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Effect of two rhinoplasty techniques combined with vestibuloplasty on
the cross-sectional area of the rostral nasal cavity in brachycephalic

dogs with stenotic nares

K Shimura,* CD Franklin and AK House

Objective To compare preoperative and postoperative cross-
sectional areas (CSAs) of the external nares and nasal vestibule on
computed tomography (CT) transverse sections in brachycephalic
dogs that underwent a vestibuloplasty in combination with either
a Trader’s technique or vertical wedge resection rhinoplasty.

Methods Medical records and corresponding preoperative and
postoperative head computed tomographic images were reviewed
to measure CSA at two defined points on transverse sections of the
nasal cavities.

Results Nine brachycephalic dogs were included for analysis.
Trader’s technique and vestibuloplasty were performed in five dogs.
Vertical wedge resection and vestibuloplasty were performed in four
dogs. CSAs were significantly increased in all rostral nasal cavities
postoperatively in both combination of techniques. The mean differ-
ence in CSA of the right and left external nares were 37.12 mm?
(95% confidence interval [Cl] 24.59, 49.66) and 64.3 mm? (95% Cl
28.78, 60. 04), respectively. The mean difference in CSA of the right
and left nasal vestibules were 25.08 mm? (95% ClI 11.44, 38.73) and
28.73 mm? (95% Cl 11.83, 45.64), respectively.

Clinical Significance Vestibuloplasty in combination with either
Trader's technique or vertical wedge resection significantly
increased the CSA of the external nares and nasal vestibules.
These techniques did not result in recurrent stenosis or collapse
of the alar wings in all evaluated rostral nasal cavities in this case
series.
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rachycephalic breeds continue to increase in popularity
B around the world. Simultaneously, there is growing aware-

ness of the upper airway obstruction experienced by these
breeds amongst pet owners and increasing discussion on the recom-
mendations on the diagnostic tests and surgical management of
brachycephalic obstructive airway syndrome (BOAS) amongst veteri-
nary clinicians. BOAS is characterised by several primary anatomic

anomalies including stenotic nares, elongated soft palate, thickened
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soft palate, aberrant nasopharyngeal turbinates and hypoplastic
trachea.'™'* Secondary lesions, such as laryngeal collapse, pharyngeal
collapse and enlarged tonsils further contribute to the upper airway
obstruction in these breeds.'™*°

The nasal cavity contributes 76.5% of total airflow resistance in
normocephalic dogs with this increasing to 80% in brachycephalic
dogs)"'"'>'* In these breeds, stenosis at the level of the nares and
nasal vestibules, and presence of aberrant nasal turbinates contribute
to the increased airway resistance in the nasal cavities.”'">""” Stenotic
nares are reportedly identified in 77% of BOAS-affected dogs® and is
managed surgically with procedures aiming to increase the width of
the nares and to increase the cross-sectional area (CSA) of the nares
thereby reducing airflow resistance. There are a number of reported or
traditionally practiced techniques for the surgical treatment of stenotic
nares including various wedge resection (VWR) techniques,®'®'
Trader’s technique (TT),*® alapexy,”’ dorsal offset rhinoplasty** and
punch resection alaplasty®® that have been previously described. More
recently, ala-vestibuloplasty has been recommended to alleviate the
stenosis in the nasal vestibule by including resection of the alar fold in
addition to the management of the stenosis of the external nares
through removal of the alar wings.'”***®

There are limited data that interrogate the efficacy of isolated surgical
procedures aimed at resolving upper airway obstruction associated with
BOAS due to these patients typically requiring multilevel surgery.
Investigations to date have evaluated the efficacy of conventional multi-
132527 that address nasal,
pharyngeal and laryngeal components involved in the airway obstruc-
tion and hence the individual validity of each procedure is poorly
understood. A single study comparing the airflow patterns in French
bulldogs with varying degrees of stenotic nares reported decreased air-
flow resistance in the external nares in one case after a wedge rhino-
plasty for the management of severe stenotic nares was performed.”®
Although there are studies evaluating the use of and efficacy of laser-
assisted turbinectomy in the management of aberrant turbinates in
brachycephalic dogs as part of multilevel BOAS surgery,'>***® there is
a lack of data on the efficacy of the surgical management of stenotic
nares at both the level of the external nares and nasal vestibule.

