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Abstract
Introduction: This research is based on the results of the surgeries of tenorraphy, which have been im-
proved due to the association between strong and not voluminous sutures and physiotherapic protocols,
which preconize the early active motion to the postoperative period. Objective: To evaluate the healing
process in vivo in different types of tenorraphies. Methods: Thirty-six rabbits that underwent early active
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Resumo

motion after tenorraphy. The sample was constituted of 3 groups of 12, in accordance with the 3 different
types of suture (Brasil, Indiana and Tsai). Results: On the 15" and 30™ days after the surgery, thermographic
and histological analyses revealed similar results that all groups showed similar behaviors in the same time
of surgical repair, just differentiating between the periods. On the 30" day analysis were observed that col-
lagen fibers being more exuberant thickening, thus being able to offer higher tensile strength to the tendon.
Conclusion: That suggests early active motion may be increased gradually to around the 30 day taking this
as clinical relevance.

Keywords: Infrared thermography. Tenorrhaphy. Early active mobilization. Histology.

Introdugdo: Esta pesquisa é baseada nos resultados das cirurgias de tenorrafia, as quais tém evoluido em
virtude da associagdo de suturas fortes e ndo volumosas e protocolos fisioterdpicos, os quais preconizam mo-
bilizagdo ativa precoce no periodo pds-operatorio. Objetivo: Avaliar o processo de cicatrizagdo in vivo em
diferentes tipos de tenorrafias. Método: Trinta e seis coelhos foram submetidos a mobilidade ativa precoce
apds tenorrafia. A amostra foi constituida por 3 grupos de 12, de acordo com os 3 tipos de sutura utilizados
(Brasil, Indiana e Tsai). Resultados: No 152 e 302 dia apds a cirurgia, as andlises termogrdficas e histolégicas
revelaram resultados similares evidenciando que todos os grupos apresentaram comportamentos semelhantes
no mesmo tempo do reparo cirurgico, diferenciando-se apenas entre os periodos. No trigésimo dia os estudos
evidenciaram que as fibras de coldgeno mostravam um exuberante afilamento, sendo assim, capazes de ofere-
cer maior resisténcia tensil ao tenddo. Conclusdo: Isto sugere que o movimento ativo precoce pode ser grada-
tivamente aumentado em torno do trigésimo dia, o que é de grande relevdncia clinica.

Palavras-chave: Termografia por infra-vermelho. Tenorrafia. Mobilizagdo ativa precoce. Histologia.

Introduction

Lesions in the flexor tendons of the hands can re-
sultin great physical and emotional suffering and are
a socio-economical setback to both the patient and
the society because for the long period required for
functional recovery (1).

The benefits of early active mobilization (EAM)
include greater excursion of the osteofibrous tun-
nel and greater range of motion (ROM) and func-
tionality of the hand (2, 3, 4, 5, 6). Understanding
the behaviour of wound healing in vivo, particularly
under tissue stress caused by exercises and during
the rehabilitation period, is important and has great
clinical relevance.

The formation of scar tissue makes this phase cru-
cial in the healing process. However, the currently
available assessment tools may not be able to help
efficiently analyse human tendons in vivo during the
first few weeks of the postoperative period (7).

This study aimed to evaluate the evolution of the
healing process in rabbits that were subjected to dif-
ferent types of tenorrhaphies and submitted to early

active mobilization. Histological analysis showed an
increase in the concentration and maturity of the col-
lagen fibres, thereby indicating an improvement in
the elastic properties of the tendon and good healing
progress (7, 8). Because the inflamatory process is
exhothrermic, infrared thermography can be used to
assess the severity of inflammation (8, 9). Therefore,
we believe that a combination of infared thermogra-
phy and histological analysis may be helpful in study-
ing the evolution of the healing process in rabbits that
were subjected to tenorraphy of the flexor tendons
and submitted to early active mobilization.

