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Abstract

Objective: To describe the technique and outcomes of the closure of maxillary

lip defects using a buccal transposition flap and to identify potential routes of

vascular supply to the flap.

Animals: Five dogs treated clinically and 1 cadaveric dog head.

Study design: Short case series and cadaveric study.

Methods: A left maxillary labial defect and a buccal transposition flap were cre-

ated on a cadaver head. Iodinated contrast was injected into the left common

carotid artery and computed tomography was performed to assess the vascular

supply. Medical records were reviewed for all dogs that underwent tumor excision

with maxillary lip resection, reconstructed with a buccal transposition flap.

Results: The buccal transposition flap was perfused by branches of the angularis

oris artery and superior labial artery. Five dogs were included in this study. All

flaps survived. Three dogs developed postoperative complications, including oro-

nasal fistula (n = 2) and partial flap dehiscence (n = 1). The cosmetic and func-

tional outcomes were considered satisfactory in all cases.

Conclusion: Buccal transposition flaps for the closure of large maxillary lip

defects provided adequate functional and cosmetic outcomes. The buccal

transposition flap had vascular contributions from the angularis oris artery

and the superior labial artery.

1 | INTRODUCTION

Tension-free closure of defects following tumor resection can
be challenging when reconciling the limited availability of
local tissues, the effects of differing tissues on patient function,
and the impact of cosmesis on owner perception. Various
techniques have been used to address maxillary lip defects,1–9

with the most common techniques being labial advancement
flaps and angularis oris axial pattern flaps.6,7 With an
advancement flap, tension and elastic recoil limit the size of
the defect amenable to closure.1 Many of these flaps do not
include mucosa at the reconstructed oral surface,6–9 which
may lead to dermatitis involving intraoral skin, or may
require further surgery.
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A full thickness buccal composite flap incorporates
skin, muscle, and mucosa, retaining the cheek's fibroelas-
tic nature and robust collateral circulation.1 A buccal
rotation flap has been described for the closure of
extensive maxillary lip defects;1 however, as far as the
authors are aware no clinical reports detail outcomes
following use of this flap. This flap consists of rotating
the caudal lip and commissure to allow redundant tis-
sue in this region to assist closure of a maxillary lip
defect. In the process, the commissure is advanced ros-
trad. While this technique is proposed to allow closure
of larger defects than a labial advancement flap, chang-
ing the location of the commissure may result in ten-
sion when opening the mouth, which could predispose
to dehiscence. Furthermore, the ventral margin of the
flap can act to tether the tissue, limiting the mobility of
the flap. By releasing the caudo-ventral margin of the
commissure and using the flap as a transposition flap
rather than a rotation flap, the location of the commis-
sure can be adjusted by the surgeon.

The aims of this study were (1) to describe the surgi-
cal technique and outcomes of closure of large maxillary
lip defects using a buccal transposition flap in dogs and
(2) to describe the vascular supply to a buccal transposi-
tion flap in a canine cadaver.

2 | MATERIALS AND METHODS

2.1 | Buccal transposition flap surgical
technique

Dogs were anesthetized under the direction of a board-
certified anesthesiologist. They were positioned in lateral
recumbency with the affected side up (Figure 1A). Hair
was clipped from the affected side of the face from the
nasal planum to the mid-cervical region and an ipsilat-
eral temporary tarsorrhaphy was performed. Mass exci-
sion was performed to achieve appropriate gross surgical
margins. Flap size was determined by manipulation of
the caudal aspect of the defect and labial commissure. A
cheilotomy was made at the ventral margin of the labial
commissure, approximately in line with the dorsal sur-
face of the mandibular lip. This incision was either ori-
ented caudodorsad, if sufficient lip was available for the
flap rostral to this incision, or extended caudad for
approximately 1-4 cm (depending on the availability of
rostral lip, the size of the dog, and the size of the defect)
before being continued caudodorsad to form the ventro-
caudal margin of the flap at elevation (Figure 1B). The
length of this incision depended on the defect and patient
size but did not extend beyond the buccal pouch. No

FIGURE 1 Schematic illustrations of the local vascular supply, flap formation, and flap transfer. (A) Buccal tissue is supplied via

branches of the facial artery. (B) A cheilotomy is performed and the flap transposed so the rostroventral corner of the flap apposes the

rostrodorsal corner of the defect. (C) The mucocutaneous margin is split with a scalpel blade (red arrowheads). Mucosal closure begins along

the dorsal flap border (black arrowheads). The commissure is reconstructed by apposing the caudodorsal mandibular lip to the ventrocaudal

aspect of the transposed flap (black arrow). (D) The free mucosal margin at the ventral border of the flap (black arrowheads) is apposed to

the flap skin, while the commissure is reconstructed in 3 layers (gray arrowhead).

