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Objectives Standardised comparison of abdominal
muscle and adipose tissue is often utilised in morpho-
metric clinical research. Whilst measurements are tradi-
tionally standardised against the patient’s height, this
may not be always practically feasible. The aim of this
study was to investigate the relationship between meas-
urements of the vertebral body and patient height.

Methods We analysed cross-sectional CT scans. Meas-
urements of the vertebral body area (VBA), anteropos-
terior vertebral body diameter (APVBD) and lateral
vertebral body diameter (LVBD) were made by two
independent investigators by manual tracing. Patients
were randomly divided into two groups: Group 1 stand-
ardisation and Group 2 validation. We compared height
and vertebral body parameters from patients in Group
1 and mathematically modelled this relationship. We
then utilised the model to predict the height of patients
in Group 2 and compared this with their actual height.

INTRODUCTION

Single slice cross-sectional CT and MRI at the level of third
lumbar vertebrae or umbilicus are routinely used in clinical
research to make morphometric measurements for clin-
ical risk stratification.!” Both sarcopaenia and abdominal
obesity, notably visceral fat, have been shown to be asso-
ciated with worse patient outcomes.!> However, measure-
ments of the abdominal muscle and adipose tissue area are
commonly standardised against the height of the patient,
in a similar manner to the BML"** When studies have
failed to standardise measurements, they have often been
criticised.®

Observer variability was assessed using Bland-Altman
plots and t-tests of differences.

Results CT scans from 382 patients were analysed. No
significant intraobserver or interobserver differences
were apparent when measuring vertebral body param-
eters. We describe models which enable the prediction
of the patients’ height using the measured VBA, APVBD
and LVBD. No significant differences were observed
between the patients predicted and actual heights in the
validation group.

Conclusions We demonstrate an important relationship
between measurements of the patient’s height and the
vertebral body. This can be utilised in future research
when the patient’s height has not been measured.
Advances in knowledge In the absence of the patient’s
height, we demonstrate that two-dimensional vertebral
body parameters may be reliably used to standardise
morphometric measurements.

In certain circumstances, it may not be possible to
measure patient height due to physical limitations,
acute illness or lack of equipment. Furthermore, height
is not always recorded in the hospital records and this
poses a substantial challenge for stratification methods
which utilise this basic parameter. Furthermore, biolog-
ical profiling of human tissue is an essential component
of forensic medicine. Despite well-established methods
of estimating patient height from specimens such as
measuring the size and shape of the cranium, pelvis and
long bones, this may not be possible due to missing skel-

etal material.”®
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Figure 1. lllustration of cross-sectional CT analysis for meas-
urement of the vertebral body. A (yellow line): demarcates the
measured VBA. B (line): demarcates the APVBD. C (red line):
demarcates the LVBD.

Measurements of the vertebral parameters such as the height,
anteroposterior diameter, lateral diameter and vertebral body
area (VBA) at different levels of the vertebrae have been previ-
ously shown to correlate with patient height.*~'* However, these
studies have been criticised for having small sample sizes and
large margins of error in estimating the height.

The validation of VBA as a surrogate measure of height would
offer a simple alternative measure where conventional methods
are not feasible. Given the similarities previously observed,
we hypothesised that similar relationships may exist between
patient height and the VBA at the upper end-plate of the third
lumbar vertebrae which is the most commonly used cross-sec-
tion in radiological morphometric clinical research.' The two
measures may have a relationship which could be used to inter-
changeably standardise morphometric measurements. The aim
of this study was to evaluate the relationship between cross-sec-
tional measurements of the vertebral body at the third lumbar
vertebrae and patient’s height.

Figure 2. Flow chart illustrating the inclusion and exclusion
of local patients from the NVR. AAA, abdominal aortic aneu-
rysm; NVR, National Vascular Registry.

