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Abstract 

Summary This study examined the accuracy of thoracic and lumbar kyphotic angles as well as 

anthropometric indicators for discriminating patients with vertebral fracture among Japanese women >50 

years old with back pain. Along with region-specific kyphotic angles and anthropometric indicators, the 

combination of thoracic and lumbar kyphotic angles offered the highest accuracy. 

Introduction Vertebral fractures have been associated with thoracic kyphosis. However, reports on lumbar 

kyphotic changes in association with vertebral fracture are scarce. This study investigated the accuracy of 

thoracic kyphotic angle (TKA) and lumbar kyphotic angle (LKA) measurements as well as 

anthropometric indicators (wall–occiput distance (WOD) and rib–pelvis distance (RPD)) in 

discriminating patients with vertebral fracture. 

Methods Lateral radiographs of the spine were obtained in 70 postmenopausal Japanese women who 

visited an orthopedic clinic with low back pain (mean age, 76.2±9.0 years). Radiographic vertebral 

fracture was diagnosed using quantitative measurement according to Japanese criteria. Osteoarthritis 

(OA) was defined as Kellgren–Lawrence (KL) grade 3 or higher. TKA and LKA were measured using 

SpinalMouse®. WOD and RPD were also measured.  

Results At least one vertebral fracture was present in 49 subjects (70 %). Women with vertebral fractures 

showed significant increases in LKA, TKA+LKA, and WOD and decreases in RPD. Logistic regression 

analysis showed significant association between TKA+LKA and vertebral fracture independent of the 

presence of OA. Receiver operating characteristic analysis revealed that TKA was useful for 

discriminating thoracic fractures (area under the curve (AUC), 0.730) and LKA was useful for lumbar 

fractures (AUC, 0.691). The combination of TKA+LKA offered the highest accuracy for detecting 

thoracic, lumbar, and any vertebral fractures, with AUCs of 0.779, 0.728, and 0.783, respectively. WOD 

and RPD showed low-to-moderate accuracies for thoracic, lumbar, and any vertebral fractures.  

Conclusions Assessment of spinal kyphosis by SpinalMouse® as well as anthropometric indicators 

proved useful in discriminating subjects with vertebral fractures. These convenient and radiation-free 

methods could contribute to early diagnosis of vertebral fractures and subsequent appropriate treatment, 

thus preventing additional osteoporotic fractures. 
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Introduction 

Vertebral fracture is the most frequent form of osteoporotic fracture, occurring in approximately 

20 % of postmenopausal women [1–3]. Vertebral fracture is an important harbinger of future vertebral 

and non-vertebral fracture, independent of bone mineral density [4, 5], and is associated with back pain 

and both worsening quality of life [6, 7] and disability in activities of daily living [8]. However, two 

thirds of vertebral fractures do not come to clinical attention [9, 10] because symptoms are absent or 

missed (morphometric) [11, 12]. Identifying individuals at high risk of vertebral fractures and starting 

appropriate treatments are thus important for preventing additional osteoporotic fractures.  

The gold standards for the diagnosis of vertebral fractures are anterior–posterior and lateral 

radiography, magnetic resonance imaging, or computed tomography. However, those procedures involve 

radiation exposure, are expensive, or are of limited availability. Establishment of alternative screening 

methods to detect vertebral fractures is therefore necessary.  

Some anthropometric indicators have been used to screen for vertebral fractures. Wall–occiput 

distance (WOD) has been used to assess hyperkyphosis and has been shown to be associated with 

thoracic fracture [13] and vertebral fracture [14, 15]. WOD describes the distance between a wall and the 

occiput when the patient stands straight with heels and back against the wall. Because the decreased 

height of a fractured lumbar vertebra reduces the distance between the inferior margin of the ribs and the 

anterior superior iliac crest of the pelvis [16, 17], rib–pelvis distance (RPD, measured in fingerbreadths 

on physical examination) has also been used to detect lumbar fracture [18].  

Vertebral fractures have been reported to cause thoracic hyperkyphosis [13, 19–23]. Moreover, 

thoracic kyphosis itself has been reported as a risk factor of future fracture, regardless of the presence of 



vertebral fracture [22, 24]. However, reports assessing the association between degree of lumbar lordosis 

and vertebral fracture are scarce [21, 25]. SpinalMouse®, a computerized radiation-free device for 

measuring surface curvature, has recently been applied to directly and easily measure thoracic kyphotic 

angle (TKA) and lumbar kyphotic angle (LKA) [26–28].  

