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ABSTRACT. Objective. The purpose of this study
was to determine the prevalence of kyphosis in a Turner
syndrome (TS) population.
Methods. Standing lateral thoracic spine and standing anterior-posterior (A-P) scoliosis radiographs were
obtained on all girls with TS between the ages of 5 and 18
years seen in a TS clinic between July 2000 and March
2001. Medical histories were reviewed, and a pediatric
orthopedic surgeon evaluated the radiographs of each
patient (N ⴝ 25). Excessive kyphosis was defined as an
A-P curvature >40°, vertebral wedging as any A-P deformity >5° at an individual vertebral body, and scoliosis as
a lateral curvature >10°.
Results. Fifteen (60%) of 25 patients were found to
have abnormal radiographic findings: 10 (40%) of 25 with
excessive kyphosis, 10 (40%) of 25 with vertebral wedging, and 5 (20%) of 25 with scoliosis. Forty-eight percent
of the girls had both excessive kyphosis and/or vertebral
body wedging. Two girls had kyphosis >55°, and 5 had
scoliosis >25°. Girls with excessive kyphosis and/or vertebral body wedging were older (13.6 ⴞ 3.9 years vs
10.6 ⴞ 2.8 years).
Conclusions. The prevalence of excessive kyphosis and
vertebral body wedging seems to be increased in girls with
TS and corresponds with advancing age. Routine radiologic
surveillance may facilitate detection of developing deformities so that treatment with a brace can be considered to
prevent or slow the process. Pediatrics 2002;109(6). URL:
http://www.pediatrics.org/cgi/content/full/109/6/e93; Turner
syndrome, Scheuermann’s disease, kyphosis, scoliosis, skeletal, orthopedics, radiography, spine.
ABBREVIATIONS. TS, Turner syndrome; A-P, anterior-posterior;
BMI, body mass index; GH, growth hormone.

T

urner syndrome (TS) is used to describe girls
with abnormalities of the X chromosome and
associated phenotypic features such as short
stature and ovarian failure. Although short stature is
the most obvious skeletal abnormality, others such as
scoliosis, short neck, cubitus valgus, short fourth
metacarpals, and high-arched palate have been welldescribed.1,2 In contrast, kyphosis has rarely been
described in TS,3,4 and its incidence is unknown. The
purpose of this study was to determine the preva-

From the *Division of Endocrinology, Children’s Hospital Medical Center,
Cincinnati, Ohio; and the Departments of ‡Pediatrics and §Orthopaedics,
University of North Carolina at Chapel Hill, Chapel Hill, North Carolina.
Received for publication Oct 30, 2001; accepted Feb 20, 2002.
Reprint requests to (M.L.D.) University of North Carolina at Chapel Hill,
Department of Pediatrics, Division of Endocrinology, CB 7220 509 BurnettWomack, Chapel Hill, NC 27599. E-mail: mld@med.unc.edu
PEDIATRICS (ISSN 0031 4005). Copyright © 2002 by the American Academy of Pediatrics.

lence of kyphosis and to explore risk factors for its
development in a clinic population of girls with TS.
METHODS
Standing lateral thoracic spine and standing anterior-posterior
(A-P) scoliosis radiographs were obtained on girls with TS between the ages of 5 and 18 years seen at the University of North
Carolina TS Clinic between July 2000 and March 2001. Eightythree percent (25/30) of the eligible patients were evaluated. A
single pediatric orthopedic surgeon reviewed the radiographs of
each patient. Excessive kyphosis was defined as an A-P curvature
⬎40°, vertebral wedging as an A-P deformity ⬎5° at any individual vertebral body, and scoliosis as a lateral curvature ⬎10°. The
presence of either excessive kyphosis or vertebral body wedging
was referred to as excessive kyphosis/wedging. A chart review
was performed to ascertain the following information: karyotype,
age, height, weight, body mass index (BMI), BMI percentile for
age, and use and duration of growth hormone (GH), oxandrolone,
and/or estrogen treatments. BMI was calculated as weight/
height2 (kg/m2) and BMI percentiles from charts provided in 2000
by the Centers for Disease Control and Prevention.
Descriptive data are expressed as mean ⫾ standard deviation.
Stepwise logistic regression was performed on the above variables
(karyotype, BMI percentile for age, and use or duration of GH,
oxandrolone, and estrogen treatments) to determine whether they
were significant predictors of kyphosis or kyphosis/wedging. A
linear regression analysis was used to determine whether the
same variables were significant predictors of degrees of kyphosis.
For the latter analysis, 2 girls who had previously undergone
bracing for scoliosis were excluded. Analyses were performed
using the SAS program (Cary, NC).

