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SUMMARY: Whether nonsteroidal anti-inflammatory drugs have a beneficial effect on tendon regeneration is still a matter of
debate. Given that inflammatory cells are thought to induce nonspecific damage following an injury, we tested the hypothesis that
a 3-day treatment with diclofenac would protect tendons from inflammatory cell injury and would promote healing. Neutrophil and
ED1� macrophage concentrations were determined in the paratenon and the core of the rat Achilles tendon following
collagenase-induced injury. Hydroxyproline content, edema, and mechanical properties were also evaluated at 1, 3, 7, 14, and
28 days post-trauma. Collagenase injections induced a 70% decrease in the ultimate rupture point at Day 3. Diclofenac
treatments (1 mg/kg bid) selectively decreased the accumulation of neutrophils and ED1� macrophages by 59% and 35%,
respectively, in the paratenon, where blood vessels are numerous, but did not reduce the accumulation of neutrophils and ED1�

macrophages in the core of the tendon. Edema was significantly reduced on Day 3 but persisted during the remodeling phase
in the diclofenac-treated group only. The inhibition of leukocyte accumulation by diclofenac did not translate into a reduction of
tissue damage or a promotion of tissue healing, because the mechanical properties of injured Achilles tendons were identical in
placebo and diclofenac-treated groups. These results indicate that diclofenac reduced both edema and the accumulation of
inflammatory cells within the paratenon but provided no biochemical or functional benefits for the Achilles tendon. (Lab Invest
2003, 83:991–999).

N onsteroidal anti-inflammatory drugs (NSAIDs)
are widely prescribed to reduce pain and inflam-

mation following soft tissue injuries. NSAIDs inhibit
tissue inflammation by repressing cyclooxygenase
(COX) activity, thereby leading to a reduction in proin-
flammatory prostaglandin synthesis (Vane, 1996).
NSAIDs can also repress inflammation by inducing
apoptosis (Shiff et al, 1995), activating peroxisome
proliferator-activated receptors-� and -� (Lehmann et
al, 1997) and inhibiting neutrophil (PMN) aggregation
(Cronstein et al, 1994) and degranulation (Kaplan et al,
1984). Diclofenac can induce shedding of adhesion
molecules located on PMNs, thereby inhibiting their
locomotion and ability to invade inflamed tissues
(Diaz-Gonzalez et al, 1995; Perianin et al, 1985). Be-
cause prostaglandins can play an important role in the
accumulation of inflammatory cells in many tissues
and leukocyte subsets may exacerbate tissue injuries,
it is believed that reducing PGE2 production and
inflammatory cell accumulation using COX inhibitors
will lead to a reduction in tendon injury. However, the
effects of NSAIDs on connective tissue repair have
produced diverging and contradictory results. For

example, the administration of a nonspecific inhibitor
of COX activity increases ligament strength by 42% at
14 days postsurgical transection, whereas a specific
COX-2 inhibitor decreases ligament strength as com-
pared with a placebo (Dahners et al, 1988; Elder et al,
2001). Although the conclusions of these studies are
weakened by the fact that no specific inflammatory
cell markers were employed to verify the efficacy of
the NSAIDs, the observations are consistent with the
current view that inflammatory cells participate in both
the degenerating and regenerating processes at sites
of injury (Cowin et al, 2001; Lapointe et al, 2002b; Li et
al, 2001).
We recently showed in a rat model of tendon injury

that different populations of inflammatory cells, such
as PMNs, ED1�, and ED2� macrophages (M�s), ac-
cumulate sequentially (Marsolais et al, 2001). PMNs
accumulate rapidly at injury sites, where they can
increase extracellular matrix damage through the re-
lease of proteases and potentially delay tissue regen-
eration (Palmgren et al, 1992). PMN invasion is fol-
lowed by M� accumulation 1 to 3 days post-injury.
These cells play key roles in the early phase of wound
healing and are likely very important for effective
wound debridement (Frisen et al, 1993), angiogenesis
(Swift et al, 1999), fibroblast activity, and subsequent
collagen synthesis (Khalil et al, 1989). The use of
NSAIDs may thus both repress the catabolic actions
of inflammation and alleviate important signals for
tissue regeneration. We hypothesized that a 3-day
treatment with diclofenac during the highly catabolic
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phase of inflammation would protect tendons from
injury and promote tissue healing. In this study, we
assessed inflammatory cell accumulation, edema, hy-
droxyproline content, and mechanical properties of
Achilles tendons at 1, 3, 7, 14, and 28 days postcol-
lagenase injury. These time points encompass the
periods of inflammatory cell accumulation, collagen
degradation, and initiation of the regeneration process
(Marsolais et al, 2001). The results demonstrate that
diclofenac decreased the accumulation of inflamma-
tory cells during the acute phase of inflammation but
neither prevented tissue damage nor accelerated the
healing process.

