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ABSTRACT 

Validation   of  the  Debrunner   Kyphometer   as  a  clinical  non-radiological 
method for investigating spinal sagittal alignment was compared with standing lateral 
radiographs. The sample group (n=102) consisted of elite Alpine skiers (n=75) and a 
non-athletic  population  (n=27),  mean  age  17.7 (±1.4)  years.  Non-radiological  
and radiological  measurements  of  the  spinal  sagittal  kyphosis  and  lordosis  range  
of motion   were   carried   out   in   the   erect   standing   position.   Thoracic   
kyphosis measurements  comparing  the Debrunner  Kyphometer  with a radiological  
standard, showed a good level of agreement and a statistical significance (ICC 
0.67, 95% CI:0.26  to  0.83,  p<0.001).  Lumbar  lordosis  measurements  showed  
poor  levels  of agreement in spite of being statistically significant (ICC 0.33, 95% 
CI: 0.13 to 0.50, p=0.001).  There  was  no  significant  difference  reported  in  the  
spinal  alignment between  skiers and controls  using both radiological  and 
nonradiological  methods. Therefore, we conclude that due to the large variation in 
ranges between both methods,there  is  a  limited  value  in  using the  Debrunner  
Kyphometer  as  a  non- invasive method for the evaluation of spinal sagittal                      
alignment. 
Key words: Debrunner Kyphometer,  kyphosis,  lordosis,  radiological,  spinal 
sagittal alignment 
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1.0. Introduction  

Sagittal spinal balance is the 
integration  of anatomical  regions that 
provide shape, position, form and 
function between the spine, pelvis and 
hips (Berthonnaud,2005; Mac-Thiong et 
al., 2007). Such integration assists with 
spinal alignment and helps humans  to 
maintain  an upright  posture,  forward  
gaze and minimizes  energy expenditure  
(Berthonnaud  et al 2005;  Descamps  et 
al 1999;  Duval-Beaupère  et al1992; 
Rousouly  & Nnadi  2010).  Spinal 
alignment  is maintained  regionally  by 
the cranial and caudal lordotic curves 
that are separated by the kyphotic curve 
(Rousouly& Nnadi 2010). Variations 
exist upon the degree of curvature,  but 
essentially they allow for even force 
distribution throughout the spinal column 
(Boesker et al 2000; Bridwell   &  
Bernhardt   1989;   Hardacker   et  al   
1997;   Roussouly   et  al   2005). 
Pathological or aging processes such as 
inflammatory or degenerative conditions 
may lead  to  progressive  spinal  
malalignment  and  subsequent  
deformity  (Rousouly  & Nnadi 
2010).Radiographic  evaluation  of  
spinal sagittal  alignment  can  be  used  
in  the assessment of local, regional and 
global spinal orientation (Mac-Thiong 
et al 2010). Such an evaluation provides 
objective information on many variables 
including the characteristics  of the 
spinal curvatures,  overall spinal 
alignment and malalignment, standing 
posture, progressive spinal deformities 
and pathological processes (Boesker et 
al 2000; Bridwell & Bernhardt 1989; 
Hardacker et al 1997; Mac-Thiong et al 
2010; Roussouly et al 2005; Roussouly 
& Nnadi 2010; Roussouly & Pinheiro-
Franco, 2011). Radiographic evaluation 
unfortunately can be expensive, time 
consuming and risk an exposure to 
radiation, especially in young 

individuals; and therefore, exploring a 
non-radiological method to interpret 
results may provide an alternative option 
suitable for the clinical environment 
(Greendale et al 2011) 
Clinical measurements of spinal 
curvatures and sagittal mobility 
using the Debrunner Kyphometer 
have  been  reported  in many  
studies  (Aaro  & Öhlén  1983; 
Debrunner 1972; Hellsing et al 
1987; Lind-Johansson 1985; 
Salisbury & Porter 1987; Öhlén et 
al 1988; Öhlén et al 1989). 
However, a recent systematic 
review by Barrett et al., (2014) 
showed inconsistent and conflicting 
levels of evidence with using such a 
non-radiological  instrument.  This 
suggests a knowledge  gap and a 
need for further research on the 
validity of this clinical method.T he  
purpose  of  the present  study  is  to  
(1)  to  validate  the  Debrunner 
Kyphometer  as a clinical  non-
radiological  method  for  
investigating  spinal  sagittal 
alignment and to compare it with 
radiographs from both young elite 
skiers and a non- athletic  
population  of a similar  age.  (2) 
To compare  the sagittal  spinal 
alignment between young elite  
skiers to that of a healthy non-
athletic population of a similar age. 
Therefore, the hypothesis of the 
present study is to show (1) if The 
Debrunner Kyphometer is an 
effective measuring tool that can be 
used within the clinical environment, 
and if  (2) Spinal sagittal alignment 
of young elite skiers is different to 
that of a healthy non-athletic 
population.  To our knowledge this 
is the first study that will carry out 
such an investigation. 
1.0. Methods 
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The sample group (n=102) consisted of 
young athletic elite alpine skiers (n=75) 

