J Vet Sci. 2023 Jan;24(1):e14
https://doi.org/10.4142/jvs.22158
pISSN 1229-845X-eISSN 1976-555X

Journal of Veterinary Science JV)

Original Article
Surgery

‘ '.) Check for updates ‘

Use of a semitendinosus myocutaneous
flap for the coverage of hindlimb
full-thickness skin defects in cats

2, Dimitra Psalla @ 3, Stefanos
1, Vassiliki Tsioli @ "

Eleftheria Dermisiadou @ ', loannis Panopoulos
Georgiou @', Aikaterini Sideri (® ', Apostolos Galatos

'Department of Surgery, Faculty of Veterinary Science, School of Health Sciences, University of Thessaly,
GR-43100 Karditsa, Greece

’Alphavet, Veterinary Diagnostic Imaging Center, GR-14564 Athens, Greece

3Laboratory of Pathology, Faculty of Veterinary Medicine, Aristotle University of Thessaloniki, GR-54627
Thessaloniki, Greece

Received: Jun 9, 2022
Revised: Oct 19, 2022
Accepted: Nov 8, 2022
Published online: Jan 11, 2023

*Corresponding author:
Vassiliki Tsioli

Department of Surgery, Faculty of Veterinary
Science, School of Health Sciences, University

of Thessaly, 224 Trikalon Str., GR-43100
Karditsa, Greece.

Email: vtsioli@vet.uth.gr
https://orcid.org/0000-0002-0038-1136

© 2023 The Korean Society of Veterinary Science

This is an Open Access article distributed under the
terms of the Creative Commons Attribution Non-
Commercial License (https://creativecommons.org/
licenses/by-nc/4.0) which permits unrestricted non-
commercial use, distribution, and reproduction in any

medium, provided the original work is properly cited.

https://vetsci.org

ABSTRACT

Background: The management of feline hindlimb full-thickness skin defects is challenging.
On the other hand, the use of a semitendinosus (ST) myocutaneous flap for their coverage
has not been reported.

Objectives: To describe the ST flap and compare it with second intention healing for
managing hindlimb full-thickness skin defects.

Methods: In 12 purpose-bred laboratory domestic short-haired cats, two wounds were made
on each tibia. The wounds in group A (n = 12) were covered with ST 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 one-30 d postoperatively. Computed tomography-
angiography (CTA) was performed on days zero, 10, and 30, and histological examinations
were performed on days zero and 14 and at 6 and 12 mon postoperatively.

Results: Statistically significant differences in the clinical assessment scores were observed
between groups A and B on days 14 (p = 0.046) and 21 (p = 0.016). On the other hand,

the time for complete healing was similar in the two groups. CTA revealed significant
differences in the muscle width (day O compared to days 10 and 30 [p = 0.001, p = 0.026,
respectively], and days 10 to 30 [p = 0.022]), ST muscle density, and the caliber of the distal
caudal femoral artery and vein (day O compared to day 10 [p < 0.001], and days 10 to 30 [p

< 0.001]). Histologically significant differences in inflammation, degeneration, edema,
neovascularization, and fibrosis were observed on day 14 compared to zero and 6 mon, but no
differences were found between the time interval of 6 and 12 mon.

Conclusions: An ST flap can be used effectively to manage hindlimb full-thickness skin defects.

Keywords: Cats; myocutaneous flap; semitendinosus muscle

INTRODUCTION

Management of wounds on the distal limbs in small animals is often challenging because of
the paucity of elastic skin, the absence of the panniculus muscle, and the greater distance
from potential donor areas [1,2]. Traumas and shearing injuries, burns, ablative tumor
management procedures and radiation therapy wounds, chronic ulcers, and congenital
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defects on the distal limbs may lead to massive soft tissue loss, blood supply disruption,
wound contamination, exposed anatomical structures (vessels, peripheral nerves, tendons,
and bones), fractures, and osteomyelitis [1,3]. The treatment options for such wounds
include second intention healing, tension relieving and skin advancement techniques, axial
pattern flaps, skin grafts, and muscle and myocutaneous flaps [4-6].

