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Abstract 

Vertebral deformities are prevalent in COPD patients and may cause excessive loss of height. 

As height is used for calculating reference values for pulmonary function tests, larger than 

normal height reduction could cause overestimation of lung function.  

In this cross-sectional study of 465 COPD patients and 462 controls, we explored how often 

lung function is misinterpreted due to height reduction in COPD patients, and whether the 

number or severity of vertebral deformities correlate with height reduction. 

Measured height was compared to recalled tallest height (RTH) and height calculated from 

arm span (ASH) to assess height reduction. Vertebral deformities were assessed from 

radiographs, and pulmonary function was assessed using standard formulae.   

Height reduction was frequent in both the study and control groups, and increased with the 

number and severity of vertebral deformities. When using current measured height, lung 

function was overestimated in a significant proportion of COPD patients at relatively modest 

height reductions. The effects were smallest for FEV1 and FVC, and most pronounced for 

TLC and RV. We therefore propose that in COPD patients with excessive height reduction, 

one might use RTH or ASH in calculating predicted values. Furthermore, such patients should 

be evaluated for coexisting vertebral deformities and osteoporosis. 
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In Caucasians height reduction of about 1 cm per decade occurs during the 40s and 50s and 

accelerates after age 60 in both sexes, but to a greater extent in women. Age explains ≥86% of 

the variation in the rate of height reduction [1]. The height reduction is multifactorial (e.g. 

vertebral deformities, changes in the cartilaginous intervertebral discs, loss of muscle tone and 

postural slump). An association between height reduction and vertebral deformities has been 

described in the general European population [2] as well as in postmenopausal women with 

osteoporosis [3]. 

As lung function measurements are presented as percent of predicted values, which depend on 

age, sex and height [4], height reduction may influence evaluation of lung function tests. 

Vertebral deformities are prevalent in COPD patients [5], and may lead to height reduction 

beyond what is normally expected with age. In such patients, predicted values will be 

underestimated, and hence, lung function overestimated. It is not known, however; how much 

the deformities influence height and thus the predicted values of lung function tests in these 

patients.   

Both between and within countries there are different practices by which height is used for 

calculating predicted values. Some centers use current measured height (CMH) [6], others use 

self reported height, recalled tallest height (RTH) [7] or arm span [8]. These measurements 

will all result in different estimates of lung function, and consequently affect the intervention 

offered to these patients. Current recommendations for lung function testing include protocols 

for measuring height and arm-span for patients with deformities of the thoracic cage [9].  

In this cross-sectional case-control study, the primary objective was to explore the extent of 

height reduction and its effect on interpretation of lung function indices in COPD patients. 

The secondary objective was to explore whether the number and severity of vertebral 

deformities correlated with height reduction. 

 

MATERIALS AND METHODS 

The present study is part of a larger study on the consequences of vertebral deformities for 

lung function. Based on a pilot study the number needed to demonstrate a 12% difference in 

forced expiratory volume in one second (FEV1) between patients with and without vertebral 

deformities was 462 COPD patients of both sexes at a significance level of 0.05 and a power 

of 0.80 [5].  
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Subjects 

From September 2005 to October 2007, 1004 consecutively admitted COPD patients 

attending a rehabilitation programme at Glittreklinikken, Norway were evaluated for 

inclusion. Of these, 492 either had to be excluded or did not meet the inclusion criteria. Of the 

remaining 512, 47 dropped out, resulting in a study group of 465 COPD patients  

Inclusion and exclusion criteria were as previously described [5].   

Written informed consent was obtained from all subjects. The study was approved by the 

regional committee for medical research ethics.  

Control group 

The control group consisted of 462 individuals randomly selected from the Oslo study group 

in EVOS, which consisted of 587 individuals from the general population aged between 50 

and 80 years [10]. The prevalence of COPD in this population is not reported, and EVOS did 

not include lung function tests.  

Measurements 

Pulmonary function tests (PFTs) were carried out by trained operators in accordance with 

ATS/ERS guidelines [11] using Master screen equipment (Jaeger GmbH, Würtzburg, 

Germany). Reference values were based on equations from the European Community for 

Steel and Coal (ECSC) [4] or where available, post-bronchodilatory values from 

Johannessen[12], according to recommendations from ATS/ERS [13] and The Global 

Initiative for Chronic Obstructive Lung Disease [14]. PFTs were repeated within four days, 

and the highest post-bronchodilator measurements were registered.  

