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ABSTRACT: Management of complex feline hindlimb defects is challenging. However, the use of a split semiten-
dinosus myocutaneous (SST) flap for coverage has not yet been reported. The objective of this study was to describe
the SST flap and compare it with second-intention healing for the management of complex tibial defects in cats. Two
wounds were created on each tibia of 12 purpose-bred laboratory DSH cats. Wounds in group A (n=12) were covered
with SST flaps and those in group B (n=12) were left to heal by second intention. In both groups, clinical assessment
scoring and planimetry were performed between 1 and 30 postoperative days. CT angiography (CTA) and histologic
examination were performed on days 0, 10, and 30 and days 0, 14, 6, and 12 months postoperatively, respectively.
Group A had significantly higher assessment scores on days 7 (p=0.002), 14 (p<0.001), 21 (p=0.001), and 30 (p=0.008).
The time to complete healing in group A (32,42 days) was significantly higher than that to complete epithelial coverage
in group B (24.67 days) (p=0.001). On CTA, significant differences were observed in ST muscle density which was
higher on day 10 compared to 0 on the proximal (dP) (p<0.001) and medial (dM) points (p=0,020, p<0,001, p<0,001
respectively) in all three different phases. For the distal (dD) point, the measurement was significantly higher in the
precontrast phase (p=0.001) and on day 10 compared today 30 at all points in all three phases (p<0.001). The caliber of
the distal caudal femoral artery and vein and the proximal gluteal artery and vein were significantly higher on day 10
than on day 0 (p<<0.001), on days 10 to 30 (p<0.001), and on days 30 to 0 (p=0.004, p=0.006, p=0.011, p=0.007, respec-
tively). Histologically significant differences were observed in inflammation and muscle cell degeneration which were
higher on day 14 than on day 0 and 6 months (p<0.001, p<0.001, p<0.001, p=0.007 respectively). Neovascularization
and fibrosis were significantly higher on day 14 than on day 0 (p=0.010 and p=0.009, respectively). In conclusion,
although the ST muscle can be safely longitudinally split and cover tibial defects, the SST flap is less efficient than
second-intention healing in terms of the time to complete wound healing.
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INTRODUCTION

he treatment of wounds in the distal aspect of

the hind limbs in small animals is often difficult,
and muscle or myocutaneous flaps offer an alterna-
tive treatment option, especially in wounds compli-
cated by extended soft tissue loss and orthopaedic
injuries (Beardsley and Schrader, 1995; Aper and
Smeak, 2003; 2005; Fowler, 2006; Hosgood, 2006;
Corr, 2009). These wounds benefit from a one-stage
reconstruction using vascularised tissue (Mathes and
Nahai, 1981; Pavletic, 1990).

Myocutaneous flaps are composed of skeletal
muscle with its overlying skin, with direct cutane-
ous vessels exiting from the muscle and supplying
the skin. Myocutaneous flaps provide a considerable
amount of tissue to cover complex or large defects
and improve healing times and tissue vascularisation
(Pavletic et al., 1987; Weinstein et al., 1988; 1989;
Chambers et al., 1990; 1991; 1998; Puerto and Aron-
son, 2004). The Semitendinosus muscle (ST) is a type
III muscle with two dominant vascular pedicles that
can cover the muscle’s blood requirements in case
of ligation (Solano et al., 1995; Puerto and Aronson,
2004). The proximal gluteal artery supplies the prox-
imal half of the muscle, and the distal caudal femoral
artery supplies the distal half. ST muscle depending
on the blood supply of the proximal gluteal artery
and vein, or the distal caudal femoral artery and vein
has been reported in a case series of three dogs and
one cat (Chambers and Rawlings, 1991; Puerto and
Aronson, 2004; Vnuk et al., 2005). The use of a ST
myocutaneous flap based on the distal caudal femoral
artery and vein has been recently reported for the cov-
erage of hindlimb defects in cats (Dermisiadou et al.,
2023; 2024). The use of the proximal half of the ST
after transverse division of its fibres has been report-
ed for reconstruction of the perineum in three dogs
(Chambers and Rawlings, 1991; Morello et al. 2015).
The use of the distal half of the ST, after longitudi-
nal division of its fibers, has been reported in cases
of Achilles tendon rupture in dogs (Baltzer and Rist,
2009) and the proximal half in dogs with perineal her-
nia (Morello et al., 2015). Transposition of the prox-
imal half of the ST has been reported for treatment
of fecal incontinence in dogs and rectal wall repair
in dogs and cats (Doust and Sullivan, 2003; Riggs et
al., 2018; Kim et al., 2023). The authors have recently
published an article comparing the use of the ST to
the SST myocutaneous flap as a reconstructive tech-
nique for the management of complex tibial defects in
cats (Dermisiadou et al., 2024).

The objective of this study was to compare the
SST flap as a reconstructive technique to second-in-
tention healing for the management of complex tibial
defects in cats. This study was designed to assess the
efficacy and clinical outcomes of the SST flap over
second-intention healing. The hypothesis evaluated
during the study was that in cats, advancement of the
SST flap would be more successful in treating distal
limb defects than second-intention healing.

