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Abstract
Objective—To identify and characterize otolaryngologic markers for the early diagnosis of Turner
Syndrome (TS).

Study Design—Prospective cohort survey.

Setting: Clinical Center of the National Institutes of Health (NIH).

Patients: Ninety-one females, 7 - 61 years old (average = 28.7 y), enrolled in a multidisciplinary
study of karyotype-phenotype correlations in TS.

Main Outcome Measures: Age at diagnosis, X chromosome karyotype, history of chronic or
recurrent otitis media (OM), sensorineural hearing loss (SNHL), palate dysmorphism, pinna
deformity, pterygium colli, low posterior hairline, low-set ears, and micrognathia.

Results—Sixty-nine (76%) patients had a history of chronic or recurrent OM, 62 (68%) had a
dysmorphic palate, 57 (63%) had SNHL, and 90 (99%) had one or more of these findings. 83 (91%;
average age at diagnosis = 9.4 y) had one or more external craniofacial signs: pinna abnormalities,
pterygium colli, low-set ears, micrognathia or a low posterior hairline. Eight patients (average age
at diagnosis = 13.2 y) had no external craniofacial signs, although seven (88%) of these eight patients
had a history of chronic or recurrent OM, dysmorphic palate or SNHL. The age at diagnosis was not
significantly different between groups with or without external craniofacial signs (P = 0.126).

Conclusions—Patients with mild or incompletely penetrant TS phenotypes often present with
otitis media, hearing loss, or both before the diagnosis of TS is established. Palatal dysmorphism,
including ogival morphology, is another otolaryngologic marker for TS. Prompt recognition of these
manifestations of TS could hasten its diagnosis and appropriate medical care.
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INTRODUCTION
Turner Syndrome (TS) affects up to one in 2000 live female births and is characterized by the
total or partial loss of one X chromosome1, 2. Frequently observed manifestations of TS include
short stature, lymphedema, gonadal dysgenesis, cardiovascular anomalies, renal abnormalities,
hypertension, hypothyroidism, glucose intolerance and hyperlipidemia1, 2. Some of the
features frequently encountered in the otolaryngology clinic are sensorineural hearing loss
(SNHL)3, recurrent otitis media (OM), pterygium colli and craniofacial dysmorphism1, 2.
Commonly reported craniofacial findings include a low hairline, low-set ears, micrognathia,
and oral palatal abnormalities1, 2.

TS patients are thought to have an increased incidence of cleft palate4-6. Less morbid palatal
morphologies are more common and include a narrow, high-arched or ogival (steeple-shaped)
palate, or a combination of these morphologies6-13. The ogival palate may be inaccurately or
incompletely described as high-arched or narrow14, especially in the absence of cephalometric
measurements. Similarly, prominent lateral ridges produce a different but distinctive palatal
morphology that can also be mischaracterized as narrow or high-arched11, 15. Early diagnosis
of TS is important for timely detection and surveillance of medically significant features such
as congenital heart disease, and the prompt institution of therapies such as growth hormone,
estrogen-progesterone and psychosocial counseling1, 2. Unfortunately, most girls with TS are
not correctly diagnosed until age 10-12 when short stature and delayed pubertal development
finally lead to cytogenetic testing16. However, many of these girls may present with distinctive
otolaryngologic signs and symptoms prior to the diagnosis of TS. We sought to characterize
the otolaryngologic manifestations of TS in order to facilitate its early detection in patients
who may not have more obvious features.

SUBJECTS AND METHODS
Subjects

Ninety-one TS subjects with a wide spectrum of phenotypic severity were prospectively
ascertained in a multidisciplinary study of genotype-phenotype correlations at the Clinical
Center of the National Institute of Health (NIH). The average age at evaluation was 28.7 y
(range = 7 - 61 y). The eligibility criteria comprised phenotypic characteristics of TS and
karyotypic evidence of an X-chromosome abnormality with fewer than 30% normal cells on
a 50-cell blood karyotype. Seventy-five subjects had monosomy X (45,X) and 16 had partial
X monosomy comprising 46,X,delXp (n =2), 46,X,delXq (n = 2), 46,X,iXq (n = 5), and
complex karyotypes including mosaics for 45,X and one of the above-mentioned X
abnormalities (n = 7). Written informed consent was obtained from all subjects or parents of
minor subjects. The study was approved by the Institutional Review Board of the National
Institute for Child Health and Development, National Institutes of Health.

