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Objectives: To investigate the relevance of Concomitant Trabecular Bone Score (TBS) and Areal
Bone Mineral Density (aBMD) assessments to estimate fracture risk in patients with Degenerative
Lumbar Spine Stenosis (DLSS).

Methods: A cross-sectional prospective study was performed. Dual energy X-ray absorptiometry
scans of the lumbar spine and hip were acquired in 50 patients with DLSS. TBS and aBMD were
calculated from the anteroposterior views of L1-L4 vertebrae. The World Health Organisation
Fracture Risk Assessment Tool (FRAX) was utilised to estimate hip or Major Osteoporotic Fracture
(MOF) risk.

Results: L1-L4 TBS scores revealed degraded microarchitecture, (TBS < 1.20), partially degraded
microarchitecture (TBS >1.20 and <1.35) or normal appearances (TBS = 1.35) in 9 (18%), 14 (28%)
and 27 (54%) patients, respectively. L1-L4 aBMD assessment demonstrated osteoporosis (T-score
<- 2.5), osteopenia (T-score between -1.1 and -2.4) or normal bone density in 15 (30%), 11 (22%) and
24 (48%) patients, respectively.

There was no relationship seen between L1-L4 aBMD and TBS measurements (r = 0.046; p = 0.75).
A negative relationship was observed between TBS and body mass index (r = -0.438; p = 0.001)
andbetween L1-L4 aBMD and FRAX (r =-0.617; p < 0.001); the latter included MOF and risk of hip
fracture (r =-0.497; p < 0.001).No relationship was observed between TBS and FRAX included MOF
and risk of hip fracture (r=-0.118; p = 0.416 and r =-0.014; p = 0.926, respectively)
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Conclusion: In patients with DLSS, TBS is a reliable, strong and standalone indicator of fracture risk
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Introduction

Lumbar Spinal Stenosis (LSS) is defined as a
cavity restriction within the osteoligamentous
vertebral canal and/or intervertebral foramina.
The thecal sac and/or the cauda equina
can become compressed as a result of the
narrowing. At the site of one vertebra, the
stenosis may completely or partially obliterate
the vertebral canal [1,2]. Degenerative spinal
arthritis is the most common underlying
aetiology. This typically occurs in association
with the facet joints and the ligamentum
flavum; characteristic features of arthritis can
be seen within the facet joints when examining

X-radiographs [3,4]. It has been estimated that

the prevalence of degenerative LSS (DLSS) lies
between 1.7% and 13.1% [5-7].

Components of spinal articulation include
the vertebral disc, the superior and inferior
vertebral bodies and the facet joints; arthritis
can commence in any of these joints. However,
ultimately, degenerative changes arise on all
three joint surfaces. Within the facet joints,
which have a diarthrodial format, degeneration
initially presents with synovitis [8]. As this
condition worsens, it leads to cartilaginous
emaciation and a lax facet joint capsule.
The range of spinal movement is enhanced,
which then encourages deterioration of the
intervertebral disc and development of large
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osteophytes in response to the instability. Osteophytes
can act as scaffolding and thus help to limit excessive
spinal motion. However, if they develop within the
spinal canal they can physically impinge on the cavity
and cause stenosis. Osteophytes that arise on the superior
and inferior articular facets encroach on the lateral recess
and central canal, respectively. The most common site of
DLSS is between L4 and L5 vertebrae [9].

Dual Energy X-Ray Absorptiometry (DXA) scans are
able to assess Bone Mineral Density (BMD), and thus
provide an estimate of fracture risk [10]. A reduction
in bone mass and degradation of skeletal architecture is
typical of osteoporosis. In this condition, bone density
assessment per se may underrate the actual risk of fracture.
Immediate appraisal of the skeletal microarchitecture
could therefore improve the accuracy of measurement
of bone strength parameters and fracture risk [11-14].