Height and weight were measured with the patients wearing light indoor clothing and without 

shoes, and body mass index (BMI) was calculated (kg/m2). The height was measured with a 

wall-mounted stadiometer while the subject was standing as tall as possible with the buttocks, 

back and head against the wall and looking straight ahead [9]. Height measurements in this 

study (to the nearest 0.5 cm) were performed between 9 and 11.30 a.m., repeated within four 

days, and the mean value recorded. Height measurements in EVOS were performed in the 

afternoon.  

The patients were asked about their recalled tallest height (RTH) (nearest 1.0 cm) before the 

height measurements. If RTH was reported as more than 2 cm lower than their current 

measured height (CMH), RTH was recorded as �could not be recalled�, and the patient was 

excluded from further analysis. 
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Arm span (distance between the tips of the middle fingers of maximally extended horizontal 

arms) was measured twice within four days on the standing subjects according to Linderholm 

et al. [15]. Arm span height (ASH, body height estimated from arm span) was calculated by 

algorithms from Linderholm (ASHLinderholm) and Parker (ASHParker) [16]. 

Thoracic and lumbar spine radiographs were taken with the patient lying in the left lateral 

position [10]. A special breathing technique was used that allowed blurring of overlying ribs 

and lung details by motion. The film was centred at Th7 and L2. All radiographs were 

evaluated at the Center for Muscle and Bone Research (Benjamin Franklin Hospital, Berlin, 

Germany). 

Vertebral deformities were assessed using a semi-quantitative (SQ) approach [17]. For each 

vertebra anterior (a), mid (m), and posterior (p) heights and corresponding height ratios a/p, 

m/p, p/pup, p/plow were estimated. Height pup and plow are the posterior heights of the vertebrae 

one level above and one below the assessed vertebra. A vertebra was considered to have a 

deformity if any height ratio at baseline was <0.80 [18]. The severity of deformities was 

graded in SQ grades where grade 0 is normal, grade 1 has a height ratio between 0.80 and 

0.60, grade 2 a ratio between 0.60 and 0.40, and grade 3 a ratio below 0.40. To characterize 

the total burden of the vertebral deformities, both the number and the severity of the vertebral 

deformities were incorporated into a single measure, the spinal deformity index (SDI). SDI is 

calculated by summing the SQ grades of all vertebrae from Th4 to L4 [17].  

As the hospital changed radiography equipment during the study, 255 of the radiographs were 

obtained with a Diagnost 88 (Philips, Paris, France) and the remainder with a ddRFormula 

Plus (Swissray, Hochdorf, Switzerland).  

 

Statistics 

The agreement between different methods of height measures was assessed by a Pearson 

correlation coefficient with 95% CI for precision measures of height and average bias [19]. 

The bias was tested by a paired t-test, and depicted by a Bland-Altman plot. 

Chi-squared tests were used for testing differences in distributions of categorical variables. 

Two sample t-tests were used to assess difference in height reduction categories between 

sexes, and between study and control groups.  

The impacts of height reduction categories, sex, and group variable on spinal deformity index,   

and interactions between them, were assessed by a two-way ANOVA.  

The analyses were performed using SPSS 16.0 for Windows. 
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We regarded as clinically significant if PFTs as percent of predicted based on CMH versus 

RTH or ASHParker differed more than 5%-points. 

 

RESULTS 

There were no significant differences between the study and the control groups regarding sex 

or height (Table 1). There were significantly lower age, higher number of subjects with 

vertebral deformities and number of vertebral deformities per subject in the study than in the 

control group. There were no data on lung function in the control group. 

 

Variation in height measurements 

There was a between days variation >0.5 cm in CMH in 57% of the study group, and the 

measurements varied up to ± 3cm. 95% of the CMH measurement differences were within 

± 1cm (Fig.1). The first and second CMH and arm span measurements were highly correlated 

(r=0.998 and r=0.997 respectively). On average, the second CMH and arm span 

measurements were slightly lower than the first (mean difference = �0.13 cm, SD=0.60, 

p<0.0001 and �0.11 cm, SD=0.87, p=0.008 respectively). 85% of the differences in arm span 

measurements were within ± 1 cm. Between days variation in CMH and arm span 

measurement was not significantly different (p=0.665). 

 

Extent of height reduction 

The between days variations in CMH were less than 2 cm (± 1cm) in 95% of our study 

population. We therefore regarded a height difference between RTH or ASHParker and CMH of 

more than 2 cm as a true loss of height. A height reduction of more than 2 cm was found in 

55% in the study group and 61% in the control group using RTH as baseline and 56% in the 

study group using ASHParker as baseline.  