Clinical evaluation
Subjects or their parents completed a questionnaire about their past and present otolaryngologic
signs and symptoms of TS. Their responses were reviewed and discussed within the context
of a medical history interview and physical examination by an otolaryngologist-head and neck
surgeon. Past medical records were evaluated when available. Dysmorphic features such as
pinna and palate malformations were photo-documented. Palates were considered dysmorphic
if they were high-arched, ogival, or had prominent lateral ridges resulting in the appearance of
a narrow or high arch (Figure 1). High-resolution temporal bone CT scans were obtained for
the first 14 subjects and reviewed by a Neuroradiologist and an Otolaryngologist-Head and
Neck Surgeon. Cochlear height and lateral semicircular canal bony island width was measured
on coronal and axial sections, respectively. Hypoplasia and hyperplasia were defined as
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measurements outside normal ranges for cochlear height (4.4 - 5.9 mm) or lateral semicircular
canal bony island width (2.6 - 4.8 mm)17.

The results of pure-tone and speech audiometry, tympanometry and stapedial reflex testing are
described elsewhere3. A history of chronic or recurrent OM was defined by report of one or
more episodes. SNHL was defined by a bone conduction threshold ≥ 25 dB HL at any test
frequency with or without an air-bone gap, and thus included those with mixed hearing loss.

Statistical analysis
We tested 2 × 2 associations among clinical variables and karyotypes by Fisher’s Exact test.
We compared average age at diagnosis by Student’s t-test and Mann-Whitney test.

RESULTS
The average age at diagnosis was 9.7 y (range = 0 - 38 y). The average age at diagnosis was
9.2 y for monosomic 45,X and 12.0 y for partial X monosomic patients. This difference was
not significant (P = 0.197).

Sixty-nine (76%) subjects had a history of OM, 57 (63%) had SNHL, 62 (68%) had a
dysmorphic palate (Figure 1) and two (2%) had a history of cleft palate. Among subjects with
SNHL, an isolated mid-frequency hearing loss was observed in four (7%) subjects and a mid-
frequency hearing loss in combination with high frequency hearing loss was observed in 38
(60%) subjects. Forty-eight subjects (53%) had pinna abnormalities, 35 (38%) had pterygium
colli, 66 (73%) had a low posterior hair line, 34 (37%) had low-set ears, and 22 (24%) had
micrognathia. Dysmorphic palate, low posterior hairline, low-set ears, and micrognathia each
showed a significant association with monosomy 45,X (Table 1). The presence of any one or
more of the five external craniofacial signs did not show a significant association with
monosomy 45,X (P = 0.143).

The average age at diagnosis was 9.4 y for patients with one or more external craniofacial signs
in comparison to 13.2 y for subjects without any external craniofacial signs. This difference
was not significant (P = 0.687). Seven (88%) of eight subjects without external craniofacial
signs had OM, SNHL, or an abnormal palate (Table 2). We detected no significant association
of OM, SNHL, or palate dysmorphism with the presence or absence of external craniofacial
signs (Table 2).

Fourteen patients had normal CT scans of the temporal bones. One patient had evidence of
chronic OM and a previous right tympanoplasty-mastoidectomy (not shown). We observed
hypoplastic lateral semicircular canals (1 bilateral, 1 left) in two other patients, all of whom
had SNHL (Figure 2). One of these patients also had a posterior dehiscence of the right superior
semicircular canal with the posterior fossa but she had no history of vertigo. There was no
association between the presence of vestibular dysmorphism and karyotype (P > 0.5).