The Trabecular Bone Score (TBS) is a new technique
that performs an analytical assessment of the novel
grey-level texture measurements on DXA lumbar
spine scans. It does not offer an absolute measure of
the trabecular microarchitecture [15], but provides an
indirect assessment or index. Use of TBS alone can
predict the presence of osteoporosis. In two patients
who have equivalent BMD, the patient who exhibits a
lower TBS has a higher risk of fracture which is related
to poorer bone structure [16]. In order to obtain TBS,
anteroposterior lumbar spine DXA scans are reassessed;
areal BMD (aBMD) is incorporated and specific software
is utilised to evaluate the datasets. The two variables,
lumbar TBS and aBMD, are both related to age. TBS
is relatively constant in patients aged from 30years to
45 years. TBS gradually declines with increasing age
[17]; this is more prominent in females than in males.
The degree to which it reduces is in keeping with the
decrease in lumbar spine aBMDj; a similar effect is
seen for short-term reproducibility [18]. The presence
of osteoarthritis is frequently associated with irregular
increases in BMD. Although it is well-described that if
sclerotic degenerative changes are present, the lumbar
aBMD may be artificially elevated [19], several studies
have indicated that the TBS is not influenced by
lumbar sclerosis [20]. One reason for this is that TBS
is calculated from relative differences in the grey-level
texture, and not from absolute values [20].

The aims of this study are to establish how crucial
the use of the TBS is as an adjunct to aBMD, and to
determine how each parameter contributes to Fracture

Risk (FRAX) in patients with DLSS.

Patients and methods

A cross-sectional prospective study was conducted
between January 2019 to February 2020 in Basrah
Teaching Hospital. Fifty patients were included,
in whom DLSS had been identified from patients’
symptoms and MRI findings. Symptomatology included
lower back pain with radiation in a nervous distribution
to the gluteal area, thigh or lower leg and neurogenic
intermittent claudication, i.e. pain on walking that
dissipated following rest. Patients also described easing
the pain by sitting or by bending forwards. Magnetic
resonance imaging findings encompassed sagittal
encroachment of the intervertebral canal 10 mm,
i.e. absolute stenosis, seen on midline T2-weighted
sagittal images [21,22]. Lack of typical fat encircling
the nerve root on sagittal T1-weighted sagittal images
was indicative of foraminal stenosis. Eradication of fat
between the disc and nerve root on axial T1-weighted
images suggested extraforaminal stenosis. Patients were

excluded if they had:

i.  Non-degenerative LSS aetiology, e.g. congenital
stenosis, spondylolisthesis, iatrogenic stenosis, for
instance post-laminectomy, orstenosis following
trauma;

ii. Previous history of therapy for osteoporosis prior to
the current DXA;

ili. Prior or current history of neoplasia, thyroid
disease, chronic renal or hepatic impairment; or

iv.. Drug history of glucocorticoids, proton pump
inhibitors or anti-epileptic agents.

Body Mass Index (BMI) was defined as weight (kg) /
height’ (m?). Patients were categorised according to
their BMI as normal (18.5-24.99), or as Grade I (25-
29.99), 1I (30-39.99) or III (¥ 40.00) overweight [23].
Patients were grouped according to whether they were
from urban (group 1) or rural (group 2) locations.

DXA images of the lumbar spine and hip had been
performed and reported in line with the manufacturer
recommendations (GE Lunar Prodigy Pro). aBMD was
appraised in the anteroposterior images of the lumbar
spine, L1-14 and the femoral neck, and the results given
as g/cm?. The presence of artifact excluded images from
BMD analysis. Lumbar spine phantoms were utilized
for unit cross-calibration.

World Health Organization (WHO) criteria were
employed for the definition of osteoporosis, i.e. decrease
in BMD < 2.5 Standard Deviation (SD) below peak
bone mass (T-Score), osteopenia, i.e. T-score -2.5 < -1
SD, and normal, i.e. T-score > -1 SD [24]. Each patient
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was classified with respect to these criteria. The TBS
was computed for the lumbar spine, L1 — L4, minus
vertebral exclusions with the use of the DXA archives
housed in the Rheumatology Unit at the Basrah Teaching
Clinic (TBS iNsight software, 3.0.2.2-DXA: GE-Lunar
Prodigy PRO). The following criteria we're used for the
TBS results: normal: TBS > 1.35; regular with partially
degraded bone TBS: between 1.2 and 1.35; degraded
bone: TBS < 1.2[25].