Myocutaneous flaps incorporate a specific muscle with its overlying skin based on a vascular
pedicle, which can be transferred as a composite unit to an adjacent defect in a one-stage
procedure [7,8]. Their use in small animal surgery is limited by skin looseness and the
presence of direct cutaneous arteries [9]. On distal limb wounds, myocutaneous flaps provide
bulky tissue to cover complex defects and denuded bones, regulate blood supply to the
recipient area and deliver host defense mechanisms and angiogenic factors [7,9]. These flaps
were reported to be more resistant to infections, improve healing times compared to other
methods, and are considered more appropriate when osteomyelitis is present [10-15].

Semitendinosus (ST) muscle is classified as a type IIl muscle, depending on the vascular pattern,
being fed by two dominant pedicles, both capable of supplying blood to the whole muscle

and covering its requirements in the case of ligation of any of them [10,16]. The ST muscle,
depending on the blood supply of the proximal gluteal artery and vein, has been transferred for
the repair of perineal hernia and external anal sphincter augmentation in dogs and the repair

of perineal herniation in a cat [17,18]. Transposition of the ST muscle, as a myocutaneous flap,
based on the distal caudal femoral artery and vein in one dog, has been used to manage an open
tibial fracture [10]. To the authors’ knowledge, the use of ST myocutaneous flap (ST flap) for
managing hindlimb full-thickness skin defects with exposed bone in cats has not been reported
in veterinary surgery. Moreover, although various techniques may be used to close distal limb
wounds in cats, there are no reports describing the potential benefits of using ST flaps.

This paper describes the ST flap as a reconstructive technique and compares it to second
intention healing managing hindlimb skin defects with exposed bone in cats. The study was
designed to determine if there would be any superiority of ST flap over second intention
healing or if the two techniques would be equivalent. The hypothesis evaluated during the
study was that in cats, advancement of the ST flap could be used as an alternative treatment
for distal limb defects of at least equivalent safety and efficacy to second intention healing.

MATERIALS AND METHODS

The study included twelve purpose-bred laboratory domestic short-haired cats aged 1-4 yr
(seven castrated males and five spayed females). Before the study, their health status was
assessed by a physical examination and hematology, serum biochemical analysis, urinalysis,
fecal parasitology and feline leukemia virus, feline immunodeficiency virus, and feline
infectious peritonitis tests. No drugs had been administered in the 2 mon prior to the
experiment. The animals included in the study had no pathological skin or musculoskeletal
conditions. The study was 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, University of
Thessaly (license number: 15/16-6-2015). All procedures were performed in accordance
with the above regulations. Throughout the study, cats were housed in the Department

of Surgery of the Faculty of Veterinary Science of the University of Thessaly (Greece). The
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license also determined the number of animals to the minimum possible based on welfare
considerations. G-power analysis was performed for sample size calculations and showed an
actual power of 94.5%. The cats were adopted after the completion of the study.

In each cat, two identical wounds were produced on the distal medial surface of both tibial areas.
The wounds were allocated randomly into two groups (A and B) using a computer program
(Random Number Generator). Six and six animals had ST flaps on the right and left hindlimbs,
respectively. The wounds in group A (n = 12) were covered with ST 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 at zero, seven, 14, 21, and 30 d postoperatively. Computed
tomography-angiography (CTA) was performed on days zero, 10, and 30, and a histological
examination was performed on days zero and 14 and at 6 and 12 mon postoperatively.

Presurgical management

The cats were premedicated with dexmedetomidine (20 pg/kg, intramuscularly [IM],
Dexdomitor 0.5 mg/mL; Elanco, Greece) and butorphanol (0.3 mg/kg, IM, Dolorex 10 mg/
mL; MSD, Greece). Anesthesia was induced with propofol 1% (2—4 mg/kg, intravenously
[IV], Propofol MCT/LCT 1%; Fresenius Kabi Hellas, Greece) and maintained with isoflurane
(2%, Isoflo; Abbott Laboratories, UK) in oxygen (2 L/min). An NS 0.9% solution IV was
administered at 4 mL/kg/h during anesthesia. Preoperatively, amoxicillin and clavulanic acid
(20 mg/kg, subcutaneously [SC], Synulox RTU Inj. 100 mL; Zoetis, Greece) and carprofen (2
mg/kg, IV, Rimadyl; Zoetis) were administered.

