon’s insertion site
(A), at the peri-vascular areas (B) and at the tendon’s midsubstance (C) in group A (no
NSAID). On the other hand, in group D (NSAID) there is a low immunostaining (D). Bar
=50 ym.

Figure 2. Histology of the longitudinal section of the Achilles tendon. The musculoten-
dinous junction is shown to the left and the mid-subtance of the tendon to the right, 2
weeks after tenotomy. The intensity of the PCNA immunostaining in group A was weak
((A), (B)) but was moderate to high (arrows) in group B ((C), (D)), group C ((E), (F)) and
group D ((G), (H)). Bar: 30 pm in A, 50 um in B, F, G and H, 100 ym in C, D and E.

junction while in the other 3 groups, the highest marking was found at the ten-
don’s mid-substance, the opposite of what was found at two weeks (Figure 3).
At 8 weeks, no immunostaining was observed.
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Figure 3. Histology of the longitudinal section of the Achilles tendon. The musculoten-
dinous junction is shown to the left and the mid-subtance of the tendon to the right, 4
weeks after tenotomy. The intensity of the PCNA immunostaining was weak in all groups
but was stronger (arrow) in the musculotendinous junction of group A and in the
mid-substance of groups B, C and D. Bar = 100 um in E and 50 um in all others.

3.2. Biomechanics

All ruptures occurred at the musculotendinous junction and not at the tenotomy
site. The ultimate load values found are shown in Figure 4.

The average ultimate load (and standard deviation) of the animals that were
submitted to exercise (groups B and C) was 29.1 N (5.9) compared to 26.7 N
(6.9) of the animals that did not run (groups A and D) (2 value = 0.12). The
groups that received NSAID (B and D) had an average ultimate load of 28.6 N
(7.1) while the groups that did not receive NSAID (A and C) had an average ul-
timate load of 27.3 N (5.9) (P value = 0.40).

At two weeks, the average ultimate load (and standard deviation) of the ani-
mals that were submitted to exercise (groups B and C) was 28.8 N (7.0) com-
pared to 29.7 N (5.6) of the animals that did not run (groups A and D) (P value
= 0.70) (Figure 5). The groups that received NSAID (B and D) had an average
ultimate load of 31.5 N (5.9) while the groups that did not receive NSAID (A and
C) had an average ultimate load of 27.0 N (6.0) (Pvalue = 0.09).

At four weeks, the average ultimate load (and standard deviation) of the ani-
mals that were submitted to exercise (groups B and C) was 27.7 N (5.5) com-
pared to 25.8 N (7.1) of the animals that did not run (groups A and D) (P value
= 0.47) (Figure 5). The groups that received NSAID (B and D) had an average
ultimate load of 25.3 N (6.1) while the groups that did not receive NSAID (A and
C) had an average ultimate load of 28.3 N (6.3) (Pvalue = 0.25).
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group.

At eight weeks, the average ultimate load (and standard deviation) of the ani-
mals that were submitted to exercise (groups B and C) was 31.0 N (5.0) com-
pared to 24.6 N (7.4) of the animals that did not run (groups A and D) (P value
= 0.02) (Figure 5). The groups that received NSAID (B and D) had an average
ultimate load of 29.0 N (8.1) while the groups that did not receive NSAID (A and
C) had an average ultimate load of 26.6 N (5.7) (Pvalue = 0.35).

3.3. Gait Analysis

Gait analysis showed a significant difference between animals that received
NSAID and animals that did not. Animals that received NSAID presented with a
more stable gait cycle with no significant difference between the different time
points (Pvalue = 0.94).

The animals that did not receive NSAID showed a significant increase in the
gait cycle time between the 2nd and 4th weeks after the tenotomy (2 value =
0.001), confirmed by the Kruskal-Wallis test (P value = 0.006). Analysis with the
Bonferroni method showed the following differences: between the 2nd and 5th
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weeks (P value = 0.03), between the 2nd and 6th week (P value = 0.03), between
the 2nd and 7th week (P value = 0.002) and between the 4th and 7th weeks (P
value = 0.03) (Figure 6). The other parameters evaluated (time of stance phase,
time of swing phase and pace frequency) showed the same pattern (Graphs not
shown).

4. Discussion

There are numerous advantages in using small animals in an experimental mod-
el [23] like the ones used in this study. Nonetheless, the Achilles tendon in these
animals is so small that the use of a microscope is of major importance so that
accuracy is obtained.

Immobilization, frequently used after a tendon injury and after surgical or
conservative treatments, can alter the regeneration process [24]. In spite of this,
the role of exercise in the inflammatory, proliferative and remodeling phases of
tendon regeneration is still not clear and the ideal rehabilitation protocol that
would provide functional gain and no tissue injury is still unknown [25].

In our study, we observed that 4 weeks after tenotomy there was a decline in
the ultimate load except for group C that was only submitted to exercise (this
group had the smallest ultimate load at 2 weeks). Also, animals submitted to ex-
ercise or to the use of NSAID had an improvement in the ultimate load between
the 4th and 8th weeks; this increase was more obvious in the groups submitted
to the isolated intervention of exercise or NSAID and it was maintained after
adjusting for time, exercise and the use of NSAID.