and a non-athletic population (n=27). 
Participants were recruitedand testing 
was carried out at an elite Ski School in 
Östersund, Sweden. Participants were 
excluded ifthey had an episode of low 
back, pelvic or hip pain and history of 
previous surgery to the lumbar  spine, 
pelvis  or hip joint or a history  of 
systemic  pathology  including 
inflammatory arthritis or pelvic 
inflammatory disorders. Data collection 
encompassed clinical  tests  for  standing  
spinal  sagittal  mobility  and  both  
frontal  and  lateral radiographs.  These  

werecalculated  and  reported  in  
degrees.  A  blinded  examiner marked   
anatomical   landmarks   and   placed   
measuring   instruments,   therefore, 
maintaining consistency and avoiding 
inter-operator reliability. An assistant 
recorded all  measurements,  therefore,  
limiting  investigation  bias.     Figure  2  
provides  an overview of the tests.The 
characteristics of the full sample are 
presented in Table 1. The   present   
study   was   approved   by  the  
Regional   Ethical   Review   Board   in 
Gothenburg  at  The  Sahlgrenska  
Academy,  Gothenburg  University,  
Gothenburg

, Sweden (ID number: 692-13). 
1.1. Testing procedure 

2.1.1. The Dubrunner Kyphometer 
A non-invasive measurement of spinal 
sagittal kyphosis and lordosis range of 
motion was carried out in the erect 
standing position (Figure 3&4) using the 
modified Debrunner’s  
Kyphometer(Figure  1, Protek AG, 
Bern, Switzerland).  The Debrunner 
Kyphometer is essentially a protractor 
with two arms that are placed on specific 
bony landmarks  (Ensrud et al. 1997; 
Huang et al. 2006).  The Debrunner 
Kyphometer  is capable  of  providing  
measurement  in a  1  degree-scale.  The 

original  Kyphometer 
design measured 

kyphosis angles up to 52° (Debrunner, 

1972). Each arm is connected by
 a block, 

large enough to span 
two spinous processes. Modifications 
increased the range to 70°	and made it 
suitable for measuring lumbar flexion and 
extension (Öhlén et al 1989). Participants 
were instructed to look straight-forward 
and stand relaxed, not “at attention” 
barefooted with heels together and arms 

hanging by their side (Öhlén et al 1988). 
The same examiner located and marked 
the bony landmark points by palpation. 
These were re-palpated and re-marked 
between each test due to skin drag from 
pelvic movement.   In  the  present  
study  intra  and  inter-observer   
reliability  was  tested measuring ten 
skiers with two examiners (One 
experienced physical therapist and one 
physician). Sagittal thoracic and lumbar 
spinal motion was measured separately. 
For the thoracic spine, marking ofthe 
anatomical landmarkswas by palpation 
between  the T2-3 spinous  processes  
and the lower  point between  T11-12  
spinous processes.  The  upper  
measuring  point  was  located  by  
palpating  below  the  C7 vertebrae 
andlower measuring point by tracing 
around the lower ribs to the T11-12 
segments  (Figure 3). In the lumbar 
spine anatomical  landmarks  were 
palpated and marked between T11-12 
spinous processes and the lower point 
between the posterior superior iliac spine 
(PSIS) on the S1-2 segments (Figure 4). 
These were classified as the neutral 
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position and measurements were 
recorded for kyphosis and lordosis. 
 