level surgery or modified multilevel surgery

A recent study demonstrated the increase in CSA of the nostrils and
nasal vestibule with three different rhinoplasty techniques on three
dimensional (3D) printed models of a French Bulldog nose, with the
ala-vestibuloplasty resulting in the largest average percentage
increase in CSA from the nostrils to the caudal vestibule.”* This is
the first study that evaluates the effect of rhinoplasty techniques
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alone on the CSA of nasal airways of client owned brachycephalic
dogs. To date there is no published literature on the effect of ala-
vestibuloplasty or other modifications of the ala-vestibuloplasty on
the CSA or volume of the nares of brachycephalic dogs in a clinical
setting. Additionally, there are limited data evaluating the long-term
preservation of nostril diameter after surgery.*

The aim of this study was to retrospectively compare the preoperative
and postoperative computed tomography (CT) transverse sections of
the CSA of the nares in brachycephalic canine patients to determine if
traditional rhinoplasty techniques combined with vestibuloplasty signifi-
cantly increased the CSA of the external nares and nasal vestibule in
these patients. An additional aim was to determine if the external nares
diameter would be preserved over time on visual examination. The
hypothesis was that both rhinoplasty combination techniques would sig-
nificantly increase the CSA of both the external nares and nasal vestibule
without long-term collapse of the alar wings or recurrence of stenosis.

Materials and methods

Case selection

Electronic medical records at a single referral institution were searched
to identify brachycephalic dogs that were referred to the specialist sur-
gery service at the hospital between October 2021 to March 2022 for
management of BOAS. The electronic medical record software data-
base was searched using the following search terms: brachycephalic
obstructive airway syndrome (BOAS), brachycephalic obstructive air-
way disease, stenotic nares, elongated soft palate, eversion of laryngeal
saccules, everted laryngeal saccules, hypoplastic trachea, laryngeal col-
lapse, rhinoplasty, alarplasty, vestibuloplasty or ala-vestibuloplasty.

Cases were included in the study if records contained both preopera-
tive and postoperative CT of the head from the rostral tip of the nose
to the first cervical vertebra, had pre- and postoperative photographs
of the nostrils and underwent a combined alarplasty and ves-
tibuloplasty procedure for management of stenotic nares with a com-
plete description of the surgical procedures performed and complete
records of the postoperative reassessment 10 to 14 days after the pro-
cedure. Patients that had received prior surgical treatment for any
component of BOAS were excluded. Details obtained from the medi-
cal records were breed, surgical techniques performed, surgeon per-
forming the techniques, postoperative reassessment examination
findings and owner satisfaction report.

CT image review

The head CT datasets saved as digital imaging and communication
(DICOM) files were retrospectively reviewed using an open-source
medical image viewer by a single veterinarian. There was a variation
in slice thickness between 0.625 and 1.25 mm was present in the
images reviewed. Three dimensional (3D) multiplanar reconstruc-
tion of the images displayed in the bone window was performed.
Two points of the rostral skull were defined to consistently measure
CSA of the rostral nasal passage of the pre- and postoperative (mm?)
data in each patient on the transverse plane in the bone window.
These measurement locations were the prosthion and the level at the
junction of the caudolateral margin of the right third maxillary inci-
sor tooth and the alveolar bone (Figure 1). These two points
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Figure 1. Sagittal skull view illustrating the two points at which the
cross-sectional areas (CSAs) were measured: point 1 corresponding to
the level of the prosthion (green vertical line) and point 2
corresponding to the level of the level at the junction of the cau-
dolateral margin of the right third maxillary incisor tooth and the alveo-
lar bone (purple vertical line).

correspond to the level of the external nares and the nasal vestibule.
The CSA of the nasal cavity at these two specified points were mea-
sured using the closed polygon tool for each patient on the pre- and
postoperative CT images.

Follow-up

In addition to routine two-week post operative examinations, tele-
phone or physical follow-up of the cases were performed 3 to
8 months postoperatively for subjective owner reports on the cos-
metic appearance of the external nares. Photographs of the nostrils
were taken by the owners if a telephone follow-up was performed
and examined for visual evidence of collapse of the alar wings or
appearance of reversion to the preoperative level of stenosis, as
graded using the Cambridge BOAS research group nostril grading’.

