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Abstract: The primary objective was to evaluate bone fragility prevalence on dual X-ray absorptiom-
etry (DXA) and computed tomography (CT) in patients with severe obesity. The secondary objective
was to evaluate the risk factors for bone fragility. This monocentric study was conducted in patients
with grade 2 and 3 obesity. Bone mineral density (BMD) and T-score were studied on DXA, and
the scanographic bone attenuation coefficient of L1 (SBAC-L1) was measured on CT. Among the
1386 patients included, 1013 had undergone both DXA and CT within less than 2 years. The mean age
was 48.4 (±11.4) years, 77.6% were women, and the mean BMI was 45.6 (±6.7) kg/m2. Eight patients
(0.8%) had osteoporosis in at least one site. The mean SBAC-L1 was 192.3 (±52.4) HU; 163 patients
(16.1%) were under the threshold of 145 HU. Older age (OR[CI95] = 1.1 [1.08–1.16]), lower BMD
on the femoral neck and spine (OR[CI95] = 0.04[0.005–0.33] and OR[CI95] = 0.001 [0.0001–0.008],
respectively), and higher lean mass (OR[CI95] = 1.1[1.03–1.13]) were significantly associated with
an SBAC-L1 ≤ 145 HU in multivariate analysis. Approximately 16% of patients with severe obesity
were under the SBAC-L1 threshold, while less than 1% were classified as osteoporotic on DXA.

Keywords: obesity; bone mineral density (BMD); scanographic bone attenuation coefficient (SBAC-L1);
tomodensitometry/CT; dual-energy X-ray absorptiometry (DXA)

1. Introduction

Obesity is defined as an abnormal or excessive accumulation of fat [1]. Obesity is
often associated with other comorbidities, such as diabetes, dyslipidemia, hypertension, or
obstructive sleep apnea [2]. Body mass index (BMI) is used to estimate overweight in adults
regardless of age or sex: mild obesity is defined by a BMI from 30 to 34.9 kg/m2, severe
obesity is defined by a BMI between 35 and 39.9 kg/m2 (Grade 2), and morbid obesity is
defined by a BMI ≥ 40 kg/m2 (Grade 3) [3]. Obesity has become a chronic public health
problem that is constantly rising worldwide [4].

Osteoporosis is defined by bone fragility due to low bone mineral density and/or
microarchitecture alterations leading to a higher risk of fracture and by a value for bone
mineral density or content (BMD/BMC), 2.5 SD or more below the young adult mean [5,6].
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Osteoporosis is a public health problem due to the consequences of fractures in terms of
residual physical disability, loss of autonomy, institutionalization, and, above all, higher
mortality for major fractures [7]. Measurement of bone mineral density (BMD) with dual
X-ray absorptiometry (DXA) remains the gold standard [6] for the diagnosis of osteoporosis.

In patients with obesity, DXA has some limitations, such as reduced photon penetra-
tion through soft tissues [8]. Thus, BMD measurements by DXA increase with BMI [9].
In the literature, DXA evaluation in patients with obesity did not show more frequent
osteoporosis than in subjects without obesity [10], but some studies highlight that people
with obesity had more fractures, especially limb fractures [11–13], with higher BMD than
patients without obesity [10].

Computed tomography (CT) is often performed in patients with obesity before
bariatric surgery to detect malformation and prevent operative complications. CT al-
lows both a qualitative bone evaluation with the study of vertebral fractures (VF) and a
quantitative bone evaluation with the scanographic bone attenuation coefficient of the first
lumbar vertebra (SBAC-L1) measure [14–20]. An SBAC-L1 ≤ 145 Hounsfield Units (HU)
is more sensitive than a T-score ≤ −2.5 SD in identifying vertebral fracture risk [14]. The
threshold at 145 HU allows the best compromise between sensitivity and specificity to
screen patients at risk of vertebral fracture [15–18]. Moreover, this technique is less prone
to artifacts, avoiding cortical bone, osteophytes, vascular calcifications, and fat mass.

No study has analyzed both the BMD data and the bone attenuation coefficient of the
first lumbar vertebra scan in a population of severely obese subjects.

Based on these data, we conducted an observational study whose primary objective
was to assess the prevalence of bone fragility on DXA (defined by a T-score ≤ −2.5 SD)
and on CT (defined by SBAC-L1 threshold ≤ 145 HU) in patients with severe or morbid
obesity (Grade 2 and 3) before bariatric surgery. The secondary objectives were to study
the prevalence of vertebral fractures on CT and to assess the risk factors for bone fragility
in patients with severe or morbid obesity (Grades 2 and 3).

2. Materials and Methods
2.1. Population

This descriptive, observational, monocentric, and retrospective study was conducted
on patients with grade 2 and 3 obesity who were followed in the Lorraine obesity center,
underwent bariatric surgery between January 2014 and December 2018 and underwent CT
and/or DXA before surgery. All patients included met the criteria for bariatric surgery:
BMI > 40 kg/m2 or BMI > 35 kg/m2 associated with at least one comorbidity (notably
hypertension, obstructive sleep apnea syndrome, type 2 diabetes, severe joint disease, etc.).
All the exams had to be performed at Nancy University Hospital during the routine preop-
erative screening. The exclusion criteria were gastric banding surgery and ring ablation.

Demographic and anthropometric data were collected, such as age, sex, smoking and
alcohol status, height, and weight (at the time of DXA and CT), to calculate body mass
index, diabetes and cardiovascular risk factors (dyslipidemia, hypertension or NASH), and
available osteoporosis risk factors (sex, age, smoking and alcohol consumption, vitamin D
deficiency defined by a level below 30 ng/mL).