2.1.2. Plain radiographic examination 
 For radiographic examinations, a 
standardized protocol was used for all 
participants (Mac-Thiong et al 2010). A 
frontal and long-standing lateral 
radiographswere obtained for each 
participant recorded from C7 to the 
femoral head. Participants were 
instructed to stand in a relaxed 
comfortable position with both hips and 
knees fully extended with arms 
horizontal resting on supports. The total 
measurement  time  was  approximately  
10  minutes.  Automatic  Exposure  
Control (AEC) was completed using a 
low dose and the edges of the images 
were enhanced toclearly distinguish 
vertebral bodies and endplates. 
Radiographic images were taken from 
the C7 vertebrae to the femoral head; 
these were overlapped and automatically 
stitched for ease of interpretation. To 
reduce radiation levels, the film focus 
distance (FFD)was  increased  to 120cm  
(Brennan  et al 2004).  Frontal  view  
with  posterior- anterior (PA) beam 
direction, the entire vertebral bodies 
and half the femoral head were  
imaged.  Lateral  view  with  the  beam  
direction  from  right  to  left,  the  entire 
vertebral bodies and half the femoral 
head were imaged. The entire vertebral 
bodies and the entire femoral head were 
imaged. The  radiographs  were  
measured  for  sagittal  spinal  alignment  
by  a  single blinded experienced 
radiologist  with the angular parameters  
reported in degrees. A negative  value  
(-)  represented  a  lordotic  alignment  
whilst  a  positive  value  (+) represented 
a kyphotic alignment. Geometrical 
measurements relating to spinal 
curvatures were obtained from the 
following; thoracic kyphosis (TK) 

(Figure 5) as the angle measured from 
the upper endplate of T4 to the lower 
endplate of T12. Lumbar lordosis (LL) 
(Figure 5) is defined as the angle 
measured from the upper endplate of L1 
to the upper end-plate of S1. 

 
2.1.3  Statistical analysis 
Data was analysed  using IBM SPSS 
Statistics  for Windows,  Version  22.0. 
Armonk, NY: IBM Corp. The 
description of data was expressed in 
terms of the mean and standard deviation 
(SD), median and range including 
frequencies and percentages where 
appropriate. Intraclass correlation 
coefficients (ICC) were calculated for 
both the Debrunner Kyphometer and the 
radiological method.   The coefficients 
was interpreted according to Fleiss 
(1986) Benchmark Scale as Poor <0.40; 
Good 0.40 to 0.75;  Excellent  
>0.75.Pearson  correlation  coefficients  
for  thoracic  kyphosis  were calculated  
for both elite skiers and non-athletes.  
The statistical  significance  for all tests 
was set as p<0.05. 
2.0. Results 
Table 1 summarises the demographic 
characteristics of the whole population. 
The mean age enrolled population 
was17.7 (±1.39) years. Due to drop-out 
and failure to attend investigations,  only 
radiological  data from 90participants 
and Debrunner Kyphometer   data  from  
100  participants   was  available  for  
analysis.Values   and distribution   of  
clinical   and  radiological   
measurements   stratified   by  group   
are presented in Table 2. The skiers 
mean radiological thoracic kyphosis 

was 35.1o  SD 7.4 and control group 

was 37.3o SD 6.7. The skiers mean 
Debrunner  Kyphometer thoracic 

kyphosis was 30.5o  SD 6.5 and control 
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group was 32.9o  SD 6.4. The skiers 
mean radiological  lumbar lordosis was 

-58.4o, SD 9.3 and the control group 

was -60.9o, SD 11.0. The skiers mean 
Debrunner Kyphometer lumbar lordosis 
was -27.2 SD  6.8  and  the  control  
group  was  -30.4  SD  7.3.  Values  for  
radiological  and Debrunner Kyphometer 
comparisons for all participants and are 
presented in Table 3.The mean 
radiological thoracic kyphosis was 35.8o 
SD 7.3, (range 12-52°). The meanvalue 
of the Debrunner Kyphometer thoracic 
kyphosis was 31.2 o SD 6.6, (range 15-
49°).The mean radiological lumbar 
lordosis was -59.1o SD -58, (range -82 to-
38°). The meanvalue of Debrunner 
Kyphometer lumbar lordosis was -28.0o 
SD 7.0, (range -44 to-8°). Intraclass 
correlation coefficients (ICC) values for 
intra and inter operator reliability are 
presented in Table Debrunner 
Kyphometer comparisons for all 
participants and are presented in 
Table4. Excellent levels of intra- and 
inter-rater reliability were shown for 
thoracic kyphosis, compared with only 
good levels of intra and inter- rater 
reliability for lumbar lordosis. Intraclass 
correlation coefficient (ICC) values for 
validity  of  the  Debrunner  Kyphometer  
compared  with  radiology  are  presented  
in Table 5. Thoracic kyphosis 
comparison  indicates  a good level of 
agreement  and a statistical significance 
between both measures (ICC 0.67, 95% 
CI: 0.26 to 0.83, p<0.001).  Pearson’s  
correlation  coefficient  (r = 0.605,  
p<0.001)  was calculated  to measure the 
relationship between both variables 
(Figure 8).In contrast lumbar lordosis 
comparison  between both methods  
indicates  a poor level of agreement  
(ICC 0.33,95%  CI:  0.13  to  0.50,  
p=0.001).The  difference  in  rangesfor  

