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Abstract 

Background: Major T-score discordance in the diagnosis of osteoporosis at spine and the hip may induce misinterpretation 

in people with degenerative lumbar spine. 

Objective: To investigate major T-score discordance in the diagnosis of osteoporosis using bone mineral density (BMD) 

at the lumbar spine and the hip among people with degenerative lumbar spine. 

Methods: Demographic data, anthropometric measurements, and dual-energy X-ray absorptiometry (DXA) scans  

at the lumbar spine and the hip were retrieved from a database of Burapha University Hospital. The interrater reliabilities 

of image interpretation were performed. The correlation between degenerative lumbar spine lesions with T-scores at  

the lumbar spine and the hip was analyzed. Major discordance was defined when one site is osteoporotic and the other site 

is osteopenia or normal. 

Results: Major T-score discordance of the lumbar spine and the hip was 28.6% and the hip BMD detected in  

participants with osteoporosis was less than the lumbar spine BMD (15.7% vs 36.5%). T-score at lumbar spine showed  

a false negative rate of 25.0%. Degenerative lumbar spine lesions showed a poor correlation with T-score at the lumbar 

spine (R2 = 0.21, P < 0.001) and the hip (R2 at femoral neck = 0.24, P < 0.01; R2 at total hip = 0.32, P < 0.01).

Conclusions: Twenty-six percent of participants with degenerative lumbar spine were not evaluated L1-L4 BMD.  

While the hip seems to be the best measurement site, 28.6% of T-score discordance between lumbar spine and  

hip was still observed. T-score at lumbar spine showed a false negative rate of 25.0% and associated with older age.  

This study suggested that it would not be suitable to use the hip BMD alone to diagnose osteoporosis in older adults  

with degenerative spine disease. 
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of degenerative LS lesions with BMD T-scores at the LS 

and the hip, after adjustment for age, gender, BMI, and  

non-vertebral fragility fracture. Proportions of LS-hip 

concordance were also reported. The level of statistical 

significance was set at P < 0.05.

Results

	 Fifty-four percent of participants had degenerative 

lesions at the LS by PA and lateral DXA scans. 

Approximately, one-fourth DXA scans in degenerative  

LS group were excluded (26.4%) because there were  

fewer than two evaluable vertebrae remaining after 

exclusion. Table 1 shows characteristic difference of 

participants in both groups. Degenerative LS participants  

had more advanced age than participants without 

degenerative LS (70.6 ± 9.2 years vs 62.9 ± 8.4 years,  

P < 0.05). Almost all participants in both non- and 

degenerative LS were women but there were marginally  

a smaller number of women in degenerative LS group 

(89.4% vs 92.9%, P < 0.05). Participants with degenerative 

LS had significantly more fragility fracture at non-vertebral 

area (17.5% vs 10.8%, P < 0.05), and their T-scores at FN, 

and TH were also significantly lower in comparison to  

non-degenerative LS group (Table 1). As shown in Table 2, 

L4 vertebra was the most common site of degeneration 

(81.6%) and frequently revealed sclerosis at the endplate 

(37.7%) and facet joints (44.1%). Moderate or severe 

vertebral compression at the LS was 26.6% and the most 

common site was L1 vertebra (10.7%). Vascular 

calcifications at L1-L4 levels were presented in 14.3%  

on the VFA images.

Figure 1 	 Visual Degenerative Findings 

	 A, Osteophyte formation and endplate sclerosis on L1-L4 PA image. B, Osteophyte formation, vertebral  

	 compression, and facet joint sclerosis on VFA image.
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Table 1	 Characteristics of Participants

Variable

Mean ± SD

P valueNon-degenerative LS

(n = 536)

Degenerative LS

(n = 623)

Age, y 62.9 ± 8.4 70.6 ± 9.2 < 0.01

Female, % 92.9 89.4 0.03

BMI, kg/m2 23.7 ± 3.7 23.9 ± 3.7 0.35

Non-vertebral fragility fracture, % 10.8 17.5 0.01

LS BMD T-score -1.7 ± 1.4 -1.9 ± 1.3* 0.01

FN BMD T-score -1.1 ± 1.0 -1.4 ± 1.0 < 0.01

TH BMD T-score -0.8 ± 1.1 -1.1 ± 1.2 < 0.01

Abbreviation: BMD, bone mass density; BMI, body mass index; FN, femoral neck; LS, lumbar spine; SD, standard deviation; TH, total hip.
* With a total of 458 uninterpretable DXA scans at the lumbar spine.

