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Summary

Objective: To analyze the usefulness of the trabecular bone score (TBS) in adults with osteogenesis imperfecta (OI) and
its relationship with clinical, anthropometric and densitometric variables, especially with the presence of fractures and
the severity of the disease.

Material and methods: Cross-sectional study conducted in 31 adult patients with OI (age 40.5+15.2 years, 68% women,
87% type I). The clinical characteristics of the patients (fractures, type of OI, BMI and treatment), bone mineral density
(BMD) (using DXA), assessing the presence of densitometric osteoporosis, and TBS values (TBS iNsight), estimating the
presence of degraded microarchitecture (values <1.230). The results were compared between the different OI types (I
and I1I-1V) and with those of a control group of healthy subjects.

Results: Most of the patients (29/31, 94%) had a history of fractures and 29% received antiosteoporotic treatment.
61% had densitometric osteoporosis and 19% had degraded microarchitecture. No differences were observed in the
TBS values according to OI severity (OI type I vs. [II-IV: 1,297 vs. 1,339, p=n.s.); no patient with OI type III-IV had TBS
<1230. TBS values were related to age (r=-0.6, p<0.01), lumbar BMD (r=0.4, p=0.03) and BMI (r=-0.5, p=0.01). Patients
with OI had lower values of TBS and BMD than the control group in all locations analyzed.

Conclusion: TBS is not very sensitive in assessing bone quality in OI, since none of the patients with severe Ol had a de-
graded microarchitecture and this was only observed in 19% of patients with OI despite presenting a high prevalence

of fractures.
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INTRODUCTION

Osteogenesis imperfecta (OI) is a congenital disease
that comprises a heterogeneous group of clinical and
genetic disorders of connective tissue, mainly caused
by mutations in the COL1A1 and COL1AZ2 genes of type
[ collagen. It has been estimated that the incidence of
Ol is approximately 1:10-20.000%* and the clinical ma-
nifestations can vary from almost asymptomatic forms
to very severe cases. The main characteristic of this en-
tity is bone fragility, due to a decrease in bone mass,
cortical thickness and an alteration in the trabecular
architecture which, together with defects in the bone
matrix, affect its quality and resistance, and lead to to
a marked increase in the risk of fracture, evident from
childhood!35. Classically, Ol was considered an autoso-
mal dominant genetic disorder and patients were clas-
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sified into four subtypes based on clinical severity
(classification by Sillence et al.: type I being the mil-
dest, followed by types IV, IIl and type II, the most se-
vere that confers perinatal mortality). Over the years
new genes and pathogenic variants have been identi-
fied, adding new groups to the classification (Ol type V
- type XX)2*5, However, this classification is no longer
practical and some authors prefer to classify patients
according to the degree of clinical involvement of the
OI (mild, moderate, severe, lethal), including the gene-
tic defect they present*.

Although the diagnosis of certainty is obtained with
the genetic study, in routine clinical practice, this can
be done based on clinical and radiological findings and
family history'37. Dual-energy X-ray absorptiometry
(DXA), the gold standard technique for the diagnosis
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and monitoring of osteoporosis (OP), is also of some
use in patients with Ol. However, by providing informa-
tion on bone mineral density (BMD), which is not ne-
cessarily affected in this entity, and not on bone quality,
a key aspect in O], its results must be evaluated with
caution, since has shown a clear relationship between
BMD values by DXA and the severity of 0178, Therefore,
new diagnostic methods applicable in routine clinical
practice are necessary to assess other aspects of bone
quality in this process. It has been suggested that the
trabecular bone score (TBS), a parameter obtained
from the measurement of a gray scale of the bone tex-
ture of the 2D DXA image of the lumbar spine, could be
useful in this assessment®. In fact, TBS values have a
good correlation with bone microstructure parameters
obtained by high-resolution peripheral computed to-
mography (HRpQCT)!? and have been related to the de-
velopment of fractures in the population independently
of BMD values®, for what has been indicated that TBS
could be a good method to assess other determining
parameters of bone quality, especially those related to
its microstructure.

The objective of this study is to analyze the useful-
ness of TBS in adult subjects with OI and its relations-
hip with clinical, anthropometric and densitometric
variables, especially with the presence of fractures, as
well as to compare TBS values with those of a control
group of healthy individuals.

MATERIAL AND METHODS

A cross-sectional study has been carried out in adult
patients with OI who follow control and treatment in a
specialized consultation of bone metabolic disease of
our hospital’s rheumatology service. The study proto-
col followed the standards of the Declaration of Hel-
sinki and was approved by the hospital's ethics
committee. The included patients signed the informed
consent.