Local NVR AAA
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METHODS

We analysed preoperative cross-sectional CT abdominal imaging
from patients who had undergone abdominal aortic aneurysm
(AAA) intervention which included endovascular aneurysm
repair (EVAR) and open surgical repair (OSR). Consecutive
patients were identified from a prospectively national database,
the Health Quality Improvement Partnership National Vascular
Registry (NVR) between January 2008 and December 2016."
Patients were included if they had undergone a documented
height in the patient records and a cross-sectional CT image
available at the level of the third lumbar vertebrae. Patients were
excluded from the study if portions of the imaging were missing.
All data were anonymised prior to analysis.

Preoperative CT imaging of the abdomen is routinely performed
on all patients undergoing planned elective intervention for
AAA. Scans were performed using a Siemens Somatom Defini-
tion AS CT scanner (Siemens Healthcare, Forchheim, Germany)
with the patient supine, with a breath-hold to minimise motion
artefact. All imaging was performed solely for a preoperative
planning using routine CT settings.

Ethical approval was granted by the local radiology research
authorisation group and Health Research Authority.

Data collection and image analysis

Demographic data collected included the patients age, gender,
height and weight. Patient height was measured using a stadi-
ometer to the nearest 0.1 cm by a trained healthcare professional,
as previously described.!*!> These parameters are routinely
recorded in the NVR, however, have only been mandatory fields
since January 2013. Case notes were subsequently reviewed to
refine the data retrieved.

Images were reviewed on the picture archiving and communi-
cations system viewer IMPAX (AGFA-Gevaert Group, Mortsel,
Belgium) described briefly in Figure 1. All images were assessed
for inclusion by a single investigator who did not participate in

Figure 3. Bland-Altman plots with limiting of agreement
illustrating no significant intraobserver and interobserver dif-
ferences in measurements of VBA, APVBD and LVBD.
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Table 1. Baseline characteristics of two groups used for modelling and validation.
Group 1
(Mathematical modelling Group 2
cohort) (Validation cohort)
Characteristic [N =255] [N=127] p-value
Age (years) 754+7.8 743+7.0 0.153
[mean + SD]
Male gender 222 (87.1%) 111 (87.4%) 0.925
[n, %]
Height (cm) 1732 +7.8 174.3 £8.7 0.234
[mean + SD]
Weight (kg) 81.9+17.9 84.4 +20.2 0.297
[mean + SD]
Indication for imaging
-EVAR 168 (65.9%) 85 (66.9%) 0.712
[n, %]
- OSR 87 (34.1%) 42 (33.1%) 0.712
[n, %]
Vertebral body measurements
- VBA (cm?) 157425 159+2.6 0.395
[mean + SD]
- APVBD (cm) 3.7+£0.3 3.7+0.4 0.774
[mean + SD]
~LVBD (cm) 47+04 47+04 0.418
[mean + SD]

the analysis of images. Transverse cross-sectional images were
identified by counting up from the sacrum to the third lumbar
vertebrae on the sagittal view of the abdomen on multiplanar
reconstruction.

The VBA was manually traced at the upper end-plate of the third
lumbar vertebrae. The anteroposterior vertebral body diameter
(APVBD) and lateral vertebral body diameter (LVBD) were
also recorded. Two independent investigators (Raterl [Rla] and
Rater2 [R2]) were trained to analyse images by a senior inves-
tigator with prior experience with this technique. Following an
initial round of analyses, Raterl re-analysed all images (R1b)
presented in a random order blinded to their previous results,
therefore all images were analysed by R1 twice.

Statistical analysis

Areas were measured in centimetres-squared (cm?). Linear
measurements were reported in centimetres (cm). Continuous
variables were checked for normality and reported as a mean
and standard deviation (SD), and were compared using t-tests.
Categorical variables are reported as absolute numbers (n) and
percentages (%), and were compared using the chi-square test.

Intraobserver and interobserver differences in measuring VBA,
APVBD and LVBD were evaluated using Bland-Altman plots
and paired t-tests to ensure that measurements were reproduc-
ible. The limits of agreement are illustrated as two SD from the
mean differences observed. Measurements from R1la were solely
used to formulate a mathematical algorithm that could predict

the patient’s height, as single observer measurements would be a
reflection of the likely clinical utilisation.

