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Palatal sclerotherapy using sodium tetradecyl sulfate has been suggested as a treatment for dorsal dis-
placement of the soft palate in young Standardbred horses. The present study evaluated histological
and biomechanical changes in the equine soft palate following trans-endoscopic treatment with a low
dose of this compound. Two horses were euthanased and examined at 2 weeks and at 1, 2, 4 and 6
months post-sclerotherapy, while two further horses served as untreated controls. The technique was
easily performed in all cases without major complications. On histological examination there was no evi-
dence of palatal necrosis, inflammation or fibrosis in any of the treated or control animals. There was no
variation in the density of palatal connective tissue between individuals, and on biomechanical assess-
ment no significant difference in the stiffness of the palatal tissue was found between treated and control
horses at any time. The lower dose of sodium tetradecyl sulfate used in this study relative to previous
reports, might explain the absence of tissue alterations. This method of sclerotherapy did not alter the
morphology or biomechanical properties of normal equine soft palates.

� 2008 Published by Elsevier Ltd.
Introduction

Dorsal displacement of the soft palate (DDSP), a common cause
of upper airway obstruction in racehorses, leads to exercise intol-
erance and poor performance (Franklin et al., 2002; Parente
et al., 2002; Franklin et al., 2004). The clinical signs of DDSP nor-
mally appear during strenuous exercise and are characterised by
a fluttering expiratory noise (Rehder et al., 1995; Holcombe et al.,
1998; Parente et al., 2002). While the aetiology and pathophysiol-
ogy of the disorder are unclear, the pathogenesis may involve neu-
romuscular dysfunction leading to flaccidity of the soft palate
(Blythe et al., 1983; Holcombe et al., 1999).

Retrospective studies of surgical and medical treatments of DDSP
report success rates of 60–75% (Anderson et al., 1995; Duncan, 1997;
Llewellyn and Petrowitz, 1997; Tulleners et al., 1997; Harrison and
Raker, 1998; Bonen Clark et al., 1999; Barakzai and Dixon, 2005). A
100% success rate in six symptomatic horses using systemic cortico-
steroids and rest has been reported (Parente et al., 2002), however,
the number of horses involved in this work was low and the report
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has not been substantiated by controlled studies. Recently a new
surgical technique termed ‘laryngeal tie-forward’ was reported to
improve performance in 80–82% of cases of DDSP (Woodie et al.,
2005). The wide variety of methods previously employed to treat
DDSP most likely reflects a multifactorial aetiology.

Microscopically, the normal soft palate is lined dorsally by a
nasopharyngeal mucosa composed of a pseudostratified columnar
ciliated epithelium and ventrally by oral mucosa composed of a
non-keratinised stratified squamous epithelium that periodically
projects into the submucosa (Poyrazoglu et al., 2006). The naso-
pharyngeal submucosa consists of elastin-rich connective tissue
among which lymphoid follicles, lymphocytes and mucous glands
are interspersed, and the oral submucosa is composed of loose con-
nective tissue and a small lymphoid and glandular compartment.
The submucosae converge at a central stalk of skeletal (palatinus)
muscle around which variably dense bundles of elastin fibres are
scattered.

In a reproducible canine model developed to assess new tech-
niques for treating palatal flutter snoring, palatal sclerotherapy
was found to stiffen the soft palate while diminishing snoring (Laf-
rentz et al., 2003). In humans, palatal sclerotherapy (also known as
‘injection snoreplasty’) using 3% sodium tetradecyl sulfate is a sim-
ple, safe and effective treatment for primary snoring. Advantages
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over other procedures include simplicity, low cost, decreased post-
treatment pain and minimal to no required time for convalescence
(Brietzke and Mair, 2001). Poly-L-lactic acid (Cehak et al., 2006) or
3% sodium tetradecyl sulfate, as used in humans and in canine
experimental models (Marcoux et al., 2008), have been used in
equine palatal sclerotherapy. In the latter study in eight juvenile
Standardbred racehorses affected with DDSP, six showed improve-
ment in racing performance while respiratory noise disappeared in
seven of the animals (Marcoux et al., 2008).

