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A B S T R A C T   

Purpose: The aim of this longitudinal study was to assess trabecular bone scores (TBS) in institutionalized adults 
with refractory epilepsy and intellectual disability and to study the association of TBS and incident fractures 
during seven years of follow-up. 
Methods: In 2009 and 2016, all institutionalized adult patients of a long-stay care facility in the Netherlands 
(n=261) were invited to undergo a dual-energy X-ray absorptiometry (DXA) including vertebral fracture 
assessment (VFA) and assessment of TBS. Vertebrae T4-L4 were analyzed using quantitative morphometry. New 
and worsening vertebral fractures (VFs) were considered as incident VFs. Data regarding clinical fractures were 
extracted from the medical files. Patients were treated with anti-osteoporosis medication according to the Dutch 
guideline. 
Results: Baseline and follow-up DXA, VFA and TBS could be obtained in 136 patients (83 male) aged between 18 
and 79 years old (44.7±15.5). At baseline, 36 patients (26.5%) were diagnosed with osteoporosis, 68 (50.0%) 
with osteopenia and 32 patients (23.5%) had a normal bone mineral density (BMD). As for TBS, 26 patients 
(19.1%) had a partially degraded microarchitecture and 26 patients (19.1%) a degraded microarchitecture. 
During seven years of follow-up, 80 patients (59%) sustained at least one fracture, of which 28 patients (35%) 
had one or more major osteoporotic fractures. Thirty-four patients (25.0%) had at least one new or worsening 
morphometric VF. Compared to baseline, TBS significantly decreased over seven years of follow-up in non- 
treated patients (-0.039±0.064, p<.001). In patients who were treated with bisphosphonates for more than 
one year during follow-up, TBS did not change significantly (p=.093). In multivariate analyses, no significant 
associations were found between TBS at baseline and incident fractures during follow-up. 

Abbreviations: BMD, Bone mineral density; BMI, Body mass index; BP, Bisphosphonates; DXA, Dual-energy X-ray Absorptiometry; FN, Femoral neck; IC, Informed 
Consent; IQ, Intelligence quotient; IQR, Interquartile range; MOF, Major osteoporotic fracture; SD, Standard deviation; TBS, Trabecular bone score; TH, Total hip; 
VFA, Vertebral Fracture Assessment; VF, Vertebral fracture. 
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Conclusion: In this study, we found a high incidence of fractures and TBS decreased significantly over seven years 
of follow-up in non-treated institutionalized adult patients with refractory epilepsy and intellectual disability, but 
TBS was not associated with incident fractures.   

1. Introduction 

Osteoporosis is defined as “a systemic skeletal disorder characterized 
by a low bone mass and microarchitectural deterioration of bone tissue, 
with a subsequent increase in bone fragility and susceptibility to frac-
ture” [1]. The current gold standard for diagnosing osteoporosis is the 
assessment of bone mineral density (BMD) by using a dual-energy x-ray 
absorptiometry scan (DXA). In 2019, the prevalence of osteoporosis in 
Europe was estimated at 32.0 million people; 5.6% of the total popu-
lation [2]. A high prevalence of osteopenia, osteoporosis (48% and 32%, 
respectively) and a high fracture risk has been reported in patients with 
refractory epilepsy and intellectual disability (ID) residing in a 
long-term care facility [3,4]. In these patients, the long-term exposure to 
multiple antiseizure drugs may attribute to decreased BMD [5–7]. 
Although BMD is a key determinant of bone strength and therefore 
fracture risk, the proportion of non-osteoporotic patients with fractures, 
is substantial [8]. Another determinant of bone strength is micro-
architecture of the bone. 

