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Abstract

Summary Meaured spinal kyphosis, as a predictor of preva-
lent and incident vertebral deformity, was examined in older
women (>70 years) and found to not have sufficient
sensitivity or specificity to justify its use as a predictor of
present or future vertebral deformity risk.

Introduction Kyphosis may be attributable to vertebral
deformity and was investigated as a clinical tool for
predicting the presence and future risk of vertebral deformity.
Methods Kyphosis was measured in 434 women aged
70 years or older and the kyphosis index (KI) calculated.
Prevalent and incident vertebral deformities were assessed
by morphometric X-ray absorptiometry (MXA). The
predictive value of KI was examined.

Results Severity of kyphosis was categorised by tertile of
KI; 65% of anterior thoracic deformities occurred in the
33% of subjects in the highest (most kyphotic) tertile.
Using this tertile as a predictor of anterior thoracic
deformity, the probability for a positive test rose from
14% for the whole population to 28% and for a negative
test the probability fell to 8%. For any spinal deformity the
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highest tertile of KI increased the probability of a positive
test from 34% to 42% and reduced the probability for a
negative test to 30%. The incidence of new deformities was
6% over 4 years; a high KI tertile did not increase the
probability of any vertebral deformity.

Conclusions Severe kyphosis does not increase the proba-
bility of detection of a prevalent or incident spinal
deformity sufficiently to make it a useful method of
selecting patients for further evaluation of spinal deformity.

Keywords Kyphosis - Morphometric X-ray
absorptiometry - Osteoporosis - Vertebral deformity

Introduction

Vertebral fractures, a serious complication of osteoporosis, go
undiagnosed in over 50% of cases [1]. This is of concern
because spinal fractures are associated with decreased
quality of life [2] and increased mortality [3—5]. The occur-
rence of a vertebral fracture results in a marked increase in
the risk of subsequent vertebral fractures in an individual [6].
Thus, simple clinical markers of the presence of vertebral
fractures would be of considerable benefit in predicting fur-
ther fracturing, reduced quality of life and increased mortal-
ity. In recent years, the outcomes of three large studies have
suggested that a risk factor assessment may prove useful in
detecting patients at high risk of fracture for further diagnos-
tic testing [7-9]. A recent study found that women who were
classified as hyperkyphotic (defined as requiring a block of
1.7 cm thick under the patients neck in order to achieve a
neutral neck position when lying flat) had a 1.7-fold increase
of future vertebral fracture risk [10]; however, no data on its
clinical value using modern methods of assessing clinical
utility using sensitivity and specificity were presented.
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In this study, vertebral structure and its abnormal variation
was assessed by a morphometric X-ray (MXA) method using
dual energy X-ray absorptiometry (DXA). Assessment of
vertebral deformity involves placement of points around the
edge of the vertebral body, abnormal distances between these
points define the presence of a deformity. This technique has
been shown to detect vertebral deformities with reasonable
precision in comparison with X-ray techniques [11, 12] and
has some advantages and disadvantages compared with the
clinical vertebral fracture end point. The advantages of the
use of vertebral deformities is that they are determined by
objective criteria concerning the shape of the vertebral body
and do not require the patient to present with back pain,
which occurs in only about half of patients with radiograph-
ically identified fracture [13]. Vertebral deformity is also
associated with some functional limitations, independently
of pain [14], and is predictive of future vertebral fracture
[15]. A disadvantage is that the technique does not utilise all
the shape data in making the diagnosis, as does radiographic
assessment. In this study, thoracic curvature was assessed
objectively using a previously reported flexicurve ruler
method [16]. The validity and reliability of the flexicurve
ruler method of kyphosis assessment in osteoporotic subjects
has been compared with roentgenographic assessment and
found to have close agreement [17].

Thus, the aim of this study was to evaluate the prevalence
of kyphosis using a flexicurve ruler in a population-based
sample of elderly women and determine its predictive ability

Fig. 1 Kyphosis tracings of Cephalic
subjects illustrating a range of KI ')\
ratios calculated as (B/E)x100 Dorsal
Caudal
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E=26.5
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for prevalent and incident vertebral deformities. It was
hypothesised that if an objective measure of kyphosis proved
useful in prediction of deformity then a clinical algorithm for
detection of patients at increased risk of prevalent or incident
fractures could be developed.