Results

Concentration of Inflammatory Cells and Blood Vessels
in the Paratenon and the Core of the Achilles Tendon

Collagen fibers are well organized and have a parallel
orientation in normal Achilles tendons (Fig. 1A). Colla-
genase injection induced tissue disorganization, as
shown by the large pink areas in Masson’s trichrome-
stained sections (Fig. 1B). The histologic appearance
of the Achilles tendon was identical in both experi-
mental groups 28 days post-recovery, but the colla-
gen fibers remained small and disorganized (Fig. 1, C
to D). To verify whether diclofenac can modify the
accumulation of inflammatory cells, PMNs and ED1�

M�s were immunolabeled on longitudinal sections of
Achilles tendon (Fig. 1, E to H). The sequence of
inflammatory cell accumulation was similar to previ-
ous observations in tendons and skeletal muscles
(Frenette et al, 2002; Marsolais et al, 2001). Immuno-
labeling with the PECAM antibody showed that blood
vessels are highly concentrated in the paratenon (Fig.
1J). Relative to the ambulatory controls, the sham
procedure induced a small but significant increase in
the concentrations of ED1� M�s and PMNs up to
Days 3 and 7, respectively (Figs. 2 and 3). Collagenase
injections increased the concentrations of PMNs by
450-fold and ED1� M�s by 15-fold compared with the
control at Day 1 post-trauma in the paratenon of the
Achilles tendon (Figs. 2A and 3A). PMNs and ED1�

M�s disappeared gradually and returned to sham
values at Days 14 and 28, respectively. The adminis-
tration of diclofenac reduced the accumulation of
PMNs by 59% and ED1� M�s by 35% relative to the
placebo in the paratenon at Day 1 post-trauma, indi-
cating that diclofenac efficiently blocked leukocyte
accumulation.

In contrast, the diclofenac treatment had no effect
on the accumulation of PMNs and ED1� M�s in the
core of the Achilles tendon at Days 1, 3, 7, and 14
post-trauma. As observed with the paratenon, the
concentrations of ED1� M�s in the cores of Achilles
tendons treated with diclofenac also failed to return to
sham values on Day 28. The concentrations of ED2�

M�s did not increase significantly over time in either
placebo or diclofenac-treated animals compared with
sham values (unpublished data). Because diclofenac
is transported through the circulatory system, we

decided to verify whether differences in blood vessel
concentrations could explain the specific effect of
diclofenac in the paratenon. Quantitative analysis re-
vealed that the density of blood vessels was 12 times
higher in the paratenon than in the core of the Achilles
tendon (Fig. 4).

Edema Formation, Hydroxyproline Content, and
Biomechanical Properties

Water content, which was quantified to determine
whether diclofenac influenced edema formation, was
approximately 59 ml/100g of wet mass in control
tendons and increased by 30% at Day 3 post-trauma
in the placebo group (Fig. 5A). The administration of
diclofenac reduced edema by approximately 35% at
Day 3 relative to the placebo. The water content
decreased steadily in placebo-treated groups be-
tween Days 3 and 14. In contrast, edema failed to
diminish between these two time points in the
diclofenac-treated rats, suggesting that the resolution
of the inflammatory phase was retarded following the
administration of the NSAID.

To assess collagen content, hydroxyproline was
measured in placebo and diclofenac-treated animals.
As expected, collagenase injections induced a signif-
icant reduction in collagen content in both the placebo
and diclofenac groups (Fig. 5B). The lowest concen-
trations of hydroxyproline were recorded at Days 3
and 7 postcollagenase injection in the placebo and
diclofenac groups, respectively. The hydroxyproline
content gradually increased after Day 7 but failed to
reach the control value after 28 days in both experi-
mental groups. The functional integrity of the tendons
was also tested in a separate set of experiments.
Tendons were stretched to measure stiffness and the
ultimate rupture point to determine whether NSAID
treatment influenced mechanical properties. Control
values for the ultimate rupture point and maximal
stiffness were 85.7 N and 86.1 N/mm, respectively
(Fig. 6, A and B). Following collagenase injection, both
the ultimate rupture point and stiffness dropped by
approximately 70% on Day 3 in the placebo group.
Subsequently, the ultimate rupture point and stiffness
of injured tendons recovered progressively to reach
48% and 51% of control values, respectively, at the
end of the protocol. Thus, the mechanical properties
of the injured tendons remained significantly different
from control values at the end of the protocol. Treat-
ment with NSAIDs had no significant impact on the
mechanical properties of the Achilles tendon at all time
points tested. Lastly, we verified whether a relation-
ship could be observed between the ultimate rupture
point and hydroxyproline content. Interestingly, hy-
droxyproline content strongly correlated with the ca-
pacity of the Achilles tendon to sustain mechanical
stress in all groups tested, suggesting that hy-
droxyproline content may be a good indicator of
tendon function (Fig. 7).