All study recruits filled out the WHO FRAX assessment
tool questionnaire [26]. This comprised enquiry relating
to previous fragility fractures, rheumatoid arthritis,
smoking and alcohol history, steroid usage and a family
history of hip fracture. Age, BMI and gender were
also noted. This information was used to generate a
numerical score to indicate the likelihood of FRAX, e.g.
hip fracture or a Major Osteoporotic Fracture (MOF),
such as neck of femur, spine, ulnar, radius or humerus.

Statistical analysis

The Statistical Package for Social Sciences (IBM SPSS
Statistics for Windows, version 24) was used for statistical
analysis. Continuous variable data are presented as mean
+ SD; normality of distribution was assessed utilising
the Kolmogorov-Smirnov test and relationships between
variables were appraised through the use of Pearson’s
correlation coeflicients. Analysis of Variance (ANOVA)
was deployed for continuous variable comparisons
between patient cohorts. Categorical data are given as
numbers and/or percentages; comparison was achieved
utilising chi-squared and Fisher exact tests. Statistical
significance was defined as a p value of < 0.05.

Results

In total, 50 patients with DLSS were included within
the study; 42 (84%) were female and 8 (16%) were
male. Their demographic data are shown in Table 1.
The average age of the study participants was 59.64 +
10.06 years.

The L1-L4 TBS revealed that the microarchitecture was
degraded, partially degraded and normal in 9 (18%), 14
(28%) and 27 (54%), respectively. The aBMD showed
that osteoporosis and osteopenia were present in 15
(30%) and 11 (22%), respectively. L1-14 aBMD was
normal in 24 (48%) patients.

The TBS varied within the groups when the patient
cohort was divided with respect to aBMD classification
(Figure 1). In those in whom aBMD suggested
osteopenia, 1 patient (9.1%) exhibited a partially
degraded microarchitecture; in 3 (27.4%) patients,
skeletal microarchitecture showed degradation. In

patients in whom osteoporosis was confirmed on
aBMD, TBS suggested that degraded microarchitecture
was present in 3 (20%).

There was no relationship seen between L1-1L4 aBMD
and TBS measurements (r = 0.046; p = 0.75) (Figure
2). Lumbar spine TBS and femoral neck aBMD were
similarly unrelated (r = 0.1; p = 0.48). A positive
correlation between aBMD in L1-L4 images and those
of the femoral neck was identified (r = 0.70; p < 0.001).
There was a notable inverse relationship between TBS
and BMI (r = -0.438; p = 0.001) and also between L1-
L4 aBMD and FRAX (r = -0.617; p < 0.001); the latter
included MOF and risk of hip fracture (r = -0.497; p <
0.001) (Table 2).

Discussion

Most of the study cohort were women (84%). This figure
is in keeping with Singh et al., who reported a higher
prevalence of spinal stenosis in females throughout the
vertebrae, indicating a likely influence of low oestrogen
levels on spinal degeneration [27]. Furthermore, these
authors reported that in comparison to males, females
had a lower inherent anteroposterior diameter of the
spinal canal, and so relatively smaller degrees of bony
encroachment will give rise to typical clinical features.
However, in other studies, no notable gender difference
has been identified. In a study of 2,751 patients referred
with clinically apparent LSS to William Beaumont

Table 1. Baseline characteristics of 50 patients with

degenerative lumbar spinal stenosis.

(Cgl{:)aracteristics mean £ SD orn Degenerative LSS (n= 50)
Age, year 59.64 + 10.06

Sex

Female 42(84)

Male 8(16)

Residency

Urban 28(56)

Rural 22(44)

BMI 30.35+6.1

Age of diagnosis 535+9

Duration of diagnosis 6.62+4.5

TBS 1.2+£0.21

L1-L4 aBMD, g/cm? 1.08 £ 0.25

T-score -0.85 +2.085

FN aBMD, g/cm? 0.914 £ 0.167

T-score -0.87 £ 1.225

FRAXS

MOF 7.700 £ 4.361

Hip fracture risk 1.276 £ 1.673

SD: Standard Deviation; LSS: Lumbar Spine Stenosis; aBMD:
Areal Bone Mineral Density; FN: Femoral Neck; TBS: Trabecular
Bone Score; MOP: Major Osteoporotic Fracture
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Figure 2. The relationship between Areal Bone Mineral Density (aBMD) and Trabecular Bone Score (TBS) (r =0.046; p = 0.750).