measuring  thoracic kyphosis (Figure 
6)using Debrunner Kyphometer and a 
radiological method ranged from  7.7 to 
-16.8°,whilst  the  differences  in ranges  
for measuring  lumbar  lordosis (Figure 
7) with the Debrunner Kyphometer and 
a radiological method ranged from 11.4 
to 50.6°. 
3.0. Discussion 
The most important finding with this 
study, show that comparison of the 
Debrunner Kyphometer with a 
radiological standard is questionable due 
to the large variations and poor levels of 
agreement that exist between the 
methods. Therefore, we conclude  there  
is limited  value  in using  the  
Debrunner  Kyphometer  as a clinical 
method for the evaluation of spinal 
sagittal alignment. Moreover, no 
significant difference  was reported  in 
the spinal alignment  between  skiers 
and controls  using both radiological and 
non-radiological methods. 
In the present study mean values of 
thoracic kyphosis for both radiological 
(35.8 o) and Debrunner Kyphometer 
(31.2o) appear similar to those previously 
reported within a normal asymptomatic 
population (Öhlén et al 1989; Korovessis 
et al 2001; Purser et al 1999; Greendale et 
al 2001; Willner 1981; Roussouly et al 
2011). Mean values for radiological 
measurement of lumbar lordosis (-59.1°) 
in the present study also appear similar to 
those previously reported within a normal 
asymptomatic population (Boesker et al 
2000; Bridwell & Bernhardt 1989; 
Hardacker et al 1997; Voutinas & 
MacEwen, 1986; Cil et al 2005; Mac-
Thiong et al 2007; Roussouly et al 2005; 
Roussouly & Nnadi 2010; Roussouly & 
Pinheiro-Franco, 2011; Roussoully et al 
2011). However, mean values for the 
Debrunner Kyphometer measurement of 
lumbar lordosis (-28.0o) shows a lack of 
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sensitivity and challenges the Debrunner 
Kyphometer as an effective clinical tool.  
 
No significant differences were noted for 
comparison of stratified groups, i.e. skiers 
versus controls. This was similar with 
using both methods. Radiological values 
for thoracic kyphosis of skiers (35.2o) and 
controls (37.4o) compared with lumbar 
lordosis of skiers (-58.4o) and controls (-
60.9o), appeared similar to the Debrunner 
Kyphometer values for thoracic kyphosis 
of skiers (30.5o) and controls (32.9o) 
compared with lordosis of skiers (-27.2o) 
and controls (-30.4o). This may suggest 
early participation in sport does not affect 
sagittal spinal alignment within a young 
population. In the present study, 
measurements were recorded in the erect 
standing and sagittal plane only. 
However, this does not reflect the 
multidirectional dynamic movement 
patterns required to perform sporting 
activities.  
 
Previous studies report strong reliability 
using the Debrunner Kyphometer(Öhlén 
et al 1988; Öhlén et al 1989; Salisbury & 
Porter 1987; Korovessis et al 2001; 
Purser et al 1999; Greendale et al 2001). 
This was similar to the present 
study,where reliability of the Debrunner 
Kyphometer showed excellent levels for 
both intra-tester (ICC 0.83) and inter-
tester (ICC 0.96) measurement of 
thoracic kyphosis and good levels in 
terms of intra-tester (ICC 0.71) and inter-
tester (ICC 0.79) reliability for measuring 
lumbar lordosis.A recent systematic 
review by Barrett et al. (2014) included 
only two studies that were classified as 
suitable for inclusion to investigate the 
validity of the Debrunner Kyphometer. 
Although Greendale et al. (2011) and 
Korovessis et al. (2001) both showed 
moderate to high levels of validity, 

inadequacies exist within the 
methodologies and statistical analysis of 
their studies (Barrett et al 2014). In the 
present study validity of the Debrunner 
Kyphometer with radiology showed a 
good level of agreement between both 
measures (ICC 0.67) for thoracic 
kyphosis. However, poor levels of 
agreement (ICC 0.33) were shown 
between both measures for lumbar 
lordosis. Due to the large variation in 
range of theICC value, the Debrunner 
Kyphometer is therefore, shown to have a 
limited clinical value. 
 