The aim of the present study was to evaluate any histological
and biomechanical changes in the equine soft palate following pal-
atal sclerotherapy using a relatively low dose sodium tetradecyl
injection treatment.
Fig. 1. Diagram representing the caudal (upper portion) and nasal portions of the
equine soft palate. The black squares represent the points of injection of 3% sodium
tetradecyl sulfate which diffused outwards for approximately 1 cm2. The strips
shaded grey represent the location of samples taken for histological examination.
The strips labelled 1, 2, 3, 4 and 5 represent the samples taken for biomechanical
evaluation. In the case of strips 1 and 3, the sample consisted of only the nasal
mucous membrane.
Material and methods

Animal selection

Nine French Trotters and three Selle Français (six geldings and six mares), aged
2–12 years and weighing 400–550 kg were used in the study. On clinical and endo-
scopic examination, performed at rest, the upper respiratory tracts were normal.
Horses were maintained in paddocks and fed hay throughout the study. Two Selle
Français horses, aged 11 and 12 years of age, which had not been clinically or endo-
scopically evaluated, and which were being sent for slaughter, served as controls.

The experimental protocol was reviewed and approved by the Animal Care
Committee of the Ecole Nationale Vétérinaire de Lyon, following directive 86/609
of the European Community Council and following guidelines published by the Lab-
oratory Animal Resources Commission on Life Sciences National Research Council,
Washington DC, USA.

Sclerotherapy procedure

Palatal sclerotherapy was performed as previously described (Marcoux et al.,
2008), with the horse standing in stocks and sedated with 80–120 lg/kg of romifi-
dine chlorhydrate (Sedivet, Boehringer Ingelheim) and, when necessary, 0.01 mg/kg
of butorphanol (Torbugesic, Fort Dodge) was given IV. A nose twitch was applied
throughout the procedure.

The metal portion of a 20 gauge hypodermic needle was attached and glued to a
semi-rigid plastic tube which was passed down the instrument channel of a 10 mm
video endoscope until the needle tip was positioned 2 mm beyond the end of the
channel. The nasal and pharyngeal mucous membranes were then anaesthetised
by the topical application of 40 mL of 2% lidocaine chlorhydrate (Xylovet, Ceva)
through the accessory canal of the endoscope. Before injection of the sodium tetra-
decyl sulfate and in order to visualise the distal border of the soft palate, dorsal dis-
placement of the free distal margin was achieved with a blunt-end hook inserted
through the contra-lateral nostril. Sodium tetradecyl sulfate injections were direc-
ted into the submucosa of the distal two-thirds of the soft palate with each horse
receiving 10 injections of 0.5 mL (Trombovar 3%, Innothera Laboratoires). The distri-
bution of the injections was as illustrated in Fig. 1. The time taken to perform the
technique was recorded and immediately following the procedure each animal re-
ceived an 4.4 mg/kg IV injection of phenylbutazone (Butasyl, Fort Dodge), with a
further 2.2 mg/kg of phenylbutazone administered twice daily per os (Equipalaz-
one, Intervet) for the following 4 days.

Clinical and endoscopic evaluation

Clinical examinations were performed on each horse daily prior to, and for 15
days following sclerotherapy. Endoscopic examination was carried out on each ani-
mal just before the procedure (D0), at 2 (D2), 7 (D7), 14 (D14) days after the treat-
ment, and on the day prior to euthanasia (D > 14). The macroscopic appearance of
the soft palate, including any evidence of nodular pharyngitis (graded from 0 to IV),
was noted, along with the presence, quantity and quality of pharyngeal and tracheal
secretions. If DDSP was induced, the time required for spontaneous correction was
measured. The tone of the soft palate, determined by palatal movement during a
nasal occlusion test and by resistance to traction of the soft palate with the
blunt-end hook, was the consensus assessment of two of the authors (VP and
JM). The tone of the soft palate was described as normal or flaccid while the resis-
tance to traction was graded at one of four levels (++, +, +/� and�).