The purpose of this study was to investigate the accuracies of TKA and LKA measurements by 

SpinalMouse® as well as the anthropometric indicators WOD and RPD in discriminating patients with 

vertebral fracture. 

 

Subjects and methods 

Subjects 

This study was a cross-sectional study, which was run in a clinical setting. Subjects were 70 

postmenopausal Japanese women (mean age, 76.2 years; range, 51–90 years) who visited an orthopedic 

outpatient clinic with low back pain. All subjects provided written informed consent prior to participation 

in the study. The study protocols were approved by the ethics committee at Nagasaki University Graduate 

School of Biomedical Sciences. 

 

Spine radiographic assessment (vertebral fractures and osteoarthritis) 

Lateral spine radiographs were obtained with the subject in a standing position. All radiographs 

were obtained using a tubeto- film distance of 100 cm, with the tube positioned approximately over T8 

for thoracic films and L2 for lumbar films. 

 

Vertebral fractures 

Radiographs were evaluated morphometrically by a single reader (SM). Anterior (A), central (C), 

and posterior heights (P) of each thoracic (T4–T12), and lumbar (L1–L5) vertebral body were measured 

on lateral films with the aid of digital calipers. Points indicating the border of the vertebral centrum were 

chosen based on the procedure described by Gallagher et al. [29] and Spencer et al. [30]. Vertebral 

fractures were defined using quantitative measurements according to Japanese criteria [31]. Presence of a 



vertebral fracture was confirmed based on the following: (1) a reduction in vertebral height of >20 % (A, 

C, and P) as compared with the height of the adjacent vertebrae was observed; (2) C/A or C/P was <0.8; 

or (3) A/P was <0.75. 

 

Vertebral osteoarthritis 

Radiographs were scored by a single reader (RT) for osteoarthritis of the thoracic spine in T4–T12 

or lumbar spine in L1– L4 using the Kellgren–Lawrence (KL) grade as follows: KL0, normal; KL1, slight 

osteophytes; KL2, definite osteophytes; KL3, disk space narrowing with large osteophytes; and KL4, 

bone sclerosis, disk space narrowing, and large osteophytes [32]. In the present study, we defined the 

spine with disk space narrowing with and without osteophytes as KL3 [33]. KL grade was determined at 

intervertebral spaces, and the highest scores among thoracic or lumbar intervertebral spaces were then 

identified as the KL grade for that individual. Osteoarthritis was defined as KL grade 3 or higher in this 

study. 

 

TKA and LKA measurements 

TKA (T1–T12) and LKA (T12–S1) were measured with a device for computerized measurement of 

surface curvature (SpinalMouse®; Iding, Volkerswill, Switzerland) in the upright position. Details 

regarding this device have been published previously [26]. In brief, by sliding this device along the spinal 

curvature, the superficial back length from C7 to S3 and the local angle of each point of this length 

relative to the plumb line along with TKA and LKA are calculated and displayed on the computer 

monitor [26]. A positive value means the spine is kyphotic, while a negative value means the spine is 

lordotic. Intra-class coefficients (ICCs) for curvature measurement with SpinalMouse® have been 

reported as 0.92–0.95 [26]. Another report described intra-rater ICCs ranging from 0.82 to 0.83 and 

inter-rater ICCs ranging from 0.81 to 0.86 [28]. 

 

Anthropometric measurements 

Height and weight were measured. Body mass index (BMI) was calculated as weight (kg)/height 



(m)2. WOD describes the difference between a wall and the occiput when the patient stands straight with 

the heels and back against the wall and the head positioned such that an imaginary line from the lateral 

corner of the eye to the superior junction of the auricle is parallel to the floor [34]. The horizontal distance 

between the wall and back of the head was measured in increments of 0.5 cm. RPD was measured by a 

single examiner (SM). The hands of the examiner were inserted into the space between the inferior 

margin of the ribs and the superior surface of the pelvis in the midaxillary line [18]. RPD was measured 

in units of 0.5 fingerbreadth. 