There is a specificity for the role of exercise in the benefits for tendon healing.
The tendons have a good response to aerobic exercise like swimming and run-
ning but not to strengthening exercises [26]. It is also known that running has

better effects on tendon healing than swimming [27]. This study has confirmed

Gait analysis of the animals who
received NSAID

Gait analysis of the animals who
did not receive NSAID
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Figure 6. Boxplots showing the gait cycle of the injured hind limb, divided by the use or
not of NSAID and by weeks after tenotomy. The animals that did not receive NSAID
showed a significant increase in the gait cycle confirmed by the Kruskal-Wallis test (P
value = 0.006). Analysis with the Bonferroni method showed the following differences:
between the 2nd and 5th weeks (Pvalue = 0.03), between the 2nd and 6th week (Pvalue =
0.03), between the 2nd and 7th week (Pvalue = 0.002) and between the 4th and 7th weeks
(Pvalue = 0.03).
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that aerobic exercise, with a gradual increase in intensity and started one week
after a total Achilles tendon rupture, has a positive effect on the biomechanical
characteristics of the tendon showed by an improvement over time of the ten-
don’s ultimate load. Other studies confirm this as they have demonstrated that
exercise benefits tendon regeneration when exercise is initiated early after the
injury but not immediately after [28] [29] [30] and Nilsson-Helander et a/ [31]
have shown that early tendon mobilization is the most important aspect in the
Achilles tendon rupture treatment. Our study also suggests that exercise has
better effects on tendon healing when the use of NSAID is initiated before and, if
this can be confirmed by human clinical trials, it could have an important im-
pact on tendon treatment.

Previous studies have shown that the use of NSAID in murine tendon injuries
can lead to structural changes like the reduction of the edema, of the number of
inflammatory cells and of collagen expression, organization and maturation
changes, but with no modification in biomechanical or functional tendon cha-
racteristics [32]. At 4 and 8 weeks, we did not see a significant difference in ul-
timate loads between the groups that received NSAID and the groups that did
not although we did see a trend towards significance (P value = 0.09) at two
weeks with the group that received NSAID with a higher ultimate load.

When gait analysis was assessed, the animals that received NSAID showed
better stability with regards to the parameters evaluated suggesting benefits in
the drug use. With this, we could speculate a possible protection against a
re-rupture that is the most unwanted adverse effect after a previous tendon in-
jury [33], but this needs to be better investigated.

Cell proliferation is an important fact after tendon injury and is fundamental
in the healing process [12]. Normal tendon does not express PCNA but after in-
jury it can be seen after 3 days and it has an important role in DNA repair after
tissue injury [34]. According to Galatz et al [35] the height of cellular prolifera-
tion after injury occurs at day 7 and decreases at 4 weeks, result similar to our
group A, while Wu YF e al [36] found that most of the proliferation occurs
between weeks 2 and 3 after injury, a similar result found in the remaining
groups of this study that were submitted to exercise or to the use of NSAID. The
use of these interventions, exercise or NSAID, seem to delay the stimulus for cell
proliferation but the consequence of this delay must the better evaluated in fu-
ture studies.

We also observed that there was a difference in the site of cell proliferation
over time. The progressive PCNA expression at different sites of the injured
tendon illustrates the need to study this dynamic process over time with special
attention to the musculotendinous junction. Other studies have also shown the
different patterns of PCNA expression. Kawamura ef al. [37], for instance, found
proliferating cells first seen in the tendon-bone interface, with a gradual pro-
gression into the tendon, whereas Lui et a/ [38] demonstrated higher cell density

in the center of the wound at day 4, but at the periphery of the wound at day 28.

DOI: 10.4236/0jas.2018.84027

365 Open Journal of Animal Sciences


https://doi.org/10.4236/ojas.2018.84027

K. B. G. Barbato et al.

Future studies are needed to better investigate what cell is proliferating and
where these cells originate.

Dimmen et al [11] demonstrated that all tendon ruptures occurred at the in-
jury site during the biomechanical testing and many previous studies lack the
information of where the tendon ruptures. In our study, the vast majority of the
ruptures occurred at the musculotendinous junction and the reason for this
must be better investigated. An important limitation of this study, and that
could explain this rupture site, is that these animals did not have a chronic ten-
dinopathy and because of this did not have a higher probability of re-rupture or
greater tendon fragility at the tenotomy site.

Future studies are needed to appraise results after using selective NSAID that
could be more effective in reducing the inflammatory response after a tendon
injury and to evaluate the collagen fibers and the expression of specific factors

like TGF-fand VEGF in the tendon regeneration process.

5. Conclusion

Aerobic exercise, initiated early after tendon injury, is beneficial for the biome-
chanical aspects that occur during tendon regeneration. The combined use of
NSAID provided better gait stability and this could protect against tendon

re-rupture.
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