MATERIALS AND METHODS

All procedures were approved by the National
Animal Ethics Committee (license number: 2734/12-
6-2015), in accordance with the European Union
directive 2010/63/EU, and by the Animal Ethics
Committee of the Faculty of Veterinary Science, Uni-
versity of Thessaly (license number: 15/16-6-2015).
The licence also determined the minimum number of
animals possible, based on welfare considerations.
Twelve purpose-bred laboratory DSH cats, aged 1-4
years (7 castrated males and 5 spayed females) and
weighing 3-4 kg, were included in this study. Health
status was based on physical examination, complete
blood count, serum biochemistry analysis, and fecal
parasitology. Screening for feline immunodeficiency
virus and feline leukaemia virus was performed. No
drugs were administered two months before the ex-
periment. The animals included in this study had no
skin pathology or musculoskeletal conditions. After
completion of the study, all cats were given for adop-
tion.

In each cat, two identical wounds were created on
the distal medial surfaces of both tibial areas. Wounds
were randomly allocated into two groups (A and B)
using a computer program (Random Number Genera-
tor). Six animals had SST flaps on the right hind limb,
and the remaining six were on the left. The wounds
in group A (n=12) were covered with SST flaps and
those in group B (n=12) were left to heal by second
intention. In both groups, clinical assessment scoring
and planimetry were performed 0, 7, 14, 21, and 30
days postoperatively. Computed tomography-angiog-
raphy (CTA) and histological examination were per-
formed on days 0, 10, and 30 and on days 0, 14, 6, and
12 months postoperatively, respectively.

Presurgical Management

The cats received premedication with dexmede-
tomidine (20 pg/kg b.w., intramuscularly (IM), Dex-
domitor 0.5 mg/ml; Elanco, Greece), and butorpha-
nol (0.3 mg/kg b.w., IM, Dolorex 10 mg/ml; MSD,

JHELLENIC VET MED SOC 2024, 75 (4)
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Greece). Anaesthesia was induced with propofol 1%
(2-4 mg/kg b.w., intravenously (IV), Propofol MCT/
LCT 1%; Fresenius Kabi Hellas, Greece) and main-
tained with isoflurane (2%, Isoflo; Abbott Laborato-
ries, UK) in oxygen (2 L/min). Normal Saline 0.9 %
solution IV was administered at a rate of 4 ml/kg/h
during anaesthesia. Preoperatively, amoxicillin and
clavulanic acid (20 mg/kg b.w., subcutaneously (SC),
Synulox RTU Inj.; Zoetis, Greece) and carprofen (2
mg/kg b.w., IV, Rimadyl; Zoetis, Greece) were ad-
ministered.

Surgical procedure

A full-thickness skin defect 2 cm in length and 1
cm in width was created on the medial surface of the
distal tibia of each hind limb, 1 cm cranial to the tarsal
joint, as previously described by Dermisiadou et al.
(2023). The tibial periosteum was then surgically re-
moved. In group B, skin edges were tacked to the un-
derlying tissues by simple interrupted sutures to leave
the bone denuded (Fig.1). Sutures were removed on
day 7 after firm adhesion had formed between the skin

Figure 1. Full-thickness skin defect of the distal tibia (medial sur-
face). In group B, the skin edges were tacked to the underlying
tissues by simple interrupted sutures. The caudal tibial and medial
digital flexor muscle tendons were both retracted caudally, and the
periosteum was incised to expose the bone.

and underlying tissues (Winkler et al. 2002).

In group A, the SST flap was raised, as previously
described by Dermisiadou et al. (2024). The SST flap
was formed from the medial half of the semitendino-
sus muscle, preserving the proximal gluteal artery and
vein (Fig.2). The semitendinosus muscle was split by
the separation of its fibers parallel to the longitudinal
axis from the ischial tuberosity to the level of the sti-
fle. Flap length ranged from 10.45 to 11.17 cm and
the flap width from 1.78 to 2.09 cm. A bridging skin
incision was made between the base of the SST flap
and the defect on the medial surface of the distal tibia,
and the flap was rotated 150-1700° distally, to cover
the defect (Fig.3).

Postoperative management

Morphine hydrochloride (0.2 mg/kg b.w., IM,
Morfina cloridrato; Molteni, Italy) was administered
for analgesia at the end of surgery and every 4-6
hours for two days. Amoxycillin and clavulanic acid
(20 mg/kg b.w., SID, SC, Synulox RTU Inj.; Zoetis,

Figure 2. SST flap elevation in group A. The pedicle of the dis-
tal caudal femoral artery and vein, visible in the popliteal fat,
remained intact during the surgical separation of the ST muscle
fibers.

JHELLENIC VET MED SOC 2024, 75 (4)
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Figure 3. SST flap covering the defect in the recipient area.

Greece) until complete healing and carprofen (2 mg/
kg b.w., sid, SC, Rimadyl; Zoetis, Greece) for 5 days
were administered. Elizabethan collars were used
in all cats. All wounds were covered with a 3-layer
padded bandage which was changed daily during the
first week and then, every other day until complete
healing. During bandage changes and planimetry
measurements, cats were sedated with a combination
of dexmedetomidine (20 pg/kg b.w., IM, Dexdomitor
0.5 mg/ml; Elanco, Greece) and butorphanol (0.2 mg/
kg b.w., IM, Dolorex 10 mg/ml; MSD, Greece).