Marsolais et al

992 Laboratory Investigation • July 2003 • Volume 83 • Number 7



Figure 1.
Histologic and immunohistochemical assessments of injured and control Achilles tendons. Masson’s trichrome staining, which colors collagen blue and other proteins
pink, was performed on longitudinal sections of uninjured tendon (A), placebo tendon 1 day postcollagenase injection (B), and placebo (C) and diclofenac-treated
tendons (D) 28 days postcollagenase injection. Immunolabeling of neutrophils (PMNs) was performed on peripheral sections of injured placebo (E) and
diclofenac-treated (F) tendons 1 day post-trauma. Immunolabeling of ED1� macrophages (M�s) on peripheral sections of injured placebo (G) and diclofenac-treated
(H) tendons 1 day post-trauma showing that diclofenac reduces the number of inflammatory cells in the paratenon. PMNs and ED1� M�s were not labeled when
primary antibodies were omitted. Immunolabeling of blood vessels was performed on cross-sections of control Achilles tendons. Cross-sections of Achilles tendons
labeled without (I) and with PECAM antibody (J) showing that blood vessels are highly concentrated in the paratenon (p) and widely dispersed in the core (c). The
dashed line separates the paratenon from the core. Bars � 75 �m.
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Discussion

Tendons heal very slowly through the formation of
scar tissue following chemical, physical, or mechani-
cal injuries and rarely regain their original strength. In
general, the sequence and time course of events that
occur during tendon healing closely resemble those
reported in many other tissues. Different subpopula-
tions of leukocytes rapidly invade the inflamed tissue
to phagocyte cellular debris and stimulate fibroblast
proliferation and collagen deposition (Gelberman et al,
1991). Interestingly, the number and type of inflamma-
tory cells recruited at injured sites may play an impor-
tant role in the degree of scarring and the quality of the
healing response. For example, the number and per-
sistence of different subsets of leukocytes are lower
following dermal injuries in fetal tissues than in adult
tissues. Lower leukocyte accumulation in fetal wounds

results in a scar-free phenotype not observed in adult
tissues (Adolph et al, 1993; Cowin et al, 1998). The
teleological arguments for the use of NSAIDs on a
regular basis in clinical practice are thus strongly
based on the reduction or modulation of the number of
inflammatory cells at wound sites, which may eventu-
ally diminish tissue injury and scar formation.

Even though the history of NSAIDs stretches back
through the use of willow bark extracts, the effect of
NSAIDs on final healing outcome remain a topic of
much debate. Previous investigations have demon-
strated that NSAIDs may impair (Almekinders and
Gilbert, 1986; Elder et al, 2001), have no effect on
(Minns and Muckle, 1982; Thomas et al, 1991), or
enhance (Dahners et al, 1988; Obremsky et al, 1994)
tissue healing. The findings presented here clearly
show that diclofenac did not change the functional

Figure 2.
Concentrations of neutrophils (PMNs) in Achilles tendons from placebo (PCB)
and diclofenac-treated (Diclo) animals. PMN concentrations are shown in the
paratenon (A) and core of the Achilles tendon (B). Data are means � standard
errors of the means from five to six experiments, p � 0.05. *Significantly
different from matched sham; #significantly different from placebo.