DISCUSSION
Our comprehensive and prospective study design with stringent karyotype documentation
should provide a description of the otolaryngologic manifestations of TS that is less biased
than previous retrospective or referral-based studies. Nevertheless, our observed prevalence
of palatal abnormalities in TS patients is consistent with previous reports6-9, 11-13. The high-
arched palate has been emphasized as a clinical marker for the timely diagnosis of TS12,
although it can be a relatively common, nonspecific and subjective finding. Many palates that
are qualitatively described as high-arched may actually be normal in height and more accurately
described as narrow with prominent lateral ridges11, 15. An ogival or steeple-shaped palate
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may be more specific for TS and is less common or prone to subjective judgment than “high-
arched”. There are reports of ogival palates noted in patients with Hutchinson-Gilford
progeria18 and Cornelia de Lange syndromes19; however these extremely rare entities are not
usually in the differential diagnosis.

Our observed frequencies of chronic or recurrent otitis media and SNHL in TS are also
consistent with previous reports3, 20-22. Almost all of our TS subjects, even individuals with
no external craniofacial signs, had recurrent or chronic OM, SNHL or a dysmorphic palate.
Any of these findings in combination with one another or other manifestations of TS in a female
patient should alert the clinician to this possible diagnosis. This would facilitate earlier
detection and management of the significant medical and psychological manifestations of this
disorder.

CONCLUSION
Patients with mild or incompletely penetrant TS phenotypes often present with otitis media,
hearing loss, or both before the diagnosis of TS is established. Palatal dysmorphism, especially
ogival morphology, is a key otolaryngologic marker for TS. Prompt recognition of these
manifestations of TS could hasten its diagnosis and appropriate medical care.
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Figure 1.
Palate dysmorphism in TS includes ogival (steeple-shaped) morphology (A,B,C) and
prominent lateral palatal ridges (D,E,F).
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Figure 2.
CT scan images of normal (A) and hypoplastic (B) lateral semicircular canals. Lateral
semicircular canal bony islands widths are indicated with lines and corresponding numerical
measurements.

Makishima et al. Page 7

Int J Pediatr Otorhinolaryngol. Author manuscript; available in PMC 2010 November 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Makishima et al. Page 8

Table 1
Associations of Clinical Features with Karyotype

No. of patients

Clinical feature
Monosomy

X (45,X)
(n=75)

Partial or mosaic
monosomy Xa

(n=16)
P valueb

Otitis media (76%) 57 12 0.579

Low posterior hairline (73%) 58 8 0.031*

Dysmorphic palate (68%) 55 7 0.024*

Sensorineural hearing loss (63%) 50 7 0.077

Pinna deformity (53%) 39 9 0.488

Pterygium colli (38%) 32 3 0.063

Low-set ears (37%) 32 2 0.019*

Micrognathia (24%) 22 0 0.0073*

Any external signsc(91%) 70 13 0.143

a
includes: 46,X,delXp; 46,X,delXq; 46,X,iXq; and complex X karyotypes including mosaics for 45,X or one of these abnormal karyotypes.

b
Fisher’s exact test, two-tailed.

c
pterygium colli, low posterior hairline, low-set ears, pinna deformity or micrognathia.

*
statistically significant.
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Table 2
Associations of Otolaryngologic Features with External Craniofacial Signs

No. of patients with or without external craniofacial signsa

Otolaryngologic feature With (n=83) Without (n=8) P valueb

Otitis media (OM), n=69 (76%) 64 5 0.296

Dysmorphic palate, n=62 (68%) 59 3 0.064

Sensorineural hearing loss (SNHL), n=57
(63%)

52 5 0.635

OM, SNHL or dysmorphic palate, n=90 (99%) 83 7 0.087

a
pterygium colli, low hairline, low-set ears, pinna deformity or micrognathia.

b
Fisher’s exact test, two-tailed.
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