With the development of the trabecular bone score (TBS), a non- 
invasive, gray-level textural measurement of bone microarchitecture, 
derived from lumbar spine DXA images [9], it is feasible to study 
trabecular architecture on previously obtained DXA images. Measure-
ment of TBS enables physicians to differentiate between patients who 
have similar BMDs, but different microarchitectures of the bone [10,11]. 
Lumbar spine TBS, in combination with BMD measurement, has been 
shown to improve fracture risk prediction as compared to the mea-
surement of BMD alone [12–14]. In several patient groups, the use of 
TBS has been well established; it has been shown to be associated with 
fractures in patients with primary osteoporosis and secondary osteopo-
rosis caused by diabetes, rheumatoid arthritis, chronic kidney disease, 
adrenal incidentaloma, HIV, primary hyperparathyroidism and in pa-
tients on long-term glucocorticoid therapy [15,16]. To our knowledge, 
TBS has not been studied (longitudinally) in patients with epilepsy, who 
are on chronic antiseizure drug treatment and have an estimated 2- to 
6-fold increased risk of fractures [7]. 

We therefore aimed to study the bone microarchitecture obtained 
from lumbar spine DXA images by TBS in institutionalized adults with 
refractory epilepsy and intellectual disability, as well as the association 
of TBS with incident fractures during seven years of follow-up. 

2. Material and Methods 

2.1. Study population 

This retrospective cohort study was conducted at the long-stay care 
department of a tertiary care facility for patients with epilepsy in the 
Netherlands. All patients had a diagnosis of epilepsy and the majority 
(99%) had a mild to profound ID. Physical disabilities, including motor 
and visual impairments were common. 

In 2009 and 2016, all adult patients of 18 years or older (n=261) 
were invited to participate in a study regarding bone status, including 
DXA measurements and a Vertebral Fracture Assessment (VFA). The 
study was conducted in accordance with the Declaration of Helsinki and 
was approved by the local medical ethical committee of Epilepsy Center 
Kempenhaeghe, Heeze (NL26095.068.09). A total of 205 patients and/ 
or their legal representatives (78.5%) provided informed consent (47 
declined and 9 did not respond). All patients were accompanied by a 
familiar nurse and/or family member during measurements and pro-
cedures were stopped when a patient refused or showed significant signs 
of resistance. For this study, patients were excluded if lumbar spine DXA 

or VFA was missing at baseline or follow-up. 
Patients were prescribed treatment with oral bisphosphonates in 

accordance with the national guidelines [17,18]; in case of a diagnosis of 
osteoporosis or osteopenia in combination with a vertebral fracture 
grade two or three. Additionally, patients were prescribed supplemen-
tation of calcium and vitamin D, if indicated. None of the study partic-
ipants were treated with denosumab, strontium ranelate, raloxifene, 
teriparatide or recombinant parathyroid hormone during follow-up. 

3. Study design and data collection 

3.1. DXA 

BMD measurements of lumbar spine (L1-L4), femoral neck and total 
hip were performed by DXA (Hologic Discovery W/A). BMD values were 
expressed as the amount of mineral (in gram) divided by the area that 
was scanned (in cm2). An individual’s BMD was compared to a sex- 
matched reference database (as provided by the manufacturer), con-
taining peak bone mass values of a healthy population. The T-score is the 
number of standard deviations (SD) below or above the mean of this 
reference population. In accordance with the classification of the World 
Health Organization (WHO), a T-score of -1.0 or above at one of the 
three locations was considered as normal BMD, a T-score between -1.0 
and -2.5 as osteopenia and a T-score of -2.5 or below as osteoporosis 
[19]. 

3.2. VFA 

All scans were evaluated in a random order by one trained staff 
member, who was blinded for previous scan outcomes. VFA started with 
the identification of the evaluable vertebrae between T4 and L4 on 
lateral DXA images. Vertebrae with deformities or artifacts were 
excluded from analysis. A vertebra was considered evaluable if the 
posterior and anterior cortices and both endplates were fully and clearly 
visible. If this was not the case, the vertebra was not evaluated. Subse-
quently, vertebrae with deformities, e.g. degenerative changes or 
Scheuermann’s disease, were excluded. All evaluable vertebrae were 
morphometrically assessed with measurement of the anterior, middle 
and posterior height. Following the method as described by Genant 
et al., vertebrae were classified as no VF (less than 20% height reduc-
tion), mild VF (grade 1; 20-24% height reduction), moderate VF (grade 
2; 25-39% height reduction) or severe VF (grade 3; ≥40% height 
reduction) [20]. New VFs were defined as VFs (grade 1, 2 or 3) present at 
follow-up, but not at baseline. Worsening VFs were defined as VFs with 
at least one grade deterioration at follow-up, compared to baseline (from 
grade 1 to 2 or 3, or from grade 2 to 3). Both new and worsening VFs 
during follow-up, were considered as incident VFs. 