2.2. DXA Evaluation

DXA was performed on a Lunar Prodigy densitometer (Advance PA +301010, Encore,
version 14.10.022; Madison, WI 53718, USA). The BMD and the T-score were assessed for
each patient at the lumbar spine, femoral neck and total hip. The diagnosis of osteoporosis
and bone fragility was retained for a T-score ≤ −2.5 SD at any measured location. Osteope-
nia was defined by −2.5 SD < T-score ≤ −1 SD [5]. The BMD measurement was coupled
with an analysis of the distribution of fat and lean mass on the same DXA.
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2.3. CT Evaluation

Any available preoperative CT was used if it included the first lumbar vertebra.
The preoperative CT closest to the date of the surgery was selected. The CT scans were
analyzed on Synapse Mobility Web, V.6.0, 2016, FUJIFILM Medical Systems U.S.A., Inc.;
Miami, FL 33186, USA.

Axial acquisitions allowed SBAC-L1 measurement in the bone window on the pedicle
slice. The largest elliptical region of interest (ROI) was drawn in trabecular bone, avoiding
cortical bone, and provided the average bone mineral density in HU. The threshold of
145 HU defined by Pickhardt et al. was used as a threshold to classify patients with bone
fragility [14,18]. This threshold allowed the best compromise between sensitivity and
specificity in the general population [14].

This measure was performed by a single investigator (who was blinded to the DXA
results and clinical data) because excellent intra- and interreader reliabilities have been
previously described (ICC > 0.9) [17]. In cases of fracture or discovertebral damage with
osteosclerosis of the vertebral endplate of L1, SBAC was performed on L2 or on the first
adjacent vertebra without VF.

2.4. Vertebral Facture

Sagittal reconstructions allowed manual VF analysis, according to an adaptation of
the Genant classification, which is usually used on spine radiographs [21]. The grade of the
VF was determined by the most severe lesion observed on sagittal sections.

2.5. Ethics Approval

All the data used were obtained from the medical records. No patient examination
was performed to meet the inclusion criteria. This study was registered to the Information
Technology and Freedoms Commission for the University Hospital of Nancy and was
designed in accordance with the general ethical principles outlined in the Declaration of
Helsinki. The protocol of this study was approved by the Information Technology and
Freedoms Commission for the University Hospital of Nancy. All patients gave their consent
before surgery for the use of their medical data for future research. The study was registered
with clinical trial identifier N◦ NCT04174495.

2.6. Statistical Analysis

Both descriptive and comparative analyses were conducted by accounting for the
nature and distribution of the variables (normality assessed by the Kolmogorov–Smirnov
test). Qualitative variables were described with frequencies and percentages; quantitative
variables were evaluated with the mean ± SD for variables with a normal distribution and
the median (interquartile range) for variables with a nonnormal distribution.

Student’s t test was used for age, and the Mann–Whitney U test was used for the other
variables. For qualitative variables, the chi-square test and/or Fisher’s exact calculation
was used. Logistic regression was performed to test variables significantly associated
with the binary outcome SBAC-L1 ≤ 145 HU and of clinical interest (we included only
significant variables from the univariate analysis, variables with missing data were not
included (like VF, smoking status, alcohol et vitamin D). Osteopenia, osteoporosis and
T-score were not included because they are associated with BMD. Ratio variables were also
excluded). Significant results (univariate and multivariate analysis) are presented with the
odds ratio (OR) and its 95% confidence interval (CI 95%). To study the correlation between
CT and DXA results, the Pierson coefficient was used. The significance level was set at 0.05
for the entire study. IBM SPSS Statistics v23 was used for the data analysis.

3. Results
3.1. Population

Of 2146 patients with grade 2 and 3 obesity who underwent bariatric surgery at Nancy
University Hospital between January 2014 and December 2018, 1386 patients were included,
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as they underwent at least a CT and/or a DXA before surgery during routine preoperative
screening. Among them, 1253 patients underwent DXA, 1179 underwent CT before surgery,
and 1046 patients underwent both DXA and CT before surgery; 1013 patients underwent
these two exams within less than 2 years (Figure 1).
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Figure 1. Flow chart. CT: computed tomography; DXA: dual-energy X-ray absorptiometry.

In our population of 1013 patients, the mean age was 49.0 (±18.0) years, with a large
majority of women (76.6%). The mean BMI was 44.6 (±8.3) kg/m2. Most patients (90.6%)
underwent gastric bypass (GBP) (n = 918), nearly 10% underwent sleeve gastrectomy
(n = 94, 9.3%), and only one patient (0.1%) had a single anastomosis (SADI). In total,
842 patients (91.3%) presented vitamin D deficiency. Approximately 40% of patients were
current smokers.

The details of the demographic and anthropometric characteristics of the patients are
presented in Table 1.

Table 1. Patient characteristics.

DXA and CT
Demographical Data n = 1013

Age (years) 49.0 (±18.0)
Sex (women) 776 (76.6%)
BMI (kg/m2) 44.6 (±8.3)

Diabetes 316 (31.2%)
Cardiovascular risk factor 584 (57.7%)

Tabaco
Smokers

Never smokers
412 (42%)
569 (58%)

Alcohol 42 (4.3%)
Vitamin D deficiency 842 (91.3%)

CT
Vertebral fractures (patients) 22 (2.2%)

Number of vertebral fractures 32
SBAC-L1(HU) 194.0 (±69.0)

SBAC-L1 ≤ 145 HU 163 (16.1%)
SBAC-L1 >145 HU 850 (83.9%)

DXA
Femoral neck
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Table 1. Cont.