Clinical Assessment Scoring

In both groups, clinical assessment was performed
by the same clinician (ED) at 0, 7, 14, 21, and 30 days
after surgery. Pain was evaluated using the Colorado
State University Feline Acute Pain Scale (Mathews et
al., 2014; Epstein et al., 2015) while cats were alert
before and after bandage changes. A scoring system
was used to quantify all clinical observations related
to the healing process of flaps and wounds in both
groups. Healing scores were calculated based on the

criteria described in recent reports on wound assess-
ment (Lazarus et al., 1994; Grey et al., 2006; Ousey
and Cook, 2012; Dermisiadou et al. 2023; 2024).

Planimetry

Digital images of the wounds and computer soft-
ware (AutoCAD, version 2018, Autodesk, San Ra-
fael, CA) were used for the planimetry evaluation.
In group A, planimetry of the SST flaps was used to
measure the flap length, width (cm), initial total flap
area (cm2) (skin flap surface on day 0), final total flap
area (crn2) (percentage of skin flap area viable on day
30), and percentage of flap necrosis on days 7, 14, 21,
and 30, according to previous reports (Bohling et al.,
2004; 2006; Bohling and Henderson, 2006; Dermisi-
adou et al. 2023; 2024).

In group B, planimetry was used to estimate the
initial wound area, area covered by the epithelium,
and unhealed area. The percentage of epitheliali-
sation, wound contraction, and total wound healing
were calculated for each wound according to previ-
ously reported formulas (Bohling et al., 2004; 2006;
Bohling and Henderson, 2006; Dermisiadou et al.
2023; 2024).

CT-angiography

CTA of the pelvis and hindlimbs, pre- and post-in-
travenous contrast medium administration, iobitridol
(2 ml/kg, 1V, Xenetix® inj. sol. 300 mg/ml; Guerbet,
France) was used to evaluate the arterial and venous
phases. The same anaesthetic protocol described in
the Presurgical Management was used during CTA.
The following parameters were evaluated in a dedi-
cated workstation on a soft tissue window: ST mus-
cle length (cm) and width (cm), caliber of the proxi-
mal gluteal and distal caudal femoral artery and vein
(mm), and density of the ST muscle (Hounsfield unit
[HU] at 10 mm2) at three different points (dP: prox-
imal, dM: medial, and dD: distal) in three different
phases (pre-contrast agent, arterial, and venous phase)

(Fig. 4).

Histologic evaluation of the SST Myocutaneous
Flap

Tissue samples were collected using a 6 mm bi-
opsy punch (Biopsy punch; Kruuse, Langeskov, Den-
mark). Specimens were obtained from the distal tip of
the flap on day 0 and from the most medial part of the
distal edge of each flap on day 14 to avoid disturbing
flap microcirculation. Specimens 1 cm in width x 2
cm in length were collected from the middle of the

J HELLENIC VET MED SOC 2024, 75 (4)
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Figure 4. (a) 3-dimentional CT angiography on day 0 (lateral view). (b) 3-dimentional CT angiography on day 10 (medial view). (c)
3-dimentional CT angiography on day 30 (medial view). Note the normal vascular patterns on the pre-surgical examination (fig. 4 a),
and the neovascularization of the SST flap and anastomoses at the donor site on days 10 (fig. 4 b) and 30 postoperatively (fig. 4 c).

medial part of all flaps, including only the muscular
tissue, at 6- and 12-months.

All samples were processed using standard tech-
niques and stained with haematoxylin and eosin.
Stained sections were evaluated to assess inflamma-
tion, muscle cell degeneration, muscle cell necrosis,
neovascularization, fibrosis, and oedema quantitative-
ly classified as: 0 (normal), no alterations present; 1
(+), alterations of up to 33%; 2 (++), alterations of
between 34 and 66%; and 3 (+++), alterations of be-
tween 67 and 100% (Siemionow et al., 1995; Degner
etal., 1996; Costa et al., 2012; Greaves et al., 2013).

Statistical analysis

G-power analysis was performed for sample size
calculation and showed an actual power of 94.5%.
Continuous data are presented as mean + SD (e.g.
days to complete flap healing, CTA measurements),
while ordinal data are presented as median and range
(R) (clinical assessment score, histologic score).
Qualitative data are presented as frequencies and per-
centages.

The Shapiro-Wilk test was used to evaluate the
normality of the continuous data. To examine differ-

ences in continuous data following normal distribu-
tion, we employed one-way ANOVA with repeated
measures and paired t-tests for comparisons within
the same group and t-tests for comparisons between
the two groups. To evaluate differences in ordinal
data and continuous data rejecting the hypothesis of
normality, Friedman and Wilcoxon Signed Rank tests
(comparisons in pairs) were performed for tests with-
in the same group, and the Mann-Whitney U test was
used to examine differences between the two groups.

Pearson’s correlation coefficient was used to eval-
uate the linear relationship between two continuous
variables.