Table 2	 Proportion of Degenerative Vertebra and the Type of Degenerative Lesions on the DXA Image in Each Level  

of the L1-L4 Spine 

Degenerative Findings
Vertebral Level (n = 623)

L1 L2 L3 L4

Degenerative vertebra, % 23.1 34.3 59.1 81.6

Type of degenerative lesions, % 

	 Moderate or severe vertebral compression* 10.7 9.7 7.8 8.0

	 Osteophyte formation  7.8 14.2 15.3 10.7

	 Endplate sclerosis 7.2 16.8 32.4  37.7

	 Facet joint sclerosis 1.1 1.4 18.7 44.1
* Vertebral compression was defined according to Genant et al.13

	 In degenerative LS group, overall degenerative 

spine lesions showed poor correlation with T-score  

at LS (R2 = 0.21, P < 0.01), FN (R2 = 0.24, P < 0.01),  

and TH (R2 = 0.321, P < 0.0001), after adjusting for age, 

gender, BMI, and non-vertebral fragility fracture (Table 3). 

Only osteophyte formation was positively correlated with 

LS T-score but other lesions were not (Table 3). Moderate 

or severe vertebral compression showed a weak and 

negative correlation with T-score of TH but it was not 

statistically significant (Table 3).

	 Major discordance of T-score at spine and the  

hip was 28.6% in degenerative LS group with evaluable 

DXA scan that was not different from non-degenerative  

LS group (25.9%) (Table 4). LS BMD detected more 

osteoporotic patients when compared with hip BMD in  

both non-degenerative LS (29.7% vs 7.5%) and degenerative 

LS with evaluable DXA scan (36.5% vs 15.7%) (Table 4).

Discussion

	 Elderly are predisposed to degenerative changes 

of the spine that causes a false LS BMD assessment.  

In this study, 54% of participants had degenerative lesions  

in LS and 26.4% of DXA scans in this group were not 

evaluated. The participants with degenerative LS had  

a higher prevalence of osteoporosis at the LS (36.5% vs 

29.7%) and the hip (15.7% vs 7.5%) compared with  

non-degenerative LS group. They also had an older age 

(70.6 ± 9.2 years vs 62.9 ± 8.4 years, P < 0.05) and had  

also more non-vertebral fragility fracture (17.5% vs 10.8%, 

P < 0.05). 
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Table 3	 Coefficient of Variation of BMD T-score at LS, FN, and TH With Each Degenerative Spine Lesion at L1-L4 Levels,  

After Adjustment for Age, Gender, BMI, and Non-vertebral Fragility Fracture 

Type of Degenerative 

Spine Lesions

LS BMD T-score

(n = 458)

FN BMD T-score

(n = 623)

TH BMD T-score

(n = 623)

β (SE) P value β (SE) P value β (SE) P value

Moderate or severe vertebral compression 0.01 (0.18) 0.98 -0.08 (0.11) 0.46 -0.21 (0.11) 0.06

Osteophyte formation  0.52 (0.18) 0.01 0.16 (0.10) 0.10 0.19 (0.10) 0.05

Endplate sclerosis 0.01 (0.13) 0.99 0.05 (0.08) 0.50 0.08 (0.08) 0.32

Facet joint sclerosis 0.25 (0.13) 0.06 0.12 (0.09) 0.18 0.12 (0.09) 0.19

Model

	 R2 0.21 0.24 0.32

	 P value < 0.01 < 0.01 < 0.01

Abbreviation: β, beta coefficient; FN, femoral neck; LS, lumbar spine; R2, multiple correlation coefficient; SE, standard error; TH, total hip.