 

Statistical analysis 

The Kruskal–Wallis test was used to determine the significance of differences between groups. The 

associations of TKA and LKA measurements, WOD, and RPD with vertebral fractures were assessed 

using logistic regression analysis in crude models and models adjusted for age, BMI, and presence of 

osteoarthritis in the respective region. The odds ratio (OR) and its 95 % confidence interval (95% CI) 

were calculated. Receiver operating characteristic (ROC) curves were generated by calculating the 

sensitivity and specificity of TKA and LKA measurements, WOD, and RPD in discriminating patients 

with vertebral fracture (thoracic, lumbar, and any fractures), and areas under the curve (AUCs) with 95 % 

confidence intervals (CI) were calculated. Negative and positive predictive values were also calculated 

for selected cutoff points. All statistical analyses were performed using SAS version 9.2 software (SAS 

Institute, Cary, NC). 

 

Results 

Table 1 summarizes the basic characteristics of study subjects. Mean (standard deviation) age and 

BMI were 76.2 (9.0)years and 23.3 (3.2)kg/m2, respectively. Of the 70 subjects, 49 (70 %) showed the 

presence of at least one vertebral fracture. Prevalence of vertebral osteoarthritis (KL ≥3) was 48 (68.6 %) 

in this population. 

SpinalMouse® parameters (TKA, LKA, TKA+LKA) and anthropometric indicators (WOD, RPD) 

were compared between women with no, one, and two or more vertebral fractures (Table 2). Presence of 



thoracic fracture was significantly associated with increased TKA, TKA+LKA, WOD, and decreased 

RPD. Presence of lumbar fracture was significantly associated with increased LKA and TKA+LKA and 

decreased RPD. Presence of vertebral fracture (thoracic and/or lumbar fracture) was significantly 

associated with increased LKA, TKA+LKA, and WOD and decreased RPD, while vertebral fracture was 

marginally associated with increased TKA. 

Association of SpinalMouse® parameters (TKA, LKA, TKA+LKA) and anthropometric indicators 

(WOD, RPD) with vertebral fractures was assessed using logistic regression analysis, in crude models 

and models adjusted for age, BMI, and presence of osteoarthritis (KL ≥3) (Table 3). In the adjusted 

models, increased TKA+LKAwas significantly associated with increased risk of thoracic, lumbar, and 

vertebral fractures: respective odds ratio (OR) for 10° increase in TKA+LKA was 1.66, 1.62, and 2.13. 

Increased TKAwas significantly associated with higher risk of thoracic fracture (OR, 1.85), while 

TKAwas not associated with lumbar fracture and vertebral fracture. Increased LKA was significantly 

associated with lumbar fracture (OR, 2.20), while LKA was not associated with thoracic and vertebral 

fracture. WOD was not significantly associated with thoracic, lumbar, and vertebral fracture. Decreased 

RPD was associated with higher risk of lumbar fracture. RPD was not associated with thoracic fracture, 

while decreased RPD was marginally associated with vertebral fracture. 

ROC analysis was performed to assess the accuracy of TKA and LKA measurements, WOD, and 

RPD in discriminating patients with vertebral fractures (thoracic, lumbar, and any vertebral fractures). As 

shown in Table 4, TKA showed a moderate AUC of 0.73 for thoracic fracture, but did not prove useful 

for discriminating lumbar fracture. LKA showed a moderate AUC of 0.69 for lumbar fracture, but did not 

prove useful for discriminating thoracic fracture. WOD and RPD showed low-to-moderate AUCs for both 

thoracic and lumbar fractures. As for vertebral fractures, all measurements showed low-to-moderate 

accuracy. TKA+LKA showed the highest AUCs for thoracic, lumbar, and any vertebral fractures. 

Sensitivity, specificity, positive predictive value, and negative predictive value for selected cutoff 

points are shown in Table 5. When 30° was used as a cutoff value, TKA+LKA showed 78 % sensitivity 

and 62 % specificity for vertebral fracture, good positive predictive value (0.83), and a somewhat lower 

negative predictive value (0.54). At the same cutoff value, TKA+LKA showed good sensitivity and 



somewhat lower specificity for thoracic and lumbar fractures. At cutoff values of 0 cm for WOD and 2 

fingerbreadths for RPD, WOD and RPD showed moderate sensitivities and specificities for thoracic, 

lumbar, and any vertebral fractures. 