Soft palate sampling

Horses were randomly assigned to five groups of two animals each (A, B, C, D
and E) and these groups were sequentially euthanased at 2 weeks and at 1, 2, 4
or 6 months following sclerotherapy. Premedication consisted of 0.04 mg/kg, of ace-
promazine IV (Vetranquil, Ceva,) while euthanasia was performed via administra-
tion of 100 mL of a mix of embutramide, mebezonium and tetracaine IV (T 61,
Intervet). After death was confirmed, the head was removed at the atlanto-occipital
joint and held in a vertical position for 5 min to facilitate bleeding out.

The cheeks and masseter muscles were longitudinally incised and osteotomy of
both mandibular rami was performed. With the head placed upside-down, the
mandible was retracted caudally by incising the lateral walls of the oropharynx
and the stylohyoid bones. The exposed soft palate was transected at its junction
with the hard palate as far back as the palatopharyngeal arch. The soft palates were
collected in a similar way from the two control slaughterhouse animals that were
assigned to group F.

Each soft palate was evaluated macroscopically and its thickness measured
using callipers at the medial free border as well as at the midpoint, 5 cm rostral
to the free border. The soft palate was then placed on a polystyrene pad to which
it was fixed with 24 gauge needles. Two tissue strips for histological evaluation
were dissected from each palate, the first measuring 5 cm by 1 cm and the second
3 cm by 1 cm (Fig. 1). These samples were fixed in 10% neutral buffered formalin
and embedded in paraffin wax. A further five tissue strips measuring 3 cm by
1 cm were taken for biomechanical evaluation (Fig. 1). These samples were snap-
frozen in liquid nitrogen, stored at �80 �C and thawed in water at 37 �C immedi-
ately prior to evaluation (Paul et al., 1997; Krag, 1998; Chan, 2003). Tissue strips
1 and 3 as indicated in Fig. 1 consisted of nasal mucous membrane only.

Histological evaluation

Samples of formalin-fixed, paraffin-embedded soft palate were cut 3–5 lm
thick and stained by the haematoxylin and eosin method to assess tissue morphol-
ogy and by the Van Gieson method to assess the abundance of elastin and collagen
fibres. The slides were evaluated qualitatively and semi-quantitatively using a scale
from 1 to 5 (1, minimal; 2, slight; 3, moderate; 4, marked; and 5, severe) (Shackel-
ford et al., 2002; Poyrazoglu et al., 2006; Richardson et al., 2006). The following cri-
teria in particular were assessed: alterations to the epithelia of the oral and
nasopharyngeal mucosae; the number and size of glandular acini, lymphoid follicles
or elastin fibre bundles; tissue degeneration or necrosis; tissue inflammation and
fibrosis; the connective tissue density.

Biomechanical evaluation

Biomechanical evaluation was performed using a model 5544 single column
2 kN materials testing system (Instron, Canton), equipped with pneumatic side ac-
tion 2 kN grips (model number 2712-016, Instron). The thickness and width of the
samples were measured in mm using electronic callipers. Samples were oriented
longitudinally and were securely placed in the grips. The required force on the grips
(10 PSI for mucosa samples, 30 PSI for full-thickness samples) had previously been
determined by testing three necropsy specimens. The jaws were moved apart at a
rate of 10 mm/s (Viola et al., 1992). The data were recorded by Bluehill Materials
Testing software (Instron) and scanned into a personal computer (GX270, Dell).
The slope of the load deformation curve (i.e., the stiffness), tensile stress, and tensile
strain, were normalised to the cross-sectional area of the specimen prior to loading.
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Statistical analysis

A mixed linear model, with time (at four levels) as a between-subject factor and
patient identification within each time level as a random factor, was used to deter-
mine the effects of treatment on the stiffness of the palatal tissue samples. When
this statistical model indicated an overall significant difference, a priori contrasts
were used to compare the individual means obtained at each post-treatment time
to pre-treatment values. All analyses were carried out with a P value < 0.05, using
SAS version 9.1.