3.3. TBS 

All DXA spine images were reanalyzed to obtain TBS data, using TBS 
iNsight software version V3.03 (Medimaps Group, Geneva, 
Switzerland). Each vertebra between L1 and L4 was assessed and mean 
TBS was calculated. Vertebrae that were excluded from BMD or VFA 
analysis (due to the presence of a VF or artifacts), were also excluded 
from TBS analysis. For the analysis, the trabecular microstructure is 
projected onto a plane, generating a 2D image with pixel-to-pixel gray- 
level variations. A variogram (calculated as the sum of the squared gray- 
level differences between pixels at a specific distance) can estimate a 3D 
structure. TBS (unitless) is then calculated as the slope of the log-log 
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transform of the variogram, where the slope characterizes the rate of 
gray-level amplitude variations [21]. A TBS value of 1.310 or above was 
considered as normal microarchitecture, a TBS value between 1.230 and 
1.310 as partially degraded microarchitecture and values below 1.230 as 
degraded microarchitecture [22]. 

3.4. Clinical fractures 

The patients’ medical records were screened for clinical fractures 
(using fracture-related search terms, i.e. ‘#’, ‘breuk’, ‘gebroken’, 
‘fractu*’), as well as radiology reports of the hospital patients were 
referred to. Clinical fractures were classified according to the ICD-10. 
Major osteoporotic fractures (MOF) were defined as fractures of hip 
(S72.0-S72.2), clinical spine (S12, S22.0-S22.1, S32.0-S32.2, S32.7- 
S32.8), forearm (S52) and proximal humerus (S42.2-S42.4) [23]. 

3.5. Statistical analysis 

The primary outcome of this study is the assessment of TBS. Baseline 
and follow-up measurements of TBS and BMD and changes over seven 
years are given. A subgroup analysis for bisphosphonate use (no use vs 
more than one year during follow-up) was performed using Student’s t- 
tests. Odds ratios were calculated to study the association between TBS 
and fractures, with adjustment for age, BMD of femoral neck, prevalent 
VF and body mass index (BMI) at baseline. 

Data are presented as means (±SD), medians (interquartile range, 
IQR) or as frequencies (percentages). All outcomes were analyzed using 
SPSS version 27 (IBM Corporation, UK). Statistical tests were two-tailed 
with a level of significance of .05. 

4. Results 

A total of 136 patients (83 male, 61%) aged between 18-79 years 
(mean 44.7±15.5) were eligible for analysis. Baseline characteristics of 
the study participants are summarized in Table 1. Most patients were 
able to walk, with (7.4%) or without aid (71.3%). The rest of the patients 

(21.3%) were wheelchair dependent. The majority of the patients 
(88.2%) were on polytherapy with antiseizure drugs. At baseline, 118 
patients (86.8%) were prescribed one or more enzyme-inducing drugs 
(carbamazepine, phenobarbital, phenytoin, oxcarbazepine and/or top-
iramate). Non-enzyme-inducing drugs (clobazam, clonazepam, etho-
suximide, felbamate, gabapentin, lacosamide, lamotrigine, 
levetiracetam, pregabalin, valproic acid, vigabatrin and/or zonisamide) 
were prescribed in 115 patients (84.6%). A total of 101 patients (74.3%) 
were prescribed both. Most prescribed were carbamazepine (62.5%), 
valproic acid (44.9%) and clobazam (40.4%). At baseline, 14 patients 
(10.3%) were prescribed calcium supplements, 9 patients (6.6%) 
vitamin D supplements and 9 patients (6.6%) were prescribed both. 
Eighty patients (58.8%) had not been treated with bisphosphonates 
before or during follow-up. Twenty-six patients (19.1%) were on 
bisphosphonate therapy at the start of the study and in 22 patients 
(16.2%) treatment was initiated within one year. Fifty-five patients 
(40.4%) had been treated with bisphosphonates for more than one year 
during follow-up. Median duration of bisphosphonate treatment during 
the study was 6.6 years (IQR 5.2-7.1). 