Greendale et al. (2011)created a 
predictive formula to measure non-
radiological kyphosis. Such a prediction 
highlights problems, as the correlation 
coefficient does not measure the 
agreement between two methods but is a 
standardized measure of the strength of 
the relationship. Korovessis et al. (2001) 
used both linear and multiple regression 
analysis to correlate values and construct 
a predictive formula for measuring 
kyphosis. Establishing a calibration using 
linear regression between the Debrunner 
Kyphometer and the radiographic angle is 
questionable, due to the large variations 
that appear to exist between the two 
methods.In the present studythe limits of 
agreement for thoracic kyphosis ranged 
from 8° to -17°. Therefore a possibility 
exists that the Debrunner Kyphometer 
could show a reading as high as 8° above 
or 17° below that of a radiological 
investigation. Moreover, the limits of 
agreement for lumbar lordosis ranged 
from 11 to 51° implying the Debrunner 
Kyphometer could show a reading as 
high as 11° above or 51° below that of a 
radiological method. Such a large 
variation between both methods questions 
the Debrunner Kyphometer’s validity and 
appears similar to what has been reported 
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in other studies (Greendale et al 2011; 
Korovessis et al 2001; Barrett et al 2014). 
 
There are somelimitations to this study. 
These include, participant positioning and 
instructions (Korovessis et al 2011), 
location and accuracy of palpation, errors 
in clinical measurement(Mannion et al 
2004;O’Haire & Gibbons, 2000; French 
et al 2003;  Bills et al 2003), and fatigue 
from repeated measuring(Hinman 2004; 
van Blommestein et al 2012; Sheeran et 
al 2010). Other limitations may relate to 
positioning the Debrunner Kyphometer 
on the spine. The Debrunner Kyphometer 
is positioned on the spinous processes as 
radiographic investigations measure from 
the vertebral bodies (Mannion et al 
2004). In the present studyDebrunner 
Kyphometer measurements were taken by 
poisitioning the instrument on the 
relevant spinous processes or bony 
landmarks. Radiographic measurements 
were calculated from standing lateral 
radiographs using the relevant upper and 
lower vertebral end plates (Cobb, 1948; 
Singer et al 1994; Harrison et al 2002; 
Roussouly & Nnadi 2010).  
 
In the present study a well-documented 
“relaxed standing method” suggested by 
Öhlén et al (1988) was used. This was 
similar to Greendale et al. (2011) but 
differed from Korovessis et al (2011) 
who chose the ”erect standing method” as 
suggested by Stagnara et al. (1982).  Such 
a difference in terminology may increase 
the variability between clinical and 
radiological measurements (Korovessis et 
al 2011).Location and accuracy of 
specific anatomical bony landmark 
palpation may also be variable due to the 
distribution of adipose tissue overlying 
the spinal structures (Mannion et al 
2004). One validated study using external 
devices for spinal measurement, 

highlighted good reliability with a Body 
Mass Index (BMI) <25 (Ripani et al 
2008). In the present study, participants 
were young elite skiers and non-athletes 
of a similar age. Collectively their total 
body mass index (BMI) was calculated as 
mean 22.9. Therefore,such a low BMI 
distribution may have allowedfor ease of 
palpation of specific anatomical bony 
landmarks.Age and health can play a 
significant role in sagittal spinal 
alignment. The mean age of the sample in 
the present study was 17.7 similar to that 
of a previous study by Korovesis et al 
(2001). Having such a young sample in 
the present study possibly highlights the 
lack of excessive sagittal plane curvatures 
noted. Moreover, ahealthy population 
was selected in the present study 
however; this may have limitedthe ability 
to distinguish alignment from 
malalignment using this clinical method. 
 