Results

Sclerotherapy technique

The technique was easily performed in all cases. Chemical re-
straint in combination with local anaesthesia and the use of a nose
twitch resulted in satisfactory horse compliance.

The duration of the procedure ranged from 8 to 32 min with a
mean of 17.6 min.

Immediately following injection of the sodium tetradecyl sul-
fate, visible deformation of the tissue with ‘bubble’ formation
was observed at 54 of the 100 injection sites. Four horses bled
slightly at one or two injection sites while four further animals
bled at more than two positions. Leakage of injected material
was observed during ten injections, though never more than twice
for any given animal. Bleeding from the ventral nasal conchae oc-
curred in one horse due to mucosal laceration by the sclerotherapy
needle during insertion of the endoscope. Once the haemorrhage
stopped, sclerotherapy was performed successfully. In the 14 days
following the procedure, palpation of the external throat region in
treated animals did not appear painful and no coughing or dyspha-
gia was observed. All horses presented slight enlargement of their
submandibular lymph nodes from the 4th to the 14th day post-
treatment. A slight serous to seromucinous nasal discharge was
present in all animals throughout the 14 day post-treatment
period.

The findings of post-sclerotherapy endoscopic examination are
summarised in Table 1. Endoscopic examinations performed at
D0, D2, D7 and D14 revealed soft palate congestion and oedema
in zero, eight, four and three animals, respectively. Degrees of nod-
ular pharyngitis between grade 0 and III were noted. Soft palate
tone was considered flaccid in five horses at D0 and in three horses
at D2 but normal in all horses for the remainder of the observation
period. Resistance to traction varied between horses. The endo-
scopic appearance of the injection sites is summarised in Table 2.
Endoscopic examination was not performed on the control (group
F) horses.

Post-mortem macroscopic examination of the soft palates re-
vealed petechiae which appeared to be an agonal change, associ-
ated with euthanasia as these were not observed on endoscopy
prior to euthanasia. One group E horse had a centrally-positioned
2 mm diameter hard nodule located 3 cm from the free border of
the soft palate. At the same location, one group A and one group
B horse exhibited submucosal haematomas. All remaining soft pal-
Table 1
Results of endoscopic examination prior to (D0) and 2 (D + 2), 7 (D + 7), 14 (D + 14) and >

D0

Numbers of horses with soft palate congestion 0
Degree of nodular pharyngitisa 0–III
Nature of pharyngeal secretion Seromucinous

Soft palate tone 5/10 flaccid
5/10 normal

Numbers of horses with various degrees of resistance to traction
(score)

3 (+), 2 (�), 5 (±)

a Degree of nodular pharyngitis varied from 0 to IV.
ates appeared normal. The mean thickness of the soft palate at its
midpoint, 5 cm from the free border, was 4.33 ± 0.55 mm. The
mean thickness of the free border at its axial point was
0.72 ± 0.07 mm. The mean thickness of tissue samples 4 and 5 as
indicated in Fig. 1 was 12.81 ± 0.57 mm and 12.48 ± 0.61 mm,
respectively. The thickness of samples 4 and 5 varied by 4 mm in
four horses, one of which was a control animal, while the remain-
der of the horses showed less or no variation. No significant differ-
ence in thickness was detected between the groups.
Histological evaluation

Qualitative examination revealed that the proportion of each
tissue type (glandular, muscular, and connective) was consistent
with that expected for the most caudal portion of the soft palate
(Poyrazoglu et al., 2006). The glandular, muscular and connective
tissue portions represented 5–30%, 25–60% and 25–50% of each tis-
sue section, respectively. Significant necrosis, inflammation or
fibrosis was not observed in samples from either treated or control
animals. There was no variation between animals in the density of
the connective tissue present. One group C horse exhibited slight
focus of myofibre necrosis with associated regeneration and a mild
focal lymphoid cell infiltrate.