A total of 31 adult patients diagnosed with OI (21
women/10 men) have been included (after genetic
study and/or compatible family history). The clinical
characteristics (including weight, height and calcula-
tion of the body mass index [BMI]), presence of fractu-
res, type of Ol and previous treatments carried out
were analyzed. In all patients, BMD in the lumbar spine
and proximal femur was analyzed by DXA (Lunar Pro-
digy equipment, General Electric Medical Systems, W],
USA) to assess the presence of densitometric OP (defi-
ned by T-score values <-2.5 SD [in subjects 250 years]
or Z-score <=2 SD [in subjects <50 years]), osteopenia
(T-score >-2.4 and <-1 SD) or normal BMD (T-score > -
1 SD)'%. TBS was calculated using TBS iNsight software
(version 3.0.2.0) (Medimaps group, Geneva, Switzer-
land) on lumbar spine DXA images; a TBS value <1.230
was considered microarchitecture degraded, between
1.230-1.310 microarchitecture partially degraded and
TBS >1.310 normal'Z The results of the TBS were com-
pared with those of a control group of healthy subjects
of similar age, gender, and BMI (n=28, 71.4% women,
39 years old on average [21-60]), from the same geo-
graphical area and who collaborated in the TBS-
SEIOMM study to obtain normal TBS values in our
population.

Statistic analysis
Statistical analyzes were performed using the SPSS
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program (version 27) (IBM Corp., NY, USA). Quantita-
tive variables are described by mean and standard de-
viation (S.D.) of the mean and qualitative variables by
frequency and percentages. The differences between
means of the continuous variables have been analyzed
using the t-test and the non-parametric Wilconxon-
Mann-Whitney test, and the differences between pro-
portions using the chi-square test or the Fisher test. To
assess association between variables, the Pearson co-
rrelation coefficient was used. Results with a value of
p<0.05 have been considered significant.

ResuLts

A total of 31 patients (67,7% women) with a mean age
of 40,5+15,2 years (range 19-70) diagnosed with OI
were included. Most patients had type I OI (n=27,
87.1%), two patients had type IV OI (6.5%) and two pa-
tients had type III OI (6.5%). 29/31 (93,5%) patients
had a history of fragility fractures, being multiple frac-
tures in most cases, and only two patients with OI type
I had not presented fractures. At the time of assess-
ment, 21/31 subjects were receiving (n=9) or had re-
ceived (n=12) anti-osteoporotic treatment for a mean
of 6550 months, most with bisphosphonates (oral
n=15, intravenous n=11 ), 3 patients with teriparatide,
2 with selective estrogen receptor modulators and 1
with denosumab. The main characteristics of the pa-
tients are summarized in table 1.

When TBS values were analyzed, the mean was
1.302+0.175 [0.737-1.510]; 6/31 patients (19%) had
a degraded microarchitecture, 26% a partially degra-
ded microarchitecture, and more than half (55%) had
normal TBS values; of the 6 patients with degraded mi-
croarchitecture (<1230), all of them were >40 years
old, 50% were women and half also had osteoporosis,
all had type I Ol and 5/6 patients had a history of frac-
tures, multiple in all cases. The sensitivity of TBS in the
evaluation of patients with Ol and fractures was only
17%.

Regarding BMD, 61% of patients had densitometric
OP, 36% had osteopenia, and only one patient had nor-
mal BMD. There were no significant differences in
terms of TBS or BMD values depending on whether the
patients were receiving active anti-osteoporotic treat-
ment at the time of assessment.

When TBS values were analyzed according to the se-
verity of the disease (OI type I vs. type III-1V), no signi-
ficant differences were found between both groups of
patients (table 1 and figure 1A), nor in relation to BMD
values in the proximal femur (neck and total), age or
BMI; however, patients with OI type III-1V presented
lower BMD values at the lumbar level and a greater
number of fractures (table 1). On the other hand, when
these same parameters were compared according to
the number of fractures (OI patients with <10 vs. >10
fractures), there were no significant differences bet-
ween both subgroups. It is noteworthy that no patient
with OI type III or IV presented degraded microarchi-
tecture, however, all of them presented osteoporosis in
the BMD (table 1). However, the TBS values were sig-
nificantly lower than those of the control group, as
were the BMD values in all locations analyzed (table 2
and figure 1B).