SPSS Statistical software was used in this study to
perform all tests required (SPSS, version 28.0, IBM-
SPSS Science, Chicago, IL, USA). Statistical signifi-
cance was defined as p < 0.05.

RESULTS

Clinical Assessment Scoring

The clinical assessment scores of groups A and
B are shown in Table 1. Statistically significant dif-
ferences were observed in group A between days 7

JHELLENIC VET MED SOC 2024, 75 (4)
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and 14 (p=0.034), 14 and 30 (p=0.017), and 21 and
30 (p=0.001). In group B, statistically significant
differences were observed between days 7 and 14
(p=0.003), 14 and 21 (p<0.001), 21 and 30 (p=0.003),
7 and 30 (p<0.001), and 14 and 30 (p<0.001).

Statistically significant differences were found
between the median time to complete flap healing in
group A (32.42 days, range: 23-40, SD £ 5.90) and
complete epithelial coverage in group B (24.67 days,
range: 19-28, SD = 3.03), which was higher in group
A (p=0.001). Group A showed significantly higher as-
sessment scores on days 7 (p=0.002), 14 (p<0.001),
21 (p=0.001), and 30 (p=0.008) than group B.

Planimetry

Planimetric measurements of groups A and B are
shown in Tables 2 and 3, respectively. In group A, a
statistically significant difference was observed in the
% flap necrosis between days 7 and 14 (p=0.020) and
between days 21 and 30 (p=0.043). In group B, sig-
nificant differences were found between days 7 to 14,
14 to 21, and 21 to 30 in % epithelialisation (p<0.001,
p<0.001 and p<0.001), % wound contraction
(p<0.001, p<0.001 and p=0.001), and % total wound
healing (p<0.001, p<0.001 and p=0.001) respectively.
A significant positive correlation was found between
the flap assessment score and neovascularization (his-
tological parameter) on day 14 (p=0.012).

CT-angiography

The parameters studied on CTA in group A are
shown in Table 4. Significant differences were ob-
served in ST muscle density, which was higher on day
10 than on day 0 at the proximal (dP) (p<0.001) and

medial (dM) points (p=0.020, p<0.001, p<0.001, re-
spectively) in all three phases. The density of the distal
(dD) point was significantly higher on day 10 than on
day O only in the pre-contrast phase (p=0.001). Sig-
nificant differences were observed in the ST muscle
density, which was higher on day 10 than on day 30
at all points in all three phases (p<0.001). Significant
differences were observed in the calibers of the distal
caudal femoral artery and vein and the proximal glu-
teal artery and vein which were higher on day 10 than
on day 0 (p<0.001), on days 10 to 30 (p<0.001), and
on days 30 to 0 (p=0.004, p=0.006, p=0.011, p=0.007,
respectively).

No significant correlations were observed on any
day between % flap necrosis and muscle density, %
flap necrosis and caliber of the distal caudal femo-
ral artery and vein, histologic parameters and muscle
density, histological parameters, and caliber of the
distal caudal femoral artery and vein.

Histologic evaluation of the SST Myocutaneous
Flap

The results of the histologic evaluation of various
parameters examined in the tissue samples are shown
in Table 5.

Significant differences were observed in inflamma-
tion and muscle cell degeneration which were higher
on day 14 than on days 0 and 6 (p<0.001, p<0.001,
p<0.001, p=0.007, respectively). Neovascularization
and fibrosis scored significantly higher on day 14 than
on day 0 (p=0.010 and p=0.009, respectively) (Fig.
5). No statistically significant differences in any of the
parameters were observed between the time interval
of 6 and 12 months.

Table 1. Clinical assessment scores. Values are presented as median and range (R).

Day 7 Day 14 Day 21 Day 30
Clinical assessment score in group A 10 (7-15) & 12.50 (8-18) abJ 12 (0-20) °K 7 (0-18) bl
Clinical assessment score in group B 7(5-9)dg1 550 (5-7) dehj 2 (1-5) efk 1 (1) fehl
a-h game superscripts within the same row indicate significant differences between respectively marked groups
-l Same superscripts within the same column indicate significant differences between respectively marked groups
a,b Same superscripts within the same row indicate significant differences between respectively marked groups
Table 3. Planimetric measurements in group B. Values are presented as mean =+ standard deviation (SD).

Day 7 Day 14 Day 21 Day 30

% epithelialization + SD 0°a 46.1+14.033> 773 +11.76 ¢ 100 ©
% wound contraction + SD 0.6+1579 %8 434+19.533b 805+855bc  g95+448¢C
% total wound healing = SD 0.6+£15.79*8  66.7+16.083D 94714 19bc 100 ©

® There is no detectable epithelialization on day 7

* Negative numbers indicate enlargement of wound size due to retraction of the wound edges from sutures placement
a-C Same superscripts within the same row indicate significant differences between respectively marked groups

JHELLENIC VET MED SOC 2024, 75 (4)
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Table 4. Parameters studied on CT-angiographies in group A. Values are presented as mean + standard deviation (SD).