4.1. DXA and TBS 

Within the range of L1 to L4, 93.0% of the vertebrae were included in 
the analyses. At baseline, 36 patients (26.5%) were diagnosed with 
osteoporosis, 68 patients (50.0%) were diagnosed with osteopenia and 
32 patients (23.5%) had a normal BMD. Twenty-six patients (19.1%) 
had a partially degraded microarchitecture and 26 patients (19.1%) a 
degraded microarchitecture. Sixteen patients (11.8%) had both a 
densitometric diagnosis of osteoporosis and a TBS-value below 1.230 
(Fig. 1). 

Values for BMD and TBS at baseline and follow-up are shown in 
Table 2. In patients who were treated with bisphosphonates (more than 
one year during follow-up), TBS and BMD of total hip did not change 
significantly over seven years of follow-up (p=.093 and p=.055, 
respectively). BMD of lumbar spine (0.056±0.110, p<.001) increased 
significantly and BMD of femoral neck decreased significantly (-0.024 
±0.069, p<.016). In non-treated patients, TBS decreased significantly 
(-0.039±0.064, p<.001), as well as BMD of lumbar spine (-0.034 
±0.082, p<.001), femoral neck (-0.061±0.066, p<.001) and total hip 
(-0.062±0.075, p<.001). 

4.2. VFA and clinical fractures 

For VFA, 80.1% of the vertebrae between T4 to L4 were considered 
evaluable at baseline and 76.6% at follow-up. Vertebrae were excluded 
due to projection of arms, hands, clothing, jewelry or intestinal gas, 
movement errors or the presence of osteosynthetic material. During a 
median follow-up of 85.4 months (IQR 85.0-85.8), 80 patients (58.8%) 
had been diagnosed with at least one incident clinical fracture or 
morphometric vertebral fracture; 34 patients (25.0%) had at least one 
new or worsening morphometric VF, 67 patients (49.3%) had at least 
one clinical fracture and 21 patients (15.4%) had both. Of the 67 pa-
tients with clinical fractures, 28 (41.8%) had at least one MOF. 

Of the patients with a normal TBS at baseline, 39 (46.4%) had a 
clinical fracture during follow-up and 14 patients (16.7%) had an inci-
dent morphometric VF (Fig. 2). Of the patients with a partially degraded 
TBS at baseline, 15 patients (57.7%) had a clinical fracture during 
follow-up and 10 patients (38.5%) had an incident morphometric VF. Of 
the patients with a degraded TBS at baseline, 13 patients (50.0%) had a 
clinical fracture during follow-up and 10 patients (38.5%) had an inci-
dent morphometric VF. 

In univariate analyses, TBS at baseline was significantly associated 
with incident morphometric VFs. BMD at baseline was not associated 
with incident clinical fractures and/or VFs. In multivariate analyses 
(adjusting for age, BMD of femoral neck, prevalent VF and body mass 
index (BMI) at baseline), TBS was not associated with incident clinical 

Table 1 
Baseline (2009) characteristics of 136 patients with refractory epilepsy and in-
tellectual disability.  

Characteristics N Mean±SD 

Age (years) 136 44.7±15.5 
Sex  

Male  
Female  

83 (61.0%) 
53 (39.0%)  

Body Mass Index (in kg/m2) 
Underweight (<18.5) 
Normal weight (18.5-25) 
Overweight (25-30) 
Obese (≥30)  

2 (1.5%) 
64 (47.1%) 
51 (37.5%) 
19 (14.0%)  

Intellectual disability (IQ score) 
None (≥70) 
Mild (55-70) 
Moderate (40-55) 
Severe (25-40) 
Profound (<25)  

1 (0.7%) 
41 (30.1%) 
51 (37.5%) 
38 (27.9%) 
5 (3.7%)  