The density and thickness of elastin fibres within connective tis-
sue and muscle bundles varied between animals. The size of sub-
epithelial lymphoid follicles also varied between horses, ranging
from 50 to 200 lm in diameter, with larger follicles correlating with
greater degrees of lymphocytic infiltration of the adjacent connec-
tive tissue and epithelia. The thickness of the nasopharyngeal epi-
thelium was similar in all animals, ranging from 2 to 8 cells deep
according to location, with the thinnest portion more caudally lo-
cated. The thickness of the oral epithelium also varied between
horses, ranging from 200 to 500 lm, and was observed to form
pseudoepitheliomatous projections into the submucosa in all cases.

All samples had some degree of parakeratotic hyperkeratosis of
the oral mucosa while one animal exhibited minimal focal cellular
crust formation (Table 3). Group A, E and F horses as well as one
group D animal had no (Fig. 2), or minimal (grade 1) increases in
the size of their lymphoid follicles and in the attendant lympho-
cytic infiltration (Fig. 3). However, group B and C horses, along with
the remaining group D animal, exhibited larger follicles and lym-
phocytic infiltrates (grade 2) (Fig. 4).

Biomechanical evaluation

Technical errors occurred during the sampling of the soft pal-
ates of four horses from groups A and B so that the biomechanical
data obtained from these horses were excluded from the analysis.

When testing the samples in tension, most failures 32/40 (80%)
occurred near the grip while a smaller number 8/40 (20%) failed in
the mid-portion of the tissue strip. The force applied by the pneu-
matic grips was lower for the mucosal than for full-thickness sam-
14 (D > 14) days post-palatal sclerotherapy.

D + 2 D + 7 D + 14 D > 14

8 4 3 0
0–II 0–II 0–II 0–III
Seromucinous to
purulent

Seromucinous Seromucinous Seromucinous

3/10 flaccid All normal All normal All normal
7/10 normal
8 (+), 2 (±) 6 (+), 4 (±) 6 (+), 4 (±) 4 (+), 1 (�), 3 (±)



Table 2
Results of endoscopic examination of the 10 injection sites per horse 2 (D + 2), 7 (D + 7), 14 (D + 14) and >14 (D > 14) days post-palatal sclerotherapy.

Injection sites D + 2a D + 7a D + 14a D > 14b

Median Total Median Total Median Total Median Total

Visible 3.4 10 3.4 10 3 10 0.75 3
With severe swelling 2 8 0.9 6 0.1 1 0 0
With slight swelling 0.8 4 1.8 9 2.8 9 0.75 3
With necrosis 0.5 3 1.4 8 0.6 5 0 0
With haematoma formation 0.5 4 0 0 0 0 0 0

Total, the total number of horses with visible injection sites.
a n = 10 horses.
b n = 8 horses.

Table 3
Grading of the histological findings in the various group of animals post-palatal sclerotherapy.

Histological finding Group F (controls) Group A Group B Group C Group D Group E

Necrosis and regeneration of myofibres 2
Increase in size of lymphoid follicles 2 1 3 2 2 2 1 1
Lymphoid cell infiltration 2 1 1 1 2 1 2 1 2 1 1
Hyperkeratosis of oral mucosa 1

Fig. 2. Photomicrograph illustrating the nasopharyngeal mucosa of the soft palate
of one of the horses in group A. Very few lymphocytes and no lymphoid follicles are
present in the submucosal loose connective tissue. Haematoxylin and eosin stain.
Magnification factor 10�.

Fig. 3. Photomicrograph illustrating the nasopharyngeal mucosa of the soft palate
of one of the horses in group E. There is a minimal (grade 1) number of lymphoid
follicles and lymphoid cell infiltration in the submucosal loose connective tissue.
Haematoxylin and eosin stain. Magnification factor 10�.
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ples in an effort to ensure correct positioning of the specimens yet
limiting tissue laceration.

