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IMMEDIATE AND LATE EFFECT OF SUTURES IN EXTRASYNOVIAL
TENDONS: BIOMECHANICAL STUDY IN RATS
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ABSTRACT

Objective: The aim of this study was to evaluate the effects
on the mechanical properties of rats’ calcaneus tendons, of
repair arrangements using suture material in the absence
of any healing process. Method: Twelve male Wistar rats
were used. They were subjected to placement of a mo-
dified Kessler suture stitch in the calcaneus tendon. The
sacrifices were performed immediately after and six we-
eks after the operation. The mechanical properties studied
were maximum load, tension in the maximum load and
module of elasticity. The contralateral tendon was used as
a control. Results: The statistical analysis showed that for
the times studied, the values for mechanical properties did

not present any significant differences. In relation to the
control, i.e. the contralateral tendon without a suture, the
results demonstrated that, six weeks after the operation, the
values for the modulus of elasticity were lower, whereas
there were no significant variations in maximum load or
tension at maximum load. Conclusion: Placement of su-
ture material on an extrasynovial tendon without lesions
decreased the modulus of elasticity, but it did not interfere
with the maximum load or tension at maximum load, six
weeks after the operation.
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INTRODUCTION

Surgical treatment for tendon injuries can be done
using several repair techniques, but they always invol-
ve placement of suture material. The arrangement of
the suture needs to maintain the apposition of the ten-
don stumps, preferably under conditions of movement.

During the healing process, the suture thread
should cause minimal tissue reaction and should have
sufficient resistance to traction forces. Therefore, the
arrangement and the suture material influence the
healing process!>. McDowell et al¥ demonstrated
that placing a suture thread in an uninjured tendon
promoted a tissue reaction at the tendon/thread interface
that interfered with the mechanical, histological and
biochemical properties of intrasynovial tendons.
Wong et al® demonstrated the existence of areas
of acellularity in both vascularized and avascular

tendons, after placement of knotted sutures in tendons
in rabbits and rats. Although extrasynovial tendons
present differences in the nutrition and healing
processes in relation to intrasynovial tendons, it may
be supposed that interference in mechanical properties
also occurs in these tendons, caused by the presence
of suture threads in repair arrangements, even in the
absence of a healing process.

By making a suture arrangement in a complete ten-
don, i.e. without injury, the effects of the arrangement
and suture material on the tendon can be evaluated in
isolation, without the healing process.

The aim of the present investigation was thus to
assess the possible effect of the repair arrangement
with suture material, on the mechanical properties
of the calcaneal tendon of rats, in the absence of a
healing process.
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METHODS

The study received prior approval from the
institution’s Animal Ethics Committee.

Twelve male rats of Wistar lineage were used.
They were 60 days of age, with a mean weight of
242 g, and were clinically healthy.

These animals were subjected to a surgical proce-
dure as follows. General anesthesia was effected using
sodium pentobarbital (30 mg/kg), administered intra-
peritoneally. Then, a posterior access was made in the
left hind leg, the calcaneal tendon was isolated and a
modified Kessler suture stitch was inserted using 6-0
nylon thread. The skin was sutured using 5-0 Mono-
cryl and an occlusive dressing was applied (Figures 1
and 2). No type of immobilization was used.

QD

Figure 1 — Schematic drawing Figure 2 — Appearance of the

of the suture stitch made in the hind leg of the rat, showing the

calcaneal tendon of the rat. calcaneal tendon with the sutu-
re stitch.

The rats were subsequently killed for the biome-
chanical evaluation: six animals selected during the
immediate postoperative period and the remaining six
animals, six weeks after the operation.

The tendons were dissected, removed (Figure 3)
and fixed axially in clamps that were specially deve-
loped for this study. The distance between the clamps
was 6 mm (Figure 4).

The mechanical tests were performed on a univer-
sal mechanical testing machine, with a velocity of 30
mm/min. The mechanical properties studied were:
maximum load (N), tension at maximum load (MPa)
and modulus of elasticity (MPa).
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Figure 3 - Isolation of the cal- Figure 4 — Test body (tendon)
caneal tendon of the rat with the mounted on the mechanical tes-
suture stitch before the biome- ting machine.

chanical test.

After the traction test, the computer that was cou-
pled to the testing machine furnished a load-defor-
mation diagram.