Figure 3.
Concentrations of ED1� macrophages (M�s) in Achilles tendons from placebo
(PCB) and diclofenac-treated (Diclo) animals. ED1� M� concentrations are
shown in the paratenon (A) and core of the Achilles tendon (B). Data are means
� standard errors of the means from five to eight experiments, p � 0.05.
*Significantly different from matched sham; #significantly different from
placebo.
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properties of the healing tendon. Our results also
demonstrate that diclofenac preferentially modulated
the accumulation of PMNs and ED1� M�s in the
paratenon. Possible explanations for this unexpected
finding include the following: (a) The bioavailability of
diclofenac was only sufficient to inhibit leukocyte

recruitment in the paratenon where the vascular sys-
tem is well developed, and the available concentration
of diclofenac was probably below the effective dose in
the core of the tendon, which is the hypovascularized
region of the Achilles tendon; (b) prostaglandins might
be synthesized rapidly in the paratenon following
tissue injury and may exert chemoattraction locally
and promote leukocyte recruitment (Langberg et al,

Figure 4.
Quantification of blood vessel density in the core and the paratenon of control
Achilles tendons. Immunolabeling was performed as described in “Materials
and Methods.” Labeled areas are expressed as percentages of sampled areas
from the paratenon and core area. Data are means � standard errors of the
means from six experiments. *Significantly different, p � 0.001.

Figure 5.
Hydroxyproline concentration and edema formation in injured Achilles ten-
dons. Hydroxyproline concentrations (A) and edema formation (B) are shown
in control animals 1, 3, 7, 14, and 28 days postcollagenase injection. Values
are expressed as percentages of controls. Data are means � standard errors
of the means from seven to nine experiments, p � 0.05. *Significantly
different from placebo.

Figure 6.
Mechanical properties of injured Achilles tendons. Stiffness (A) and ultimate
rupture point (B) are shown in control animals 1, 3, 7, 14, and 28 days
postcollagenase injection. All points are different from control animals. Data
are means � standard errors of the means from five to eight experiments, p
� 0.05.

Figure 7.
Relationship between hydroxyproline content and ultimate rupture points of
Achilles tendons. Mean values of hydroxyproline content and ultimate rupture
points for placebo and diclofenac-treated animals were analyzed using simple
regression analysis. The ultimate rupture point increased linearly with hy-
droxyproline content. r � 0.92; p � 0.001.
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1999); (c) The presence of diclofenac could induce
L-selectin shedding, which may impair leukocyte roll-
ing and recruitment; such action would predominantly
occur where blood vessels are abundant (Diaz-
Gonzalez et al, 1995); and (d) The use of diclofenac
might inhibit the enzymatic degradation of lipoxins,
biologically active eicosanoids that can decrease
PMN recruitment via chemokine down-regulation, re-
duce PMN degranulation and stimulate the uptake of
apoptotic PMNs by M�s (Clish et al, 2001). However,
the presence of lipoxins at higher concentrations in
the paratenon relative to the core of the tendon has
not been documented. The hypovascular network in
the core of Achilles tendon may explain the lack of
effect of diclofenac in this region.

The results presented here also constitute a highly
valuable addition for the characterization of
collagenase-induced tendon injury. Our values for
hydroxyproline content in control rats are in agree-
ment with previous results published for tendons and
other similar connective tissues (Takacs and Verzar,
1968; Vailas et al, 1985, 1988). Although long term
monitoring for hydroxyproline content during tendon
degeneration and regeneration has never been clearly
reported, we showed that the rapid loss of hy-
droxyproline coincides with the accumulation of
PMNs and M�s, which supports the hypothesis that
leukocytes phagocytose and digest collagen during
the inflammatory phase. The finding that the concen-
tration of hydroxyproline gradually increased also sup-
ports similar observations that extensive collagen syn-
thesis begins after 7 days (Garner et al, 1989). The
appearance of M�s is most likely necessary for the
initiation and formation of new tissue because M�-
depleted animals have defective wound repair mech-
anisms and M� implantation accelerates tissue heal-
ing (Danon et al, 1989). Many cytokines secreted by
M�s can accelerate wound healing, the formation of
granulation tissue, and the deposition of extracellular
matrix. Transforming growth factor-� 1 would be the
most likely candidate for orchestrating wound repair in
that it can stimulate both fibroblast proliferation and
collagen production (Cordeiro et al, 2000; Kinbara et
al, 2002).