Materials and methods

Four hundred and thirty-four patients were recruited at
random as part of a large population-based prospective
study of women aged between 70 and 82, mean age 75+
3 years, living at home [18]. Demographic data, height and
weight were collected by standard measures. Informed
consent was obtained and the Human Rights Committee of
the University of Western Australia approved the study.

Kyphosis index

Thoracic curvature was measured using a flexicurve ruler
[16]. The subjects were asked to stand adopting their
normal posture and the ruler was pressed against their back
with the top end placed on the seventh cervical spine in the
midline. The ruler was moulded into the shape of the
subject’s spine in the midline to the level of the lumbosacral
joint. The flexicurve ruler was removed and the shape of the
spine was then traced onto paper and analysed as shown in
Fig. 1. The kyphosis index (KI) was calculated as the ratio
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of B to E, multiplied by 100. The larger the KI, the more
marked the kyphosis. The coefficient of variation for KI of
6.6%, as determined from duplicate measurements per-
formed in 20 randomly selected subjects from the cohort
reported in this study by a group of trained assessors on the
same day, was half that reported by others [19]. The
validity and reliability of the flexicurve ruler method of
kyphosis assessment in osteoporotic subjects has been
compared with roentgenographic assessment and found to
have close agreement [17].

Morphometric spinal deformities

The reference data for the ascertainment of spinal deformi-
ties was determined from measurement of MXA data of
120 randomly selected patients of the same age as the study
patients and recruited from the same population but who
did not have the KI measured and were thus not available to
be part of this study. The patients used for the reference
data did not differ in age, weight or height from the study
subjects. Single energy high-definition lateral MXA scans
of vertebra T4-L4 were performed using a Hologic QDR
4500A. The patient was positioned longitudinally in the
centre of the scan table using the positioning laser. A PA
centreline scan was then performed, which was used by the
machine to maintain a constant distance between the spine
and the X-ray tube during acquisition of the lateral image,
therefore correcting for the magnification effect of the fan
beam. The centreline scan also sets the start point for the
subsequent lateral scan.

For each vertebra, a single operator placed six reference
markers at the corners and in the middle of the upper and
lower surface of each vertebral image. The height was
measured as the distance between the markers at the edge
of the superior and inferior endplates of that vertebra as
described by the operator’s manual. The mean coefficient
of variation in MXA measurements of the anterior, central
and posterior heights was determined for the single operator
who undertook the assessment of all the MXA scans by
undertaking point placement from L4 to T12 in duplicate
measurements from 30 subjects randomly selected from the
study cohort. The mean coefficients of variation were 4.5%
for posterior height measurements, 4.5% for central height
measurements and 5.3% for anterior height measurements.

As described by McCloskey et al. [20], the ratio of the
anterior to posterior height, the central to posterior height
and the posterior to the predicted posterior height was
calculated for the reference data and expressed as the 5%
trimmed mean and SD (Table 1). The predicted posterior
height was calculated from the two adjacent vertebrae
above and below the vertebra of interest, or for T4 the four
vertebrae below and for L4 the four vertebrae above. The
posterior/predicted posterior ratio was calculated from the

Table 1 MXA measured vertebral heights used as reference heights
to define vertebral deformity. Height data are the trimmed mean=SD
from 120 randomly selected individuals

Vertebra Posterior Anterior/ Central/ Posterior/
height posterior posterior predicted