Table 2. Correlation of the L1-L4 TBS and L1-L4 aBMD with different parameter.

Significant inverse correlation between TBS and BMI (r = -0.438). Inverse correlation between L1-L4 aBMD and FRAXS which

includes MOF and hip fracture risk (r =-0.617, r =-0.497, respectively (r, correlation coefficients).
L1-L4TBS L1-L4TBS L1-L4TBS L1-L4 aBMD L1-L4 aBMD L1-L4 aBMD
rValue R*Value P value rValue R*Value P value

Age 0.175 0.031 0.225 -0.302 0.091 0.033

BMI -0.438 0.192 0.001 0.135 0.018 0.349

Femoral neck aBMD 0.1 0.01 0.48 0.71 0.504 <0.001

FRAXS
MOF -0.118 0.014 0.416 -0.617 0.38 <0.001
Hip fracture risk -0.014 0 0.926 -0.497 0.247 <0.001

Hospital in Michigan, no gender variation was observed

[28].

In the patients with DLSS presented in this study,
30% had osteoporosis and 22% exhibited osteopenia,
numbers which are not in agreement with previous

publications. Utilising the lumbar anteroposterior DXA
images in both male and female LSS patients, Andersen
et al,. noted 9% and 30% had osteoporosis and
osteopenia, respectively [29]. In subjects with LSS aged
over 60 years, Lee et al., again in the anteroposterior
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plane, reported the presence of osteoporosis in 22.6%
of their study cohort; osteopenia was observed in 56.6%
[30]. These results are notably at variance with those seen
in this group of patients. Differences could be attributed
to the higher age of patients, additional pathologies and
the existence of heterotopic ossification that could give
rise to an artificially elevated aBMD on lumbar DXA
(31].

The TBS score measured in these patients bore no
resemblance to their osteoporosis classification with
respect to the WHO criteria (p = 0.398). The TBS was
calculated from the 3-dimensional grey-level texture
images acquired by DXA and provided a means to
assess the trabecular microstructure and overall integrity
of the skeleton [32]. In comparison to the BMD that
is measured from DXA scans, TBS is unaffected by
degenerative changes within the lumbar spine [20,33].
Thus, if a low TBS is recognized, this may represent
suboptimal bone strength which may not be evident on
the routine scan. This may be the reason why there is an
elevated risk of fracture in subjects with DLSS that are
deemed to have either normal BMD or osteopenia.

A negative association was noted between lumbar TBS
and BMI. Amnuaywattakorn et al,. have documented
the artifactual consequences of soft tissue, which has a
greater depth in patients with raised BMI and creates
image noise or simulates a blurring filter. These effects
diminish pixel differentiation, and therefore the TBS
(34].

Although no relationship was identified between lumbar
spine aBMD and TBS, the BMD detected within the
lumbar spine and the neck of femur was correlated. Since
TBS is not influenced by the lumbar spine degenerative
process, it should differ in its assessment from the aBMD.
Any correlation between TBS and aBMD becomes more

tenuous as BMD diminishes. BMD reduces with age,
often with concomitant degenerative findings, e.g.
osteophyte formation or aortic sclerosis. These areas of
calcification impact the BMD, but not the TBS [35].

Although there was a strong negative association between
FRAX, i.e. MOF and hip fracture risk with measured
L1-L4 BMD, this relationship was not seen with TBS.
FRAX is employed in order to gauge the possibility
of hip or MOF over the next decade according to the
patient’s identified risk factors. It fails to encompass
the bone qualities that provide autonomous adjunctive
information to BMD assessment or a history of previous
fracture. These results indicate that TBS can be an
autonomous variable that impacts fracture risk appraisal.

In summary, this research confirmed that there is a higher
prevalence of DLSS in females. Within this cohort of
LSS 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.
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