Surgical procedure

A full-thickness rectangular skin defect was produced on the medial surface of the distal
tibia of each hindlimb, 1 cm cranial to the tarsal joint, measuring 2 cm in length and 1 cm in
width. The caudal tibial and medial digital flexor muscle tendons were retracted caudally to
reveal the tibial bone. The tibial periosteum was incised, elevated, and removed. In group B,
the skin edges were tacked to the underlying tissues using simple interrupted sutures to leave
the bone denuded (Fig. 1). The sutures were removed on day seven after firm adhesions had
formed between the skin and underlying tissues [19].

Fig. 1. Full-thickness skin defects with exposed bone formed on the medial surface of the distal tibia. In group B,
skin edges were tacked to the underlying tissues by simple interrupted sutures.

https://vetsci.org https://doi.org/10.4142/jvs.22158 3/15
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Fig. 2. Semitendinosus myocutaneous flap sutured at the recipient area to cover the defect.

For ST flap development, skin incisions were made along the caudal border of the

ischial tuberosity and continued distally to the popliteal area. The ST origin was cut by
electrocautery (Diatermo MB 122; Gima, Italy) from the ischial tuberosity. Care was taken
when the undermining area approached the popliteal fat to preserve the distal caudal femoral
artery, vein, and nerve branch of the muscle(Supplementary Fig. 1). A bridging skin incision
was made between the base of the ST flap and the defect on the medial surface of the distal
tibia, and the flap was rotated 150°-170° distally to cover the defect (Fig. 2).

Postoperative management

Morphine hydrochloride (0.2 mg/kg, IM, Morfina cloridrato; Molteni, Italy) was administered
for analgesia at the end of surgery and every 4-6 h for 2 d. Amoxycillin and clavulanic acid
(20 mg/kg, sid, SC, Synulox RTU Inj. 100 mL; Zoetis) were administered until complete
healing, and carprofen (2 mg/kg, sid, SC, Rimadyl; Zoetis) was administered for 5 d.
Elizabethan collars were used in all cats. All wounds were covered with a three-layer padded
bandage that was changed daily during the first week and then every other day until complete
healing. During bandage changes and planimetry measurements, the cats were sedated with
dexmedetomidine (20 pg/kg, IM, Dexdomitor 0.5 mg/mL; Elanco) and butorphanol (0.2 mg/
kg, IM, Dolorex 10 mg/mL; MSD).

Clinical assessment scoring

In both groups, a clinical assessment was performed at zero, seven, 14, 21, and 30 d after
surgery by the same person (ED). Flap and wound assessment scoring systems were used to
quantify the clinical observations. The pain was evaluated using the Colorado State University
Feline Acute Pain Scale [20,21] while cats were alert before and after bandage changing. Based
on wound evaluation in both groups, on the previous days, a healing score was calculated
based on the criteria described in recent reports on wound assessment [22-24], as shown in
Table 1 for group A and Table 2 for group B.

https://doi.org/10.4142/jvs.22158 4/15
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Table 1. Scoring criteria for clinical assessment of flaps in group A

Criteria Score

A. Pain
Minimal
Mild
Mild to moderate
Moderate
Moderate to severe

B. Extremity appearance
Normal
Minimal edematous
Mild edematous
Moderate edematous
Severe edematous

C. Surrounding skin appearance
Intact
Erythematic
Granulation tissue
Hypergranulation tissue
Indurated
Macerated
Excoriated
Necrotic

D. Skin flap appearance
Normal skin
Erythematic
Congested
Slough
Necrotic
Eschar
No skin

E. Skin tissue involvement
Normal skin
Partial thickness
Full thickness

F. Part of the flap affected
None
Distal
Central
Whole flap

G. Skin adherence to deep tissues (to the transported muscle)
Firmly adherent
Loosely adherent
Non adherent
No skin

H. Flap edges attachment
Attached to adjacent skin
Nonattached to adjacent skin
No skin

I. Exudate amount
None
Slight
Moderate
Heavy

J. Exudate appearance
None
Serous
Serosanguineous
Sanguineous
Purulent
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(continued to the next page)
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Table 1. (Continued) Scoring criteria for clinical assessment of flaps in group A