The mean stiffness values for the full-thickness samples are pre-
sented in Fig. 5. No significant differences in stiffness, tensile strain
or tensile stress were found between the treated and control sam-
ples, at any time. Furthermore, no significant change was detected
in any of the biomechanical parameters over time in the treated
horses. Biomechanical evaluation of the mucosal samples also
failed to reveal any significant differences between treated and
control samples or between treated samples over time (data not
shown).

Discussion

Successful palatal sclerotherapy in humans has been objec-
tively appraised at 75%, a success rate similar to that reported
for other treatment methods (Brietzke and Mair, 2004). In a
study comparing the effects of cautery and palatal sclerotherapy
on palatal stiffness in dogs, sclerotherapy involving injection of
sodium tetradecyl sulfate proved 100% efficacious and induced
submucosal fibrosis without infection (Lafrentz et al., 2003).
Anatomical and pathophysiological differences suggest that the
effects of sclerotherapy in humans and dogs should not neces-
sarily be extrapolated to horses. In our study this was illustrated
by the fact that the sclerosing agent did not induce submucosal
fibrosis in our horses as it did in dogs (Lafrentz et al., 2003). This
may have been due to species variation in tissue response or
possibly due to differences in the amount of sclerosing agent
injected.

Subjective evaluation by trainers or veterinarians indicates a
reduction in respiratory noise in 7/8 (87.5%) juvenile Standard-
bred racehorses treated for DDSP by palatal sclerotherapy (Mar-
coux et al., 2008). Results of racing performance were available
for 7–13 months following this therapy and suggested a success
rate of 75%. In these cases, a dose of 1 mL of 3% sodium tetra-
decyl sulfate was used at each injection site, twice the amount
used in the present study. We chose to use 0.5 mL in order to



Fig. 5. Mean stiffness values of the full-thickness palatal samples from the various
treatment groups post-palatal sclerotherapy. Each point represents the mean value
for each horse.

Fig. 4. Photomicrograph illustrating the nasopharyngeal mucosa of the soft palate
of one of the horses in group C. There is a slight (grade 2) number of lymphoid
follicles and lymphoid cell infiltration in the submucosal loose connective tissue.
Haematoxylin and eosin stain. Magnification factor 10�.
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minimise the necrosis and swelling reported by Marcoux et al.
(2008). This factor may have been significant in moderating
post-injection mucosal swelling and the subsequent lack of fibro-
sis and increased stiffness. Interestingly, 50% of the dogs in the
study by Lafrentz et al. (2003), where a single injection of
2 mL of sclerosing agent was used, required re-injection to attain
the desired clinical outcome.

In the current study trans-endoscopic palatal injection was
minimally invasive and was easily performed on the standing, se-
dated horse with few or no side effects. Only one horse developed
epistaxis due to laceration with the sclerotherapy needle during
insertion of the endoscope. This risk was minimised by adopting
the approach described by Marcoux et al. (2008) of ensheathing
the needle within the endoscopic canal.

The injection of 3% sodium tetradecyl sulfate induced conges-
tion and oedema observable macroscopically for up to 14 days.
Microscopic examination revealed differences between groups A,
E and F and groups B and C in terms of lymphoid follicular size
and lymphoid cell infiltration. These differences were not age re-
lated and may have resulted from previous inflammation unrelated
to the sclerotherapy procedure.

A finite element model was recently constructed to predict dis-
placement of the equine palate based on the estimated force of the
tensor veli palatini and palatopharyngeus muscles together with
published values of peak inspiratory nasopharyngeal pressure (Les-
ter et al., 2003). This study provided evidence that the coordinated
contraction of the palatal musculature is essential in preventing
DDSP during exercise. While a biomechanical study has been per-
formed in pigs to compare different surgical techniques used to
treat human snoring and mild sleep apnoea (Courey et al., 1999),
our study represents the first objective analysis of the effect of
sclerotherapy on the biomechanical properties of the equine soft
palate.