CMH was significantly correlated with RTH (r=0.966, 95% CI=0.959�0.972), ASHLinderholm 

(r=0.919, 95% CI=0.904�0.932) and ASHParker (r=0.938, 95% CI=0.926�0.948). On average, 

RTH was 2.3 cm higher than CMH (SD=2.4, p<0.0001), ASHLinderholm was 2.4 cm lower than 

CMH (SD=3.8, p<0.0001), and ASHParker was 2.5 cm higher than CMH (SD=2.8, p<0.0001). 

Since an average increase in height after age 25 years is highly unlikely, we excluded 

ASHLinderholm from further analysis.  RTH and ASHParker were not significantly different 

(p=0.76). 
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RTH could not be recalled or were considered wrong (CMH-RTH >2 cm) in 12 subjects in 

the study group and 37 controls. These subjects were excluded from further analysis involving 

RTH. Similarly, CMH - ASHParker was >2 cm in 71 subjects. These were excluded from 

analysis involving ASHParker. There were no differences in sex, age or height with respect to 

missing data on RTH or ASHParker. 

Since 95% of the duplicate measurements were within 2 cm of each other, we divided the 

height reduction from RTH and ASHParker to CMH into categories of 2 cm intervals. There 

was no significant difference in the height reduction categories between men and women in 

either RTH or ASHParker (Fig. 2).   

The study group had on average 0.2 cm larger RTH-based height reduction than the controls 

(p=0.010). There was no significant sex difference in the height reduction categories between 

the study and control group (p=0.154). 

In the study group there was a significant positive correlation between height reduction and 

height expressed as (CMH + RTH)/2 (r=0.17, p<0.0001) and age (r=0.35, p<0.0001). The 

regression coefficients for height and age were 0.04 and 0.1, respectively. This means that a 

subject with a height of e.g. 150 cm has a height reduction of 1cm less than a subject with a 

height of 175 cm, and that height reduction increases with 1cm per decade of age. The same 

trends were evident in the control group, and if height was expressed as (CMH + ASHParker)/2 

in the study group (data not shown). 

 

Effect of height reduction on interpretation of lung function 

The %-point difference in PFTs increased with increasing height reduction irrespective of 

whether RTH or ASH was used as basis (Fig. 3). The effect of height reduction was less for 

FEV1 and FVC than for TLC and RV.  

As stated in the statistics section we regarded a difference of 5%-points for PFT as clinically 

significant. Using the Johannessen predictions for FEV1 and FVC, and ECSC for TLC and 

RV, the proportion of COPD patients where the PFT differences exceeded 5%-points 

increased with increasing height reduction. The effects were somewhat larger when ASHParker 

was used as basis for calculating height reduction (Table 2). In a significant fraction of the 

men, the differences in FEV1 and FVC exceeded 5%-points for a height reduction ≥4 cm, and 

for TLC and RV ≥2 cm. In women, the differences exceeded 5%-points with height reduction 

≥6 cm for FEV1, and in all height reduction categories for FVC, TLC and RV. Using the 



 8

ECSC instead of Johannessen predictions for FEV1 and FVC resulted in smaller fractions of 

men and larger fractions of women with differences exceeding 5%-points. 

There were no significant differences in pulmonary function between subjects with 0, 1-2, or 

more than 2 vertebral deformities (Table 3). The same was found when analysing women and 

men separately (data not shown).  

 

Height reduction compared to number and severity of vertebral deformities 

The proportion of subjects with deformities increased with increasing RTH-based height 

reduction both in the study group (r=0.43) and the control group (r=0.34, p<0.0001 for both) 

(Table 4). Within height reduction categories, the study group had a significantly higher 

fraction of subjects with vertebral deformities (p<0.0001), a higher number of vertebral 

deformities (p=0.003), and higher SDI (p<0.0001) (Table 4, Fig. 4).  

SDI increased with increasing height reduction in both study (p<0.0001) and control groups 

(p<0.0001). The interaction effect between sex and height reduction on spinal deformity index 

(SDI) was not statistically significant in either group, and the results are therefore presented 

for both sexes. SDI increased with increasing height reduction, also when only subjects with 

vertebral deformities were considered. The differences in SDI between the study and control 

groups were, however, only borderline significant (p=0.052).  