Ambulatory status 
Immobile 
Independent in wheelchair 
Walk with aid 
Walk without aid  

16 (11.8%) 
13 (9.6%) 
10 (7.4%) 
97 (71.3%)  

Number of antiseizure drugs 
None 
1 
2 
3 
4 
5 
6  

4 (2.9%) 
12 (8.8%) 
23 (16.9%) 
52 (38.2%) 
39 (28.7%) 
3 (2.2%) 
3 (2.2%)  

IQ = Intelligence quotient, SD=Standard deviation. 
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fractures and/or morphometric VFs. Crude and adjusted odds ratios are 
shown in Table 3. 

5. Discussion 

In the present study, we studied bone microarchitecture by TBS and 
incident fractures over seven years of follow-up. At baseline, 27% of 
institutionalized adult patients with epilepsy and intellectual disability 
were diagnosed with osteoporosis, 38% had a partially degraded or 
degraded microarchitecture based on TBS and 12% had osteoporosis in 
combination with degraded microarchitecture. Over seven years of 
follow-up, 59% of the patients had sustained at least one incident (non-) 
vertebral fracture. In patients who were treated with bisphosphonates 
for more than one year during follow-up, TBS did not change signifi-
cantly as compared to baseline. In non-treated patients, TBS decreased 
significantly over seven years of follow-up. 

Several longitudinal studies investigated the effects of antiresorptive 
treatment on TBS and BMD. In the study of Di Gregorio et al., different 
osteoporosis treatments were evaluated (including therapy with 

bisphosphonates, denosumab or teriparatide) over a follow-up of 24 
months. Compared to naïve treatment, all treatments significantly 
improved TBS and BMD [24]. In our study, significant differences in 
both TBS and BMD were found between treated and non-treated pa-
tients. However, we found no significant improvement of BMD of 
femoral neck and total hip in those who were prescribed bisphospho-
nates for more than one year during the study. Krieg et al. found a lower 
increase in TBS than in BMD in women over the age of 50 on anti-
resorptive treatment (+0.20% per year vs +1.86% per year) [25]. Leslie 
et al. consistently reported larger gains in both BMD and TBS in women 
with greater adherence to antiresorptive drug treatment. However, the 
increases were greater for BMD than for TBS [26]. Similarly, in our study 
patients who were treated with bisphosphonates for more than one year 
during follow-up, we found a significant increase in lumbar spine BMD 
(+0.91% per year), but not in TBS. Leslie et al. suggest that a relatively 
larger increase in BMD might be due to (confounding) degenerative 
changes, leading to an overestimation of BMD [26]. A similar conclusion 
had been made by Shin et al., as they reported a more degraded TBS than 
BMD in 10.6% of their study participants [27]. In line with these results, 

Fig. 1. Baseline (2009) classifications of TBS vs BMD in 136 patients with refractory epilepsy and intellectual disability.  

Table 2 
Bone mineral density (in g/cm2) and trabecular bone scores at baseline (2009) and follow-up (2016) of 136 patients with refractory epilepsy and intellectual disability, 
stratified by the use of bisphosphonates.   

Total (n=136) No BP (n=80) BP > 1 year during follow-up (n=55) p 
2009 2016 Δ Δ% per 

year 
2009 2016 Δ Δ% per 

year 
2009 2016 Δ Δ% per 

year 

TBS 
L1- 
L4 

1.328 
(±0.111) 

1.312 
(±0.105) 

-0.017 
(±0.070)** 

-0.15 
(±0.75) 

1.378 
(±0.085) 

1.338 
(±0.095) 

-0.039 
(±0.064)** 

-0.39 
(±0.67) 

1.261 
(±0.106) 

1.276 
(±0.106) 

0.016 
(±0.067) 

+0.19 
(±0.75) 

<.001** 

BMD 
L1- 
L4 

0.977 
(±0.180) 

0.980 
(±0.194) 

0.003 
(±0.104) 

+0.09 
(±1.50) 

1.049 
(±0.157) 

1.015 
(±0.180) 