(mm) ratio ratio posterior

(mm/mm)  (mm/mm) ratio

(mm/mm)
Thoracic 4 17.8+1.3 0.94+£0.04 0.94+0.04 1.02+0.06
Thoracic 5 18.4+1.5 0.91+0.05 0.93+0.04 1.02+0.06
Thoracic 6 18.8+1.4 0.83+0.05 0.91+0.04 0.95+0.04
Thoracic 7 19.2+1.7 0.89+0.05  0.92+0.03  1.01£0.06
Thoracic 8 19.6+1.6 0.90+0.05 0.91+0.03  1.01+0.05
Thoracic 9 20.1+1.4 0.93+0.05 0.92+0.04  1.00+0.05
Thoracic 10 21.7+3.0 0.94£0.03  0.92+0.04 1.00+0.03
Thoracic 11~ 23.3+1.6 0.92+0.05  0.90+£0.03  1.00+0.03
Thoracic 12 24.8+1.7 0.91£0.05 0.92+0.04 1.00+0.03
Lumbar 1 25.9+1.7 0.93+0.05 0.93+0.03  1.00+0.04
Lumbar 2 262+1.7 0.99+0.05 0.94+0.03  0.99+0.04
Lumbar 3 259+1.6 1.03+£0.05 0.98+0.04  1.00+0.04
Lumbar 4 25.6+2.0 1.05+£0.06  1.00+0.06  1.00+0.07

measured compared with the predicted height for that
vertebra.

Prevalent wedge vertebral deformities were defined as
both an anterior/posterior height ratio and anterior/posterior
predicted height ratio 3 SDs below the normative mean
anterior to posterior value at that level; central deformities
were defined as both a central/posterior height ratio and
central/posterior predicted height ratio three SD below the
normative value at that level; and prevalent crush vertebral
deformities were defined as both a posterior/predicted
posterior height ratio 3 SDs below the normative value at
that level and anterior/posterior predicted height ratio 3 SDs
above the normative value at that level for that measurement
in our reference population [20]. Incident vertebral deformi-
ties over the subsequent 4 years were defined as a reduction
in the posterior, mid or anterior vertebral height of 20% or
more from baseline in MXA scans performed by the same
operator using the same method as for the baseline scans.

Statistical analyses

All statistical analyses were performed using SPSS Win-
dows Version 11.5 (SPSS, Chicago, USA). These data were
examined for normal distribution by the Kolmogorov-
Smirnov goodness-of-fit test. The KI was categorised into
tertiles. For the normally distributed variables mean£SD
were reported. Frequency of thoracic spinal deformities was
calculated. Logistic regression analyses were used to
examine the relationship between KI and spinal deformities
determined by MXA after adjustment for confounding
factors. A receiver operator curve (ROC) analysis was used
to determine the sensitivity of KI as a predictor of one or
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more anterior deformities. The predictive value of a
positive test was calculated as the percentage of individuals
who had an anterior vertebral deformity and were above the
selected KI index indicated. The predictive value of a
negative test was calculated as the percentage of individuals
who did not have an anterior vertebral deformity and were
below the selected KI index indicated. The likelihood ratio
for a positive test was calculated as the sensitivity (true
positive/false positive) rate. The likelihood ratio for a
negative test was calculated as the specificity (true
negative/false negative) rate. All statistical tests were two
tailed. Probability values less than 5% were considered
significant.

Results
Demography of vertebral deformity and KI

As described in the methods section, the normative data
from which the presence of vertebral deformities was
calculated are shown in Table 1. The demographic variables
of the 434 patients recruited at random as part of a large
population-based prospective study of women living at
home are shown in Table 2. Overall, 34% had sustained a
lumbar or thoracic vertebral deformity between T4 and L4,
22% had sustained one vertebral deformity and 12% had
sustained more than one vertebral deformity. The frequency
of deformities was bimodal, with peaks at T8 and T12 and
at least one anterior, crush or central deformity between T4
and L4 was present in 18%, 17% and 6% of the population,
respectively (Fig. 2). Thoracic deformities from T4 to T12
occurred in 32% of individuals of the whole group; anterior
deformities, crush deformities and central deformities were
present in 14%, 13%, and 5% of the subjects, respectively.
Six percent of patients with one thoracic anterior deformity
also had other deformed vertebrae in the thoracic spine
approximately equally distributed between crush, central or
other anterior deformities. To examine the diagnostic utility
of kyphosis assessment the patients were grouped into three
tertiles of KI (Table 2). Subjects in tertile three of the KI
were significantly shorter than those in KI tertile 2. There

was no difference in age or years since menopause between
the three groups; however, those in tertile 2 and tertile 3 had
a significantly higher body weight than those in tertile 1.