Materials

The study sample comprised 36 rabbits (species
Oryctolagus cuniculus; New Zealand).This project
was approved by the Ethics Committee in Animal
Experimentation (CETEA - protocol 1.01.09) of the
State University of Santa Catarina (UDESC) Lages,
SC. Adult rabbits (female and male rabbits; age, 8 %2
months; weight, 2-3 kg) were chosen because of the
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similarities between the characteristics and proper-
ties of their tendinous tissue with the flexor tendon
of the human hand. These rabbits were randomly di-
vided into 3 groups of 12 individuals, and each group
underwent a different technique for tenorrhaphy:
1) Brazil, 2) Indiana, and 3) Tsai (Table 1). The selec-
tion of techniques tenorrhaphy used the following
criteria: techniques should allow early active mo-
bilization, hence the choice of 4 and 6 strands, the
search for possible interference of the position of
the central knot or number of strands in the healing
process: Suture Brazil - 4 strands and knot outside
the central tendon; Suture Indiana - 4 strands and
knot inside the central tendon; suture Tsai - 6 strands
Knot outside the central tendon (Figure 1). Has been
used mononylon 4.0 for core suture and mononyln
5.0 for peritendon suture.

Method

After tenorrhaphy was performed in the flexor ten-
don of the right rear paw, the area was immobilised

with a plaster cast extending up to the ankle joint of
the operated limb at a 90° flexion to prevent overload
in the area. Deambulation inside the confinement cage
was considered as early active mobilizaton, since the
subject was still active and physiologically mobile (10).

The following instruments were used:
(a) Eletrophysics PV320A® computerised infrared
thermographic camera, with the software Velocity
version 2.0; (b) Leica Optical Microscope® - DMLS;
(c) ]B® precision digital scale, model 33; (d) MT® -
241 thermohygrometer (2 channels); and (e) a data
acquisition form.

After each tenorrhaphy, a histological and ther-
mographic analysis was performed to quantify the
proportion of thick collagen fibres. It was compared
the findings of the 3 groups on the 15% and 30* post-
operative days. Half of the animals were sacrificed
on the 15 day.

We used thermograms to record the maximum
temperatures at the tenorrhaphy site (MTT), in the
neighbouring area (MTN), and in the contralateral
limb (MTC).

Table 1 - Distribution of groups (Source: Laboratory of Experimental Surgery of the Institute of Orthopedics and Trauma-

tology, Passo Fundo, RS — Brazil)

Number of Number of Total number of
Groups Type of Tenorrhaphy rabbits/15" days rabbits/30" days .
. . rabbits per group
postoperative postoperative
1 Brazil — 4 strands 6 12
2 Indiana — 4 strands 6 12
8 Tsai — 6 strands 6 12

Source: Laboratory of Experimental Surgery of the Institute of Orthopedics and Traumatology, Passo Fundo, RS - Brazil.
*Note: Rabbits were euthanised for thermographic and histological analyses.

The statistical analysis of data was performed
using a t test for paired variables and Pearson’s
chi-square test for the frequencies of the histologi-
cal features. The association between temperature
measurements and tenorrhaphy technique and that
between temperature measurements and elapsed
time after tenorrhaphy were evaluated using univari-
ate analysis of variance (ANOVA). Test values showing
p < 0.05 were considered significant.

Results

On the 15" and 30™ postoperative days, the maxi-
mum temperature measured at the site of tenorrha-
phy was significantly higher than that measured in
the surrounding area, respectively (29.8 °C [SD 0.6]
vs. 28.5°C[SD 0.6] and 28.6 °C [SD 0.5] vs. 27.5°C [SD
0.3]; p < 0.001); a similar trend was observed in the
contralateral or control limb, respectively (29.8 °C
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[SD 0.6] vs. 27.9 °C [SD 0.8] and 28.6 °C [SD 0.5] vs.
27.0 °C [SD 0.5]; p < 0.001) (Figure 1). It was also
observed that the temperature of the area neighbour-
ing the tenorrhaphy site was significantly higher than
that in the control limb on the 15" day [28.5 °C [SD
0.6] vs. 27.9 °C [SD 0.8]; p < 0.001) and on the 30™
day (27.5°C[SD 0.3] vs. 27.0 °C [SD 0.5]; p = 0.001)
after tenorrhaphy.

Still, MTT, MTN, and the MTC were significantly
higher on the 15" day compared to those on the 30"
day, respectively (29.8 °C [SD 0.6], 28.6 °C [SD 0.5],
28.5°C[SD 0.6] vs. 27.5°C[SD 0.3], 27.9 °C [SD 0.7],
27.0 °C [SD 0.5]; (p < 0.001) (Figure 2).

