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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 (R*=0.21, P <0.001) and the hip (R* at femoral neck = 0.24, P < 0.01; R’ 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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Introduction

Lumbar spine (LS) and hip are recommended
skeletal sites to measure bone mineral density (BMD)
with dual-energy X-ray absorptiometry (DXA)."*However,
many studies showed that most of older adults have
an obvious degenerative change in LS and have a falsely
elevated lumbar BMD.”” This issue has not only been
observed in older adults but also in early postmenopausal
women." The vertebra at L1-L4 levels with visualized
degenerative changes or compression fracture should be
excluded.”” Hence, if only one evaluable vertebra remains
after exclusion, diagnosis should be based on different
skeletal sites, such as the hip or forearm.” However, DXA
measurement is areal and smaller bone has the lower areal
BMD (aBMD)." The aBMD at forearm may overestimate
women with osteoporosis than using aBMD at the hip.

While the hip seems to be a better site for
diagnosing osteoporosis in people with degenerative LS,
the previous review of El and colleagues has reported
T-score discordance between the LS and hip BMD."
Major T-score discordance is noticed when the difference
score between the hip and the spine is sufficient to produce
the result in two different diagnoses, in line with the
World Health Organization (WHO) classification system.
They found that T-score discordance among studies were
discrepant and it might occur for a variety of explanations,
such as various patient factors and differences in the young
adult reference populations."'

This cross-sectional study aimed to investigate major
T-score discordance in the diagnosis of osteoporosis using
bone mineral density at the lumbar spine and the hip among

people with degenerative LS lesions.

From July 2014 to July 2016, 1160 DXA scans were
retrieved from the picture archiving and communication
system. Sixteen DXA scans were excluded because of

the presence of both hip prostheses (n = 7) and the spinal
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fixator or laminectomy (n = 9). Body mass index (BMI) was
categorized based on the WHO classification system."
BMD (g/cm’) was measured at the PA images of the LS
(L1-L4), femoral neck (FN) and total hip (TH) using DXA
(GE Lunar Prodigy, Lunar, Madison, WI, USA). According
to the WHO criterion for diagnosis of osteoporosis, the
T-score of < 2.5 is osteoporosis.” In addition, lateral
thoracolumbar spine images were used for vertebral
fracture assessment (VFA). Any vertebral compression
was defined as vertebral compression according to Genant
et al.” Degenerative findings of the LS spine were visually
evaluated separately on the computer screen by three
physicians (K.C., S.K., and A.W.). After the technical
quality of each DXA scan was verified, each individual
vertebra (L1, L2, L3, and L4) on the L1-L4 PA image
(Figure 1A) was evaluated for vertebral fractures, osteophyte
formation, endplate and facet joint scleroses. Vertebral
compression and vascular calcifications at the L1-L4 level
were also identified on the VFA image (Figure 1B). Kappa
statistics was used to assess the interrater reliabilities'
and were found to be high (kappa = 0.90 - 0.96). Then,
all DXA scans were categorized into two groups: non-
and degenerative LS. The DXA data for all patients were
categorized into three diagnostic groups, that is, normal,
osteopenia, or osteoporosis based on their T-scores at the
LS and hip. Major discordance was defined when one site is
osteoporotic and the other site is either osteopenia or normal.
This study was approved by the Institutional Review Board
of the Burapha University, Chonburi, Thailand.
Statistical Analysis

Continuous variables were described as mean *
standard deviation (SD). Categorical variables were
reported as frequency and percentage. The characteristic
difference between the non- and degenerative LS groups
were using independent ¢ test for continuous variables and
using z test for proportion difference for categorical
variables. In degenerative LS group, multiple regression

analysis was used to determine the correlation of four types



Vol.41 No.3 July-September 2018

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.

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,
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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.
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Figure 1 Visual Degenerative Findings
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A, Osteophyte formation and endplate sclerosis on L1-L4 PA image. B, Osteophyte formation, vertebral

compression, and facet joint sclerosis on VFA image.



Table 1 Characteristics of Participants
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Mean £+ SD
Variable Non-degenerative LS Degenerative LS P value
(n =536) (n = 623)
Age,y 62.9 +8.4 70.6 £9.2 <0.01
Female, % 92.9 89.4 0.03
BMI, kg/m’ 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)

Degenerative vertebra, % 23.1
Type of degenerative lesions, %
Moderate or severe vertebral compression” 10.7
Osteophyte formation 7.8
Endplate sclerosis 72

Facet joint sclerosis 1.1

343 59.1 81.6
9.7 7.8 8.0
14.2 15.3 10.7
16.8 324 37.7
1.4 18.7 44.1

" Vertebral compression was defined according to Genant et al.”

In degenerative LS group, overall degenerative
spine lesions showed poor correlation with T-score
at LS (R*= 0.21, P < 0.01), FN (R* = 0.24, P < 0.01),
and TH (R’ = 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

LS BMD T-score
(n = 458)
B (SE)

FN BMD T-score
(n = 623)

P (SE)

TH BMD T-score
(n=623)
B (SE)

Type of Degenerative

Spine Lesions

P value P value 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

R’ 0.21 0.24 0.32

P value <0.01 <0.01 <0.01

Abbreviation: 3, beta coefficient; FN, femoral neck; LS, lumbar spine; R%, 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

Osteoporotic Patients

Major LS-Hip Discordance

Non-degenerative LS (n = 536) 29.7
Degenerative LS (n = 623)
Evaluable DXA scan (n = 458) 36.5
Unevaluable DXA scan (n = 165) NA

7.5 31.5 259
15.7 40.8 28.6
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
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osteoporotic patients than T-score at the hip *~ 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 age'™" associated with a false negative rate of

1 did not account for it.

LS in this study, but obesity
This incongruent result might be due to differences in
age-related bone loss at different skeletal sites and in the
young adult reference populations.”* 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.® 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.’ 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 (R* = 0.21, P < 0.01) and the hip (R” at
FN = 0.24, P < 0.01; R> 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 (f = 0.52, P < 0.05).
These results are similar to the results of Muraki et al* and
Atalay et al® Though, Pye et al** 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,
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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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