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Abstract:

Background: Degenerative diseases associated with aging lumbar spondylosis, a higher lumbar
spine BMD (bone mineral density) may be artifactually caused by osteophytes. TBS (trabecular bone
score) is a textural metric that uses specialized software to assess pixel grey level changes in lumbar
spine DEXA (dual-energy x-ray absorptiometry) images can used alternative measure the risk of
fracture. The purpose of the research was to compare the TBS and BMD scores in patients with lumbar
spondylosis and the contribution of TBS, BMD, measurements from DEXA to the prediction of
fracture risk.Patients and Method: In this cross-sectional comparative research, 250 participants
with and without sciatica had back discomfort. Every patient answered questions on osteoporosis risk
factors and sociodemographic characteristics. A conventional radiography was used, with the film
centred at the second lumbar vertebra. A lone observer then assessed the radiographs to determine if
the patient had lumbar spondylosis using the Kellgren-Lawrence Score. The patients were split into
two groups: those with spondylosis in group B and those without (group A). The GE-Lunar Prodigy
Advance instrument and program (encore version 17) were used to measure the bone mineral density
(BMD) of the lumbar spine (first to fourth lumbar vertebrae). Anteroposterior DEXA was reanalyzed
as part of the TBS evaluation risk in patients with lumbar spondylosis. Results: Lower TBS (only
31.3% of grade 1 spondylosis cases had a TBS < 1.20, while 73.7% of grade 4 spondylosis cases had
a TBS < 1.20 with a p value of 0.044) and increased BMD (50% of grade 1 spondylosis cases had a
BMD <-2.5, compared to only 5.3% of grade 4 spondylosis cases had a BMD <-2.5 with a p value of
0.018) were found to be associated with lumbar spondylosis. Additionally, BMD is not significantly
correlated with TBS in cases with spondylosis (TBS <1.20 with p value of 0.391 in 37.5% of cases
with BMD >-1 and 44.4% of patients with BMD <-2.5 had TBS > 1.20). This is in contrast to findings
in instances without spondylosis (54.0% of cases with BMD <-2.5 had TBS > 1.20 and, with a p-
value of 0.001, 32.7% of cases with BMD >-1 had TBS <1.20. The correlation coefficients in groups
A and B for BMD and FRAX were -0.820 and -0.708, respectively, indicating a weaker relationship
between the two variables in the spondylosis cases compared to the non-spondylosis cases. However,
there was no significant difference in the correlation coefficients for TBS and FRAX between the
spondylosis and non-spondylosis cases (-0.373 and -0.436, respectively, with a p value of
0.486).Conclusion: The lumbar spine's TBS provides a more precise indicator of the likelihood of a
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fracture in cases of lumbar spondylosis. Lumbar spondylosis's radiographic characteristics raised
BMD but had no effect on TBS values.
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Introduction

Osteoporosis and osteoarthritis are age-related degenerative conditions.
Several investigators have examined the coexistence of osteoporosis and
spondylosis in the spine, and have reported an inverse relation between decreased
bone mineral density (BMD) and intervertebral disc degeneration. In subjects
with osteophyte formation or facet joint osteoarthritis, BMD is known to be
higher than in normal controls. In these subjects, increased BMD is observed not
only in the lumbar spine, but also throughout the skeleton.[1]

In contrast, several conflicting results have been reported regarding the
correlation between bone mass density and spondylosis. [2]

Dual Energy X-Ray Absorptiometry (DXA) scans are able to assess Bone
Mineral Density (BMD) [3]. A reduction in bone mass and degradation of skeletal
architecture is typical of osteoporosis. Immediate appraisal of the skeletal
microarchitecture could therefore improve the accuracy of measurement of bone
strength parameters and fracture risk [4].

TBS serves as a textual indicator, assessing variations in gray-level pixels
within lumbar spine DEXA images to indirectly gauge trabecular
microarchitecture. [5].

Patients and Methods

This cross-sectional comparative study involved patients who suffer from back
pain with or without sciatica. The patients were seen in Basrah Teaching
Hospital from April 1% 2022 to July 1% 2023.