The study cohort was subsequently randomly divided into Group 1
(mathematical modelling cohort) and Group 2 (validation cohort)
in a 2 to 1 ratio, respectively, using an online random allocator (
random.org). Measurements from Groupl were used to identify
the relationship between height and vertebral body measure-
ments using Pearson's correlation. Any significant correlations
observed were modelled using linear regression analysis which
were adjusted for age and gender. The model formulated could be
used to predict the height given a vertebral body parameter. Vali-
dation of the model was undertaken using Group 2. Values of the
actual and predicted height were compared using Bland-Altman
plots and paired t-tests. P-values less than 0.05 were considered
significant. All statistical analyses were performed using Minitab
17 (Minitab Inc., Pennsylvania, USA).

RESULTS

Patient characteristics

The study population has previously been described.'® In brief,
382 patients had imaging suitable for analysis (Figure 2): 253
(66.2%) EVAR and 129 (33.8%) OSR. The mean age of the study
population was 75.0 + 7.6 years and 333 (87.2%) were males. The
mean height was 174.0 + 8.4 cm.

Intraobserver and interobserver differences
There were no significant intraobserver differences when
measuring the VBA (mean difference 0.0 + 0.5cm? p = 0.343),
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Figure 4. Linear regression modelling illustrating significant
positive relationships between height and vertebral body
parameters.
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APVBD (mean difference 0.0 + 0.1cm, p = 0.950) and LVBD
(mean difference 0.0 £ 0.1 cm, p = 0.976). There were no signif-
icant differences in interobserver measurements: VBA (mean
difference 0.0 + 0.5 cmz,p =0.416), APVBD (mean difference 0.0
+0.1cm, p =0.986) and LVBD (mean difference 0.0 + 0.1cm, p =
0.941). Differences are illustrated in Figure 3. The mean VBA was
15.7 + 2.5cm? The mean APVBD and LVBD were 3.7 + 0.3cm
and 4.7 + 0.4 cm, respectively.

Mathematical modelling and validation
There were 255 patients (66.8%) in Group 1 and 127 patients
(33.2%) in Group 2. The two groups had similar baseline

Waduud et a/

characteristics with no significant differences indicating satisfac-
tory randomisation (Table 1).

Comparisons between height and the vertebral body parameters
from patients in Group 1 are illustrated in Figure 4. Significant
positive correlations were observed between height and all verte-
bral body parameters (Figure 4). Furthermore, these relation-
ships were quantified by linear regression modelling (Table 2).
Patient height may be estimated using the following equations:

[A] Estimated height = 157.4 + [VBA X 1.3] — [Age X 0.1] + 6.7[if male]

[B] Estimated height = 143.1 + [APVBD X 9.1] — [Age X 0.1] + 6.8][if male]

[C] Estimated height = 149.2 + [LVBD x 5.7] — [Age x 0.1] + 7.9[if male]

These equations enabled the prediction of the patient’s height in
the hypothetical absence of a documented height in Group 2. No
significant differences were observed on paired ¢-tests comparing
actual heights to predicted heights from the VBA, APVBD and
LVBD (Table 3). Differences are illustrated in Figure 5.

DISCUSSION

In this study, we validated the use of vertebral body parame-
ters as a plausible alternative to the patient’s height when stan-
dardising morphometric measurements from two-dimensional
transverse cross-sectional CT imaging. We illustrate the patients
height to correlate with the patients VBA, APVBD and LVBD at
the third lumbar vertebrae. Our data adds the growing body of
evidence describing this relationship.” ™! It is feasible that future
studies may utilise these parameters to standardise single slice
radiological measures of sarcopaenia and obesity, in the absence
of anthropometric clinical data. However, we would advocate the
use of the patient’s height, if available, due to the error associated
with using these surrogate derivatives as demonstrated by the
wide limits of agreement when comparing actual and predicted
heights.