 

Discussion 

Our study showed that assessment of thoracic and lumbar kyphosis by SpinalMouse® offered 

moderate accuracy in discriminating women with vertebral fracture. Although region-specific kyphotic 

angle (i.e., TKA for thoracic fracture) was shown to be useful, the combination of TKA+LKA appeared 

to be the most useful in discriminating subjects with vertebral fracture. Anthropometric indicators (WOD 

and RPD) also provided low-to-moderate accuracy in discriminating women with vertebral fracture. To 

the best of our knowledge, this is the first study to show the accuracy of measuring TKA and LKA by 

SpinalMouse® for raising suspicion of vertebral fractures. 

Vertebral fractures have been reported as one of the major causative factors for thoracic kyphosis 

[13, 19–23]. Increased thoracic kyphosis has been observed in women and men with vertebral fracture 

compared to those without vertebral fractures [23]. In addition, subjects with thoracic fracture have been 

reported to show significantly increased thoracic kyphosis [13, 19, 22]. De Smet et al. [20] showed that 

the number of wedge thoracic fractures correlated with the degree of thoracic kyphosis. 

Few studies have examined the relationship between lumbar fracture and lumbar kyphosis. Our 

data showed a significant association between lumbar fracture and increased lumbar kyphosis. Previous 

studies have reported decreases in lumbar lordosis with advancing age [27, 35, 36]. Part of this lumbar 

kyphotic change would be caused by vertebral fractures. Lyles et al. [37] reported decreased lumbar 

lordosis among individuals with vertebral fracture. Moreover, the degree of lumbar kyphosis as assessed 

by SpinalMouse® has been reported to show significant positive correlations with the number of 

vertebral fractures [27]. Ishikawa et al. [38] reported that the degree of lumbar kyphosis evaluated by 

SpinalMouse® was associated with postural instability in osteoporosis patients. Increasing lumbar 

kyphosis related to lumbar fracture would be an important cause of postural imbalance, which might lead 

to future falls and fractures. 



WOD and RPD have been reported to be useful in discriminating subjects with vertebral fracture 

[13, 14, 18]. Siminoski et al. [13] reported that WOD offered moderate accuracy in discriminating 

subjects with thoracic fracture among 280 female Caucasians, with an AUC of 0.76, 71 % sensitivity, and 

76 % specificity at a threshold of WOD >0. Siminoski et al. [18] also reported the accuracy of RPD in 

discriminating subjects with lumbar fracture, with an AUC of 0.72 and 76 % sensitivity at a threshold of 

≤2 fingerbreadths. Our results showed moderate accuracy of WOD for detecting thoracic fracture and 

RPD for detecting lumbar fracture, consistent with previous findings. 

In our study, both WOD and RPD showed moderate accuracy in discriminating vertebral fractures, 

with an AUC of about 0.7, although no significant association was found in the adjusted logistic 

regression models. Abe et al. [14] assessed the discriminative ability of WOD and RPD for vertebral 

fractures and showed that WOD, but not RPD, was associated with the presence of vertebral fracture. 

Vosse et al. [15] showed that among patients with ankylosing spondylitis, subjects with WOD >0 had a 

greater number of vertebral fractures. Tobias et al. [39] reported that an RPD of 1 fingerbreadth was 

associated with vertebral fracture. On the other hand, Balzini et al. [40] reported that WOD was not 

significantly associated with vertebral fracture. Although further study is necessary to clarify associations 

between WOD, RPD, and vertebral fractures, these anthropometric indicatorsmay represent good 

alternative methods of screening for vertebral fracture. 

In this study, increased region-specific kyphotic angle (i.e., TKA for thoracic fracture) was 

significantly associated with higher prevalence of vertebral fracture after adjusting for age, BMI, and 

presence of osteoarthritis (OA) and shown to be useful in discriminating subjects with vertebral fracture. 