DXA and CT
BMD (g/cm2) 1.098 (±0.15)
T-score (SD) 0.9 (±1.5)
Osteoporosis 2 (0.2%)
Osteopenia 65 (6.4%)

Hip
BMD (g/cm2) 1.169 (±0.15)
T-score (SD) 1.4 (±1.6)
Osteoporosis 0 (0%)
Osteopenia 21 (2.1%)

Spine (L1-L4)
BMD (g/cm2) 1.273 (±0.16)
T-score (SD) 0.8 (±1.7)
Osteoporosis 8 (0.79%)
Osteopenia 73 (7.2%)

Osteoporosis on at least one site 8 (0.8%)
Osteopenia on at least one site 119 (11.7%)

Fat mass (kg) 60.5 (±17.8)
Lean mass (kg) 55.6 (±14.2)

Fat mass/total weight (%) 51.0% (±6.3)
Android fat mass/Gynoid fat mass 1.6 (±0.7)

Lipodystrophy index 0.8 (±0.3)
Sarcopenia 10.1 (±1.9)

VAT (g) 2407.0 (±1594.0)
Data are presented as n (%) for dichotomous variables, mean (SD) for continuous demographic variables with
normal distribution and median (interquartile range) with the nonnormal distribution. BMI: body mass index;
CT: computed tomography; SBAC-L1: Scanographic bone attenuation coefficient of L1; HU: Hounsfield unit;
DXA: dual-energy X-ray absorptiometry; BMD: bone mineral density; SD: standard deviation; VAT: visceral adipose
tissue. The percentage was calculated based on the available data for each variable. Osteoporosis was defined
by a T-score ≤ −2.5 SD at any measured location, and osteopenia was defined by −2.5 SD < T-score ≤ −1 SD.
Vitamin D deficiency was defined by a level below 30 ng/mL.

3.2. Patients with Both CT and DXA Evaluation within 2 Years (n = 1013)

The mean SBAC-L1 was 194.0 (±69.0) HU; 163 patients (16.1%) had an SBAC-L1 ≤ 145HU.
VF was observed in 22 patients (2.2%). Only 8 patients (0.8%) presented osteoporosis at
least on-site on DXA, and 119 patients (11.7%) an osteopenia (Table 1).

Of these patients with VF, 12 (44.4%) presented an SBAC-L1 ≤ 145 HU, whereas only
one of these patients (3.7%) had osteoporosis on DXA at least one site (on the spine, none
on the femoral neck). Osteopenia at one site was observed in 9 patients (33.3%) (Table 2,
Figure 2). The average time between the exams was 275.4 (±174.4) days. Concerning
voltage, most of the CTs are performed with a 120 kV voltage (min 100 kV—max 140 kV,
adapted to fat mass quantity). The mean slice thickness was 1.80 (±0.91) mm. Voxel size
was not available.

For these patients, an SBAC-L1 ≤ 145 HU was significantly associated with higher age
(OR[CI95] = 1.1 [1.10–1.14]), diabetes (OR[CI95] = 1.9 [1.35–2.68]) and cardiovascular risk
(OR[CI95] = 2.7 [1.84–3.96]) in univariate analysis (Table 2). Tabaco, alcohol and vitamin
D deficiency were not significantly associated with SBAC-L1 status (p = 0.11, 0.07, and
0.5, respectively). Female and patients with high BMI were less likely of having SBAC-
L1 ≤ 145 HU (OR[CI95] = 0.4 [0.27–0.55] and OR[CI95] = 0.9 [0.94–0.99], respectively). An
SBAC-L1≤ 145 HU was also associated with lower BMD or T-score and the presence of
osteopenia at each site (femoral neck, hip, and spine). The presence of osteopenia on the
femoral neck and hip was associated with a higher risk of having an SBAC-L1 ≤ 145 HU
(OR[CI95] = 11.1 [6.45–18.97] and OR[CI95] = 5.6 [2.51–14.48], respectively). Osteoporosis
of the spine was associated with an OR[CI95] = 9 [2.12–38.02]. Higher lean mass was
significantly associated with an SBAC-L1 > 145 HU (OR[CI95] = 1.02 [1.01–1.04]).
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Table 2. Characteristics and comparison of patients with both DXA and CT (<2 years between the
2 exams) according to SBAC-L1 status (n = 1013).

SBAC-L1 Univariate Multivariate
n >145 HU ≤145 HU p Value OR CI 95 p Value OR CI 95

Demographic data 850 patients 163 patients
Age (year) 1013 47.0 (±16.0) 59.0 (±12.0) 0.0001 1.1 [1.10–1.14] 0.0001 1.1 [1.08–1.16]

Sex (women) 1013 678 (79.8%) 98 (60.1%) 0.0001 0.4 [0.27–0.55] 0.6 1.3 [0.47–3.82]
BMI (g/cm2) 1013 44.8 (±8.5) 43.0 (±7.4) 0.01 0.9 [0.9–0.99] 0.0001 0.9 [0.82–0.92]

Diabetes 1013 245 (28.8%) 71 (43.6%) 0.0001 1.9 [1.35–2.68] 0.3 0.8 [0.43–1.32]
Cardiovascular risk factor 1013 460 (54.1%) 124 (76.1%) 0.0001 2.7 [1.84–3.96] 0.8 1.1 [0.61–1.94]

Tabacco
Smokers

Never smokers
981 337 (39.6%)

487 (57.3%)
75 (46.0%)
82 (50.3%)

0.11 1.3 [0.94–1.86]

Alcohol 981 31 (3.6%) 11 (6.7%) 0.07 1.9 [0.95–3.92]
Vitamin D deficiency 922 708 (83.3%) 134 (82.2%) 0.5 0.8 [0.45–1.48]

CT 1013 850 patients 163 patients
Vertebral fractures

(patients) 13 (1.5%) 9 (5.5%) 0.003 3.8 [1.58–8.96]