¢

V)

Criteria

Score

K. Odor present after cleansing
No
Yes

Total score

Table 2. Scoring criteria for the clinical assessment of second intention healing in group B

Criteria

Score

A. Pain
Minimal
Mild
Mild to moderate
Moderate
Moderate to severe

B. Extremity appearance
Normal
Minimal edematous
Mild edematous
Moderate edematous
Severe edematous

C. Surrounding skin appearance
Intact
Erythematic
Granulation tissue
Hypergranulation tissue
Indurated
Macerated
Excoriated
Necrotic

D. Tissue type appearance
Closed/Resurfaced
Epithelial
Granulation
Hypergranulation tissue
Slough
Necrotic
Eschar

E. Skin adherence to deep tissues
Firmly adherent
Loosely adherent
Non adherent
No skin

F. Exudate amount
None
Slight
Moderate
Heavy

G. Exudate appearance
Normal
Serous
Serosanguineous
Sanguineous
Purulent

H. Odor present after cleansing
No
Yes

Total score

w N = O w N = O o b wWw NN EE O N o b W E O A WO RO A W N0 RO

A WO RO

0-32
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Planimetry

Digital images of the wounds and computer software (AutoCAD, version 2018; Autodesk,
USA) were used for the planimetry evaluation. Images were taken on days zero, seven, 14, 21,
and 30 after surgery (Supplementary Fig. 2).

In group A, planimetry of the myocutaneous flaps was used to measure the flap dimensions
(width and length [cm]) and total skin flap surface on day O (initial total flap area [cm?]). The
percentage of skin flap area viable on day 30 was considered the final total flap area (cm?) and
was calculated using the previously reported formula [25-27] as follows:

% Final Total Flap Area on Day (30)
= (Viable Skin Surface on Day (30)/Initial Total Flap Area) x 100

The percentage of flap necrosis was calculated according to the previously reported formula
as follows [25-27]:

% Flap Necrosis on Day (n)
= (Total Area of Skin Necrosis on Day (n)/Initial Total Flap Area) x 100

In group B, planimetry was used to estimate the initial wound area, the area covered by
epithelium, and the unhealed area. The percentage of epithelialization, wound contraction,
and total wound healing was calculated for each wound according to the previously reported
formula [25-27].

CTA

CT of the pelvis and hindlimbs, pre and post-intravenous contrast medium administration,
iobitridol (2 mL/kg, IV, Xenetix inj. sol. 300 mg/mL; Guerbet, France), was performed

to evaluate the arterial and venous phase. The following parameters were evaluated on a
dedicated workstation on a soft tissue window: ST muscle length (cm) and width (cm),

the caliber of the proximal gluteal and distal caudal femoral artery and vein (mm), and the

density of ST muscle (10 mm?) at three different points (dP: proximal, dM: medial, and dD:
distal) in three different phases (pre-contrast agent, arterial and venous phase) (Fig. 3 and
Supplementary Fig. 3).

Fig. 3. Excess neovascularization of the semitendinosus myocutaneous flap and vascular anastomoses at the
donor site (white arrows) on a 3-dimensional computed tomography-angiography, 10 d postoperatively.

https://doi.org/10.4142/jvs.22158 7/15
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Histological evaluation of the ST flap

Tissue samples were collected using a 6 mm biopsy punch (Biopsy punch; Kruuse, Denmark).
The specimens were obtained from the distal tip of the flap on day zero. In contrast, on day
14, specimens were obtained from the most medial part of the distal edge of each flap to
prevent disturbing the flap microcirculation.

At 6 and 12 mon, specimens measuring 1 cm in width x 2 cm in length were obtained

from each flap. All samples were processed using standard techniques and stained with
haematoxylin and eosin. The stained sections were evaluated to assess inflammation, muscle
cell degeneration, muscle cell necrosis, neovascularization, fibrosis, and edema quantitatively
classified as follows: O (normal), no alterations present; 1 (+), alterations up to 33%; 2 (++),
alterations between 34% and 66%; 3 (+++), alterations between 67% and 100% [28-31].