The biomechanical properties of rat Achilles tendon
observed in our study compare favorably with those
reported in the literature, but our technical procedures
minimized slippage during stretching, which increased
the ultimate rupture points relative to previous study
(Almeida-Silveira et al, 2000). The present findings
also clearly demonstrated that regenerating processes
in Achilles tendon are remarkably slow because me-
chanical functions reached only 50% to 60% of con-
trol values after 28 days. Although total recovery
following an Achilles tendon injury may require almost
1 year, the compelling histologic, biochemical, and
mechanical data obtained with respect to the inflam-
mation and repair phases indicated that diclofenac
does not have any beneficial effects on tendon repair.
These observations are consistent with the view that
diclofenac has no effect on PMN accumulation in
collagen bundles, the most important collagenic struc-

tures that transmit large loads following muscle con-
tractions. The presence of PMNs can cause collagen
damage through the release of metalloproteases and
free radicals (Zhu et al, 2001). The lack of effect of
NSAIDs in collagen bundles is particularly relevant
because many forms of tendinitis in humans and
horses occur in the tensile region of the tendon
(Archambault et al, 1995). In addition, our findings that
edema and the presence of ED1� M�s seem to persist
in diclofenac-treated rats reinforce the current view
that NSAIDs can prolong the inflammatory process.
For example, Gilroy et al (Gilroy et al, 1999) used a
model of carrageenin-induced pleurisy to demonstrate
that NSAIDs retard the resolution of inflammation. It
was recently shown that a delay in the disappearance
of ED1� M�s occurred following diclofenac treatment
in a model of exercise-induced muscle damage
(Lapointe et al, 2002a). Another recent study clearly
demonstrated that specific inhibition of COX-2 activity
by NS-398 or nonspecific inhibition of COX activity by
indomethacin causes a significant delay in wound
healing in rat skin (Futagami et al, 2002). In contrast,
the addition of PGE2-stimulated wound closure in
airway epithelium (Savla et al, 2001). Together, these
findings suggest that COX-dependent metabolites
play a role in stimulating wound healing in various
tissues.

In summary, data obtained with the present model
of tendon injury support the conclusions that treat-
ment with diclofenac does not prevent collagen deg-
radation and loss of tensile force at the onset of
tendon injury. It is therefore questionable whether
NSAIDs should be used to alleviate inflammation in
acute tendon injuries. Further investigations using
direct approaches are needed to determine the roles
played by each inflammatory cell subset in tendon
repair. Lastly, we speculate that the slow rate of
tendon healing may be due to an insufficient number
of cells activating fibroblast or secretory fibroblasts
involved in tendon fabrication. Testing of strategies
designed to promote migration and activation of fibro-
blasts to influence tendon healing and function might
be a promising approach to resolve this question.

Materials and Methods

Experimental Procedures

Collagenase-induced tendon injury has been previ-
ously characterized in our laboratory and described in
detail (Marsolais et al, 2001). Female Wistar rats (180
to 200 g) allowed normal cage activity were used. The
rats were anesthetized by intraperitoneal injection of a
ketamine/xylazine cocktail (87.5 mg/kg and 12.5 mg/
kg, respectively). Instruments were sterilized to avoid
local inflammation due to infection. The Achilles ten-
dons of both hindlimbs were exposed by a slight
incision above the osteotendinous junction. For immu-
nolabeling analyses, the experimental tendon was
injected with 30 �l of crude collagenase solution (5
mg/ml; Sigma, St. Louis, Michigan) using a 30-gauge
needle. Collagenase was dissolved in sterile PBS
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(PBS). Contralateral Achilles tendons were injected
with the same volume of vehicle and used as sham
groups. In another series of experiments where me-
chanical testing was performed, both Achilles tendons
were injected with 30 �l of the 5 mg/ml collagenase
solution. Injury was induced in both tendons to eval-
uate hydroxyproline and water content as well as the
mechanical properties of injured tendons on the same
animal. Mechanical data from injured tendons were
thus compared with tendons originating from control
rats, but the sham procedure did not induce any
functional deficit (unpublished data). The incision was
closed with sutures and gently washed with a topical
antiseptic solution. Following the surgical procedures,
the animals were rehydrated by injecting 5 ml of
Ringer’s lactate subcutaneously and then placed un-
der a heat lamp to prevent hypothermia until
awakening.

Drug Administration

The animals were randomly divided into two groups.
Six hours following collagenase injection, the time
needed to recover completely from anesthesia, the
placebo and experimental groups were gavaged with
water or diclofenac dissolved in water at 1 mg/kg. All
animals were treated bid for six doses. The rats were
killed 1, 3, 7, 14, and 28 days postcollagenase injec-
tion. Ambulatory control rats were killed without prior
intervention or after the administration of six doses of
diclofenac administered bid.