DXA 1013 850 patients 163 patients
Femoral neck
BMD (g/cm2) 1.120 (±0.14) 0.985 (±0.16) 0.0001 0.001 [0.0001–0.004] 0.03 0.04 [0.005–0.33]
T-score (SD) 1.1 (±1.3) −0.2 (±1.6) 0.0001 0.3 [0.28–0.42]
Osteoporosis 2 (0.2%) 0 (0%)
Osteopenia 25 (2.9%) 40 (24.5%) 0.0001 11.1 [6.45–18.97]

Hip
BMD (g/cm2) 1.189 (±0.14) 1.067 (±0.14) 0.0001 0.002 [0.001–0.009]
T-score (SD) 1.5 (±1.4) 0.3 (±1.3) 0.0001 0.4 [0.30–0.45]
Osteoporosis 0 (0%) 0 (0%)
Osteopenia 10 (1.2%) 11 (6.7%) 0.0001 6.0 [2.51–14.48]

Spine (L1-L4)
BMD (g/cm2) 1.295 (±0.15) 1.159 (±0.14) 0.0001 0.001 [0.0001–0.006] 0.0001 0.001 [0.0001–0.008]
T-score (SD) 1.0 (±1.5) −0.2 (±1.3) 0.0001 0.4 [0.38–0.53]
Osteoporosis 3 (0.4%) 5 (3.1%) 0.003 9.0 [2.12–38.02]
Osteopenia 39 (4.6%) 34 (20.9%) 0.0001 5.6 [3.41–9.30]

Osteoporosis on at least on
site 3 (0.4%) 5 (3.1%) 0.003 8.9 [2.11–37.68]

Osteopenia on at least one
site 60 (7.1%) 59 (36.2%) 0.0001 7.8 [5.12–11.91]

Fat mass (kg) 60.9 (±17.8) 59.3 (±19.3) 0.09 0.99 [0.98–1.00]
Lean mass (kg) 55.4 (±13.4) 57.9 (±20.2) 0.007 1.02 [1.01–1.04] 0.002 1.1 [1.03–1.13]

Fat mass/total weight (%) 51.2% (±6.2) 49.4% (±7.9) 0.0001 0.94 [0.92–0.97]
Android fat mass/Gynoid

fat mass 1.6 (±0.7) 1.8 (±0.8) 0.001 2.3 [1.69–3.08]

Lipodystrophy index 0.8 (±0.3) 0.6 (±0.3) 0.0001 0.068 [0.026–0.180] 0.9 1.1 [0.18–7.47]
Sarcopenia 10.1 (±1.9) 10.4 (±2.1) 0.39 1.05 [0.94–1.18]

VAT (g) 2301.5
(±1472.8)

3104.0
(±2372.0) 0.0001 1 [1–1.001] 0.02 1 [1.0–1.001]

BMI: body mass index; GBP: gastric bypass; SADI: single anastomosis duodeno-ileal bypass; CT computed
tomography; SBAC-L1: Scanographic bone attenuation coefficient of L1; HU: Hounsfield unit; DXA: dual-energy
X-ray absorptiometry; BMD: bone mineral density; SD: standard deviation; VAT: visceral adipose tissue. The per-
centage was calculated based on the available data for each variable. The results in bold are statistically significant
(p < 0.05). For the multivariate analysis, all significant variables in the univariate analysis were included. For the
bone study on DXA, BMD and T-score were interdependent; therefore, for univariate analysis, we decided to
include only the BMD for each studied location. Data are presented as n (%) for dichotomous variables, mean
(SD) for continuous demographic variables with normal distribution and median [interquartile range] with the
nonnormal distribution. Osteoporosis was defined by a T-score ≤ −2.5 SD at any measured location, and osteope-
nia was defined by −2.5 SD < T-score ≤ −1 SD. Vitamin D deficiency was defined by a level below 30 ng/mL.
Only significant variables from the univariate analysis were included in the multivariate analysis; variables with
missing data were not included (like VF, smoking status, alcohol et vitamin D); osteopenia, osteoporosis and
T-score were not included because they are associated with BMD; ratio variables were also excluded.

For the multivariate analysis (Table 2), all significant variables in the univariate anal-
ysis were included. The risk of developing SBAC-L1 ≤ 145 HU increased when age
increased (OR[CI95] = 1.1 [1.08–1.16]), when femoral neck and spinal BMD decreased
(OR[CI95] = 0.04 [0.005–0.33] and OR[CI95] = 0.001 [0.0001–0.008], respectively), and when
lean body mass increased (OR[CI95] = 1.1 [1.03–1.13]). Higher BMI was a protective factor
for SBAC-L1 ≤ 145 HU, with an OR of 0.9 [0.82–0.92]. The presence of diabetes or cardio-
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vascular risk factors was not significantly associated with an SBAC-L1 under the threshold
of 145 HU in multivariate analysis.
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Age (year) 1013 47.0 (±16.0) 59.0 (±12.0) 0.0001 1.1 [1.10–1.14] 0.0001 1.1 [1.08–1.16] 
Sex (women) 1013 678 (79.8%) 98 (60.1%) 0.0001 0.4 [0.27–0.55] 0.6 1.3 [0.47–3.82] 
BMI (g/cm²) 1013 44.8 (±8.5) 43.0 (±7.4) 0.01 0.9 [0.9–0.99] 0.0001 0.9 [0.82–0.92] 

Diabetes 1013 245 (28.8%) 71 (43.6%) 0.0001 1.9 [1.35–2.68] 0.3 0.8 [0.43–1.32] 
Cardiovascular risk fac-

tor 1013 460 (54.1%) 124 (76.1%) 0.0001 2.7 [1.84–3.96] 0.8 1.1 [0.61–1.94] 

Tabacco 
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Never smokers 
981 
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75 (46.0%) 
82 (50.3%) 