Thoracic deformities

The percentage of thoracic anterior deformities increased
with KI tertile; however, there was no difference in thoracic
central or crush deformities between the groups (Fig. 3).
Logistic regression with thoracic anterior deformity as the
dependent variable was used to determine the odds of
having a thoracic anterior deformity with increasing KI.
The odds of an anterior deformity were three- (95% CI 1-7)
and nine-times (95% CI 4-22) greater in the second and
third tertiles, respectively, compared with those in the first
tertile after adjustment for age. Only those in the highest
tertile of KI had more than one thoracic anterior deformity
(data not shown).

The diagnostic utility of the KI as a predictor of thoracic
anterior deformities was further evaluated using ROC
analysis and the calculation of appropriate summary
statistics (Fig. 4a, Table 3). Using a KI cut-off of 15.5
(tertile 3), the probability of deformity was 28%. The
probability of deformity for individuals below the cut-off
fell to 8%. Using a more conservative KI cut-off of 12.8
(tertiles 2 and 3), the probability of anterior wedge
deformity above the KI cut-off of 15.5 was 18% and below
the cut-off was 5%.

Thoracic and lumbar deformities

The percentage of deformities in both the lumbar and
thoracic spine within each KI tertile are shown in Fig. 3. As
KI tertile increased so did the proportion of anterior and
central deformities. ROC analysis was used to determine
the sensitivity of the KI as a predictor of any spinal lumbar
or thoracic deformity (Fig. 4b, Table 3). At a KI of 15.5 or
greater (tertile 3), the sensitivity for the detection of any
spinal deformity was 42% and the specificity was 70%. The
probability of deformity above the KI cut-off was 42% and
below the cut-off was 30%. Using a more conservative KI
cut-off of 12.8 (tertiles 2 and 3), the sensitivity was 77%

Table 2 Characteristics

of the patients. Results are All subjects KI tertile 1 KI tertile 2 KI tertile 3 ANOVA P
mean+SD (6.2-12.7%)  (12.8-15.4%)  (15.5-28.1%)  value

Number 434 145 144 145

Age (years) 75.0+2.6 74.8+2.6 75.0+2.7 75.1+2.5 0.54
#P<0.05 compared with Years since menopause 26.9£6.3 25.9+6.2 27.3+5.8 27.4+6.8 0.07
tertile 1, **P<0.05 compared Weight (kg) 68.6+12.4 65.0+10.6 70.3+12.8* 69.4+13.2* 0.009
with tertile 2 by one-way Height (cm) 159.346.0 159.6+6.1 160.2+6.3 158.3+5.6%" 0.02
ANOVA followed by Duncan’s KI (%) 143+3.4 10.8+1.6 14.0+0.8" 182422 ™" 0.001

post hoc test
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Fig. 2 The percentage of each
type of vertebral deformity
detected by MXA occurring at
each vertebral level

Percent of subjects

T4 T5 T6

and the specificity was 28%. The probability of any
deformity above the KI cut-off 12.8 was 36% and below
this cut-off was 30%.
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Fig. 3 a, b Proportion of subjects with a central, crush, anterior
wedge, or any MXA deformity type within each kyphosis tertile
group. The proportion of deformities across the tertile groups for each
fracture type, or any fracture type, were compared using the x* test;
***P<0.001, **P<0.005, *P<0.01
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Incident vertebral deformities

MXA data was available in 349 subjects four years after the
first measurement. Of these 349 subjects, 6.6% (n=23)
sustained one or more new MXA-defined vertebral deformi-
ties in previously un-deformed vertebrae of the thoracic or
lumbar spine. The deformities consisted of nine crush, one
central and 22 anterior deformities. There was no association
between the KI and the occurrence of a new MXA-defined
vertebral deformity (KI tertile 1: 6 (5.5%); KI tertile 2: 9
(8.2%); K1 tertile 3: 8 (6.5%); x*=0.57, P=0.77).