Figure 4 also shows that the mean height reduction in every height reduction category was 

slightly greater in the study than the control group.  

 

DISCUSSION 

In this study we have shown that patients with COPD exhibit a reduction in body height 

which correlates to the extent of vertebral deformities. The height reduction of patients with 

COPD was slightly higher than in the control group. Lung function assessed from predicted 

values of PFTs will be influenced by this height reduction. 

Extent of height reduction 

Height reduction was frequent in both study and control groups. Although height reduction 

appeared more frequent in the control group, mean height reduction was slightly but 

significantly larger in the study group. RTH seemed reliably remembered in 97% of the study 

group and 92% of the control group. The fact that RTH and ASHParker were not significantly 

different strengthens the data on RTH, if ASHParker can be considered a reliable measure of 
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tallest height. Neither RTH nor ASHParker seem optimal as measures of tallest height. RTH 

could be affected by recall bias, whereas the Parker�s equation yielded erroneous results in a 

substantial fraction of the subjects. Furthermore, ASH calculated from Parker�s equation is 

based on people referred to a pulmonary function laboratory, and we do not know whether 

they were representative for a general population. We nevertheless believe that both RTH and 

ASHParker can be used as measures of tallest height for clinical purposes.  

The height reduction was significantly correlated with age, as other studies have shown 

previously [1]. The height reduction was also significantly correlated with height expressed as 

(CMH + RTH)/2, but the change in height reduction with height was negligible and probably 

not clinically important.  No significant sex difference in height reduction was found in either 

group.  

Consequences for interpretation of lung function  

The effects of height reduction on PFT values relative to predicted were smallest for the 

indices FEV1 and FVC, and most pronounced for TLC and RV (fig 3, table 2). The difference 

in measured FEV1 as percent of predicted caused by height reduction exceeded 5%-points in 

21% of the women with height reduction 4 � 5.9 cm, whereas for RV and TLC a substantial 

number of the patients exceeded 5%-point difference at height reductions of only 2 � 3.9 cm 

(table 2). This difference may be a consequence of the lower than normal values for FEV1 

and FVC, and higher than normal values for TLC and RV, in the COPD patients (Table 1). 

Analysis of the ECSC and Johannessen prediction equations revealed that the height reduction 

necessary to achieve a 5%-points change in predicted PFT decreases with increasing PFT 

values. As FEV1 and FVC decrease with advancing COPD, these variables would be 

expected to become less affected by height reductions than RV and TLC, which increase with 

advancing disease.  

ECSC prediction equations are based on non-smoking subjects without previous disease 

which could compromise their ventilatory function [4], and those of Johannessen were based 

on healthy never-smokers [12]. Presumably both sets of prediction equations are based on 

subjects with normal age-related height reduction. 

Reference values for COPD patients with normal age-related height reduction should be 

based, as normal, on standing height measured according to standard recommendations. For 

patients with height reductions ≥4 cm the PFTs may alternatively be compared to predicted 

values based on the patient�s RTH or ASH. To assess height reduction in the clinic, one 

would have to either ask about RTH or measure arm span.  
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We found no significant differences in pulmonary function between subjects with 0, 1-2, or 

more than 2 vertebral deformities. In contrast Harrison et al (2007) reviewing the relationship 

between vertebral deformities, kyphosis and pulmonary function [20] reported declines in 

FVC with values ranging from 68% to 94% [6-8,21].  We think that this difference is 

explained by the fact that our patients had reduced lung function, whereas Harrison refers to 

persons without lung disease. Also, Harrison et al [20] concluded that the evidence was 

limited because of significant methodological limitations. For instance, the studies used 

different measurements of heights for their PFT reference values.  

 

Height reduction compared to number and severity of vertebral deformities 

Our results demonstrate that increasing height reduction in COPD patients was associated 

with a larger fraction of subjects with vertebral deformities, more deformities, and thus a 

higher average spinal deformity index (SDI). An association between height reduction and 

number of vertebral fractures has previously been described in a general European population 

[2], and in postmenopausal women with osteoporosis [3]. However, the increase in the total 

burden of vertebral deformities (SDI) for each height reduction category was higher in the 

COPD patients than in the control group [2].  

The increase in SDI with increasing height reduction was not solely caused by more subjects 

exhibiting vertebral deformities. It also increased, when only subjects exhibiting vertebral 

deformities were considered.  In these subjects, however, no statistically significant difference 

in SDI between study and control groups was found. This suggests that deformities were more 

frequent but not more severe among the COPD patients.  