0.11 1.3 [0.94–1.86]    

Alcohol 981 31 (3.6%) 11 (6.7%) 0.07 1.9 [0.95–3.92]    
Vitamin D deficiency 922 708 (83.3%) 134 (82.2%) 0.5 0.8 [0.45–1.48]    

CT 1013 850 patients 163 patients     
Vertebral fractures (pa-

tients) 
 13 (1.5%) 9 (5.5%) 0.003 3.8 [1.58–8.96]    

DXA 1013 850 patients 163 patients    
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Figure 2. Distribution of patients with VF according to the bone fragility assessment method (SBAC-
L1 ≤ 145 HU for A and C and T-score ≤ −2.5 SD for B). DXA: dual-energy X-ray absorptiometry;
CT: computed tomography; SBAC-L1: Scanographic bone attenuation coefficient. (A): Distribution of
patients with VF according to the SBAC-L1 threshold (CT evaluation). (B): Distribution of patients
with VF according to the femoral neck T-score (DXA evaluation). (C): Distribution of SBAC-L1 for
patients with or without VF.

3.3. Discordance Analysis between CT and DXA

Three patients were considered osteoporotic at the spine on DXA but had an
SBAC-L1 > 145 HU (151, 192, and 202 HU); these patients were two women aged 60 years
and one man aged 30 years; their mean BMI was 45 (±6.4) kg/m2. All were diabetic, two
were smokers, and two had vitamin D deficiency. Two of them also had a T-score ≤ −2.5 SD
at the femoral neck. None of them had a vertebral fracture on CT.

In contrast, 149 patients had an SBAC-L1 ≤ 145 HU but had no osteoporosis (at any
site) on DXA, and 92 patients had a normal BMD (no osteoporosis and no osteopenia) at
any site. There were 43 men and 49 women. Two (2.2%) of them had VF. The mean age was
57 (±7.8) years, the mean BMI was 44.2 (±6.3) kg/m2, 44.6% (n = 41) were smokers, 81.5%
(n = 75) had vitamin D deficiency, and 41.3% (n = 38) were diabetic.

The correlation coefficient was 0.48 (CI95 = 0.43–0.53) between femoral neck T-score
and SBAC-L1 and 0.43 (CI95 = 0.36–0.49) between femoral neck BMD and SBAC-L1; 0.46
(CI95 = 0.40–0.51) between spine T-score and SBAC-L1 and 0.42 (CI95 = 0.37–0.48) between
spine BMD and SBAC-L1 (Pearson coefficient was used for BMD and Spearman’s rho for
T-score, according to the variables distribution). So, the correlation was poor but positive.

4. Discussion

This study evaluated the prevalence of bone fragility on DXA (T-score ≤ −2.5 SD)
and CT (SBAC-L1 ≤ 145 HU) and the prevalence of VF on CT in patients with severe
and morbid obesity before bariatric surgery. To our knowledge, this is the first study to
investigate bone fragility on CT in a population with grade 2 and 3 obesity.

In our study, among the 1013 patients who underwent both DXA and CT within two
years, 0.8% were considered osteoporotic, and 11.7% had a low bone mass on DXA. This
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percentage was lower than those observed in the literature, with a prevalence varying from
1.8% to 8% for osteoporosis [22,23] and from 29% to 51.6% for low bone mass [10,22,24].
Using the SBAC-L1, 17% of the patients had an SBAC-L1 under the threshold of 145 HU;
these results suggest an underestimation of the bone risk in patients with obesity through
DXA. CT seems to be more sensitive in this population for bone fragility screening using
the SBAC-L1. In view of the discordances between CT and DXA, we did not find any
relation between T-scores and SBAC-L1. This lack of relationship could be explained by
the difference in terms of measure between the 2 exams. CT excluded cortical bone and
is less influenced by the body fat, and the values obtained are more representative of the
real bone density than those obtained by DXA. Moreover, one advantage of CT compared
to DXA is its ability to accurately identify unsuspected osteoporotic vertebral fractures,
which clearly diagnoses osteoporosis independent of the patient’s DXA T-score. DXA
remains the gold standard examination for osteoporosis screening, but it may not be the
most reliable examination in patients with obesity [24,25] because BMD measurement may
introduce errors due to increased body fat [25]. The SBAC-L1 measure is an alternative
to specifically exploring trabecular bone while avoiding the cortical bone. The threshold
of 145 HU was used because it allowed the best compromise between sensitivity and
specificity in a general population [14], but no study has been previously conducted in a
population with obesity. This population may have been a bit young to expect a detectable
level of bone degradation that would be classified by DXA as osteoporosis or osteopenia; it
makes a stronger case for the use of CT evaluation for early bone fragility and fracture risk.
However, CT is not feasible just to explore bone fragility unless there is vertebral fracture
suspicion. This examination is expansive and exposes the patient to too much radiation
compared to DXA. However, CTs are very frequently performed for other indications, so
we can use them opportunistically to screen patients at risk of bone fragility. In the future,
a new low-dose spine CT could offer a new approach to detecting vertebral fractures and
measuring SBAC-L1.

For VF evaluation, 27 patients (2.3%) among 1179 who underwent CT had at least
one VF on CT for a total of 41 VFs. Among them, 40.9% had low bone mass, 4.5% were
osteoporotic on DXA and 44.4% had an SBAC-L1 under the threshold of 145 HU; these
results are in accordance with the literature, with a percentage of VF ranging from 0.6 to
4.2% [26].