Day 0 Day 10 Day 30
Muscle length (cm) 11.01 +£1.05 NA * NA *
Muscle width day (cm) 1.95+0.10 NA * NA *
Proximal gluteal artery caliber (mm) 0.83 +0.213C 1.02+0.058b (.86 +0.02b¢
Proximal gluteal vein caliber (mm) 1.23 + 0.043C 1.39 +0.032b 1.28 + 0.02bc
Distal caudal femoral artery caliber (mm) 0.84 + 0.024¢ 1.02+0.053b  0.89 +0.05b¢
Distal caudal femoral vein caliber (mm) 1.25 +0.03a¢ 1.40 + 0.052b 1.27 +0.02bc
Muscle density at the proximal point when no contrast agent  52.16 + 2.46 d 56.20 £2.65¢ 54.40 + 2.63F
given (dP)
Muscle density at the medial point when no contrast agent 54.15+1.928 55.06 +2.31h 533242311
given (dM)
Muscle density at the distal point when no contrast agent 52.85 +2.52) 53.51 +2.38 52.09 + 1.13)
given (dD)
Muscle density at the proximal point - arterial phase (dPa) 65.77 +3.474d 85.51 +£4.42¢ 80.34 +2.91F
Muscle density at the medial point - arterial phase (dMa) 70.09+3.87¢  79.04+2200  7451+2.191
Muscle density at the distal point - arterial phase (dDa) 67.59 +£3.47 66.46 £ 9.51 63.42 +8.93
Muscle density at the proximal point - venous phase (dPv) 71.87 + 4.63d 92.48 +5.18¢ 86.91 £3.12 f
Muscle density at the medial point - venous phase (dMv) 74.52 £3.598 86.28 +4.39h 79.62 +2.331
Muscle density at the distal point - venous phase (dDv) 73.12 £4.11 76.56 +4.76 70.62 + 6.34

Abbreviation: NA, not applicable

* Parameters could not be measured as the semitendinosus muscles were transferred to the new area in order to cover the defect
a-C.J Same superscripts within the same row indicate significant differences between respectively marked groups
d-i Same superscripts within the same column indicate significant differences between respectively marked groups

Table 5. Results of the various parameters studied during histologic evaluation of tissue samples in group A. Values are presented as
median and range (R).

Histologic score Day 0 (n=12) ]()n:gl;‘)‘ 6 1(1111(;1;t)hs 12 (I:::;)t hs
Inflammation 0 (0)ab 2.50 (0-3)3 0 (0-1)® 0 (0-2)
Degeneration/necrosis 2 (1-3)3 3 (1—3)ab 1(0-1)b 1(0-1)
Neovascularization 0(0)a 1(0-2)2 0(0) 0 (0-1)
Fibrosis 0(0)2 1(0-2)a 1(0-1) 1(0-1)
Edema 1 (0-1) 1 (0-3) 0 (0-1) 0.50 (0-1)

ab Same superscripts within the same row indicate significant differences between respectively marked groups

r : Ad 1" V“\‘ : ‘-: ::. : : ' S y " ’.- > o
Figure 5. (2) Histologic images of the SST muscle: A sample mostly characterised by perimyseal oedema on day 0 (haematoxylin and

eosin stain, x100 magnification). (b) Histologic images of the SST muscle: loss of striation and disruption of myofibers, severe diffuse
perimysial and endomysial inflammatory infiltration, and necrosis on day 14 (haematoxylin and eosin stain, x100 magnification).
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DISCUSSION

The effectiveness of the SST muscle flap as a distal
limb reconstructive technique in cats has been recent-
ly studied by the authors (Dermisiadou et al. 2024).
The findings of the present study indicate that the SST
flap is less efficient than second-intention healing of
wounds of such dimensions. Although the SST flap
did not affect the motor function of the cat hindlimbs
and successfully covered the defects of the distal tib-
ia, the technique did not achieve better healing times
when compared to second-intention healing, as the
results differed between the two groups.

SST flap development was technically more de-
manding than a non-sutured wound and offered ef-
fective coverage of tibial wounds. Second-intention
healing of such complex wounds in cats, although
the simplest, requires prolonged open management,
is likely more expensive, and has a higher risk of in-
fection (Campbell, 2006; Corr, 2009). Furthermore,
wounds with exposed bones benefit from early recon-
struction using tissues with a vascular supply, such as
pedicled muscle flaps, especially in areas such as the
distal hindlimb where axial-pattern skin flaps cannot
be used (Chambers and Rawlings, 1991; Puerto and
Aronson, 2004; Vnuk et al., 2005; Baltzer and Rist,
2009; Corr, 2009).

The SST flap fulfilled the major requirements for
transposition flaps. It is of an adequate size to reach
and cover tibial defects, is superficial and accessible,
and is functionally expendable.