Kraus et al. [25] recently assessed thoracic kyphosis (TK), lumbar lordosis (LL), and trunk inclination 

using radiation-free spinometry and showed the low-to-moderate accuracy of TK increase for 

discriminating subjects with thoracic fracture and of LL decrease for discriminating subjects with lumbar 

fracture. These findings might show that thoracic fractures cause thoracic kyphosis and that lumbar 

fractures cause lumbar kyphosis. On the other hand, in our study, TKA was not significantly associated 

with lumbar fracture. In addition, LKA was not associated with thoracic fracture. Ensrud et al. [21] 

showed that thoracic kyphosis was not correlated with the number of lumbar fractures, consistent with our 



findings. However, Krause et al. [25] reported that thoracic fractures influence lumbar kyphosis and that 

lumbar fractures influence thoracic kyphosis. Further study is necessary to elucidate these associations. 

TKA+LKA, the combination of thoracic and lumbar kyphosis as measured by SpinalMouse®, was 

the only parameter that was significantly associated with thoracic, lumbar, and vertebral fracture after 

adjusting for age, BMI, and presence of OA and offered the highest accuracy of all measurements for 

each fracture in this study. Kraus et al. [25] reported that among other variables (TK, LL, and trunk 

inclination), TK+LL provided the highest discriminating power for both thoracic fracture and lumbar 

fracture (AUC, 0.752–0.771). Sensitivity and specificity of TK (cutoff value, 50°) for thoracic fracture 

and LL (cutoff value, 40°) for lumbar fracture were 88–100 and 23– 25 % and 78–92 and 24–27 %, 

respectively [25]. In our study, when 30° was used as a cutoff value, TKA+LKA showed comparable 

sensitivity and better specificity for vertebral fracture, and it showed good positive predictive value (0.83) 

among women with back pain. This cutoff would be suitable for screening among Japanese women with 

back pain to raise suspicion of vertebral fractures. Since thoracic kyphosis and lumbar kyphosis are 

reportedly increased in vertebral fracture subjects [37], assessing the degree of thoracic and lumbar 

kyphosis as a whole, rather than assessing thoracic or lumbar kyphosis separately, might be useful in 

screening for undiagnosed vertebral fractures among individuals with back pain. 

Several limitations must be considered when interpreting the present results. First, the number of 

subjects was relatively small, making it difficult to analyze the associations of spinal curvature 

measurements and anthropometric indicators with different numbers or types of vertebral fracture. Of the 

49 individuals with vertebral fractures, 43 had at least one wedge fracture (data not shown). Therefore, 

the findings of the study might possibly be due to the wedge fractures. Larger study would be needed to 

evaluate effects of different numbers or types of vertebral fractures on spinal curvature. Second, we used 

the classification of the Japanese Society for Bone and Mineral Research for defining vertebral fracture, 

but some studies have used different definitions [13, 14, 18]. Careful interpretation is needed to compare 

these studies directly. Third, we did not obtain information about other factors that could have influenced 

hyperkyphosis, such as back muscle weakness [41, 42]. Fourth, our subjects were orthopedic outpatients 

with low back pain, which may have contributed to selection bias. Fifth, because this study only included 



women, the present findings may not be generalizable to men. 

In conclusion, assessment of thoracic and lumbar kyphosis by SpinalMouse® as well as 

anthropometric indicators (WOD and RPD) proved useful in discriminating subjects with vertebral 

fractures. These convenient, radiation-free methods would contribute to raise suspicion of vertebral 

fractures and help clinician to indicate proper diagnostics to detect vertebral fractures, subsequent 

appropriate treatment, thus help to prevent additional osteoporotic fractures. 
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Table 1. Characteristics of study subjects (N=70) 

Variables  
 mean (SD) 
Age 76.2 (9.0) 
Height 147.3 (7.1) 
Weight 50.8 (8.7) 
Body mass index 23.3 (3.2) 
 Number (%) 
Vertebral fracture  
   0 21 (30.0) 
   1 20 (28.6) 
   2+ 29 (41.4) 
Thoracic fracture  
   0 31 (44.3) 
   1 20 (28.6) 
   2+ 19 (27.1) 
Lumbar fracture  
   0 36 (51.4) 
   1 27 (38.6) 
   2+ 7 (10.0) 
  
Vertebral osteoarthritis  
   KL>=2 65 (92.9) 
   KL>=3 48 (68.6) 
Thoracic osteoarthritis  
   KL>=2 52 (74.3) 
   KL>=3 19 (27.1) 
Lumbar osteoarthritis  
   KL>=2 61 (87.1) 
   KL>=3 43 (61.4) 
 