Statistical analysis

Paired t-tests were performed using software Minitab Statistical Software
(Version 19.2020.1.0, Minitab LLC, State College, PA) to determine if
the means of the preoperative and postoperative measurements were sig-
nificantly different. The level of statistical significance was set at P < 0.05.

Results

Sixteen brachycephalic dogs and their pre- and postoperative head
CT datasets met the inclusion criteria for this study. Seven dogs were
excluded from the CT analysis due to the presence of haemorrhage
that prevented accurate measurement of CSA of the nares and nasal
vestibule. One Pug, one English Bulldog, one Australian Bulldog and
six French Bulldogs were included in the study. Five dogs that had a
vestibuloplasty in combination with TT had photographs taken or

© 2024 Australian Veterinary Association.
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submitted by owners that allowed visualisation of the external nares
and subjective assessment of preservation of the open nares achieved
with ala-vestibuloplasty. Three of these were French Bulldogs, one
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Figure 2. Transverse section of the head CT of a French Bulldog illus-
trating the sites of vertical (blue line) and horizontal (orange line) inci-
sions when performing the vestibuloplasty in the nasal vestibule.

© 2024 Australian Veterinary Association.
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CT cross-sectional area

In two dogs, incomplete excision of the alar fold within the nasal vesti-
bule resulted in revision of the vestibuloplasty at the time of the surgery
and a subsequent postoperative CT being performed. In these cases, the
post revision CT dataset was utilised for CSA measurements.

Comparison of the pre- and postoperative head CT images showed
an increase in the CSA at both points in both the right and left sides
corresponding to the external nares and nasal vestibule as demon-
strated in one case in Figures 3 and 4. The range of the preoperative
CSA measurements recorded of the right and left nares at point
1 were 6.72 to 45.3 mm” and 6.833 to 41.1 mm?, respectively; and of
the right and left nares at point 2 were 12.9 to 35.1 mm” and 12.0 to
35.0 mm?, respectively. The range of the postoperative CSA mea-
surements of the right and left nares at point 1 were 31.2 to
84.8 mm?, and 31.8 to 81.8 mm?, respectively. At point 2 postopera-
tively the range was from 17.2 to 89.4 mm? on the right side and
23.1 to 107.3 mm® on the left side. The mean CSA of the two mea-
sured points were significantly increased postoperatively in all nasal
cavities. The percentage CSA increase ranged from 86.9% to 850%
on the right side and 86.3% to 273% on the left side at point 1, and
16.5% to 336% on the right side and 17.9% to 234% on the left side
at point 2. The mean CSA of the right and left external nares preop-
eratively were 20.8 and 19.9 mm?, respectively (Table 1). The mean
CSA of the right and left external nares points postoperatively were
57.9 and 64.3 mm>, respectively. The mean CSA of the nasal vesti-
bule points preoperatively were 25.2 and 25.6 mm?, respectively. The
mean CSA of the right and left nasal vestibule points postoperatively
were 50.2 and 54.4 mm? respectively. There was a significant
increase in the mean difference in CSA in both nares and nasal vesti-
bules at both points (Figures 3 and 4). The mean difference in CSA
of the right and left external nares points was 37.12 mm® (P < 0.001,
standard deviation [SD] 16.30) and 64.3 mm? (P < 0.001, SD 20.34),
respectively. The mean difference in CSA of the right and left nasal
vestibules were 25.08 mm® (P = 0.003, SD 17.75) and 28.73 mm?>
(P = 0.004, SD 21.99), respectively (Table 2).

Follow-up

All owners reported satisfaction with cosmetic outcome of the rhino-
plasty combined with vestibuloplasty at the time of the 10-to-14-day
postoperative examination. Additionally, early return of pigmentation
of the epithelium at the cut margins of the nasal planum was observed
in dogs who had a Trader’s technique performed (Figures 5 and 6).

Telephone or clinical examination follow-ups were acquired at 3 to
8 months postoperatively. Two of nine cases were examined within
the clinic, the remaining seven dogs had follow-up via telephone dis-
cussion. All owners reported satisfaction with cosmetic outcome.
There was no apparent reduction in the diameter of the nares com-
pared with the immediate postoperative period on assessment of the
patients directly or on photographs of their nares (Figures 5 and 6).
All owners reported no obvious change in the cosmetic appearance
of the external nares in the postoperative period.

Australian Veterinary Journal Volume 103 No 4, April 2025
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Figure 3. Transverse section of a French Bulldog head CT of the nares at point 1 preoperatively (left) and postoperatively (right).