The Debrunner Kyphometer was 
originally designed to measure thoracic 
kyphosis, modifications increased its 
ability to evaluate lumbar flexion and 
extension (Öhlén et al 1989). Perhaps by 
increasing such a range, the Debrunner 
Kyphometer becomes more susceptible to 
errors in clinical judgement. This might 
also explain why the majority of 
published studies investigating the 
Debrunner Kyphometer report 
predominantly on measuring thoracic 
kyphosis (Öhlén et al 1989; Korovessis et 
al 2001; Purser et al 1999; Greendale et 
al. 2001). Therefore, although in the 
present study the Debrunner Kyphometer 
showed good validity for thoracic 
kyphosis, only poor levels of validity 
were shown for lumbar lordosis. 
Therefore the present study can refute our 
hypothesis that the Debrunner 
Kyphometer can be used as an effective 
clinical method for measuring spinal 
alignment. 
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4.0. Conclusion  

The validity of the Debrunner 
Kyphometer as an appropriate clinical 
method for measuring spinal angles is 
questionable. This is due to the lack of 
sensitivity and the  large  range  of  
variations  that  exist  when  correlating  
such  a  non-radiological method with a 
radiological standard. Therefore we 
conclude that due to the lack of clinical 
interpretation, there is limited value in 
using the Debrunner Kyphometer as a 
clinical method for evaluation of spinal 
sagittal alignment. 
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Table 1. Baseline characteristics for all subjects and stratified by group 

 

 

All subjects (n=102) 

 

Skiers (n=75) 

 

Controls (n=27) 

 

Age (years) 

 

17.7 (1.39) 

 

18.3 (1.13) 

 

16.4 (0.57) 

Female sex, n (%) 53 (52%) 35 (47%) 18 (67%) 

Height (cm) 173 (8.33) 174 (8.19) 172 (8.56) 

Weight (kg) 69 (12.16) 70 (9.14) 67 (17.91) 

Body mass index (kg/m2) 22.9 (3.27) 22.9 (2.12) 22.7 (5.25) 

 

Values are mean and (standard deviation) unless specified otherwise 

Table 2: Measurements stratified by group mean and standard deviation 

 
Thoracic kyphosis° 

(Radiological) 

 

Thoracic kyphosis° 

(Debrunner 

kyphometer) 

Lumbar 

lordosis° 

(Radiological) 

Lumbar Lordosis° 

(Debrunner 

kyphometer) 

 

Group 

 

Skiers 

 
35.15 (7.42) 30.52 (6.52)  -58.44 (9.26) -27.16 (6.75) 

Control  37.35 (6.69) 32.89 (6.42) -60.88 (11.01) -30.41 (7.33) 

 

Mean (standard deviation) 
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Table 3:  

All subjects: Kyphosis and lordosis by radiological and non-radiological measures 

 

 
Thoracic 

kyphosis° 

(Radiological) 

Thoracic 

kyphosis° 

(Debrunner 

kyphometer) 

Lumbar 

lordosis° 

(Radiological) 

Lumbar 

Lordosis° 

(Debrunner 

kyphometer) 

N Valid 92 100 92 100 

Missing 10 2 10 2 

Mean 35,77 31,16 -59,13 -28,04 

Median 37,00 31,00 -58 -28,00 

Std. Deviation 7,32 6,55 9,78 7,02 

Minimum 12 15 -82,00 -44 

Maximum 52 49 -38,00 -8 

 

Table 4: Reliability of the Debrunner Kyphometer compared to the radiological measurements 

 Intraclass correlation 

coefficient 

95% Confidence 

interval P value 

Intra-rater reliability    

  Debrunner Thoracic kyphosis° 0.83 0.30 to 0.96 0.008 

  Debrunner Lumbar lordosis° 0.71 0.16 to 0.93 0.039 

    

Inter-rater reliability    

  Debrunner Thoracic kyphosis° 0.96 0.85 to 0.99 <0.001 

  Debrunner Lumbar lordosis° 0.79 0.15 to 0.95 0.015 

 
 
 
Table 5: Validity of the Debrunner kyphometer compared to the radiological measurements 
 Intraclass correlation 

coefficient 

95% Confidence 

interval P value 

Thoracic kyphosis° 0.67 0.26 to 0.83 <0.001 

Lumbar lordosis° 0.33 0.33 to 0.50 0.001 
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Figure 1:Algorithm of study methodology 
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Figure2. Modified Debrunner Kyphometer closed and open position
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Figure 3: Position for measuring thoracic kyphosis 

 
 

 

 

 
 

 

 

Figure 4:Position for measuring lumbar lordosis
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Figure 5: 
 

Showing spinal angles 

 

 
 
 

Figure 6: 
 

Bland Altman plot highlighting ranges for thoracic kyphosis between Radiological and 
 

Debrunner Kyphometer
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Figure 8: 

 
Showing correlation between the measured Cobb angle and the measured Debrunner 

kyphometer (Pearson´s r = 0.605, P < 0.001). 

. 