Table 4	 Percentage of Osteoporotic Patients Based on BMD T-score at the LS, at the Hip, and at Both Sites, and Proportion  

of the Major LS-Hip Discordance

Group

%

Osteoporotic Patients Major LS-Hip Discordance

LS Hip* Both

Non-degenerative LS (n = 536) 29.7 7.5 31.5 25.9

Degenerative LS (n = 623)

	 Evaluable DXA scan (n = 458) 36.5 15.7 40.8 28.6

	 Unevaluable DXA scan (n = 165) NA 26.1 NA NA

Abbreviation: DXA, dual-energy X-ray absorptiometry; FN, femoral neck; LS, lumbar spine; NA, not applicable; TH, total hip.
* BMD T-score at the hip based on ROIs at femoral neck and total hip.

	 We found that 28.6% of major T-score discordance 

in this group. T-score at the LS could detect more 

osteoporotic patients than T-score at the hip15-21 and this 

study showed a similar result (36.5% vs 15.7%, respectively). 

However, T-score at the LS showed a false negative rate of 

25%. Older age15-17 associated with a false negative rate of  

LS in this study, but obesity15-16 did not account for it.  

This incongruent result might be due to differences in  

age-related bone loss at different skeletal sites and in the 

young adult reference populations.22-23 To clarify this finding 

further research is warrant for better understanding of the 

underlying causes. 

	 Degenerative changes were more pronounced  

in the lower segments. This study found that L4 vertebra  

was the most common site of degeneration (81.6%),  

as previously reported.6 We found 26.6% of LS compression  

on DXA scans and L1 vertebra was the most common site 

(10.7%). The diagnosis of vertebral compression on the PA 

spine DXA image was difficult unless there is a significant 

decrease in vertebral height, particularly LS with anterior 

wedge type of compression fracture and LS with degenerative 

manifestations.6 Although the VFA image is not routinely 

performed in all DXA studies, vertebral compression and 

some degenerative lesions such as osteophyte formation 

along anterior border of vertebral body, facet joint sclerosis 

and vascular calcifications are better visualized on the VFA 

image (Figure 1B). This study suggested that the VFA 

image should be incorporated into a standard DXA study  

if vertebral deformity on an anterior image is not clear. 
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	 The correlations of degenerative LS lesions with 

T-score at the LS and hip were also evaluated. The results 

showed that there was a poor correlation between T-score  

of the LS (R2 = 0.21, P < 0.01) and the hip (R2 at  

FN = 0.24, P < 0.01; R2 at TH = 0.32, P < 0.01),  

after adjusting for age, gender, BMI and non-vertebral 

fragility fracture. T-score at the LS was positively correlated 

with only osteophyte formation (β = 0.52, P < 0.05).  

These results are similar to the results of Muraki et al4 and 

Atalay et al8 Though, Pye et al24 reported that osteophytes 

and endplate sclerosis correlated with an increase in BMD 

of the hip, but this study was unable to identify any 

correlation. This study suggested that the presence of 

degenerative lesions at LS did not predict osteoporosis at 

the LS or hip because of their correlation was insufficient. 

	 This study was not a community-based population, 

because BMD was measured in participants who were 

suspected of having osteoporosis, and thus the proportion of 

those who had degenerative diseases of the spine might be 

higher than in a general population. However, the results of 

this study could contribute and lead to improved clinical 

practice.

Conclusions

	 Twenty-six percent of participants with degenerative 

lumbar spine did not evaluate L1-L4 BMD. While the hip 

seems to be the best measurement site, 28.6% of T-score 

discordance between the LS and the hip was still observed. 