Statistical analysis

The normality of the data distribution was assessed using a Shapiro-Wilk test. Continuous
data following a normal distribution are presented as the mean + SD. The qualitative data are
presented as frequency and percentages.

The Wilcoxon signed-rank test was used to conduct paired differences of the repeated
measurements of each group in the clinical assessment scores, planimetry, CTA, and
histological evaluation. The comparison of the differences between the independent
variables of the two groups in subjective evaluation clinical assessment scores and planimetry
was performed using a Mann-Whitney U test. The Pearson correlation coefficient was used to
evaluate the linear relationship between two continuous variables. A Spearman’s Rank-Order
correlation test was used to reveal associations between the different evaluation methods.

The level of statistical significance for all comparisons was set to 5%. All tests in this analysis
were performed using SPSS Statistical software (SPSS, version 28.0; IBM-SPSS Science, USA).

RESULTS

Clinical assessment scoring
The median time to complete flap healing in group A (30.33 d, range: 20-52) was similar to
complete epithelial coverage in group B (27.50 d, range: 19-45).

Table 3 lists the clinical assessment scores in groups A and B. Statistically significant
differences were observed in group A between days seven and 30 (p = 0.027), 14 and 30 (p
=0.002), and 21 and 30 (p = 0.016). In group B, statistically significant differences were
observed between days seven and 14 (p < 0.001), 14 and 21 (p < 0.001), 21 and 30 (p < 0.001), 7
and 30 (p < 0.001) and, 14 and 30 (p < 0.001).

Table 3. Clinical assessment scores

Clinical assessment score Day 7 Day 14 Day 21 Day 30
Group A 8.00+ 2.13% 8.92 + 6.79 7.42 + 6.36%8 3.67 £ 6.10*"¢
Group B 7.25+1.14% 4.83 + 1.59abef 2.41 + 1.445c# 1.41 + 1.00%¢¢

The values are presented as the mean + SD.
*eSame superscripts within the same row indicate significant differences between respectively marked groups.
FeSame superscripts within the same column indicate significant differences between respectively marked groups.

https://doi.org/10.4142/jvs.22158 8/15
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Group A showed statistically significant higher assessment scores on days 14 (p = 0.046) and
21 (p=10.010) than group B.

Planimetry

Table 4 lists the planimetric measurements in groups A and B. In group A, a significant
difference in % flap necrosis was observed between days seven and 14 (p = 0.011). In group

B, significant differences were found between days seven to 14, 14 to 21, and 21 to 30 in %
epithelialization (p < 0.001, p < 0.001 and p = 0.002), % wound contraction (p=0.002, p < 0.001
and p < 0.001), and % total wound healing (p < 0.001, p < 0.001 and p = 0.004), respectively.

A significant positive correlation was observed in group A between flap assessment score and
% flap necrosis on day 14 (p < 0.001) and day 21 (p = 0.002). A significant positive correlation
was found in group B between the wound assessment score and % total wound healing on
day 21 (p = 0.016) and day 30 (p < 0.001).

CTA
Table 5 lists the parameters CTA studied in group A. Significant differences in muscle
width were observed, which was higher on day 10 compared to day O (p = 0.001), on day 30

Table 4. Planimetric measurements in groups A and B

Group Day O Day 7 Day 14 Day 21 Day 30
Group A
Flap width (cm) 1.6+0.3
Flap length (cm) 7.3+0.5
Initial total flap area (cm?) 11.7+1.5
% final total flap area 66.9+29.2
% flap necrosis 12.1 + 28.8% 28.2 + 28.1% 21.9+29.8 8.9+17.5
Group B
% epithelialisation 0** 41.6 + 13.2*° 68.2 + 23.1°¢ 91.7 £ 19.7°
% wound contraction -8+ 16.8" 20.2 + 36.1%° 60.7 + 21.1°¢ 78.8 + 14.6°
% total wound healing -7.8+ 171 51.7 + 28.23° 86 + 16.3° 95.9+9.7°

The values are presented as the mean + SD.

*Same superscripts within the same row indicate significant differences between respectively marked groups.
*There is no detectable epithelialization on day 7.
TNegative numbers indicate enlargement of wound size due to retraction of the wound edges from sutures placement.