Siminoski et al [22] found that a height reduction ≤ 6 cm practically ruled out prevalent 

vertebral fractures in postmenopausal women. Our control group exhibited significantly 

increased SDI compared to no height reduction for height reduction 2.0 � 3.9 cm and  ≥6 cm, 

but not for 4.0 � 5.9 cm.  In the COPD patients increased SDI was demonstrated from 2 cm 

height reduction. 

Strengths and limitations 

The current study has several strengths. All the COPD patients admitted during the study 

period were evaluated for inclusion. The radiographs from patients and controls were 

evaluated at a single centre, which excludes between-centre variations in the evaluation of 

deformities. The height and arm span were measured by trained operators twice within four 
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days to reduce day to day variation. Finally, all patients were asked about their RTH the same 

way and by the same person.  

There are some limitations of the study. Because of the cross-sectional design the RTH-based 

height reductions could be affected by recall bias. Also, the degree of kyphosis was not 

assessed. It has previously been shown that hyperkyphosis affects lung function [20] and 

might also affect the relation between vertebral deformities and height reduction. Further, 

subjects in the control group with possible COPD were not excluded since PFTs were not 

conducted, but the prevalence of COPD in Norway at that time was only 5.4% [23]. Finally, it 

should be noted that the height reduction categories of 2 cm refer to the present study 

population, and the reproducibility of our height measurements. This might differ for other 

studies. 

Conclusion 

When using current measured height, lung function may be overestimated in a large 

proportion of COPD patients at relatively modest height reductions. Height reduction was 

frequent in both the study and control groups and increased with the number and severity of 

vertebral deformities in both groups.  

Pulmonary function tests of COPD patients with a normal age-related height reduction should 

be compared to standard reference values based on current measured height. For COPD 

patients with height reduced more than normal for age, one might use recalled tallest height or 

height calculated from arm span in the calculation of predicted values. These patients should 

be further evaluated for coexisting vertebral deformities and the possibility of having 

osteoporosis. 
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Text to figures 

 
Fig.1. Between days variation in current measured height and arm span.  
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Fig.2. Height reduction from recalled tallest height (RTH) to current measured height (CMH) 
(  = RTH � CMH), and arm span height (ASHParker) to CMH (  = ASHParker � CMH) in men 
and women in the study group. 
 

 

Fig.3. Differences in FEV1, FVC, RV and TLC as percent of predicted when calculated from 
CMH versus RTH (left panels) or ASH (right panels), in the different height reduction 
categories of the study group. : men, : women. Prediction equations for FEV1 and FVC are 
from Johannessen et al [12], and for TLC and RV from ECSC [4]  
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Fig.4. Spinal deformity index (SDI) versus height reduction categories based on RTH. Mean 
spinal deformity index (with 95% CI) for COPD patients (●) and control group (□) versus the 
mean height reduction (with 95% CI) in the four categories of height reduction (<2, 2-3.9, 4-
5.9, and >5.9cm); #: significantly different from height reduction <2 cm; *: significantly 
different from height reduction 2-3.9cm; §: significantly different from height reduction 4-
5.9cm.  
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Tables 
 
Table 1. Subject characteristics for the part of the study group and the control group. 
 Study group Control group p-value 

Males / Females , n 223 / 230 213 / 212 0.792 

Age, years 63 (32 � 83) 65 (50 � 80) 0.001 

Subjects with vertebral deformities1), n (%) 136 (30) 89 (21) 0.002 

Vertebral deformities per subject 0.8 (0 �  13) 0.5 (0 �  11) 0.001 

Height, cm 169 (146 - 193) 169 (142 - 196) 0.866 

FEV1, L 1.3 (0.4 � 3.0)    

FVC, L 2.8 (1.1 � 6.1)    

TLC, L 7.6 (3.2 � 13.2)    

RV, L 4.6 (1.8 � 9.7)    

1) Vertebral deformities with SQ > 0; FEV1: post-bronchodilator forced expiratory volume in one second; FVC: 
post-bronchodilator vital capacity; TLC: Total lung capacity; RV: Residual volume 
Values given as mean (range), unless otherwise indicated. 
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Table 2. The proportion (%) of study group subjects within each height category where the 
difference in measured PFTs because of height reduction exceeded 5 %-points 
 Men Women 
 2 -3.9cm 4 � 5.9cm >5.9cm 2 -3.9cm 4 � 5.9cm >5.9cm 
n, RTH/ASH 81/41 29/36 12/20 75/57 34/36 18/30 
FEV1       