2 HILDEBRANDT ET AL.

 1532950x, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/vsu.13916 by A

ntoine D
U

N
IE

 M
E

R
IG

O
T

 - E
cole N

ationale V
eterinaire D

’A
lfort , W

iley O
nline L

ibrary on [07/01/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



attempt was made to identify specific vessels as part of
flap elevation. Stay sutures were placed at the rostroven-
tral and caudoventral corners of the flap to facilitate
manipulation. The flap was rotated rostrodorsad into the
defect with the rostroventral corner of the flap aligned
with the lip margin at the rostral edge of the defect
(Figure 1C).

The rostral mucocutaneous edge of the flap was split
with a scalpel blade to facilitate healing (Figure 1C).
The flap mucosa was sutured to the remaining buccal,
gingival, or palatal mucosa, as required by the defect.
Mucosal apposition proceeded along the dorsal border
from caudal to rostral using 3–0 absorbable suture in a
cruciate pattern. If the defect was extensive, bites were
spaced closer together within the flap mucosa to allow
gentle stretching of the tissues, counteracting the con-
traction seen following elevation. Care was taken to
ensure that the ventral margin of the rostral maxillary
lip and the ventral margin of the transposed flap
aligned. The dorsal and rostral subcutaneous tissue and
muscle were apposed with 3–0 polydioxanone (PDS II,
Ethicon, Somerville, New Jersey) in a cruciate pattern.
An intradermal pattern using 3–0 or 4–0 poliglecaprone
25 (Monocryl, Ethicon, Somerville, New Jersey) was
used to appose the rostral and dorsal skin margins of
the flap. Skin margins were supported with 4–0 nylon in
a cruciate pattern. Mucosa at the free, rostroventral por-
tion of the flap was apposed to skin using 3–0 or 4–0
polyglactin 910 (Vicryl, Ethicon, Somerville, New Jer-
sey) in a cruciate pattern.

The location of the commissuroplasty depended on
the availability and mobility of the remaining tissues but
ideally approximated the location of the normal commis-
sure (Figure 1D). Once the intended location had been
identified, the commissure was reconstructed by appos-
ing the buccal mucosa of the ventrocaudal transposed
flap to the buccal mucosa of the remaining caudodorsal
mandibular lip using 3–0 Vicryl in a cruciate pattern.
Labial muscle was apposed with 3–0 monofilament
absorbable sutures in a cruciate pattern. An intradermal
pattern was used to appose the skin margins at the com-
missuroplasty with 4–0 Monocryl, with supporting 4–0
nylon external cruciate skin sutures.

2.2 | Ex vivo study

Protocol for the ex vivo study was adapted from a previ-
ous study.3 A single cadaver head, severed just caudal to
the larynx, was used for this study. The cadaver was
obtained from a shelter after euthanasia for reasons unre-
lated to this study. Animal Care and Use Committee
oversight does not cover cadaveric dogs used at the

University of Missouri. The cadaver head was stored at
�18 �C, then thawed to room temperature for dissection.
The right common carotid artery was isolated along its
cut edge. An 8 French red rubber catheter was placed
4 cm into the vessel lumen. Single 3–0 nylon circumfer-
ential and transfixation ligatures were placed around the
catheterized artery 1 cm and 5 mm from the transected
vessel end, respectively.

A 7 cm, semicircular, mid-labial full thickness defect
was made in the right maxillary lip, starting 2 cm rostral
to the labial commissure and extending 5 cm dorsad. A
buccal transposition flap was elevated as described above
(Figure 2).

2.2.1 | Computed tomography protocol

The cadaver head was placed in left lateral recumbency.
Precontrast images were acquired using a 640-slice, mul-
tidetector row, helical computed tomography (CT) unit
(Aquilion, Canon Medical Systems, Tustin, California).
The following parameters were used: 64 � 0.5 mm colli-
mation, 120 kVp, 300 mA, tube rotation time 0.75 s, slice
thickness: 0.5 mm, pitch: 0.8, matrix: 512 � 512. Iohexol
(5 ml, Omnipaque 350, GE Healthcare, Chicago, IL) was
injected into the common carotid artery using hand pres-
sure and a repeat CT was performed. This volume was
sufficient to fill the catheterized common carotid artery
and its terminal arterial branches. Transverse, sagittal,
and dorsal plane reformations were created from the vol-
umetric acquisitions using a soft tissue algorithm (win-
dow width: 170 HU, window level: 130 HU). Reformatted
image slice thickness was 3 mm.