The higher clinical assessment scores in group A
compared to group B on all days might be attributed
to focal vascular disruption due to skin and subcuta-
neous tissue detachment from the underlying fascia,
mainly at the most distal part of the flaps (Pavletic,
1980). Although both the proximal and distal vascular
pedicles were spared in group A, tissue handling was
more intense to isolate and then longitudinally split
the SST. Thus, shearing forces on the overlying skin
could not be avoided. Furthermore, the clinical scor-
ing of the flaps concerned their entire surface which
was significantly larger than that of the controls. Clin-
ically, the skin of the flaps was scored as erythematic
and congested in the first two days, possibly due to
alterations in blood perfusion and restricted venous
drainage that were reported after the flap was raised.
(Pavletic, 1981; 1990). Gradually, after day 6, the skin
regained its normal colour (one cat) or focal necrotic
areas developed (11 cats). Necrotic lesions of the skin
appeared to be stable by day 21. On day 30, the mean

viable final total skin area of the flap was 49%. Skin
flap necrosis was evident at the central or distal part
of the flaps in 11 of 12 cats (91.6%). Skin necrosis
could be attributed to the disruption of branches of
cutaneous vessels or haemodynamic changes (e.g.
thrombosis and reperfusion injury), leading to insuf-
ficient nourishment of the skin (Pang, 1990; Kerrig-
an and Stotland, 1993). Using the entire length of the
muscle increases the risk of vascular compromise as
it may be overtensioned (Kim et al., 2023). However,
the SST muscle underneath the skin surface remained
viable in all cases (100%), which is also supported by
the postoperative CTAs on day 10, which confirmed
no restriction of the blood flow, as there was no inju-
ry, kinking, twisting, or thrombosis of the pedicles.
This is in accordance with Puerto et al. (2004), who
used an ST myocutaneous flap to reconstruct a de-
fect overlying an open tibial fracture. They reported
100% survival of the muscular portion of the flap and
ischaemic necrosis at the most distal portion of the
skin, which was attributed to extended skin dissection
beyond the angiosome, supported by the distal cau-
dal femoral artery. The time to complete healing was
shorter in group B. Based on these results, it seems
that the split of the ST flap negatively affects the over-
lying skin. This might be because splitting the muscle
could disturb the vascularity of the flap and reduce
the thickness of the transposed muscle, which would
decrease the perfusion of the overlying skin.

Transection of sympathetic fibers during mus-
cle splitting may have led to angiogenesis from the
pre-existing vascular network. This is reinforced by
the higher neovascularization observed on histolog-
ical evaluation on day 14 and CTAs findings. On
CTAs, the statistically significant larger caliber mea-
surements of both vascular pedicles on day 10 com-
pared to day 0, and the increase in the muscle density
observed on day 10 compared to day 0 indicates that
gradual vasodilatation, growth of capillaries, and new
choke anastomoses were developed.

CTAs also revealed that there was a significantly
larger caliber of both pedicles on day 10 compared
to day 30 and a significantly larger diameter of the
proximal gluteal vein and the distal caudal femoral
artery on day 30 compared to day 0. On day 10, the
blood flow was higher to nourish half of the semiten-
dinosus transferred and the other half that remained at
the donor area.

Histologic examination revealed no major muscle
necrosis during the experimental procedure, as the
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two pedicles can effectively regulate blood flow to the
SST flaps (Pavletic, 1990; Solano et al., 1995; Greaves
et al., 2013). On day 14, significantly higher scores
were recorded in almost all parameters (excluding oe-
dema) compared to day 0, probably because of the
inflammatory phase of healing, blood flow restriction,
and reperfusion injury that normally develops at the
most distal part, where the samples were harvested
(Siemionow et al., 1995; Degner et al., 1996; Costa et
al., 2012; Greaves et al., 2013). The samples on the 6-
and 12- month histologic evaluation were character-
ised by muscle cell degeneration, with no significant
differences between these time intervals, due to mus-
cle cell replacement by fatty and fibrous tissue after
neurovascular division (Degner et al., 1996; Dermisi-
adou et al., 2023).

The limitations of the study include the small
number of animals included. Clean surgical wounds
in healthy cats supported a favourable outcome even
in wounds healed by second intention, whereas the
management of larger or infected wounds in clinical
cases may influence the outcome. The evaluation of
clinical scores could not be performed blindly, al-
though scoring included many objective monitoring
parameters. Imaging methods to assess flap skin per-
fusion have not yet been developed. Therefore, the
use of specific evaluation methods (laser Doppler
flowmetry, fluorescein dye, tissue oxygen tension,

near-infrared spectroscopy, and tissue spectropho-
tometry) may have provided information regarding
the potential influence of blood flow on the overlying
skin (Lanthier et al., 1990; Losken et al., 2008; Pratt
et al., 2012). The extent of the arc of rotation of the
SST flap has not been defined; therefore, further re-
search is required.

CONCLUSIONS

In conclusion, the SST flap based on the distal vas-
cular pedicle cannot be considered a reliable meth-
od for one-stage management of complex distal limb
defects in cats. Based on our results, the SST flap is
less efficient than second-intention healing in terms
of the time to complete wound healing. Nevertheless,
it seems that the ST muscle can be safely split longi-
tudinally, and its transposition can adequately cover
tibial defects.

ACKNOWLEDGMENTS

The authors thank Mr. Konstantinos Krikonis,
Head of Data Analysis, for significant support in the
statistical analysis of the data. We also thank Phar-
macell Greece for providing the products used in this
study.

CONFLICT OF INTEREST
The authors declare that they have no conflict of
interest.