Recruitment was based on voluntary enrolment. Written informed consent
was obtained from all subjects and the study was approved by the Ethical
Committee of University of Basrah, College of Medicine. 030409-072-2022.
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We excluded from the study all patients with a history of:

(1) Taking medications known to influence bone metabolism in the past two
years, such as vitamin D, calcium, corticosteroids, bisphosphonates, sodium
fluoride, raloxifene, strontium ranelate, teriparatide and antiepileptic drugs

(2) Musculoskeletal disease, thyroid disease, parathyroid disease, adrenal disease,
hepatic disease, renal disease, or diabetes mellitus.

(3) Previous spine fracture or surgery.

Each patient completed a questionnaire on socio-demographic parameters
and osteoporosis risk factors such as sex, age, family history of osteoporosis,
BMI, smoking, sedentary lifestyle, long term (>3 months) corticosteroid use and
alcohol consumption. Weight and height were measured without shoes at the time
of bone densitometry measurements. The body mass index (BMI) was calculated
as body weight divided by height squared (Kg/m?).

Lumbar spine radiographs were taken according to a standard protocol with
the film centred at L2. The radiographs were subsequently evaluated by a single
observer for the presence of the individual radiographic features of lumbar
spondylosis. Each vertebral level from L1/2 to L4/5 was assessed for the presence
and severity of osteophytes, subchondral sclerosis, and DSN according to
Kellgren—Lawrence Score. (Table 3.1) [6]

The sample was divided to two groups; group A without lumbar
spondylosis and group B with lumbar spondylosis.

The bone mineral density (BMD) of the lumbar spine (L1-L4) was assessed
by employing the GE-Lunar Prodigy Advance device along with its
corresponding software (encore version 17), reference population: USA. Two
devices of identical type and model were utilized, and the examination was
carried out by two proficient operators. Both the lateral and anteroposterior
projections were used to scan the vertebral bodies, including their posterior
arches, utilizing the array and single-beam modes respectively. The scanner
software's default mode was employed to calculate density. Following the
guidelines of the World Health Organization (WHQO) classification criteria,
osteoporosis was identified for T-scores<-2.5 standard deviations (SD) from the
mean BMD at the lumbar spine. Osteopenia was characterized by T-scores
between -1 SD and -2.5 SD, while T-scores greater than -1 SD were considered
indicative of normal bone density. [7]
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TBS assessment involved a reanalysis of anteroposterior DEXA LS (L1-
L4) scans using TBS iNsight software version 3.0.3.0. The same regions used for
BMD measurement were employed for evaluating TBS. The TBS value was
derived as the average of individual measurements across each vertebra (L1-L4)
as well as their combinations. Patients were classified into three groups based on
their TBS scores: the normal micro-architecture (NM) group (TBS > 1.35), the
partially degraded micro-architecture (PDM) group (1.2 < TBS < 1.35), and the
fully degraded micro-architecture (FDM) group (TBS < 1.20).[8]

TBS weighted FRAX were calculated using the online FRAX assessment
tool provided by University of Sheffield.[9]

Variable distribution difference was tested by chi square for sex and by
Levene’s test for age and BMI. Age was categorized into three categories (below
45years, 45-60 years, and above 60 years). The weight into 4 categories
(underweight, normal, overweight, and obese) according to CDC classification
[10], Cross tabulation with chi square and Fisher’s exact tests were used to
calculate the significance of the relation between categorical variables. Pearson
and Fisher’s z-test were used to test the relationship of BMD and TBS weighted
FRAX and the significance of their difference between group A and group B. P
values obtained p value lower than 0.05 were considered as statistically
significant. Statistical analysis was performed with SPSS for Windows 26.

Results

The distribution of variables between group A and Group B is shown in table (1).
there is no significant difference in the distribution of sex, age and BMI between
group A and B since the p values were 0.295, 0.062, and 0.519 for them
respectively.