In the present experiment, the effect of palatal sclerotherapy
was evaluated in mucosal as well as in full-thickness samples so
as to determine the effects of the intervention on a component of
the palate and to maximise the detection of any changes. Full-
thickness samples were found to facilitate quantification of palatal
stiffness, which may more closely reflect the clinical impact of the
procedure. While it is possible that the changes induced by our
treatment regime were too subtle to be detected by this methodol-
ogy, this biomechanical testing system was considered the most
appropriate.

No significant differences in stiffness, tensile stress or tensile
strain were found between the treated and control palates or over
time in treated horses. The biomechanical data from four horses
were omitted from the statistical analysis because the palates of
these animals were damaged during the sampling procedure at
15 days and 1 month post-treatment. Given that horses treated
for DDSP by sclerotherapy return to work between 15 and 30 days
post-treatment (Marcoux et al., 2008), the missing data may have
revealed some pertinent differences. However the data from later
time points should be more relevant clinically since the goal of this
therapy is to induce fibrosis and a prolonged effect.

The limited number of horses used in our study (eight following
exclusions due to damage during sampling) and the important dif-
ferences encountered between samples, especially from group D
horses, complicate data interpretation. There were variations in
stiffness, tensile stress and tensile strain between two samples
from the same animal such that the true effect of sclerotherapy
was difficult to ascertain. This variation can be attributed to dispar-
ity in soft palate size prior to treatment (as in the control group),
and to the difficulty in obtaining homogenous samples due to the
equine palate’s complex anatomy. Variation might also relate to
the injection procedure. While it is recommended that the sodium
tetradecyl sulfate is injected into the submucosa, it is possible that,
under endoscopic guidance alone, some injections were inadver-
tently delivered into the muscular layer.

It is also important to consider that the tissue response to the
sclerotic agent in this study might differ from that of palates with
pre-existing inflammation such as those encountered in horses
with DDSP (Blythe et al., 1983). The biomechanical properties of
the soft palate may be altered by obstructive sleep apnoea syn-
drome (OSAS) and with age in humans (Veldi et al., 2001). A study
using three-dimensional models, found that pharyngeal length in-
creased with age and that increases in soft palate length and thick-
ness and in its contained fat component, were associated with
increased body mass index (BMI). Furthermore, as age and BMI in-
creased, airway narrowing appeared more severe (Shigeta et al.,
2008). Disorders of lipid metabolism may be present in humans
with OSAS and fatty infiltration of the oropharyngeal region might
be important in the pathogenesis through altering the size and
shape of the airway and the compliance of the pharyngeal wall
(Zhou et al., 2003).

In our study, age, gender, BMI and breed were not factored into
the statistical analysis since study numbers were small. However
age and DDSP in the horse may affect the biomechanical properties
of the soft palate. Moreover, it is possible that inflammation result-
ing from the sclerotherapy injection could reduce the diameter of
the intra-pharyngeal ostium which includes the caudal border of
the soft palate, and this in turn would allow the latter to remain
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lodged under the epiglottis even during intensive exercise. Radio-
graphic assessment of soft palate thickness could be useful in eval-
uating this parameter (Cehak et al., 2006), and might contribute to
a positive clinical response to therapy in the absence of biome-
chanical measurements. Although treadmill endoscopic examina-
tion was not used in this study, this would have been a useful
additional technique in evaluating anomalies in the upper respira-
tory tract.

Conclusions

Palatal sclerotherapy, as carried out in this study, did not alter
the morphology or biomechanical properties of normal equine soft
palates. As a result, our findings do not support the hypothesis that
the sclerosing effect of this therapy increases soft palate rigidity,
preventing its displacement over the epiglottis during exercise.
However, the reduced dose and volume of sodium tetradecyl sul-
fate used in the present study may have minimised its sclerotic ef-
fect. Furthermore, it is also possible that the tissues of clinically
affected animals might react differently to this therapy than do
normal soft palates.
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