 
  



Table 2. Comparison of SpinalMouse® parameters and anthropometric indicators between 

subjects with no, one, and two or more vertebral fractures (N=70) 

 Thoracic fracture p-value 
 0 (N=31) 1 (N=20) 2+ (N=19)  
TKA+LKA (°)a   26.0 (19.0, 40.0) 41 (35.0, 53.5) 51.0 (32.0, 56.0) p<0.001 
TKA (°)a 40.0 (31.0, 48.0) 51.5 (41.5, 58.5) 47.0 (36.0, 64.0) p=0.004 
LKA (°) a -13.0 (-17.0, -3.0) -12.5 (-14.5, -3.0) -8.0 (-15.0, 3.0) p=0.22 
WOD (cm) a 0.0 (0.0, 1.5) 1.75 (0.0, 3.0) 4.0 (1.5, 5.5) p=0.003 
RPD 
(fingerbreadths) a 

2.5 (2.0, 3.0) 2.0 (1.5, 3.0) 2.0 (1.0, 2.5) p=0.049 

 Lumbar fracture  
 0 (N-36) 1 (N=27) 2+ (N=7)  
TKA+LKA (°)   34.5 (18.5, 40.5) 48 (31, 56) 37 (25, 55) p=0.004 
TKA (°) 44.5 (35, 52) 44 (38, 57) 41 (30, 61) p=0.75 
LKA (°) -13.5 (-17, -7) -3 (-15, 9) -9 (-15, -6) p=0.019 
WOD (cm) 0.0 (0.0, 2.0) 2.0 (0.0, 5.5) 1.5 (0.0, 4.0) p=0.10 
RPD 
(fingerbreadths) 

2.5 (2.0, 3.0) 2.0 (1.5, 2.5) 1.5 (1.0, 2.0) p=0.003 

 Vertebral fracture  
 0 (N=21) 1 (N=20) 2+ (N=29)  
TKA+LKA (°)   23 (16, 35) 36.5 (26, 44) 51 (32, 56) p<0.001 
TKA (°) 42 (31, 48) 45.5 (35.5, 51.5) 47 (40, 61) p=0.083 
LKA (°) -14 (-17, -7) -10 (-16.5, 1.5) -8 (-14, 3) p=0.031 
WOD (cm) 0.0 (0.0, 1.0) 1.0 (0.0, 2.0) 2.5 (0.0, 5.5) p=0.006 
RPD 
(fingerbreadths) 

2.5 (2.0, 3.0) 2.0 (2.0, 3.0) 2.0 (1.5, 2.5) p=0.007 

TKA, thoracic kyphotic angle; LKA, lumbar kyphotic angle; WOD, wall-occiput distance; RPD, 

rib-pelvis distance. 

aMedian (interquartile range) 

 
  



Table 3. Associations of SpinalMouse® parameters and anthropometric indicators with 

vertebral fractures 

  thoracic fracture 
independent variables units crude adjusted* 
  OR (95%CI) OR (95%CI) 

TKA+LKA (°)   +10 2.03 (1.37−3.01) 1.66 (1.10−2.52) 
TKA (°) +10 1.99 (1.27−3.12) 1.85 (1.13−3.03) 
LKA (°) +10 1.36 (0.94−1.96) 1.15 (0.76−1.75) 
WOD (cm) +5 2.31 (0.94−5.68) 1.60 (0.73−3.52) 
RPD (fingerbreadths) -0.5 1.43 (1.01−2.02) 1.15 (0.78−1.71) 
   
  lumbar fracture 
TKA+LKA (°)   +10 1.72 (1.13−2.42) 1.62 (1.14−2.31) 
TKA (°) +10 1.12 (0.77−1.62) 1.02 (0.69−1.53) 
LKA (°) +10 2.12 (1.27−3.55) 2.20 (1.25−3.90) 
WOD (cm) +5 1.61 (0.90−2.89) 1.36 (0.79−2.35) 
RPD (fingerbreadths) -0.5 1.63 (1.14−2.35) 1.50 (1.01−2.23) 
   
  vertebral fracture 
TKA+LKA (°)   +10 2.15 (1.37−3.38) 2.13 (1.27−3.59) 
TKA (°) +10 1.45 (0.95−2.22) 1.48 (0.91−2.42) 
LKA (°) +10 2.13 (1.16−3.92) 1.89 (0.98−3.66) 
WOD (cm) +5 6.26 (1.16−33.78) 3.37 (0.53−21.46) 
RPD (fingerbreadths) -0.5 1.70 (1.10−2.63) 1.47 (0.91−2.37) 

TKA, thoracic kyphotic angle; LKA, lumbar kyphotic angle; WOD, wall-occiput distance; RPD, 

rib-pelvis distance. 