RESULTS

The study population (N ⫽ 25) had a mean age of
12.0 ⫾ 3.6 years. Sixty percent of these girls with TS
had a 45X karyotype. Eighty percent of the participants had received GH therapy, 40% had received
oxandrolone, and 36% had been exposed to estrogens (Tanner II breasts or exogenous). The mean ages
at initiation of GH, oxandrolone, and estrogens were
6.7 years, 11.8 years, and 13.3 years, respectively.
BMI percentile increased with age. Fifty-two percent
of the overall population were overweight (BMI percentile ⱖ85%), and 28% were obese (BMI percentile
ⱖ95%).
Sixty percent of the girls with TS (15/25) had
abnormal radiographic findings. Forty percent (10/
25) had excessive kyphosis, 40% (10/25) had vertebral wedging, and 20% (5/25) had scoliosis (Table 1).
Forty-eight percent (12/25) of the girls had excessive
kyphosis/wedging. Two girls had kyphosis ⱖ55°
and were treated with anterior-posterior spinal fusion (Figs 1 and 2). All 5 girls with scoliosis had
curves ⱖ20°; 2 were treated with a brace, and 1 with
spinal fusion. Of the 5 individuals with scoliosis, 2
had excessive kyphosis/wedging and 3 did not.
Girls who had excessive kyphosis/wedging were
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TABLE 1.
Patient
Number

Age
(Years)

BMI Percentile

Kyphosis
(Degrees)

Wedging

Scoliosis
(Degrees)

1
2
3
4
5
6
7*
8
9
10*†
11
12
13
14
15
16
17
18#
19
20
21
22
23
24
25†

5.3
5.9
6.1
6.4
7.9
9.2
9.8
10.0
10.8
11.5
11.6
13.1
13.3
13.4
13.4
13.5
13.5
14.2
14.4
14.7
15.1
16.4
17.0
17.1
17.4

95
56
58
85
7
44
82
81
45
58
99
92
80
90
94
87
96
95
75
92
98
81
58
97
98

35
41
35
30
28
36
8
34
35
19
43
22
27
29
41
36
25
59
43
43
33
47
41
55
60

–
T7, T8
T7, T8
–
–
–
–
–
–
–
T4, T6, T7
–
–
–
–
–
–
T10-L1
T6, T8, T12, L1
T12, L1
T12, L1
T11, T12
–
T11, T12
T10-L1

–
–
–
–
–
–
33
–
–
65
–
25
–
–
–
–
–
–
–
–
20
–
23
–
–

* Scoliosis treated with brace, resulting in a decreased kyphotic curvature.
† Spinal abnormality treated with surgery.

older (13.6 ⫾ 3.9 vs 10.6 ⫾ 2.8 years) than those who
did not. All girls older than 14 years of age (N ⫽ 8)
had excessive kyphosis/wedging (Table 1). Seventyfive percent (9/12) of the girls with excessive kyphosis/wedging had a 45,X karyotype versus 46% (6/13)
who did not.
Logistic regression revealed that chronological age
alone was predictive of the presence of excessive
kyphosis/wedging (P ⫽ .053). By stepwise linear
regression analysis, chronological age was also predictive of the degrees of kyphosis (P ⫽ .032; r2 ⫽
0.24). No other variables (karyotype, BMI percentile
for age, presence of scoliosis, use and duration of
GH, oxandrolone, and estrogen treatments) were
predictive of the presence of excessive kyphosis/
wedging or degree of kyphosis (Table 2).
DISCUSSION

Our study suggests that the prevalence of vertebral wedging and excessive kyphosis in the TS population is high. Irregular vertebral epiphyseal
growth rings and anterior vertebral wedging in TS
TABLE 2.
Comparison of Potential Risk Factors in Girls With
Kyphosis/Wedging and Those Without Kyphosis/Wedging
Variable

Age (y)
BMI for age (%)
Duration of
estrogen (y)
Duration of GH (y)
Duration of
oxandrolone (y)

Girls With
Girls Without
Kyphosis/Wedging Kyphosis/Wedging
Mean ⫾ SD
Mean ⫾ SD
(n ⫽ 12)
(n ⫽ 13)
13.6 ⫾ 3.9
83.4 ⫾ 17.3
1.0 ⫾ 1.3