Table 5. Parameters studied on computed tomography-angiographies in group A

Parameters Day O Day 10 Day 30
Muscle length (cm) 10.73 = 1.05 NAT NAT
Muscle width day (cm) 2.12 + 0.21%¢ 2.95+ 0.28%° 2.15 + 0.292°¢
Proximal gluteal artery caliber (mm) 0.86+0.03 NA* NA*
Proximal gluteal vein caliber (mm) 1.25 + 0.05 NA* NA*
Distal caudal femoral artery caliber (mm) 0.87 + 0.05? 1.03 £ 0.05%° 0.87 + 0.04°
Distal caudal femoral vein caliber (mm) 1.27 £ 0.04° 1.50 + 0.05*" 1.26 £ 0.02°
Muscle density on the proximal point when no contrast agent is given (dP) 52.22 + 3.98% 57.9 + 3.59*° 55.9+3.51°
Muscle density on the medial point when no contrast agent is given (dM) 53.77 + 3.97* 55.03 + 3.59*" 54.30+ 3.51°
Muscle density on the distal point when no contrast agent is given (dD) 52.66 + 3.96% 54.27 + 3.42%° 51.77 + 4.09°
Muscle density on the proximal point - arterial phase (dPa) 67.65+ 5.97% 87.60 + 5.36%° 81.79 + 3.55°
Muscle density on the medial point - arterial phase (dMa) 72.04 + 5.43% 79.48 + 2,930 74.26 + 2.80°
Muscle density on the distal point - arterial phase (dDa) 69.58 + 5.77 71.88 + 1.91° 67.83+2.31°
Muscle density on the proximal point - venous phase (dPv) 74.26 + 5.56° 93.75 + 6.17%° 87.34 + 3.89°
Muscle density on the medial point - venous phase (dMv) 78.51+6.12° 84.06 + 3.08*" 77.90 + 2.67°
Muscle density on the distal point - venous phase (dDv) 75.74 + 5.40° 78.87 + 2.63%° 73.23 + 1.59°

The values are presented as the mean + SD.
NA, not applicable.

*Same superscripts within the same row indicate significant differences between respectively marked groups.
“Parameters could not be measured as the proximal gluteal artery and vein were dissected during the surgery.
TParameters could not be measured as the semitendinosus muscles were transferred to the new area in order to cover the defect.

https://vetsci.org
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Table 6. Results of the various parameters studied during the histological evaluation of tissue samples in group A

Histological score DayO(n=12) Day14(n=12) 6 mon (n = 6) 12 mon (n = 6)
Inflammation 0 2.00 + 0.95%° 0.08 + 0.29° 0.33+0.65
Degeneration/Necrosis 1.67 = 0.49* 2.33+0.98%° 1.67 £0.52° 1.50+1.38
Neovascularization 0? 0.83 £ 0.94° 0 0.17 £ 0.41
Fibrosis 0? 0.92 +1.08° 0.17 +0.41 0.17 +0.41
Edema 0.58+0.51° 1.42 +0.512° 0.50 + 0.55° 0.67 + 0.82
Total score 0.45+0.73 1.50+ 0.66 0.48 + 0.69 0.57 +0.56

The values are presented as the mean + SD.
*bSame superscripts within the same row indicate significant differences between respectively marked groups.

compared to day zero (p = 0.026), and on day 10 compared to day 30 (p = 0.022). Significant
differences in ST muscle density were observed, which was higher on day 10 compared to day
zero, and on day 10 compared to day 30 (p < 0.001) on all points in all three different phases,
except for dD point at the arterial phase between days zero and 10. Significant differences in
the caliber of the distal caudal femoral artery and vein were observed, which was higher on
day 10 than on day zero and on day 10 compared to day 30 (p < 0.001).

A significant positive correlation was observed in the following: between a) dP and dM point
and between dM and dD point on day 30 when no contrast agent was given (p < 0.001, p=
0.045 respectively); b) between dP and dM point at the arterial phase on day 30 (p < 0.001);
¢) between dP and dM point at the arterial phase with dP point at the venous phase on day 30
(p <0.001, p=0.001 respectively); d) between dM point at the arterial phase with dD point at
the venous phase on day 30 (p = 0.03).