Table 1. Mean cross-sectional areas (CSA) of nares of two defined points
(Point 1: at the prosthion, Point 2: at the level of the caudal margin of
the right third maxillary incisors and maxillary alveolar bone on the
transverse plane of the reformatted head CT images)

Preoperative CSA (mm?) Postoperative CSA (mm?)

Point 1 Point 2 Point 1 Point 2

Right Left Right Left Right Left Right Left

Mean 208 199 252 256 579 643 502 544

Figure 4. Transverse sections of a
French Bulldog head CT of the nasal
vestibule at point 2 preoperatively
(left) and postoperatively (right).

Table 2. Mean difference in cross-sectional area (CSA) of nares and
nasal vestibule

Point within Nares Mean 95% Cl P-value SD
nasal cavity side difference

(mm?)
1 Right 37.12 24.59,49.66 <0.001 16.30
1 Left 44.41 28.78,60.04 <0.001 20.34
2 Right 25.08 11.44,38.73 0.003 17.75
2 Left 28.73 1183, 45.64 0.004 21.99

For five dogs that had TT combined with vestibuloplasty, photo-
graphs of the nostrils were available. Evaluation of these photographs
revealed that all five dogs had open nares, using the Cambridge
BOAS Research Group nostril grading®, with no evidence of collapse
of the alar wings (Figures 5 and 6).

Complications

No major complications necessitating additional treatment, pro-
longed hospitalization or euthanasia were identified in these cases.
All dogs had varying degrees of haemorrhage that necessitated use of

Australian Veterinary Journal Volume 103 No 4, April 2025

Cl, Confidence Interval; SD, Standard Deviation.

noradrenaline topically to achieve haemostasis when pressure was
insufficient after vestibuloplasty.

Discussion

Our data revealed that the use of a modified ala-vestibuloplasty, ves-
tibuloplasty combined with either TT or VWR, in a clinical setting
significantly increased the CSA of the nares and nasal vestibule in
the dogs studied. This increase ranged from 86.9% to 850% across

© 2024 Australian Veterinary Association.
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Figure 5. (A) Preoperative photo-
graph of French Bulldog nares with
moderate stenosis. (B) The same dog
8 months after Trader’s technique
rhinoplasty and vestibuloplasty.

Figure 6. (A) Preoperative photograph
of English Bulldog nares with moderate
stenosis. (B) The same dog 8 months
after Trader’s technique rhinoplasty and
vestibuloplasty.

the dogs studied. The two points in the rostral nasal cavity were
defined at levels that correspond to a fixed point within the region of
the external nares or nasal vestibule. The measurements of CSA were
performed at these two points without evaluation of CSA at every
level of the rostral nasal cavity in this study. Although the significant
increase in CSA was based on these two defined points in this study,
the resection of tissue was performed en bloc, and hence, it was
expected to result in a relatively uniform increase in CSA from the
rostral to the caudal point of the vestibuloplasty. This was evident
when reviewing the CT images. The aim of determining the presence
of significant change in CSA within the nasal vestibule was achieved.
This finding provides valuable information for guiding the surgical
management of nasal stenosis in brachycephalic canine patients.

This was a retrospective study and had inherent limitations associated
including the involvement of two different surgeons that may have pro-
duced variability in the outcomes. Additionally, the rhinoplasty tech-
nique that was performed with the vestibuloplasty was one of two
techniques dependent on the surgeon preference with one surgeon who
consistently performed the TT and vestibuloplasty, whereas the other
consistently performed VWR combined with vestibuloplasty. Both tech-
niques resulted in an increase in CSA in both nasal cavities at the two
measured points in all cases in this study; however, no assessment on
the difference in percentage increase or clinical outcomes between the
patients were made, and thus, conclusions can only be made on the
impact of two rhinoplasty techniques performed in conjunction with the
vestibuloplasty rather than between these approaches or between differ-
ent surgeons. A study with a larger sample size would allow for investi-
gation in any differences between techniques and between surgeons.

The presence of blood clots in the nasal vestibules observed in the
postoperative head CT images may have impacted CSA measurements

© 2024 Australian Veterinary Association.
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and resulted in seven dogs that initially matched the inclusion criteria
to be subsequently excluded from analysis. In the reviewed postopera-
tive CT images, there remained in some cases small volumes of
suspected haemorrhage in the nasal vestibule. Small volumes of
haemorrhage would have reduced the CSA, and hence, the increase
may have been larger than measured.