Immunohistochemistry

To label inflammatory cells, hindlimbs were removed
immediately after death. The foot was positioned in a
dorsiflexion position, and the whole limb was fixed
overnight in 10% formalin at 4° C. Achilles tendons
were then excised between the osteotendinous and
myotendinous junctions, dehydrated in increasing
concentrations of alcohol, and cleared in three
changes of xylene. After dehydration and clearing on
ice, Achilles tendons were embedded overnight in
paraffin at 60° C and the paraffin blocks stored at
�20° C. Sections from the paratenon and core of each
tendon were systematically selected at 0.25 and 0.75
mm from the lateral edge of the tendon, respectively.
Longitudinal sections were labeled for the PMNs and
ED1� M�s as previously described (Marsolais et al,
2001).

To label blood vessels, uninjured tendons were
excised and fixed for 3 days in a zinc solution (0.5%
zinc acetate and 0.5% ZnCl2 in 0.1 M Tris base buffer
containing 0.05% calcium acetate) (Beckstead, 1994).
Tendons were embedded in paraffin and transversally
cut at a thickness of 5 �m. Tissue sections from two
distinct regions of the tendon were collected in dupli-
cate. Tendons were quenched with a solution of 3%
hydrogen peroxide diluted in methanol to abrogate
endogenous peroxidase activity. Nonspecific sites
were blocked for 20 minutes in a solution containing
100 mM Tris, 150 mM NaCl, 150 mM sodium azide,

0.5% Tween 20, 0.2% gelatin, and 3% BSA. Sections
were then overlaid without the primary antibody or
incubated overnight at 4° C with antirat CD31 anti-
body (BD Pharmingen, California), which binds to an
adhesion molecule commonly called PECAM-1 lo-
cated in the endothelium of blood vessels. All sections
were then washed with PBS and incubated with
biotinylated antimouse Ig G antibody (1:200; Vector
Laboratories, Burlingame, California) for 60 minutes.
Tissue samples were washed with PBS and incubated
with horseradish peroxidase (1:1000; Vector Labora-
tories) before revealing the antibody-antigen complex
by chromogenic development using DAB peroxidase
substrate kit (Dako Diagnostics Canada Inc., Ontario,
Canada). Transverse sections were then viewed under
a Nikon inverted microscope equipped with a Cool
Snap photometrics CCD camera. Blood vessel density
was quantified by using Metamorph image software.
Following acquisition, images were converted from
pixels to micrometers using a calibration image. The
color threshold was set to include labeled blood
vessels with minimal unspecific background. Three
sample areas were selected in the paratenon and the
core of the tendon, and the surface areas occupied by
blood vessels were expressed as percentages of total
areas.

Mechanical Testing

In another set of experiments, Achilles tendons were
excised with the calcaneum and the inferior portions
of the gactrocnemius, plantaris, and soleus muscles.
Samples were placed in a humid chamber on PBS-
moistened gauze to avoid drying and swelling (Wang
and Ker, 1995). Muscle tissue was gently removed
from the tendons, and both extremities were rapidly
wiped and glued between two pieces of balsa wood
with Loctite 495. Achilles tendons were then fixed in
metal jaws covered with #40 sandpaper and con-
nected to the load cell of a MTS 858 Mini Bionix II
device (MTS Systems Corporation, Eden Prairie, Min-
nesota). Initial length was manually set at a tension of
1 to 2 N. The test, conducted with Model 793.00
System Software, version 3.2 (MTS Systems Corpo-
ration), was performed to obtain a tension-elongation
curve using a strain rate of 10% of initial length per
second until rupture. Tension (Newtons) and elonga-
tion (mm) were monitored at a frequency of 10 Hz.
Tension-elongation curves were plotted and dis-
carded if slippage or absence of a clear rupture point
was noted. Stiffness was defined as the maximal
slope of the linear portion of the tension-elongation
curve in a time lapse of 0.5 second. Ultimate rupture
force was also recorded.

Measurements of Edema and Hydroxyproline Content

Once the biomechanical properties had been mea-
sured, the left Achilles tendons were dehydrated for 24
hours at 60° C (Takacs and Verzar, 1968), and the ratio
([wet mass to dry mass]/wet mass) was used to obtain
an index of the water content. After dehydration,
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tendons were then hydrolyzed in 6 N HCl at 130° C for
3 hours, neutralized with NaOH, and diluted in water.
The extracts were used for the determination of hy-
droxyproline content by the method of Woessner
(1961).

Statistical Analysis

Fisher PLSD was used to compare means when a
significant F ratio was obtained following the ANOVA.
Pearson correlate analysis was used to assess the
relationship between ultimate rupture point and hy-
droxyproline content. The level of significance was set
at p � 0.05. All results are presented as means �
standard errors of the means.
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