The main finding in our study were: a) There was increase in BMD and decrease in
TBS as the OA get more advanced (table5), b) There was a significant association
between BMD and TBS in cases without spondylosis while there was no significant
association between BMD and TBS in cases with spondylosis (table 4), ¢) There
was difference in the relationships of BMD with age, sex, and BMI between the two
groups (A and B) (table 2) but no difference in the relationships of TBS with age,
sex, and BMI between the two groups (A and B) (table 3) , d) The relation of BMD
with FRAX is significantly different between those with and without spondylosis,
while TBS relation with FRAX did not show significant difference between the two
groups (A and B) (table 6).
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Table 1: The distribution of variables between group A and Group B

Variable Group A Group B P value
Sex
(male% / female) 24.7% / 75.3% 18.8% / 81.2% 0.295
Age
Mean + SD 56.33 + 9.447 57.78 + 10.495 0.062
BMI
Mean + SD 27.076 + 5.1053 | 26.845 + 5.2533 0.519
Table 2: The association of sex, age, and BMI with BMD
BMD
Q . Normal Osteopenia Osteoporosi P
o Variable S
c value
© Coun | Row | Coun | Row | Coun | Row
t N % t N % t N %
female 27.3 38.3 34.4
o 35 % 49 % 44 % )
male 0 | 476 | ¢ | 381 o | 143 015
% % %
Below 45 5 62.5 9 25.0 1 12.5
Age yrs % % %
45-60 yrs 345 43.7 21.8 | .001*
Cc?:eg 41 % 52 % 26 % .
%’ Y ['Above 60 o | 209 4, |56 ,, | 585
S yrs % % %
> Obese 27.3 45.5 27.3
15 % 25 % 15 %
Overweigh 42.2 31.3 26.6
BMI t 27 % 20 % 17 %
Categ 013*
ory 13 % 14 % 8 %
Underweig 0 375 62.5
" 0 0.0% 6 % 10 %
female 34 53.3 17 206.2 14 201.5
@ | sex L /o 6| 654
é male 6 40.0 5 33.3 4 26.7 |
5 % % %
W Below 45 ) 40.0 1 20.0 ) 40.0
yrs % % % 142
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Age 45-60 yrs 26 5(&)3/(.)3 12 2(&)3/(.)5 9 1(5;(.)1
Categ I bove 60 42.9 32.1 25.0
ory Vs 12 % 9 % 7 %
Obese 16 5;.)3 3 2&6 3 101/(.)1
BMI tOverwelgh 19 4&2 8 3((;(.)8 5 2(:;(.)1
Categ 473
ory Normal 10 4;')5 4 1"8A;2 8 306/(')4
Underweig 5 40.0 5 40.0 1 20.0
ht % % %
*. The Chi-square statistic is significant at the .05 level.
** Fisher Exact test is significant at the .05 level.
Table 3: The association of sex, age, and BMI with TBS
TBS
® Partially
S Variable Normal Degraded Degraded 2
c value
© Cou | Row | Cou | Row | Cou | Row
nt N % nt N % nt N %
female 24 1(2)3.8 47 3(6)3.7 57 4;1.5
Sex /% /b L 011*
male 17 40.5 14 33.3 11 26.2 |’
% % %
Below 45 5 705.0 9 205.0 0 | 0.0%
Age yrs Y0 Yo
Catego | #00Y™S | g 2525 43 3&1 48 48(‘)3 022*
® ry
3 Above 60 8 18.6 16 37.2 19 44.2
= yrs % % %
> Obese 13 2(’?;(.)6 19 33(.)5 93 401/(.)8
Overwel 31.3 34.4 34.4
BMI | Sl20 | S0 22 | T 2|
Catego 152
Underwei 1 | 63% | 4 2(&)3.0 11 6(6)3.8
ght % %
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female 20.0 33.8 46.2
o 13 % 22 % 30 % 015
male 8 53.3 5 33.3 5 13.3 *
% % %
Below 45 3 60.0 1 20.0 1 20.0
Age yrs % % %
Catego 45-60 yrs 14 23(.)8 19 48(.)4 14 23(.)8 034
@ Y [Above60 | , | 143 , [ 250 | ,, | 607
§ yIs % % %
W Obese 8 29.6 11 40.7 8 29.6
% % %
Overweig 19.2 38.5 42.3
BMI ht 5 % 10 % 11 %
Catego 372
22.7 27.3 50.0
ry Normal 5 ” 6 o 11 %
Underwei 3 60.0 0 0.0 5 40.0
ght % % %
*. The Chi-square statistic is significant at the .05 level.
**_Fisher Exact test is significant at the .05 level.