Discussion

In this study, the proportion of subjects with one or more
vertebral deformities, as determined by MXA, was 34%.
This should be compared with radiographic morphometric
studies using a 3-SD decision threshold criterion in which a
vertebral deformity prevalence of 46% in 80- to 90-year-
olds and 21% in a somewhat younger age group was
reported [21, 22]. The distribution of vertebral deformities
along the spine was similar to that reported by both Eastell
et al. [21] and Melton et al. [22], verifying that our analysis
of vertebral deformities using MXA produced similar
results to studies that used roentograms. A previous report
from our centre demonstrated that MXA produced similar
results to those produced by radiographic morphometry
when evaluated with respect to spinal heights measured ex
vivo [23]. The distribution of deformities across the spine
in our study compares closely with the distribution of
vertebral deformities across the spine previously reported
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Fig. 4 a ROC demonstrating the value of the KI in predicting anterior
vertebral deformities between T4 and T12; the arrows indicate the
sensitivity and specificity of Kls of 15.5 and 12.8. b ROC
demonstrating the value of the KI in predicting any type of vertebral
deformity between L4 and T12; the arrows indicate the sensitivity and
specificity of Kls of 15.5 and 12.8

by Melton et al. [24], who demonstrated that deformities
were most common in the mid-thoracic and thoraco-lumbar
junction, similar to our own study. Furthermore, similar to
what was observed in this study, Melton et al. [24] reported
equal prevalence of anterior and crush fractures with central
fractures about half as prevalent perhaps related to the
hierarchical algorithm of selecting for crush, then anterior,
then central deformity as used in this study.

@ Springer

Table 3 Evaluation of the KI for prediction of prevalent vertebral
deformities in patients with one or more anterior thoracic deformity or

one or more spinal deformities at any site

KI tertiles 2 and 3
(cut-off KI 12.8)

KI tertile 3
(cut-off KI 15.5)

Anterior Any
thoracic  spinal

Anterior Any

thoracic  spinal

deformity deformity deformity deformity

Pre-test probability 0.14 0.34 0.14 0.34
Sensitivity 90% 77% 63% 42%
Specificity 29% 28% 72% 70%
Positive test

Positive likelihood ratio 1.27 1.07 2.25 1.40
Post-test probability 0.18 0.36 0.28 0.42
Negative test

Negative likelihood ratio  0.34 0.82 0.51 0.83
Post-test probability 0.05 0.30 0.08 0.30

The results obtained from this study show that increasing
kyphosis is primarily related to an increased risk of thoracic
anterior deformities, but not other sorts of spinal deformi-
ties, although in the whole spine data there was a weak
association with central collapse. Thus, clinical kyphosis
detection with or without the use of the KI has the potential
to detect some individuals who may not otherwise be
considered for treatment. When analysed using odds ratio,
the performance characteristics of the KI showed that an
individual with a KI above 15.4 had nine-times the risk of
having a thoracic anterior deformity compared with those
having a KI below 12.8. However, using ROC analysis in
absolute terms the risk only rose from 14% to 28% if
positive and fell to 8% if negative, values that are not
particularly useful in clinical diagnostic practice.

When compared against patients with any spinal
deformity, the performance characteristics of the KI were
also poor because the post-test probability for a positive test
only rose to 42% from 34% and only fell to 30% for a
negative test. Moreover, the KI was of no predictive value
for determining the risk of future vertebral fracture,
determined as a 20% reduction in vertebral height using
MXA. While it is true that these calculations are limited to
the population of elderly postmenopausal women studied,
this population was selected because of the relatively high
prevalence of vertebral deformity. In other populations with
lower prevalence of fracture, the performance character-
istics of the KI are likely to be lower. Therefore, the
assessment of the KI, either by measurement or by clinical
assessment, is of only limited value in determining a
patient’s risk of having a vertebral deformity and is of no
value in determining that individual’s risk of future
vertebral fracture. Spine deformities can only be reliably
diagnosed using X-ray technology or vertebral fracture
assessment using DXA [17].
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