The analysis of covariance showed that only the
elapsed time from the 15" to 30" day after tenor-
rhaphy had an impact on the maximum tempera-
ture (p < 0.001), with no significant association
with either suture technique (p = 0.108) or inter-
action between technique and time after surgery
(p = 0.820) (Figure 3).

Among subjects who received the Brazil suture,
the predominance of thick fibres on the 15" day
was observed in 2 rabbits (33.3%) and on the 30"
day in 4 (66.7%; p = 0.248). Among the rabbits that
received the Indiana suture, the predominance of
thick fibres on the 15" day was observed in 1 rabbit
(16.7%) and on the 30" day in 4 (66.7%; p = 0.079).
Among the subjects who received the Tsai suture, on
the other hand, the predominance of thick fibres on
the 15" day was observed in 4 rabbits (66.7%) and
on the 30" day in 4 (66.7%; p = 1.000) (Figure 4).

Discussion

The postoperative inflammatory reaction associ-
ated with the healing of skeletal muscle tissue is a
well-recognised phenomenon in the literature, and
the number of cells returns to the normal count,
with inhibition of reactional apoptosis around the
30™ postoperative day. This reaction causes a physi-
ological increase in the body temperature, which is
rarely considered of clinical relevance (11, 12, 13).
The thermographic analysis at day 30 is critical be-
cause in this period there is a decrease in tempera-
ture focal showing the evolution of the inflammatory
process repairer and early remodeling phase which
is proven by the flattening of the fibers in the histo-
logical analysis.
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Figure 1 - Diagram of suture techniques: Brasil, Indiana and
Tsai
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Figure 2 - A) Thermographic analysis MTT: Brazil suture — 15" day. B) Thermographic analysis MTT: Brazil suture — 30" day
Source: Laboratory of Experimental Surgery, Institute of Orthopedics and Traumatology, Passo Fundo, RS — Brazil.
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Figure 3 - Maximum temperature (°C) measured at the site of the tenorraphy: on the 15" and 30" days after the completion
of the different techniques
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Figure 4 - A) The results of the Tsai technique (6-strands), displaying granulated tissue and angiogenesis on the 15" day
(100x). B) Histological section of suture with Tsai technique (6-strands) — 15th postoperative day. Granulation
tissue with deposit of thick collagen fibers (100x increase). C) The results of the Brazil technique (4-strands) on
the 30" day, showing an area of necrosis in the periphery of the tendon without damage to the healing (100x). D)
The results of the Indiana technique (4-strands) on the 15" day, showing a multinucleated giant cell from a foreign
body (400x). E) The results of the Tsai technique (6-strands) on the 15" day, depicting the beginning of healing,
immature collagen fibres (100x). F) The results of the Tsai technique (6-strands) on the 30" day, revealing the posi-
tion of mature collagen fibres in the same direction of the axis of the tendon. Optimal healing (100x)

In this study, there was no measurement of inter-
nal body temperature. Ignoring this existing varia-
tion, the temperatures measured in the different ar-
eas in the 3 tenorrhaphy groups on the 15" and 30%
day, significantly decreased over time, as compared
to the healthy areas (control limb). The action of the
natural homeostatic controls was confirmed as the
evolution of the healing process.

When using the lower limbs during walking,
there is a greater energy demand in the lower
limb muscles to strengthen and stabilise the joints,
while supporting bodyweight. Due to the initia-
tion of early active mobilization, the left rear limb
or control limb also showed an increase in tem-
perature at an early stage (15" day). This rise in
temperature occurs due to a compensatory activ-
ity when the limb is immobilised. However, it was
still apparent that the MTT was considerably high
during healing.

The studies of Head and Elliot (14) which used
thermography to monitor the evolution of tumour
metabolism by checking the angiogenesis, evidenced

hyperthermia in 86% of non-palpable breast cancers.
In the present study, angiogenesis was observed in
the histological sections collected from the tenor-
rhaphy sites. This intense neovascularization, which
acts on the metabolism of cicatricial tissue, causes an
increase in temperature (MTT) that was measured
using thermography on the 15" day. On the other
hand, during the evolution of tendon healing, MTT
decreased on the 30" day.