-0.034 
(±0.082)** 

-0.46 
(±1.12) 

0.874 
(±0.162) 

0.930 
(±0.206) 

0.056 
(±0.110)** 

+0.91 
(±1.64) 

<.001** 

BMD 
FN 

0.715 
(±0.134) 

0.668 
(±0.137) 

-0.047 
(±0.069)** 

-0.90 
(±1.40) 

0.772 
(±0.125) 

0.711 
(±0.136) 

-0.061 
(±0.066)** 

-1.12 
(±1.22) 

0.625 
(±0.094) 

0.600 
(±0.112) 

-0.024 
(±0.069)* 

-0.54 
(±1.60) 

.004** 

BMD 
TH 

0.845 
(±0.159) 

0.798 
(±0.168) 

-0.047 
(±0.080)** 

-0.77 
(±1.40) 

0.917 
(±0.132) 

0.856 
(±0.157) 

-0.062 
(±0.075)** 

-0.98 
(±1.25) 

0.732 
(±0.130) 

0.709 
(±0.145) 

-0.024 
(±0.084) 

-0.43 
(±1.58) 

.009** 

BMD=Bone mineral density, BP=Bisphosphonates, FN=Femoral neck, TBS=Trabecular bone score, TH=Total hip. 
* p<.05. 
** p<.01. 
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we found a (partially) degraded microarchitecture in 5 patients (3.7%) 
with a normal BMD and a degraded microarchitecture in 9 patients 
(6.6%) with osteopenia. 

In our non-treated patients, values of TBS and BMD tended to 
decrease over time, as expected with increasing age. Relative decreases 
(TBS -0.39%, LS BMD -0.46%, FN BMD -1.12% and TH BMD -0.98%) 

were found to be higher in our study than in the large community-based 
study of Park et al. (TBS -0.27%, LS BMD +0.27%, FN BMD -0.67% and 
TH BMD -0.66%), despite a lower mean age of our study participants 
(44.7±15.5 vs 61.4±8.7 in males and 62.4±8.4 in females) [28]. 

The first researchers who found an association between bone mineral 
disorders and the use of antiseizure drugs, described patients who were 
prescribed strong enzyme-inducing drugs (carbamazepine, phenobar-
bital, phenytoin and/or primidone) [29–31]. These drugs are known to 
induce the liver’s cytochrome P450 enzyme system, which results in an 
increased vitamin D metabolism and bone loss. However, over the years, 
antiseizure drugs with minimal to no enzyme-inducing effects have been 
shown to decrease BMD as well, but the exact pathophysiological 
mechanisms are still unknown [32–34]. In our study, the majority of the 
patients were on polytherapy (88.2%) and were prescribed both 
enzyme- and non-enzyme-inducing drugs at baseline (74.3%). There-
fore, we were not able to assess effects of enzyme- versus 
non-enzyme-inducing antiseizure drugs. 

To our knowledge, this is the first study regarding TBS in patients 
with epilepsy on chronic antiseizure drugs. Patients with refractory 
epilepsy and intellectual disability are at high risk for fractures due to 
the effects of antiseizure drugs on BMD [5–7], the presence of seizures 
[35] and (seizure-related) falls [36]. Our patients received individual 
bisphosphonate treatment according to the national guidelines [17,18]. 
Despite treatment in those who, supposedly, needed it, fracture in-
cidences were found to be at least five times higher [4] than in healthy 
participants of a population-based study in the Netherlands [37]. In 
combination with already existent physical disabilities, fractures may 
(further) limit daily activities in this specifically vulnerable population. 
In our study, we found no significant association between TBS at base-
line and fractures during follow-up. Despite promising results regarding 
the assessment of TBS in other patient groups [15,16], there seems to be 
a need for (more) accurate fracture prediction tools in institutionalized 
adult patients with epilepsy and intellectual disability, in order to assess 
who will get fractures and who will benefit from treatment. 

There are several limitations of our study that we would like to 
address. First of all, in our study, patients had been prescribed treatment 
as part of standard care. Consequently, dates of starting or stopping 
bisphosphonates varied widely. Due to ethical reasons, no control group 
had been used within our cohort. Therefore, caution is warranted when 
interpreting the outcomes regarding the use of bisphosphonates. 