REFERENCES

Aper R & Smeak D. (2003). Complications and outcome after thoraco-
dorsal axial pattern flap reconstruction of forelimb skin defects in 10
dogs, 1989-2001. Vet Surg 32(4), 378-384.

Aper RL & Smeak DD (2005). Clinical evaluation of caudal superficial
epigastric axial pattern flap reconstruction of skin defects in 10 dogs
(1989-2001). J Am Anim Hosp Assoc 41(3), 185-192.

Baltzer WI & Rist P (2009). Achilles tendon repair in dogs using the semi-
tendinosus muscle: surgical technique and short-term outcome in five
dogs. Vet Surg 38(6), 770-779.

Beardsley SL & Schrader SC (1995) Treatment of dogs with wounds of
the limbs caused by shearing forces: 98 cases (1975-1993). J Am Vet
Med Assoc 207(8):1071-1075.

Bohling MW, Henderson RA, Swaim SF, Kincaid SA, Wright JC (2004)
Cutaneous wound healing in the cat: a macroscopic description
and comparison with cutaneous wound healing in the dog. Vet Surg
33(6):579-587.

Bohling MW & Henderson RA (2006) Differences in cutaneous wound
healing between dogs and cats. Vet Clin North Am Small Anim Pract
36(4):687-692.

Bohling MW, Henderson RA, Swaim SF, Kincaid SA, Wright JC (2006)
Comparison of the role of the subcutaneous tissues in cutaneous
wound healing in the dog and cat. Vet Surg 35(1):3-14.

Cambell BG (2006) Dressings, bandages, and splints for wound manage-

ment in dogs and cats. Vet Clin North Am Small Anim Pract 36(4):
759-791.

Chambers JN, Purinton PT, Moore JL, Allen SW (1990) Treatment of
trochanteric ulcers with cranial sartorius and rectus femoris muscle
flaps. Vet Surg 19 (6):424-428.

Chambers JN & Rawlings CA (1991) Applications of a semitendinosus
muscle flap in two dogs. J Am Vet Med Assoc 199(1):84-86.

Chambers JN, Purinton PT, Allen SW, Schneider TA, Smith JD (1998)
Flexor carpi ulnaris (humeral head) muscle flap for reconstruction of
distal forelimb injuries in two dogs. Vet Surg 27(4):342-347.

Corr S (2009) Intensive, extensive, expensive. Management of distal limb
shearing injuries in cats. J Feline Med Surg 11(9):747-757.

Costa W, da Silva AL, Costa GR, Nunes TA (2012) Histology of the rectus
abdominis muscle in rats subjected to cranial and caudal devascular-
ization. Acta Cir Bras 27(2):162-167.

Degner DA, Walshaw R, Arnoczky SP, Smith RJ, Patterson JS, Degner
LA, Hamaide A, Rosenstein D (1996) Evaluation of the cranial rectus
abdominus muscle pedicle flap as a blood supply for the caudal super-
ficial epigastric skin flap in dogs. Vet Surg 25(4):292-299.

Dermisiadou E, Panopoulos I, Psalla D, Georgiou S, Sideri A, Galatos
A, Tsioli V (2023) Use of a semitendinosus myocutaneous flap for
the coverage of hindlimb full-thickness skin defects in cats. J Vet Sci
24(1), el4.

JHELLENIC VET MED SOC 2024, 75 (4)
TIEKE 2024, 75 (4)



8352

E. DERMISIADOU, I. PANOPOULOS, D. PSALLA, S. GEORGIOU, A. SIDERI, A. GALATOS, E. FLOURAKI, V. TSIOLI

Dermisiadou E, Panopoulos I, Psalla D, Georgiou S, Sideri A, Galatos A,
Tsioli V (2024) Comparison of Two Surgical Techniques Based on the
Semitendinosus Myocutaneous Flap in Cats. Vet Sci 11,6. https://doi.
org/10.3390/vetscil1010006.

Doust R & Sullivan M (2003) Semitendinosus muscle transfer flap for
external anal sphincter incompetence in a dog. J Am Vet Med Assoc
(15): 1385-1387.

Epstein ME, Rodanm I, Griffenhagen G, Kadrlik J, Petty M, Robertson S,
Simpson W (2015) 2015 AAHA/AAFP pain management guidelines
for dogs and cats. J Feline Med Surg 17(3):251-272.

Fowler D. Distal limb and paw injuries (2006) Vet Clin North Am Small
Anim Pract 36(4):819-845.

Greaves P, Chouinard L, Ernst H, Mecklenburg L, Pruimboom-Brees
IM, Rinke M, Rittinghausen S, Thibault S, Von Erichsen J, Yoshi-
da T (2013) Proliferative and Non-Proliferative Lesions of the Rat
and Mouse Soft Tissue, Skeletal Muscle and Mesothelium. J Toxicol
Pathol 26:1S-26S.

Grey JE, Enoch S, Harding KG (2006) Wound assessment. BM.J
332(7536):285-8.

Hamilton K, Wolfswinkel EM, Weathers WM, Xue AS, Hatef DA, Izad-
doost S, Hollier LH (2014) The Delay Phenomenon: A Compilation
of Knowledge across Specialties. Craniomaxillofac Trauma Reconstr
7(2):112-8.