All images were uploaded to an image viewer (Horos,
The Horos Project, Annapolis, Maryland) for evaluation.
Software was used to remove all surrounding bone and
soft-tissue structures until the contrast-filled common
carotid artery and arterial branches were isolated. The
CT was interpreted by a single board-certified radiolo-
gist (JJK).

2.3 | Short case series

All dogs from the University of Florida from July
15, 2015 to July 14, 2017 and the University of Missouri
from July 15, 2017 to November 15, 2021, which were
managed with a buccal transposition flap for closure of a
maxillary lip defect following resection of a tumor, were
included in this study. All owners consented to the proce-
dure, and all owners were advised that this flap was a
novel variation. A single surgeon (OTS) performed all
flap procedures. Dogs required at least 30 days follow up

HILDEBRANDT ET AL. 3
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to be included. Data were collected by review of medical
records and photographs.

Complications were graded according to the Clavien-
Dindo scheme (briefly, I: any deviation from normal
postoperative protocol, II: pharmacologic intervention,

III: surgical, endoscopic, or radiologic intervention, IV:
life-threatening complication requiring intensive care, V:
death).10 Owners and referring veterinarians were con-
tacted by telephone and/or email for an update on status
for dogs still alive at the time of writing.

FIGURE 2 Photographs taken during cadaver specimen preparation (A and B) and 3-dimensional reconstructed images demonstrating

the subsequent CT angiogram (C and D). (A) A full-thickness, semicircular defect was created in the maxillary lip. (B) The flap was

developed as described (white arrowhead). (C) Three-dimensional, volume-rendered reconstruction of the CT images following injection of

iodinated contrast with soft tissues included for orientation. (D) High contrast window of the 3D, volume-rendered reconstruction. The

superior labial (red arrowhead) and angularis oris arteries (black arrowhead) can both be identified supplying the flap.

TABLE 1 Preoperative case data

Dog
Age
(years) Sex

Weight
(kg) Presenting lesion Location

Preoperative
histopathology

Preoperative
CECT

1 11 MN 33.9 1.5 cm scar after incomplete
excision with rDVM

Right maxillary
buccal mucosa

High grade melanoma
(MI: 31)

Head, neck,
and thorax

2 5.5 MN 36.8 2 cm scar after incomplete
excision with rDVM

Right maxillary
buccal mucosa

Amelanotic melanoma or
sarcoma (MI: 36)

Head, neck,
and thorax

3 13 MN 30.7 6.7 cm mass Left maxillary lip Suspect basosquamous
carcinoma

Head, neck,
and thorax

4 10.5 FS 37.7 7 cm scar after incomplete
excision with rDVM

Left maxillary
buccal gingiva

Squamous cell
carcinoma: (MI: 39)

Head and
neck

5 11 MN 13.1 3.5 cm mass Left maxillary
buccal mucosa

Balloon cell melanoma
(MI: 4)

Head, neck,
and thorax

Abbreviations: CECT, contrast-enhanced computed tomography; FS, female spayed; MI, mitotic index; MN, male neutered.

4 HILDEBRANDT ET AL.
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2.3.1 | Presentation and management

Five dogs presented for surgical excision of a neoplasm or
previous incompletely excised neoplasm (Table 1). Basic
individual data regarding surgery are listed in Table 2.
All dogs underwent similar postoperative care and
management.

2.3.2 | Follow-up

Dogs were re-evaluated at 10-20 days postoperatively for
suture removal, or earlier if postoperative complications
occurred. Follow up was continued until a dog died or
the time of writing.

3 | RESULTS

3.1 | Ex vivo study

Examination of CT images of the cadaver specimen
revealed a catheter extending into the right common
carotid artery. A 5.2 � 4.2 cm, full thickness, right maxil-
lary labial defect and the elevated flap were both evident.
The facial artery could be seen coursing rostrolaterad
between the ventromedial aspect of the masseter muscle

and the lateral aspect of the digastricus muscle prior to
ventral branching of the inferior labial artery. The angu-
laris oris artery could then be seen arising from the facial
artery approximately 1.3 cm distal to the origin of the
inferior labial artery. The superior labial artery was incor-
porated into the base of the buccal flap, while the angu-
laris oris artery extended along much of the flap.