* adjusted for age, body mass index and presence of osteoarthritis (KL>=3) in the 

respective region 

 



Table 4. AUC with regard to vertebral fracture. 

 

variables Thoracic fracture Lumbar fracture Vertebral fracture 

 AUC (95% CI) AUC (95% CI) AUC (95% CI) 
TKA+LKA 0.779 (0.670−0.889) 0.728 (0.610−0.847) 0.783 (0.676−0.890) 
TKA 0.730 (0.614−0.847) 0.537 (0.399−0.675) 0.631 (0.498−0.764) 
LKA 0.614 (0.479−0.750) 0.691 (0.565−0.817) 0.689 (0.556−0.822) 
WOD 0.698 (0.581−0.815) 0.641 (0.516−0.766) 0.700 (0.584−0.816) 
RPD 0.635 (0.508−0.763) 0.713 (0.592−0.834) 0.696 (0.565−0.826) 

TKA: thoracic kyphotic angle, LKA: lumbar kyphotic angle, WOD: wall-occiput distance, RPD: rib-pelvis distance 

 
 
 



Table 5. Validity results for selected cut-off values with regard to vertebral fractures.  

 

Cut-off value Thoracic fracture Lumbar fracture Vertebral fracture 

TKA+LKA (°) sensitivity (%) / specificity (%) / positive predictive value / negative predictive 

value 

≥ 25 85 / 45 / 0.66 / 0.70 85 / 42 / 0.58 / 0.75 82 / 52 / 0.80 / 0.55 

≥ 30 82 / 55 / 0.70 / 0.71 79 / 47 / 0.59 / 0.71 78 / 62 / 0.83 / 0.54 

≥ 35 77 / 65 / 0.73 / 0.69 68 / 50 / 0.56 / 0.62 69 / 67 / 0.83 / 0.48 

    

TKA (°)  sensitivity (%) / specificity (%) / positive predictive value / negative predictive 

value 

≥ 35 87 / 32 / 0.62 / 0.67 82 / 25 / 0.51 / 0.60 82 / 29 / 0.73 / 0.40 

≥ 40 77 / 48 / 0.65 / 0.63 68 / 36 / 0.50 / 0.54 67 / 38 / 0.72 / 0.33 

≥ 45 62 / 68 / 0.71 / 0.58 47 / 50 / 0.47 / 0.50 53 / 62 / 0.76 / 0.36 

    

LKA (°) sensitivity (%) / specificity (%) / positive predictive value / negative predictive 

value 

≥ -20 97 / 13 / 0.58 / 0.80 100 / 14 / 0.52 / 1.00 98 / 19 / 0.74 / 0.80 

≥ -15 79 / 42 / 0.63 / 0.62 79 / 39 / 0.55 / 0.67 78 / 48 / 0.78 / 0.48 

≥ -10 51 / 52 / 0.57 / 0.46 62 / 61 / 0.60/ 0.63 55 / 62 / 0.77 / 0.37 

    

WOD (cm)  sensitivity (%) / specificity (%) / positive predictive value / negative predictive 

value 

> 0 67 / 61 / 0.68 / 0.59 65 / 56 / 0.58 / 0.63 63 / 67 / 0.82 / 0.44 

    

RPD (fingerbreadths)  sensitivity (%) / specificity (%) / positive predictive value / negative predictive 

value 

≤2 64 / 58 / 0.66 / 0.56 74 / 64 / 0.66 / 0.72 65 / 71 / 0.84 / 0.47 

TKA: thoracic kyphotic angle, LKA: lumbar kyphotic angle, WOD: wall-occiput distance, RPD: 

rib-pelvis distance 

 

 