T-score at LS showed a false negative rate of 25% and 

associated with older age. This study suggested that it 

would not be suitable to use the hip BMD alone to diagnose 

osteoporosis in older adult with a degenerative spine disease. 
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ความไม่สอดคล้องทีส่�ำคญัในการวนิิจฉัยโรคกระดูกพรุนในผู้ทีม่กีระดูกสันหลงั

บั้นเอวเส่ือมโดยใช้การตรวจวดัความหนาแน่นกระดูกทีก่ระดูกสันหลงั 

และกระดูกสะโพก
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บทคดัย่อ

บทน�ำ: ความไม่สอดคลอ้งท่ีส�ำคญัของค่า T-score ในการวินิจฉัยโรคกระดูกพรุนท่ีกระดูกสันหลงัและกระดูกสะโพก  

อาจส่งผลต่อการแปลผลผดิในผูท่ี้มีกระดูกสนัหลงับั้นเอวเส่ือม 

วัตถุประสงค์: เพื่อศึกษาความไม่สอดคลอ้งท่ีส�ำคญัของค่า T-score ในการวินิจฉัยโรคกระดูกพรุน โดยใชก้ารตรวจวดั

ความหนาแน่นกระดูกท่ีกระดูกสันหลงับั้นเอวและกระดูกสะโพกในผูท่ี้มีกระดูกสันหลงับั้นเอวเส่ือม 

วธีิการศึกษา: ขอ้มูลประชากร การวดัสัดส่วนของร่างกาย และภาพถ่ายจากเคร่ืองตรวจวดัความหนาแน่นกระดูกท่ีกระดูก

สันหลงับั้นเอวและกระดูกสะโพก ถูกดึงจากฐานขอ้มูลของโรงพยาบาลมหาวิทยาลยับูรพา การทดสอบความน่าเช่ือถือ 

ของการแปลผลภาพถ่ายโดยการวิเคราะห์ความสัมพนัธ์ระหว่างรอยโรคของกระดูกสันหลงับั้นเอวเส่ือมกบัค่า T-score  

ของความหนาแน่นกระดูกท่ี L1-L4 จากนั้นท�ำการวิเคราะห์ความไม่สอดคลอ้งท่ีส�ำคญัเม่ือพบว่ามีหน่ึงต�ำแหน่งกระดูก 

เป็นโรคกระดูกพรุนและต�ำแหน่งอ่ืนเป็นภาวะกระดูกบางหรือภาวะปกติ 

ผลการศึกษา: ความไม่สอดคลอ้งท่ีส�ำคญัของกระดูกสนัหลงับั้นเอวและกระดูกสะโพก พบร้อยละ 28.6 และความหนาแน่น

กระดูกสะโพกพบในผูท่ี้มีโรคกระดูกพรุนนอ้ยกว่าความหนาแน่นของกระดูกสันหลงับั้นเอว (ร้อยละ 15.7 เปรียบเทียบ 

กบัร้อยละ 36.5) ค่า T-score ท่ีกระดูกสันหลงับั้นเอวพบอตัราผลบวกปลอม (False negative rate) ร้อยละ 25.0 รอยโรค 

ของกระดูกสันหลงับั้นเอวเส่ือมมีความสัมพนัธ์น้อยกบัค่า T-score ของความหนาแน่นกระดูกท่ีกระดุกสันหลงับั้นเอว  

(R2 = 0.21, P < 0.01) และท่ีกระดูกสะโพก (R2 ท่ีคอกระดูกสะโพก = 0.24, P < 0.01; R2 ท่ีขอ้กระดูกสะโพก = 0.32, P < 0.01) 

สรุป: ร้อยละ 26 ของผูท่ี้มีกระดูกสนัหลงับั้นเอวเส่ือมไม่สามารถประเมินความหนาแน่นกระดูกท่ี L1-L4 ในขณะท่ีกระดูก

สะโพกอาจเป็นต�ำแหน่งท่ีดีท่ีสุดส�ำหรับการประเมิน แต่ยงัคงพบความไม่สอดคลอ้งท่ีส�ำคญัของค่า T-score ระหวา่งกระดูก

สันหลงับั้นเอวและกระดูกสะโพกร้อยละ 28.6 ค่า T-score ท่ีกระดูกสันหลงับั้นเอวพบอตัราผลบวกปลอมร้อยละ 25.0  

และสมัพนัธ์กบัอายมุาก การศึกษาน้ีแสดงใหเ้ห็นวา่ การวเิคราะห์ความหนาแน่นกระดูกท่ีกระดูกสะโพกเพียงต�ำแหน่งเดียว
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