In multivariate analysis, all significant variables in univariate analysis were included.
sex and diabetes were not associated with an SBAC-L1 ≤ 145 HU. Similar results are found
in the literature [2,19]. Diabetes appeared to be a confounding factor that may be related
to age or BMI [24]. An SBAC-L1 ≤ 145 HU was statistically significantly associated with
older age (OR(CI95) = 1.1 [1.08–1.16]) and lower BMI (OR(CI95) = 0.9 [0.82–0.92]) and
with higher lean mass (OR(CI95) = 1.1 [1.03–0.1.13]). In the literature, BMI is sometimes
considered a risk factor for osteoporotic fractures [23,24,27] and is sometimes considered
protective [11]. High fat mass was previously associated with a higher prevalence of
bone fragility on DXA [23,24,27]. This may be explained by reduced mobility, higher
fall frequency, inflammatory stress, inadequate levels of leptin, adiponectin, and ghrelin,
hypoestrogenism and hyperinsulinism, storage of vitamin D in adipose tissue, and elevated
levels of parathyroid hormone [28,29]. An SBAC-L1 ≤ 145 HU was also associated with a
lower BMD on the spine and femoral neck. A high fat mass has been associated with many
factors that could affect bone health and fragility, but the results did not show a strong
influence of BMI on the SBAC-L1.

The presence of VF was significantly associated with an SBAC-L1 ≤ 145 HU in univari-
ate analysis but was not studied in multivariate analysis because of the small number of
events in our population. Unfortunately, any studies could be performed according to the
presence or absence of VF due to the small number of patients with VF. Furthermore, any
comparison between patients with or without osteoporosis on DXA could be performed
due to the low number of patients with osteoporosis (only 3 patients).
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The correlation between DXA and CT was positive but poor. This lack of relationship
could be explained by the difference in term of measure, between the 2 exams. CT excluded
cortical bone and is less influenced by the body fat mass, and is more representative of
the real bone mass, than DXA. Moreover, one advantage of CT compared to DXA is its
ability to accurately identify unsuspected osteoporotic vertebral fractures, which clearly
diagnoses osteoporosis independent of the patient’s DXA T-score.

Our study had some limitations. The first limitation was the retrospective nature of
the study, which led to a lack of available data in the clinical records. For example, we did
not have all the data concerning risk factors for osteoporosis, such as menopausal status,
specific treatment for osteoporosis or previous fracture, which were not always mentioned
in the medical records. Fractures were collected by blinded CT reading, so we had no
clinical data on the traumatic or nontraumatic context. Our morphological examination
focused on the available vertebrae from T10 to S1 in 95% of cases (877 abdominopelvic CT);
therefore, evaluation of the thoracic spine was unavailable. The risk of underestimating the
prevalence of VF must be taken into account; however, we know that a large proportion
of osteoporotic VF occur at the thoracolumbar junction [20]. Data on weight changes over
time between DXA and CT were not available. DXA and CT allowed only a quantitative
bone evaluation. No qualitative study of the bone could be performed with these exams.

The strengths of this work are the large number of included patients and the ability to
conduct a bone fragility evaluation without incurring additional costs, radiation, or time.

5. Conclusions

We showed for the first time in a large population of patients with grade 2 and 3
obesity that 17% of the population had an SBAC-L1 under the threshold of 145 HU, while
less than 1% were classified as osteoporotic on DXA. Risk factors for SBAC-L1 ≤ 145 HU
were older age, lower BMI, low BMD at the femoral neck or spine and high lean mass; these
results suggest an underestimated risk of bone fragility in this population with DXA.

SBAC-L1 measurement may be a complementary alternative to exploring bone fragility
in patients with obesity without artifacts due to fat mass. Further analysis could be
performed on CT to assess bone fragility (defined by a SBAC-L1 under 145 HU) in patients
with obesity after bariatric surgery.

In the future, new low dose spine CT could offer a new approach to detecting vertebral
fracture and measuring SBAC-L1. CTs are very frequently performed for other indications,
so we can use them opportunistically to screen patients at risk of bone fragility.

Author Contributions: Conceptualization, M.F., D.Q. and D.L.; Data curation, M.F. and M.H.; Formal
analysis, E.A. (Edem Allado) and E.A. (Eliane Albuisson); Investigation, M.F. and M.H.; Methodology,
M.F., E.A. (Edem Allado), D.Q., L.B., E.A. (Eliane Albuisson) and D.L.; Project administration, M.F.;
Supervision, D.Q., L.B., E.A. (Eliane Albuisson), I.C.-V. and D.L.; Validation, M.F., D.Q., L.B., I.C.-V.
and D.L.; Writing—original draft, M.F. and M.H.; Writing—review & editing, M.F., M.H., E.A. (Edem
Allado), D.Q., L.B., E.A. (Eliane Albuisson), I.C.-V. and D.L. All authors have read and agreed to the
published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: This study was registered to the Information Technology
and Freedoms Commission for the University Hospital of Nancy and was designed in accordance
with the general ethical principles outlined in the Declaration of Helsinki. The protocol of this study
was approved by the Information Technology and Freedoms Commission for the University Hospital
of Nancy. All patients gave their consent before surgery for the use of their medical data for future
research. The study was registered with clinical trial identifier N◦ NCT04174495.

Informed Consent Statement: All patients gave their consent for the use of their medical data from
the time period they received medical care at the University Hospital. Informed consent was obtained
from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.



J. Clin. Med. 2022, 11, 6114 10 of 11

Conflicts of Interest: The authors declare no conflict of interest.

References
1. WHO. Physical Status: The Use of and Interpretation of Anthropometry, Report of a WHO Expert Committee; 1995, Volume 854,

pp. 1–452.
2. Cheng, H.L.; Medlow, S.; Steinbeck, K. The Health Consequences of Obesity in Young Adulthood. Curr. Obes. Rep. 2016, 5, 30–37.