No significant correlation was observed on all days between % flap necrosis and muscle
density, between % flap necrosis and caliber of the distal caudal femoral artery and vein,
between the histological parameters and muscle density, and between the histological
parameters and the caliber of the distal caudal femoral artery and vein.

Histological evaluation of the ST flap
Table 6 lists the results of the histological evaluation of the various parameters examined in
the tissue samples.

On day zero, ischemic lesions and edema were mostly observed in the samples. Significant
differences were observed in inflammation, muscle cell degeneration, and edema, which
were higher on day 14 than on day zero and 6 mon (p < 0.001, p=0.039, p=0.012, p=0.002,
p=0.012, respectively). Neovascularization and fibrosis were scored significantly higher on
day 14 than on day zero (p = 0.010 and p = 0.014, respectively). No statistically significant
differences in any of the parameters were observed between 6 and 12 mon.

No significant correlation was observed between the flap assessment scores and histological
parameters on day 14.

DISCUSSION

The effectiveness of ST muscle flap as a distal limb reconstructive technique in cats has

not been studied. Moreover, there are no reports on whether the entire muscle can survive
on the distal vascular pedicle alone. These findings suggest that the ST flap is an effective
reconstructive technique for distal limb defects in cats with favorable outcomes and without
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affecting motor function. Based on these results, the ST flap is of equivalent safety and
efficacy to second intention healing because the healing times were similar in the two
groups. The blood supply of the distal vascular pedicle alone was sufficient for the survival of
the ST flap.

ST flap development was easy to perform but more technically demanding than a non-
sutured wound and offered adequate coverage of tibial wounds with a stable blood supply.
When left to heal by second intention, such open wounds with exposed bone in cats
usually require at least daily patient sedation for lavage and bandage changes. This is time-
consuming, expensive, and has higher infection risk and bandage-changing problems than
other surgical methods [4,27,32].

The length of the flaps allowed adequate coverage of the defects without stressing the
vascular pedicle [18]. Despite gentle tissue handling during the procedures, shearing forces at
the most distal part of the flaps could not be avoided. As a result, the skin and subcutaneous
tissue at this point were partially detached from the underlying fascia. This is possible when
handling narrow myocutaneous flaps, such as ST, and can lead to focal vascular disruption
[33]. This might explain the higher clinical assessment scores in group A than in group B

on days 14 and 21 because necrotic areas at the most distal part of the flap were recorded

in group A. Furthermore, clinical scoring could not be done using the same parameters on
control wounds and flaps (second intention healing versus primary suturing) and scoring of
the flaps concerned their entire surface which was significantly larger than that of controls.
The clinical appearance of the skin flap evolved from erythematic to congested the first 2 d,
possibly due to unstable blood flow and compromised venous drainage that can occur after
the flap is raised [34,35]. Gradually, the skin regained its normal color or became necrotic
after day 6. The necrotic lesions of the skin appeared to be stable by day 14 because the %
flap necrosis was statistically different only between days seven and 14. On day 30, the mean
viable final total skin area of the flap was 67%. The full-thickness skin necrosis observed at
the distal tip of the myocutaneous flaps was attributed to hemodynamic changes leading

to insufficient perfusion of the skin or due to a disruption in the microcirculation, such

as thrombosis of arterioles or venules, reperfusion injury, and local injury of the plexus by
shearing forces [34-37]. Minor surgical complications, such as skin necrosis, were observed
in 10 animals (83.3%), which finally healed by the second intention. On the other hand, the
ST muscle underneath the skin surface remained viable in all cases (100%). Major surgical
complications, such as partial or complete flap loss, were not observed.

Although the time to complete healing was similar in the two groups, the wound contraction
rate in group B was slower from day 21 to 30 as wounds were gradually epithelialized, whereas
the wounds healed faster in group A (Supplementary Figs. 4 and 5). This was attributed

to the capability of the main vessels, to provide stable blood supply to the flap and deliver
healing factors at the wound area. Furthermore, the apposition of a myocutaneous flap on a
specific defect prevents the early-stage excessive wound contraction at the wound site, which
occurs during second intention healing [25].