10.6 ⫾ 2.8
72.5 ⫾ 26.5
0.4 ⫾ 0.1

4.14 ⫾ 3.6
1.4 ⫾ 1.5

3.3 ⫾ 2.2
0.4 ⫾ 1.0

SD indicates standard deviation.
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were first reported in the Polish medical literature in
the late 1950s.5 In 1968, additional reports appeared
in the American6 and German orthopedic literature.3
In these studies, 22 of 39 subjects with TS ages 12 to
50 years (mean age: 27 years)6 and 11 of 22 subjects
with TS older than 12 years of age,3 respectively,
were reported to have abnormalities of the vertebral
epiphyseal rings (“Scheuermann-like disease”). In
the latter study, 5 of the patients were reported to
have kyphosis. More recent orthopedic reviews of TS
state that abnormalities of the vertebral epiphyseal
rings rarely cause significant kyphosis or pain,7,8 and
general reviews of TS rarely mention vertebral wedging or kyphosis at all.
In the present study, 48% of girls with TS in a
population ranging in age from 5 to 18 had kyphosis
⬎40°, a prevalence markedly increased compared
with the reported prevalence of 3% in a general
population of school-aged children.9 The cause and
natural history of structural kyphosis remain controversial, even in the general population. However,
most researchers agree that mechanical factors, osteoporosis, and the adolescent growth spurt are major determinants.10,11 In TS, the cause of kyphosis
seems to be multifactorial and is likely to include the
above factors, an intrinsic bone defect, and hormonally induced growth spurts.
Individuals with TS have bone growth abnormalities that result in short stature, abnormal body proportions, growth plate and epiphyseal irregularities,
abnormal fusion of bones, variably delayed maturation of bones, and osteopenia.7,12 These skeletal disturbances are attributable, at least in part, to haploinsufficiency of pseudoautosomal genes on the X
chromosome, such a SHOX, a transcription factor
that is expressed in the developing limbs,13 the first
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Fig 1. Lateral views of an adolescent with TS and excessive kyphosis.

and second pharyngeal arches, and in bone marrow.14
In TS, body proportions of the torso are abnormal,
because there is a greater relative reduction in body
height than in body width.15 Developmental abnormalities of individual bones that may affect the spine
include hypoplasia of cervical vertebrae, coalition of
vertebrae and hemivertebrae, although these were
not found in our study population. One might also
hypothesize that variability in rate of bone maturation, a phenomenon well documented for bones in
the hand,16 may also occur in the spine and lead to
abnormal mechanical stresses. Finally, osteoporosis
is more common in individuals with TS.12 Even in
the prepubertal years, many girls have a coarse trabecular bone pattern and decreased bone deposition
at primarily cortical sites. During adolescence, there
is increased bone turnover with osteopenia predominantly at trabecular sites such as the vertebrae.17
Abnormally low levels of estrogens secondary to
gonadal dysgenesis and delays in estrogen replacement therapy no doubt contribute to this increased
bone turnover state. Abnormalities of bone content
and structure can alter the strength and mechanics of
the spine, predisposing individuals to kyphosis as
well as scoliosis.

Although most girls with TS undergo a blunted
adolescent growth spurt, growth velocity is increased with GH therapy. Although one might predict that kyphosis would progress with increased
growth-enhancing therapies, GH might have a protective effect by increasing bone mineral density.17,18
In the present study, girls with structural kyphosis
and vertebral wedging were older (average age: 13.6
years) than those without these abnormalities (average age: 10.6 years). However, this study was unable
to determine the role of age and hormonal therapies
in the development of kyphosis because of the small
number of subjects, most of whom had received GH
with or without estrogen and oxandrolone.
Early detection and treatment of kyphosis are important. Possible sequelae of excessive kyphosis include progressive deformity, back pain, and embarrassment about physical appearance. In extreme
cases, impairment of neurologic and cardiopulmonary function can occur. Although treatment recommendations vary, bracing is generally recommended
for progressive kyphosis ⱖ50° in a skeletally immature patient.19 Surgical correction is considered for
larger curves, particularly if the deformity is expected to worsen with continued growth.
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Fig 2. A, Kyphosis of 60°. B, After anterior and posterior spinal fusion.

CONCLUSION

The prevalence of excessive kyphosis and vertebral body wedging seems to be increased in TS and
to correlate with advancing age in childhood. Larger,
longitudinal studies are needed to determine the
relative roles that intrinsic bone defects, obesity, osteopenia, growth-promoting agents, and sex steroid
therapy play in the development of excessive kyphosis. The phenotype (short neck, stocky build) of
many girls with TS may hinder the clinical diagnosis
of kyphosis. Routine radiologic surveillance may be
indicated to aid in its early detection and allow for
timely implementation of bracing. Although such
radiographs seem to be most informative during adolescence, optimal timing of radiologic surveillance
has yet to be established.
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