Table 4: The association of BMD with TBS

TBS
Partially
Normal Degraded Degraded Vali’ue
Cou | Row | Cou | Row N | Coun | Row
nt N % nt % t N %
Normal 23 | 418% | 14 | 255% | 18 | 32.7%
Grou | Osteopenia | 11 | 169% | 31 | 47.7% | 23 |35.4% 001*
pA iCS)Ste"poms 7 114.0% | 16 |32.0% | 27 |54.0%
o
Normal 35.0 27.5 37.5
% 14 % 11 % 15 %
Grou | Osteopenia 22.7 36.4 40.9
0B 5 % 8 % 9 % 391
Osteoporos 2 111 8 44 4 8 44 4
is % % %
*. The Chi-square statistic is significant at the .05 level.
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Spondylosis Grade P
Gradel Grade? Grade3 Grade4 valu
Cou | Row | Cou | Row | Cou | Row | Cou | Row A
nt IN% | nt. N%| nt |N%| nt |[N%
7.5 27.5 325 325
Normal 3 % 11 % 13 % 13 %

BM | Osteopen 22.7 27.3 27.3 22.7 *
D ia 5 % 6 % 6 % 5 % 018
Osteopor 8 444 7 38.9 9 11.1 1 5.6
0sis % % % %

23.8 42.9 23.8 9.5
Normal 5 % 9 % 5 % 2 %
TB | Partially 5 22.2 9 33.3 9 33.3 3 111 | .04
S Degraded % % % % | 47
15.6 18.8 21.9 43.8
Degraded | 5 % 6 % 7 % 14 %
*. The Fisher’s Exact test is significant at the .05 level.
**_The Chi-square statistic is significant at the .05 level.

Table 6: Comparison of correlation of BMD and TBS with FRAX between
Group Aand B

Correlation Coefficients P value
Group A Group B
BMD -.820 -.708 0.03*
TBS -.373 -.436 0.486
*The Fisher’s z-test is significant at the .05 level.

Discussion

With regard to the relationship of BMD and TBS, in group A (cases
without spondylosis), the decreased TBS was associated by decreased BMD and
this is expected as osteoporosis, observed as a clinical condition, is distinguished
by an unusually diminished bone mass and irregularities in bone composition.
[11] which are reflected by BMD and TBS respectively. While in group B (cases
with spondylosis), the BMD is not significantly associated with TBS, this may be
caused by osteoarthritis impacts bone mineral density (BMD) measurements.
Osteoarthritic spondylosis most commonly explains artefactual elevations in
calcium content due to abnormally dense bone at the vertebral margins forming
vertebral end-plate sclerosis, facet joint sclerosis and osteophytes. Facet joint OA
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Is particularly marked in the lower lumbar spine, giving the recognized pattern of
progressive osteoarthritic changes seen in sequential descending lumbar
vertebrae, which correlates with rising BMD measures caudally down the spine.
Even mild osteophytosis can result in a 24% increase in lumbar BMD. [12]
Furthermore, Patients with osteoarthritis (OA) have shown higher levels of
insulin-like growth factors which promotes the development of osteophytes. [13]
While the TBS value remains unaffected by the osteoarthritis [14].

A study by S R Pye [15] and et al. found that radiographic characteristics
of lumbar spondylosis are linked to elevated bone mineral density (BMD) in the
spinal region. In a study by T Masud [16] and et al, they determined that even
mild osteophytosis in postmenopausal women with fractures can result in
inaccurately elevated measurements of lumbar spine bone mineral density. In
another study by G Jones [17] and et al., they concluded that measurement of
spinal bone density and its subsequent tracking could be inaccurate among the
elderly due to accompanying degenerative conditions. In a study by G Liu [18]
and et al., they concluded that osteoarthritis leads to an elevation in the Bone
Mineral Density (BMD) of the lumbar spine, as assessed through (DEXA) scans.
In study by Husham A. Aldaoseri [19], he concluded that in cohort of
degenerative lumbar spine spondylosis patients, an increased incidence of
osteoporosis and a degraded skeletal microarchitecture were noted within the
lumbar spine. TBS is a standalone, reliable and strong indicator of fracture risk,
unrelated to FRAX.

While Naciye Sinem Gezer and et al. [20] showed that individuals with
spondylolysis exhibited notably reduced average vertebral body bone mineral
density in comparison to the control group. And Astrid Ellen Grams and et al.
[21] showed a potential link between degenerative alterations in the spine and a
decrease in localized spinal mineralization.

Limitations of the study: There is no TBS normal value standard in our region.
The prevalence of osteoporosis is unknown in our region.
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