3.2 | Short case series

Buccal transposition flaps were successful in all dogs.
Representative images from Dog 3 are shown in Figure 3.
Additional case details and images of the remaining
dogs are available in Appendix S1 in the supplementary
material. Postoperative analgesia protocols were at the
discretion of the primary clinician. All dogs received
broad-spectrum antibiotics (ampicillin sulbactam 30 mg/kg
IV q8h, n = 2; cefazolin 20-22 mg/kg IV q6h, n = 3) for
12-24 h postoperatively. Dogs were discharged 1-3 days
postoperatively with oral analgesia. Four dogs were dis-
charged with oral antibiotics (amoxicillin/clavulanic acid
14.2-19.9 mg/kg q12h). All dogs had instructions to be fed
soft food only and to withhold toys for at least 4 weeks
postoperatively.

Details regarding postoperative histopathology, adju-
vant therapy, and outcome are included in Table 2.

TABLE 2 Summary of surgical management, histopathology, adjuvant treatment, and survival

Dog
Lateral
margin

Maxillectomy
(teeth
involved)

Mandibular
canine
coronectomy

Postoperative
histopathology

Histologic
margins

Adjuvant
therapy Status

Survival/
follow-up
time
(days)

1 2 cm Yes (105-109) No NED Complete Oncept
vaccine: 4
doses;
GD2/GD3
vaccine: 10
doses

Died
(Metastasis)

653

2 2 cm Yes (204-207) No Spindle cell
sarcoma (MI:
2)

Complete
(metric
not
provided)

No Alive 930

3 1 cm No Yes Basosquamous
carcinoma
(MI: 30)

Complete:
≥3 mm

No Died (GDV) 121

4 1 cm Yes (204-208) No NED Complete No Alive 318

5 1 cm Yes (204-208) Yes Balloon cell
melanoma
(MI: 16)

Complete:
≥6 mm

Oncept
vaccine: 4
doses

Died
(Unknown)

185

Note: Oncept melanoma vaccine (Merial, Duluth, GA).
Abbreviations: GDV, gastric dilatation and volvulus; NED, no evidence of disease.

HILDEBRANDT ET AL. 5
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FIGURE 3 (A) Preoperative photograph of Dog 3. (B) Planned external incision, allowing for 1 cm lateral margins. (C) 8 � 4.5 cm

defect after mass excision. (D) A 6 cm cheilotomy was made at the ventral margin of the labial commissure and extended caudo-dorsad

(white arrowhead). (E) Buccal flap reflected caudally with stay sutures. (F) The flap was transposed rostrodorsad and secured as previously

described prior to reconstruction of the commissure. (G) Immediate postoperative photograph. (H) External surgical site at Day

6. Epithelium was discolored at the rostral flap (black arrowhead). (I) Re-examination on Day 19. The discoloration resolved and the flap

healed satisfactorily. An area of alopecic tissue from the mucocutaneous junction of the commissure was present at the rostral flap. Hair

regrowth occurred with largely normal shaft orientation.

TABLE 3 Postoperative complications following closure of maxillary lip defects via buccal transposition

Dog Grade Complication(s) Complication management Complication outcome

1 None - - -

2 III Day 6 – 1.2 cm long oronasal fistula and
partial rostroventral maxillary lip
dehiscence

Day 53 – 1.2 cm long fistula recurrence
Day 137 – 1 mm fistula noted on probing
Day 298 – Intermittent bleeding during
bite work

Day 6 – Cephalexin with rDVM
(27.8 mg/kg PO q 12 h)

Day 25 – Primary closure of oronasal
fistula and dehisced flap

Day 61 – Fistula closure with double-
layer flap

Day 137 – None
Day 299 – Lip eversion (resected an
ellipse of skin overlying contact)

Fistulae completely resolved
at day 186

Lip trauma resolved
following surgery

3 I Day 6 – Temporary skin discoloration None Resolved by day 19

4 I Day 11 – �8 mm long oronasal fistula None Resolved by day 28

5 None - - -

Note: Grade is listed according to the Clavien-Dindo classification.10

6 HILDEBRANDT ET AL.
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Complications were seen in dogs 2, 3, and 4, all of which
were ultimately resolved (Table 3). All dogs had excellent
long-term function and all complications resolved with
satisfactory cosmesis (Appendix S1). Two dogs were alive
at the time of writing, while 1 died due to metastasis
(Table 2).