Secondly, our study population represents a complex, heterogeneous 

Fig. 2. Baseline (2009) classifications of TBS vs incident fractures over seven years of follow-up in 136 patients with refractory epilepsy and intellectual disability.  

Table 3 
Odds ratios for fractures during seven years of follow-up in patients with re-
fractory epilepsy and intellectual disability (n=136).  

Fracture Baseline Crude OR 
(95% CI) 

Adjusted OR 
(95% CI)a 

Adjusted OR 
(95% CI)b 

p 

All (clinical 
and/or 
VF) 

TBS 
BMD 

1.784 
(0.868- 
3.669) 
2.233 
(0.999- 
4.992) 

1.651 
(0.775- 
5.518) 

1.339 
(0.583- 
3.078) 

.492 

Clinicalc TBS 
BMD 

1.346 
(0.673- 
2.694) 
1.578 
(0.707- 
3.525) 

1.386 
(0.666- 
2.881) 

1.229 
(0.556- 
2.716) 

.610 

VFd TBS 
BMD 

3.125 
(1.403- 
6.961)** 
1.596 
(0.595- 
4.287) 

3.018 
(1.298- 
7.018)* 

2.403 
(0.937- 
6.164) 

.068 

MOFc TBS 
BMD 

1.533 
(0.662- 
3.552) 
1.533 
(0.531- 
4.429) 

1.446 
(0.596- 
3.511) 

1.239 
(0.473- 
3.250) 

.663 

CI=Confidence interval, MOF=Major osteoporotic fracture, OR=Odds ratio, 
TBS=Trabecular Bone Score, VF=Vertebral fracture. 

* p<.05. 
** p<.01. 
a Adjusted for age. 
b Adjusted for age, bone mineral density (BMD) of femoral neck, prevalent VF 

and body mass index (BMI) at baseline. 
c Excluding asymptomatic morphometrically assessed VFs. 
d Morphometrically assessed VFs. 
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group with differences regarding sex, age, nutritional status, mobility, 
types and number of antiseizure drugs and other medication. These 
differences and variety in background and medical history, may limit 
the generalizability of our results. 

Additionally, in patients with severe neurological impairment and 
intellectual disability, diagnosing bone mineral problems may be 
complicated by several factors. In a study of Mergler et al. in children 
with intellectual disability and severe motor disabilities, the mean 
number of distorting factors and artefacts was 5.3 (range 1-8) [38]. In 
our study population, BMD and VFA measurements appeared to be 
challenging. Of the patients who gave informed consent, 19% had a 
missing or completely failed scan, due to physical or behavioral issues. 
In patients who did have a VFA, about 20% of the vertebrae between T4 
and L4 were unevaluable [39]. Movement errors and projection of arms, 
hands, jewelry, clothing, intestinal gas or osteosynthetic material, 
complicated the assessments. Five VFs at follow-up that were unevalu-
able at baseline, were left out of the analysis, as we were not able to 
verify these VFs as incident VFs. 

As for clinical fractures, we have only included radiographically 
verified fractures. Difficulties in diagnosing fractures (physical and 
behavioral) were further complicated by the intellectual and verbal 
capacities of our study population. Therefore, the actual number of 
fractures might have been underestimated. 

Regardless of these limitations, our study is the first to provide 
insight in the (non-invasive) measurement of TBS in institutionalized 
adult patients with epilepsy and intellectual disability. 

6. Conclusion 

Over seven years of follow-up, 59% of institutionalized adult patients 
with refractory epilepsy and intellectual disability had suffered from at 
least one incident fracture, despite anti-osteoporosis treatment accord-
ing to the Dutch guidelines in those who needed it. No association was 
found between TBS at baseline and incident fractures, demonstrating its 
limited use for fracture risk assessment in this group. In order to 
adequately identify and treat those patients who are at high risk of 
fractures, more research is needed towards diagnostic and preventive 
measures in patients with refractory epilepsy and intellectual disability. 
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