ECSC       
RTH  0  3 17 1 21 83 
ASHParker  0 0  40  5 28 73 

Johannessen       
RTH  0 7 17 0 9 61 
ASH Parker  0 3 45 0 6 40 

FVC       
ECSC       

RTH  1  52  92  20 74 100 
ASH Parker  2  69  95  30 86 100 

Johannessen       
RTH  5 59 92 17 65 94 
ASH Parker  5 78 95 25 75 100 

TLC       
ECSC       

RTH  20  86 100 40 100 100 
ASH Parker 29 97 100 60 100 100 

RV       
ECSC       

RTH  6  46  75  57 97 100 
ASH Parker  20 49 90 67 97 100 

FEV1: post-bronchodilator forced expiratory volume in one second; FVC: post-bronchodilator vital capacity; 
TLC: Total lung capacity; RV: Residual volume. RTH: prediction equation based on recalled tallest height, 
ASH: prediction equation based on height calculated from arm span using algorithm from [16]. Prediction 
equations from Johannessen [12] and ECSC [4] 
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Table 3. Height reduction and lung function values (using RTH or ASHParker in the prediction 
equation) in categories of vertebral deformities in the study group.  

 0 deformities 1 - 2 deformities >2 deformities p-value 

Height reduction 
from RTH (cm) 

1.8 (1.9) 2.8 (2.3) 5.1 (3.0) <0.0001 

n 317 97 39  
FEV1 pct pred1) 42 (13) 42 (12) 37 (11) 0.051 
FVC pct pred1) 73 (16) 73 (15) 67 (13) 0.084 
TLC pct pred2) 122 (19) 119 (23) 120 (27) 0.365 
RV pct pred2) 200 (52) 193 (59) 199 (65) .533 
     
Height reduction 
from ASH (cm) 

2.3 (2.7) 2.6 (3.0) 4.3 (2.8) <0.0001 

n 264 91 39  
FEV1 pct pred1) 42 (13) 43 (12) 38 (11) 0.103 
FVC pct pred1) 71 (16) 71 (14) 66 (12) 0.203 
TLC pct pred2) 126 (19) 124 (25) 125 (25) 0.832 
RV pct pred2) 210 (51) 205 (65) 208 (60) 0.808 
Values are given as mean (SD); FEV1: post-bronchodilator forced expiratory volume in one second; FVC: post-
bronchodilator vital capacity; TLC: Total lung capacity; RV: Residual volume; n = 450 because TLC and RV 
were missing in 3 patients. 1) Prediction equations from Johannessen[12], 2) Prediction equations from ECSC[4]   
 

Table 4. Distribution of subjects with deformities and spinal deformity index in each height 
reduction category based on RTH. 
Height reduction category 
(cm) 

<2 2 - 3,9 4 - 5,9 >5,9 Total 

Study group      
All subjects (% of totala)) 204 (45) 156 (34) 63 (14) 30 (7) 453
Subjects with deformities (% of 
category) 

43 (21) 41 (26) 31 (49) 21 (70) 136

No of vertebral deformitiesb) 0.32 (0.76) 0.62 (1.48) 1.35 (2.55) 3.13 (3.42) 0.76 (1.77)
Spinal deformity indexb)   
    all subjects 0,41 (0,99) 0,93 (2,39) 2,24 (4,15) 5,41 (5,8) 1.18 (2.89)
    subjects with deformities 1,95 (1,29) 3,54 (3,56) 4,55 (4,97) 7,85 (5,43) 3.86 (4.13)

Control group     
All subjects (% of totalc)) 164 (39) 142 (33) 75 (18) 44 (10) 425
Subjects with deformities (% of 
category) 

15 (9) 33 (23) 18 (24) 23 (52) 89

No of vertebral deformities b) 0.13 (0.47) 0.39 (0.86) 0.48 (1.38) 1.82 (2.71) 0.44 (1.25)
Spinal deformity index b)   
     all subjects 0,21 (0,86) 0,60 (1,46) 0,75 (2,21) 3,02 (4,67) 0.69 (2.06)
     subjects with deformities 2,27 (1,91) 2,58 (2,03) 3,11 (3,68) 5,78 (4,73) 3.40 (3.42)
a)12 missing,  b)Values are given as mean (SD), c)37 missing 
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