It is important to acknowledge that searching through case notes
for large datasets is extremely labour intensive and locating the
notes may be challenging as they may be stored over multiple
storage sites, in transit or in clinical use. This partly highlights
some of the problems of standardising measures to patient
height, particularly for clinical research. Despite patient height
being a field in the NVR, it has only been made a mandatory field
requiring entry since 2013.'® Nevertheless, an increasing number
of health boards within the National Health Service are migrating

Table 2. Linear regression modelling of height in relation to VBA, APVBD and LVBD

Adjusted
Vertebral body parameter Regression coefficient R2 p-value Regression coefficient® R2 | p-value
VBA L6 0.3 <0.001 13 04 <0.001
APVBD 11.7 0.3 <0.001 9.1 04 <0.001
LVBD 7.6 0.2 <0.001 5.7 0.3 <0.001

2analysis was adjusted for age and gender.
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Table 3. Observed differences in estimated height and actual height using vertebral parameters

Estimated height Difference from actual height®
[mean + SD] [mean * SD] p-value
VBA 173.7 5.0 0.6+6.3 0276
APVBD 173.5+5.0 0.8 +6.6 0.164
LVBD 173.6 + 4.4 0.7 £6.6 0.222

2paired t-test between predicted and actual documented patient height.

Figure 5. Bland-Altman plots with limiting of agreement
illustrating no significant differences in the actual and pre-
dicted height.
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over to digital platforms, which should make the retrieval of the
patient’s height relatively simple and facilitate the standardi-
sation of results to the patients height in future retrospective
studies.'”!® Relaying solely on this strategy may, however, limit
future prospective study outcomes to short-term outcomes as
these systems have only recently begun to be implemented.

Vertebral body dimensions may be measured in a reliable and
highly reproducible method independent of observer bias. We
have previously shown that it is possible to make such measure-
ments with minimal training without the need for expert review
by a radiologist."” Furthermore, this method may be utilised at
the same time as measuring the abdominal muscle or adipose
tissue in order to standardise measurements. Measurements of
the vertebral body dimensions may be converted to the predicted
height, using the formulae described. However, we acknowledge
that in such scenarios the VBA is estimating the patient’s height
and comparisons should be exercised with caution. We report a
similar SD in estimating patient height to that recently described
by Oura et al.'' Furthermore, we did not assess the vertebral
column for the presence of wedge fractures which may influence
patient height, nor did we identify the presence of osteophytes
which may influence VBA measurement. However, neither
of these factors appeared to affect the relationship observed
between patient height and the VBA.

We intentionally selected only elective patients in this study as
patients were more likely to have a preoperative height docu-
mented in combination with preoperative CT imaging for oper-
ative planning. However, a large proportion of patients who had
elective intervention at our centre did not have a documented
height, which we were unable to retrieve despite searching
through patient case notes. We split the study population into
unequal cohorts so that the regression model would be formu-
lated from a larger patient sample therefore more likely to
be representative of the patient population. Furthermore, we
measured the VBA at the third lumbar vertebrae instead of the
fourth lumbar vertebrae, as previously evaluated by Oura et al, as
we have previously shown morphometric measurements at this
level to be most representative of structural volume.?” Despite
this, the margin of error in estimating patient height was compa-
rable. Oura et al demonstrated volumetric quantification of the
VBA to provide the most accurate representation of patient
height. This was beyond the scope of this study as we focused
on simple two-dimensional measurement of vertebral param-
eters which could be performed at the same time as making
other simple morphometric characterisation of fat and skeletal
muscle.!!
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In conclusion, we demonstrate an important relationship
between measurements of the patient’s height and VBA. We
have mathematically modelled and validated this relationship.
In the absence of patient height, we have demonstrated that
the VBA, APVBD and LVBD may be reliably used to stan-
dardise measurements of muscle and adipose tissue area as an
alternative to patient height in clinical research.
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