4 | DISCUSSION

The use of a buccal transposition flap for maxillary lip
reconstruction was successful in all 5 dogs following wide
excision of various neoplasms. This technique was
straightforward and provided an option to close large
maxillary lip defects with a composite flap, including
mucosa and skin. While complications arose in 2 dogs,
these were manageable and all dogs achieved acceptable
cosmesis. The angularis oris and superior labial arteries
may contribute to this buccal transposition flap.

Oronasal fistulae were noted in dogs 2 and 4 at the
rostral aspect of palatal incision. Fistula formation in
these cases may have been due to dorsal pressure on the
buccal mucosa and/or intraoral incision by the mandibu-
lar canine tooth. Normally, the mandibular canine tooth
lies within the oral vestibule. Vestibule size can be signif-
icantly decreased after a maxillectomy and flap closure,
increasing proximity of the mandibular dental arcade to
the intraoral incision, which could allow for destructive
contact. Ipsilateral mandibular canine crown reduction
can be considered if there are concerns after reconstruc-
tion or if a fistula develops secondary to contact; how-
ever, determining the need for this procedure may be
challenging with standard endotracheal intubation. In
this series, 2 of 3 dogs that did not develop an oronasal
fistula underwent vital pulpotomy and coronectomy.
Each case should be treated independently and evaluated
after reconstruction for occlusion to assess the risk of
trauma and subsequent fistula formation.

Dehiscence of the rostral lip occurred in dog 2, requir-
ing surgical intervention. Dehiscence is a known risk
after maxillectomy and/or labial reconstruction.12,13 A
large maxillectomy can lead to a slightly concave appear-
ance, resulting in the lip margin being medially dis-
placed. The maxillary lip margin, including the rostral
incision, is vulnerable to trauma from the mandibular
dental arcade. Buccal flaps may undergo tension during
wide opening of the mouth, which could increase the risk
of rostral dehiscence. The buccal rotation flap moves the
labial commissure rostrad, creating a biologic muzzle.
With a buccal transposition flap, this tension may be mit-
igated by releasing the caudoventral attachment of the
flap and reconstructing the labial commissure caudally.
Tension is still, however, an important consideration and

facial conformation, defect size, defect location, and tis-
sue mobility should all be considered when planning
reconstruction.

Identification of the vascular anatomy of a novel flap
can help determine if specific vessels contribute to flap
vitality. The facial artery arises from the common carotid
artery near the angle of the mandible and branches ros-
trally into the superior and inferior labial arteries and the
angularis oris artery at the commissure.11 The inferior
labial artery branches ventrally and supplies the mandib-
ular lip.11 This artery is not expected to contribute to flap
survival and is likely to be transected during flap eleva-
tion. Transection is expected to be clinically insignificant
in isolation, due to anastomoses with the caudal mental
and sublingual arteries.11 All incisions originated at, or
just ventral to, the labial commissure but the length and
orientation of the incisions varied between dogs.
Ventrally located flaps with a more oblique caudal
incision may be more likely to allow continued vascular
supply from the angularis oris, whereas more vertically
oriented flaps are more likely to require sacrifice of this
artery and rely to a greater degree on the superior labial
artery. Flap elevation may also result in compromise of all
major facial artery branches, in which case the buccal flap
would be reliant on the subdermal plexus and extensive
arteriolar branching within the lip and cheek for survival,
rather than serving as an axial pattern flap.14 It should be
noted that vessels were not identified intraoperatively.
A prospective vascular study investigating buccal transposi-
tion flaps postoperatively is needed to determine the impact
of vascular variation and outcome with differing cases.

Limitations of this study included detail within medi-
cal records and variation in data collection due to its ret-
rospective nature. Low case numbers and a single
cadaver specimen in this study limit the capacity to
extrapolate complications, outcomes, and angiographic
results to a larger population. Disruption of the mucocu-
taneous junction at the ventral margin of the flap or
altered conformation of the commissure could possibly
lead to dermatitis; however, this was not identified in any
of the dogs in this study.

Buccal transposition flaps allowed successful reconstruc-
tion of large maxillary lip defects after tumor resection in all
5 dogs. All dogs had excellent long-term function and all
complications resolved with satisfactory cosmesis. The angu-
laris oris artery and the superior labial artery contributed to
the vascular supply of the cadaveric buccal transposition
flap. This transposition flap is an option to reconstruct large
defects of the maxillary lip in dogs.
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SUPPORTING INFORMATION
Additional supporting information can be found online
in the Supporting Information section at the end of this
article.
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