Hosgood G (2006) Stages of wound healing and their clinical relevance.
Vet Clin North Am Small Anim Pract 36(4):667-685.

Kerrigan CL & Stotland MA (1993) Ischemia reperfusion injury: A re-
view. Microsurgery 14(3):165-175.

Kim MY, Nam CH, Kim JH, Yoon HY (2023) Application of Bifurcated
Semitendinosus Muscle Transposition for Treatment of Fecal Incon-
tinence in Two Dogs. Vet Sci 10, 150. https://doi.org/10.3390/vets-
¢i10020150.

Lanthier T, Miller C, McDonell WN, Yager JA, Roth JH (1990) Use of la-
ser Doppler flowmetry to determine blood flow in and viability of is-
land axial pattern skin flaps in rabbits. Am J Vet Res 51(12): 1914-21.

Lazarus GS, Cooper DM, Knighton DR, Margolis DJ, Pecoraro RE,
Rodeheaver G, Robson MC (1994) Definitions and guidelines for
assessment of wounds and evaluation of healing. Arch Dermatol
130(4):489-493.

Losken S, TM Styblo, TG Schaefer, Carlson GW (2008) The use of fluo-
rescein dye as a predictor of mastectomy skin flap viability following
autologous tissue reconstruction. Ann Plast Surg 61(1):24-9.

Mathes SJ & Nahai F (1981) Classification of the vascular anatomy of
muscles: experimental and clinical correlation. Plast Reconstr Surg
67(2):177-187.

Mathews K, Kronen PW, Lascelles D, Nolan A, Robertson S, Steagall PV,
Wright B, Yamashita K (2014) Guidelines for recognition, assessment

and treatment of pain: WSAVA Global Pain Council members and
co-authors of this document. J Small Anim Pract 55(6):E10-68.

Morello E, Martano M, Zabarino S, Piras LA, Nicoli S, Bussadori R,
Buracco P (2015) Modified semitendinosus muscle transposition to
repair ventral perineal hernia in 14 dogs. J Small Anim Pract 56, 370-
376.

Ousey K & Cook L (2012) Wound Assessment: Made Easy. Wounds, UK
8 (2)1-4 ISSN 1746-6814.

Pang CY (1990) Ischemia-induced reperfusion injury in muscle flaps:
pathogenesis and major source of free radicals. J Reconstr Microsurg
6(1):77-83.

Pavletic MM (1980) Vascular Supply to the Skin of the Dog: A Review.
Vet Surg 9(2):77-80.

Pavletic MM (1981) Canine axial pattern flaps, using the omocervical,
thoracodorsal, and deep circumflex iliac direct cutaneous arteries. Am
J Vet Res 42:391-406.

Pavletic MM, Kostolich M, Koblik P, Engler S (1987) A comparison of
the cutaneous trunci myocutaneous flap and latissimus dorsi myocu-
taneous flap in the dog. Vet Surg 16(4):283-293.

Pavletic MM (1990) Introduction to myocutaneous and muscle flaps. Vet
Clin North Am Small Anim Pract 20(1):127-146.

Pratt GF, Rozen WM, Chubb D, Whitaker IS, Grinsell D, Ashton MW,
Acosta R (2010) Modern adjuncts and technologies in microsurgery:
An historical and evidence-based review. Microsurgery 30(8):657-66.

Puerto DA & Aronson LR (2004) Use of a semitendinosus myocutaneous
flap for soft-tissue reconstruction of a grade IIIB open tibial fracture
in a dog. Vet Surg 33(6):629-635.

Riggs J, Ladlow JF, Owen LJ, Hall JL (2019) Novel application of internal
obturator and semitendinosus muscle flaps for rectal wall repair or
reinforcement. J Small Anim Pract 60, 191-197.

Siemionow M, Manikowski W, Gawronski M (1995) Histopathology of
muscle flap microcirculation following prolonged ischemia. Micro-
surgery 16(8):515-521.

Solano M, Purinton PT, Chambers JN, Munnell JF (1995) Effects of vas-
cular pedicle ligation on blood flow in canine semitendinosus muscle.
Am J Vet Res 56(6):731-735.

Vnuk D, Babi¢ T, Stejskal M, Capak D, Harapin I, Pirki¢ B (2005) Ap-
plication of a semitendinosus muscle flap in the treatment of perineal
hernia in a cat. Vet Rec 156(6):182-184.

Weinstein MJ, Pavletic MM, Boudrieau RJ (1988) Caudal sartorius mus-
cle flap in the dog. Vet Surg 17(4):203 -210.

Weinstein MJ, Pavletic MM, Boudrieau RJ, Engler SJ (1989) Cranial sar-
torius muscle flap in the dog. Vet Surg 18(4):286-291.

Winkler JT, Swaim SF, Sartin EA, Henderson RA, Welch JA (2002) The
effect of a porcine-derived small intestinal submucosa product on
wounds with exposed bone in dogs. Vet Surg 31(6):541-551.

JHELLENIC VET MED SOC 2024, 75 (4)
TIEKE 2024, 75 (4)


http://www.tcpdf.org