In this case series, CT provided a guide for the surgeons to ensure
adequate resection the alar fold for the vestibuloplasty. The alar fold
cannot be directly visualised within the nasal vestibule, and hence,
excision was performed based on estimated measurements of the alar
fold on the preoperative CT. The value of postoperative CT images,
when performed, was highlighted in two dogs in which residual alar
fold was observed on the postoperative CT images that had resulted
in a return to theatre for further resection. The insufficient removal
of alar fold in the nasal vestibule likely represents the learning curve
of performing this technique blind. In contrast to the ex vivo studies
using 3D printed models, the study provided insights into potential
complications in the clinical setting. These data suggest that sur-
geons need to be aware that incomplete excision can occur and post-
procedural CT can be of benefit to assess surgical outcome.

No postoperative complications were observed at postoperative
physical examination at 10 to 14 days in all patients, and 3 to
8 months postoperatively in the patients that were examined. Con-
sidering that the TT and vestibuloplasty do not attempt to close the
excised mucosa, postoperative stenosis secondary to scar formation
is a theoretical risk. In this case series, no evidence of postoperative
stenosis secondary to wound healing was observed. Additionally, col-
lapse of the alar wings due to loss of the supporting alar folds as a
consequence of the vestibuloplasty was not observed. Histological
analysis of the surgically resected alae nasi of in 10 of 11 French

Australian Veterinary Journal Volume 103 No 4, April 2025
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Bulldogs revealed absence of cartilage,”® but further investigation in
the significance of the histological differences in the alae nasi of
dogs and potential for collapse of the alar wings is required to
understand this potential complication. Prospective controlled
studies with a follow-up CT and/or endoscopic assessment would
provide a direct assessment for recurrent stenosis, particularly at
the level of the nasal vestibule. In our study, quantitative evaluation
of the CSA of external nares of photographs were not performed
due to the lack of standardisation of postoperative photographs for
appropriate measurement. Nostril grading was therefore used to
determine whether there was reversion of the stenosis at the level
of the external nares.

No owners reported a perceived reduction in the diameter of nares
from the postoperative assessment at 14 days to the follow-up assess-
ment 3 to 8 months postoperatively. All owners reported the nares
to be noticeably more open compared with the preoperative appear-
ance of external nares and perceived the postoperative cosmetic out-
come to be good. Although TT, unlike the VWR, does not create a
cosmetic closure of the alar wing all owners, irrespective of tech-
nique, reported a satisfactory cosmetic outcome.

In this study, one individual performed the measurements the CT
CSA measurements and was not blinded. The measurements were
performed at two defined positions to facilitate consistency and elim-
inate interobserver variations; however, no evaluation of observer
variability was performed. Considering the dramatic increase in cross
sectional observed, it is unlikely that the failure to blind the observer
or interobserver variations would have been sufficiently large enough
to impact the study findings.

It is important to consider that despite these data revealing a dra-
matic increase in CSA, they do not demonstrate an improvement in
respiratory function after vestibuloplasty combined with either VWR
or TT, nor do they evaluate the clinical efficacy of the rhinoplasty
techniques in combination with vestibuloplasty. Moreover, the data
do not allow for any evaluation on whether vestibuloplasty will result
in preferential clinical outcomes to traditional rhinoplasty techniques
performed in isolation. Prospective comparisons of vestibuloplasty
technique and other traditionally practised rhinoplasty techniques
combined with objective measures of respiratory function would be
required in order to investigate the quantitative efficacy of one tech-
nique over another.

Conclusion

Vestibuloplasty performed in combination with vertical wedge
resection or Trader’s technique to surgically correct stenotic
nares in brachycephalic dogs significantly increased the CSA of
the rostral nasal cavity in all dogs. No externally visible collapse
of the alar wings or evidence of recurrent stenosis was observed
in any of the cases postoperatively. Postoperative head CT,
when performed, provided subjective, visual guidance to clini-
cians on sufficient resection of the alar fold in the nasal vestibule.
Further, larger, prospective studies are indicated to evaluate the
efficacy of ala-vestibuloplasty in respiratory function in different
brachycephalic breed dogs in comparison with other rhinoplasty
techniques.
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