[CrossRef] [PubMed]
3. MeMechanick, J.I.; Youdim, A.; Jones, D.B.; Garvey, W.T.; Hurley, D.L.; McMahon, M.M.; Heinberg, L.J.; Kushner, R.; Adams, T.D.;

Shikora, S.; et al. Clinical practice guidelines for the periop-erative nutritional, metabolic, and nonsurgical support of the bariatric
surgery patient—2013 update: Cosponsored by American Association of Clinical Endocrinologists, The Obesity Society, and
American Society for Metabolic & Bariatric Surgery. Obesity 2013, 21 (Suppl. 1), S1–S27.

4. NCD Risk Factor Collaboration (NCD-RisC). Worldwide trends in body-mass index, underweight, overweight, and obesity from
1975 to 2016: A pooled analysis of 2416 population-based measurement studies in 128·9 million children, adolescents, and adults.
Lancet 2017, 390, 2627–2642. [CrossRef]

5. Assessment of fracture risk and its application to screening for postmenopausal osteoporosis. Report of a WHO Study Group.
World Health Organ Tech Rep. Ser. 1994, 843, 1–129.

6. Briot, K.; Roux, C.; Thomas, T.; Blain, H.; Buchon, D.; Chapurlat, R.; Debiais, F.; Feron, J.M.; Gauvain, J.B.; Guggenbuhl, P.; et al.
2018 update of French recommendations on the management of postmenopausal osteoporosis. Jt. Bone Spine 2018, 85, 519–530.
[CrossRef] [PubMed]

7. Oberlin, P.; Mouquet, M.-C. Quel Risque De DécÈs Un an Après Une Fracture Du Col Du FÉmur? Direction de la Recherche, des
Études, de L'Évaluation et des Statistiques: Paris, France, 2016; Volume 6.

8. Yu, E.W. Bone metabolism after bariatric surgery. J. Bone Miner. Res. 2014, 29, 1507–1518. [CrossRef]
9. Scibora, L.M.; Ikramuddin, S.; Buchwald, H.; Petit, M.A. Examining the Link Between Bariatric Surgery, Bone Loss, and

Osteoporosis: A Review of Bone Density Studies. Obes. Surg. 2012, 22, 654–667. [CrossRef]
10. Premaor, M.O.; Pilbrow, L.; Tonkin, C.; A Parker, R.; Compston, J. Obesity and fractures in postmenopausal women. J. Bone Miner.

Res. 2010, 25, 292–297. [CrossRef] [PubMed]
11. Johansson, H.; Kanis, J.A.; Odén, A.; McCloskey, E.; Chapurlat, R.D.; Christiansen, C.; Cummings, S.R.; Diez-Perez, A.; Eisman,

J.A.; Fujiwara, S.; et al. A Meta-Analysis of the Association of Fracture Risk and Body Mass Index in Women. J. Bone Miner. Res.
2013, 29, 223–233. [CrossRef] [PubMed]

12. Zhang, Q.; Chen, Y.; Li, J.; Chen, D.; Cheng, Z.; Xu, S.; Huang, Y.; Wang, Q. A meta-analysis of the effects of bariatric surgery on
fracture risk. Obes. Rev. 2018, 19, 728–736. [CrossRef] [PubMed]

13. Gregson, C.; for the GLOW Investigators; Dennison, E.; Compston, J.E.; Adami, S.; Adachi, J.D.; Anderson, F.A.; Boonen, S.;
Chapurlat, R.; Diez-Perez, A.; et al. Disease-specific perception of fracture risk and incident fracture rates: GLOW cohort study.
Osteoporos. Int. 2014, 25, 85–95. [CrossRef] [PubMed]

14. Pickhardt, P.J.; Pooler, B.D.; Lauder, T.; Del Rio, A.M.; Bruce, R.J.; Binkley, N. Opportunistic Screening for Osteoporosis Using
Abdominal Computed Tomography Scans Obtained for Other Indications. Ann. Intern. Med. 2013, 158, 588–595. [CrossRef]
[PubMed]

15. Perrier-Cornet, J.; Omorou, A.Y.; Fauny, M.; Loeuille, D.; Chary-Valckenaere, I. Opportunistic screening for osteoporosis using
thoraco-abdomino-pelvic CT-scan assessing the vertebral density in rheumatoid arthritis patients. Osteoporos. Int. 2019, 30,
1215–1222. [CrossRef]

16. Fauny, M.; Albuisson, E.; Bauer, E.; Perrier-Cornet, J.; Chary-Valckenaere, I.; Loeuille, D. Study of vertebral fracture and Scano-
graphic Bone Attenuation Coefficient in rheumatoid arthritis and ankylosing spondylitis vs. controls. Sci. Rep. 2019, 9, 13323.
[CrossRef] [PubMed]

17. Fauny, M.; Bauer, E.; Albuisson, E.; Perrier-Cornet, J.; Deibener, J.; Chabot, F.; Mandry, D.; Huttin, O.; Chary-Valckenaere, I.;
Loeuille, D. Vertebral fracture prevalence and measurement of the scanographic bone attenuation coefficient on CT-scan in
patients with systemic sclerosis. Rheumatol. Int. 2018, 38, 1901–1910. [CrossRef]

18. Pickhardt, P.J.; Lee, S.; Liu, J.; Yao, J.; Lay, N.; Graffy, P.M.; Summers, R.M. Population-based opportunistic osteoporosis screening:
Validation of a fully automated CT tool for assessing longitudinal BMD changes. Br. J. Radiol. 2019, 92, 20180726. [CrossRef]
[PubMed]

19. Jang, S.; Graffy, P.M.; Ziemlewicz, T.J.; Lee, S.J.; Summers, R.M.; Pickhardt, P.J. Opportunistic Osteoporosis Screening at Routine
Abdominal and Thoracic CT: Normative L1 Trabecular Attenuation Values in More than 20,000 Adults. Radiology 2019, 291,
360–367. [CrossRef]