By using thermography, Koop and Haraldson
(15) observed a decrease in the temperature of the
masseter muscle (cold spots) in patients with severe
temporomandibular dysfunction. According to their
findings, a temperature rise occurs during inflamma-
tion, but it decreases in instances of dental clenching
caused by bruxism. Ring (9) reported the capacity
and use of thermography in monitoring inflamma-
tion in rheumatic diseases, showing a decrease in
the local temperature of the affected joints after the
use of anti-inflammatory medication. These findings
are similar the those of this study, in that during the
initial phase of the healing process, a hyperthermic

Fisioter Mov. 2014 out/dez;27(4):611-9



Thermographic and histological analysis of rabbit different tenorrhaphies

techniques (4 and 6 strands) after early active mobilization

sign was observed on the repaired region, and then,
during the ensuing healing evolution, there was a
drop in the local temperature due to a progressive
decrease in metabolic activity. Thus, thermography
is an effective and capable diagnostic tool useful for
monitoring this condition.

Several authors report that the hyperthermic
signal (hot spot) at the active trigger point can be
attributed to a cutaneous, reflexive spinal response.
This response involves vasodilation in the dermis,
along with inhibition of a-adrenergic receptors due
to the local nociceptive impulses that are caused by
contractures, ischemic tissues, and nociceptive sub-
stances (16, 17, 18). Such a physiological response
can occur from a painful or nociceptive sensation
of the tendinous repaired area, or it could also be
caused by EAM, although control measurements
would ordinarily be taken, such as the use of anal-
gesics for pain control. Therefore, it was believed
that the hyperthermic signal at the site of tenor-
rhaphy was mainly due to the increased metabolic
activity during healing.

The thermal asymmetry with a variation close to
SD 0.3 °C is considered physiological in a thermo-
neutral environment. The presence of a variation of
2 0.5 °C is already considered a significant thermal
asymmetry that establishes a diagnosis of dysfunc-
tion or pathology (19). Significant differences such
as these were found in this study, in which the tem-
perature on the 15" day was significantly higher than
the temperature on 30" day. This phenomenon was
observed in all 3 types of sutures.

In a systematic review and meta-analysis of 29
studies by Dy et al. (20) , who sought the prevention
of complications such as adhesions and reruptures,
it was observed that the rates of reoperation, rup-
ture, and adherence were 6%, 4%, and 4%, respec-
tively. Moreover, the use of epitendinous suture ma-
terial decreased the rate of reoperation by 84%. As
for the surgical technique, it was found that the use
of the Kessler technique (2-strands) led to an adhe-
sion occurrence rate of less than 57%, which is ques-
tionable, since the Kessler technique (2-strands)
accounts for around 70% of all surgical tendinous
repairs worldwide. Other works such as those by
Smith and Evans (21), Klein (22), Cao and Tang (23),
Groth (24), Lawrence et al. (25), Karjalainen et al.
(26), and Lee et al. (27) show that sutures of mul-
tiple strands, designed to support higher pressures
in the repaired tendons, require more training and

sophisticated skills on the part of surgeons. As a
result, the difficulty in learning these techniques
discourage their use worldwide, and thus, only 30%
of surgeons use them. The studies done so far seek
to quantify the rates of complications, but there is
no study that describes a protocol that would help
prevent such occurrences. Therefore, the thermo-
graphic analysis helps to establish a time at which
physical therapy should be intensified in order
to decrease the rate of adhesion without increas-
ing reruptures.

The histological study showed that the behav-
iour of tendon healing was an appropriate cicatri-
cial response in all groups, in which the collagen
fibres presented a more exuberant thickening near
the 30" day, thereby providing a higher tensile
strength for early active mobilization (7). The stan-
dardization of comparison counting absolute and
relative frequency of change of collagen fibers is an
excellent object of study for future work. A similar-
ity of the temperatures and of the quality of scar
tissue was evident, by both thermographic and
histological analysis, in the tenorrhaphy in the 3
different sutures, and was attributed to the mini-
mization of vascular damage and uniform repair-
ing metabolism.

Thermography is capable of measuring tempera-
tures in real time. By observing the attenuation of
local inflammation by a significant decrease in tem-
peratures of the tenorrhaphy sites compared to the
contralateral limb at different time periods, a physi-
cal therapist may be able to observe the evolution of
tendon healing in vivo. Still, computerised infrared
thermography captures the thermal differences
caused by tendon microcirculation, and as a result,
may be used in the protocols used for rehabilita-
tion of the flexor tendons of the hand. The clinical
relevance of this study is that physical therapists
would be able to make informed decisions about
the possibility of modifying the degree or intensity
of movements.
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