CTA on day 10 showed that flap technique errors, such as injury, kinking, twisting, or
thrombosis of the distal caudal femoral artery and vein, were not present in any cat. A
significant increase in muscle density observed on day 10 compared to day O indicates that
gradual vasodilatation, neovascularization, and new vascular anastomoses established
reliable blood flow in the whole muscle [9]. This finding is further supported by the larger
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caliber measurements of the distal vascular pedicle on day 10. The significantly larger

caliber on day 10 than on day 30 and the absence of differences between day zero and day 30
indicates a return to their initial size on day 30. The changes in muscle density were similar.
These findings indicate recovery in the flap blood flow after transfer and ligation of the
proximal gluteal artery and vein and maintenance of adequate perfusion by day 30 [16]. This
is consistent with the clinical assessment scores in group A where the % flap necrosis seemed
to be stable by day 14, and necrotic lesions were confined only to the overlying skin.

The histology evaluation showed that ST flaps were well nourished depending on their distal
caudal femoral pedicle because no major muscle necrosis was observed during the entire
experimental procedure [9,16,30]. On day zero, necrosis and edema were observed in some
specimens and attributed to tissue handling at the sampling points and electrocautery to
control bleeding at the muscle origin when detached from the ischial tuberosity. By day

14, significantly higher scores were recorded in all parameters than on day zero. These

scores probably represent the effects of the inflammatory response during wound healing,
compromised blood flow, and the reperfusion injury that the ST flap normally developed 2 wk
postoperatively at its distal part, where the sample points were harvested [28-31]. The 6- and
12-mon examination samples were characterized mostly by muscle cell degeneration (Fig. 4),
probably due to the gradual loss of the normal muscle fibers and their replacement by fatty and
fibrous tissue after the neurovascular division of the upper third of the ST muscle [29].

The study limitations include the small number of animals because welfare concerns
precluded using a larger number. Clean surgical wounds supported a favorable outcome even
in wounds left to heal by the second intention. In contrast, managing such wounds in clinical
cases may influence the outcome of the healing process. The techniques for myocutaneous
flap development follow specific anatomic guidelines. Therefore, these flaps might be
precluded in some clinical cases. Evaluation of healing scores could not be performed with

a blind evaluation. Imaging methods to assess flap skin perfusions, such as laser Doppler
flowmetry or fluorescein dye, were not performed [38-40]. Further studies will be needed to
establish the potential influence of blood flow based only on the distal vascular pedicle at the
skin. The extent of the arc of rotation of the ST flap, based on its distal vascular pedicle, was
not defined. Therefore, further research is indicated. In future studies, it would be interesting
to compare the ST flap with second intention healing using various dressing materials.

In conclusion, the ST flap based on the distal vascular pedicle is a reliable method for the
one-stage management of hindlimb full-thickness skin defects with exposed bone in cats.

Fig. 4. Histology in group A, 6 mon postoperatively. Multifocal fatty degeneration and atrophy of myofibers
(haematoxylin and eosin stain, x100 magnification).
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SUPPLEMENTARY MATERIALS

Supplementary Fig. 1

Semitendinosus myocutaneous flap development. The tip of the forceps points at the
distal caudal femoral artery and vein and the distal nerve branch of the muscle through the
abundant popliteal fat.

Click here to view

Supplementary Fig. 2

Planimetry evaluation with a computer software. (A) Measurement of skin flap necrosis area
in group A, on day 14. (B) Measurements of the total wound area (represented by the whole
area within the outer line), the area covered by new epithelium (area that is depicted between
the outer and the inner line) and the unhealed area (area within the inner line) in group B, on
day 14.

Click here to view

Supplementary Fig. 3

Computed tomography. Evaluation of the density of semitendinosus muscle (10 mm?) at
three different points [proximal (A), medial (B) and distal (C)] in three different phases [pre-
contrast agent (1), arterial phase (2) and venous phase (3)].

Click here to view

Supplementary Fig. 4

The healing process of a semitendinosus myocutaneous flap in group A depicted on day 7
(A), day 21 (B), day 30 (C) and 6 mon (D) postoperatively.

Click here to view

Supplementary Fig. 5

The healing process of a wound in group B depicted on day 7 (A), day 14 (B), day 21 (C) and 6

mon (D) postoperatively.

Click here to view
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