20. Alpantaki, K.; Bano, A.; Pasku, D.; Mavrogenis, A.F.; Papagelopoulos, P.J.; Sapkas, G.S.; Korres, D.S.; Katonis, P. Thoracolumbar
burst fractures: A systematic review of management. Orthopedics 2010, 33, 422–429. [CrossRef]

21. Genant, H.K.; Wu, C.Y.; van Kuijk, C.; Nevitt, M.C. Vertebral fracture assessment using a semiquantitative technique. J. Bone
Miner. Res. 1993, 8, 1137–1148. [CrossRef]

22. Greco, E.A.; Fornari, R.; Rossi, F.; Santiemma, V.; Prossomariti, G.; Annoscia, C.; Aversa, A.; Brama, M.; Marini, M.; Donini,
L.M.; et al. Is obesity protective for osteoporosis? Evaluation of bone mineral density in individuals with high body mass index.
Int. J. Clin. Pract. 2010, 64, 817–820. [CrossRef]

http://doi.org/10.1007/s13679-016-0190-2
http://www.ncbi.nlm.nih.gov/pubmed/26830309
http://doi.org/10.1016/S0140-6736(17)32129-3
http://doi.org/10.1016/j.jbspin.2018.02.009
http://www.ncbi.nlm.nih.gov/pubmed/29654947
http://doi.org/10.1002/jbmr.2226
http://doi.org/10.1007/s11695-012-0596-1
http://doi.org/10.1359/jbmr.091004
http://www.ncbi.nlm.nih.gov/pubmed/19821769
http://doi.org/10.1002/jbmr.2017
http://www.ncbi.nlm.nih.gov/pubmed/23775829
http://doi.org/10.1111/obr.12665
http://www.ncbi.nlm.nih.gov/pubmed/29334691
http://doi.org/10.1007/s00198-013-2438-y
http://www.ncbi.nlm.nih.gov/pubmed/23884437
http://doi.org/10.7326/0003-4819-158-8-201304160-00003
http://www.ncbi.nlm.nih.gov/pubmed/23588747
http://doi.org/10.1007/s00198-019-04931-w
http://doi.org/10.1038/s41598-019-49712-x
http://www.ncbi.nlm.nih.gov/pubmed/31527613
http://doi.org/10.1007/s00296-018-4139-5
http://doi.org/10.1259/bjr.20180726
http://www.ncbi.nlm.nih.gov/pubmed/30433815
http://doi.org/10.1148/radiol.2019181648
http://doi.org/10.3928/01477447-20100429-24
http://doi.org/10.1002/jbmr.5650080915
http://doi.org/10.1111/j.1742-1241.2009.02301.x


J. Clin. Med. 2022, 11, 6114 11 of 11

23. Hsu, Y.-H.; A Venners, S.; A Terwedow, H.; Feng, Y.; Niu, T.; Li, Z.; Laird, N.; Brain, J.D.; Cummings, S.R.; Bouxsein, M.L.; et al.
Relation of body composition, fat mass, and serum lipids to osteoporotic fractures and bone mineral density in Chinese men and
women. Am. J. Clin. Nutr. 2006, 83, 146–154. [CrossRef] [PubMed]

24. Oldroyd, A.; Mitchell, K.; Bukhari, M. The prevalence of osteoporosis in an older population with very high body mass index:
Evidence for an association. Int. J. Clin. Pract. 2014, 68, 771–774. [CrossRef]

25. Lespessailles, E.; Paccou, J.; Javier, R.-M.; Thomas, T.; Cortet, B.; GRIO Scientific Committee. Obesity, Bariatric Surgery, and
Fractures. J. Clin. Endocrinol. Metab. 2019, 104, 4756–4768. [CrossRef] [PubMed]

26. Kaze, A.D.; Rosen, H.N.; Paik, J.M. A meta-analysis of the association between body mass index and risk of vertebral fracture.
Osteoporos. Int. 2017, 29, 31–39. [CrossRef]

27. Kim, K.-C.; Shin, D.-H.; Lee, S.-Y.; Im, J.-A.; Lee, D.-C. Relation between Obesity and Bone Mineral Density and Vertebral Fractures
in Korean Postmenopausal Women. Yonsei Med. J. 2010, 51, 857–863. [CrossRef] [PubMed]

28. Obésité et Ostéoporose. Available online: https://www.edimark.fr/lettre-rhumatologue/obesite-osteoporose (accessed on
25 February 2022).

29. Cortet, B.; Roux, C. Obésité et ostéoporose. Rev. Rhum. Monogr. 2016, 83, 25–28. [CrossRef]

http://doi.org/10.1093/ajcn/83.1.146
http://www.ncbi.nlm.nih.gov/pubmed/16400063
http://doi.org/10.1111/ijcp.12371
http://doi.org/10.1210/jc.2018-02084
http://www.ncbi.nlm.nih.gov/pubmed/30901056
http://doi.org/10.1007/s00198-017-4294-7
http://doi.org/10.3349/ymj.2010.51.6.857
http://www.ncbi.nlm.nih.gov/pubmed/20879051
https://www.edimark.fr/lettre-rhumatologue/obesite-osteoporose
http://doi.org/10.1016/j.monrhu.2015.09.003

	Introduction 
	Materials and Methods 
	Population 
	DXA Evaluation 
	CT Evaluation 
	Vertebral Facture 
	Ethics Approval 
	Statistical Analysis 

	Results 
	Population 
	Patients with Both CT and DXA Evaluation within 2 Years (n = 1013) 
	Discordance Analysis between CT and DXA 

	Discussion 
	Conclusions 
	References