The contralateral tendon was used as a control.

The results were subjected to statistical evalua-
tion using the technique of analysis of variance for
the model of repeated measurements for indepen-
dent samples®.

RESULTS

Tables 1, 2 and 3 present the means and standard
deviations of the mechanical properties studied, on
the operated side and the contralateral side (control)
at the times assessed (immediately and six weeks after
the operation), and the statistical analysis.

Figures 5, 6 and 7 illustrate the results obtained for
each mechanical property.

Table 1 — Means and standard deviations of the maximum load
(N) according to the time of sacrifice and group.

. o Group Result from
Time of sacrifice
Control (C) | Suture (S) group test
S;'::Tvzg:fstea]ftgr 64+159 | 60+165 | p>0.05(C=S)
. 72+86 77 £+ 16.3 p>0.05(C=35)
operation (A)
Result from p > 0.05 p > 0.05
time test (I=A) (I=A)
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Table 2 — Means and standard deviation of the tension at ma-
ximum load (MPa) according to the time of sacrifice and group.

i e Group Result from
Time of sacrifice
Control (C) | Suture (S) group test
SIETVZ:E‘;ZS; 21+111 | 24+69 | p>0.05(C=9)
operation (A) 25+4.6 1826 p>005(C=9)
Result from time p > 0.05 p > 0.05
test (I=A) (1=A)

Table 3 — Means and standard deviations of the modulus of
elasticity (MPa) according to the time of sacrifice and group.

. . Group Result from
Time of sacrifice
Control (C) | Suture (S) group test
Immediate () | 57 . g5 | 46+67 | p>005(C=9)
Six weeks after
. 63 + 14.0 48 +58 p < 0.05(C > S)
operation (A)
Result from time p <0.01 p > 0.05
test (I<A) (I=A)
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Figure 5 — Means and standard deviations of the maximum load
(N) according to time of sacrifice and group.
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Figure 6 — Means and standard deviations of the tension at ma-
ximum load (MPa) according to time of sacrifice and group.
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Figure 7 — Means and standard deviations of the modulus of
elasticity (MPa) according to time of sacrifice and group.

The statistical analysis indicated that, in relation
to the times studied (immediately and six weeks after
the operation), the values for the mechanical proper-
ties did not present significant differences. In relation
to the control, i.e. the contralateral tendon without a
suture, the statistical evaluation demonstrated that,
six weeks after the operation, the values for the mo-
dulus of elasticity were lower, while maximum load
and tension at maximum load did not show any sig-
nificant variance.

DISCUSSION

The present investigation was limited to a mecha-
nical evaluation on the effect of placing a suture stitch
in an uninjured tendon, during the immediate postope-
rative period and six weeks after the operation.

The results obtained indicated that the mechanical
behavior of the operated tendons remained stable, i.e.
the values observed immediately after the operation
were similar to those found six weeks after the ope-
ration. In a similar study on flexor tendons in hens,
McDowell et al® observed that the mechanical pro-
perties decreased over the first postoperative weeks,
with subsequent recovery to values close to the initial
values after 28 days. It is possible that a similar phe-
nomenon could have occurred in the present investi-
gation, but with a more accentuated recovery after six
weeks. However, this is just a supposition, given that
no mechanical tests were carried out at other times,
1.e. between the immediate postoperative period and
six weeks after the operation. In the literature rela-
ting to tendon healing, there are reports of studies on
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mechanical behavior in which a slight fall was presen-
ted up to 20 days after the operation, with slow and
progressive recovery thereafter, becoming more ac-
centuated six weeks after the operation. On the other
hand, there are studies in which stabilization or a sli-
ght increase is seen right from the start of the repair,
followed by a more accentuated increase six weeks
after the operation. Despite significant methodologi-
cal differences and differences in the subjects between
these studies, which creates difficulty and limitations
regarding comparisons between the results, there are
indications that after a six-week period, greater reco-
very of mechanical properties occurs, compared with
the immediate postoperative period7!¥.

The analysis on the values of the mechanical
properties of the tendons that were operated, in
comparison with the contralateral controls, indicated
the degree of recovery of mechanical behavior. In
the present investigation, the values observed in the
immediate postoperative period and six weeks after
the operation were similar to those of the controls,
and this suggests that placing a suture stitch on
uninjured tendons did not significantly interfere with
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