TBS values were positively related to lumbar BMD
(r=0.4, p=0.03), and negatively related to age (r=-0.6,
p<0.01) and BMI (r=-0.5, p=0.01) (figure 2).
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Table 1. Clinical characteristics of patients with osteogenesis imperfecta

Age (years) (mean # S.D., [range])

Sex (W [n, %] / M [n, %])

OI type I/111/1V (n, %)

Patients with fractures (n, %)

Number of fractures (mean * S.D., [range])

Current anti-osteoporotic treatment (n, %)

Previous anti-osteoporotic treatment (n, %)

All
n=31

40.5%15.2 [19-70]

21 (68%)/10 (32%)

27 (87.1%)/

1 (3.2%)/3 (9.7%)

29 (93.5%)

11.1+12.2 [0-50]

9 (29%)

12 (38.7%)

Weight (kg) (mean * SD) 59.5+11.5
Height (m) (mean * S.D.) 1.53+0.14
BMI (kg/m?)(mean * SD) 25.5+4.1
DMO lumbar (g/cm?) 0.868+0.153
DMO cuello femoral (g/cm?) 0.762+0.135
DMO fémur total (g/cm?) 0.826+0.163
T-score in the lumbar spine (mean + S.D.) -2.73+1.36
T-score in the femoral neck (mean * S.D.) -2.11+1.08
T-score in total femur (mean # S.D.) -1.68+1.43
Z-score in the lumbar spine (mean * S.D.) -2.22+1.31
Z-score in the femoral neck (mean + S.D.) -1.56+0.97
Z-score in total femur (mean # S.D.) -1.25+1.32
TBS (mean * S.D.) 1.302+0.175

Densitometric osteoporosis (n, %)

Patients with degraded TBS (n, %)

19/31 (61.3%)

6/31 (19.4%)

Ol type 0l type II-IV
n=27 n=4 P
41.2+15.7 [19-70] 35.8+11.2[25-49]  0.550
19 (70%)/8 (30%) 2(50%)/2 (50%)  0.416
25 (92.6%) 4 (100%) 0.574
8.6£9.4 [0-37] 283+16.7[10-50]  0.012*
8 (29.6%) 1(25%) 0.849
9 (33.3%) 3 (75%) 0.096
60.97+10.7 49.28+13.25 0.094
1.56+0.1 1.32+0.14 0.005*
25.1:4.2 28.0:2.4 0.107
0.890+0.150 0.716£0.062 0.019*
0.7700.141 0.693+0.016 0.467
0.819+0.163 0.887+0.190 0.744
-2.5241.35 -4.05£0.37 0.030*
-2.04+1.12 -2.7+0.36 0.278
1.73+1.41 -1.30£1.92 0.856
-2.04£1.30 -3.45£0.31 0.052
-1.50+1.02 -2.0040.30 0.215
-1.33+1.30 -0.67+1.62 0.743
1.297+0.183 1.339£0.117 0.932
15/27 (55.6%) 4/4 (100%) 0.089
6/27 (22.2%) 0/4 (0%) 0.377

S.D.: standard deviation; W: women; M: men; OI: osteogenesis imperfecta; BMI: body mass index. *: statistically significant result.

Degraded microarchitecture was considered TBS values <1.230.

Discussion

Our study results suggest that TBS may not be a useful
tool to assess bone strength in patients with Ol Thus,
most patients with Ol had TBS values in the normal
range and only 19% of them, despite having a high in-
cidence of fractures, had degraded microarchitecture
values. Likewise, no differences were observed in the
TBS values in relation to the severity of the disease (OI
type [ vs. type I11-1V) and no patient with severe disease
had degraded microarchitecture, suggesting a low sen-
sitivity of this parameter in the estimation of bone qua-
lity in this disease. To date, there are hardly any studies
that analyze the usefulness of TBS in OI. Kocijan et al.”
examined the values of TBS in a cohort of 30 adult pa-
tients (>18 years) with OI, and as in our study, they
found no differences in relation to the severity of the
disease (comparing individuals with OI type III-IV vs.
type I). Although, they also observed differences when
they compared the values with those of a control group
of healthy subjects. In said study, it was indicated that
TBS could be a useful tool, especially to estimate a se-

vere deterioration of bone microstructure in Ol when
the values are low. However, despite having presented
multiple fractures, only 19% of our patients with OI
had low TBS values (degraded microarchitecture), and
in our study this parameter did not differentiate pa-
tients with greater disease severity, which suggests
that it is an insensitive tool to assess bone quality in OI.

It should be mentioned that the TBS values were es-
pecially related to the age of the individual. In fact, all
patients with Ol and low TBS values (degraded micro-
architecture) were over 40 years old, with a mean age
of 57 years, the age at which there is usually a progres-
sive decrease in TBS values in the general population.
Therefore, it should be remembered that there are
other factors that must be taken into account when as-
sessing TBS, such as age and BMI3. In this sense, both
in healthy subjects and in individuals with OP, lumbar
TBS, like BMD, decreases with age!*, at the same time
as, and contrary to BMD, there is a negative correlation
with BMI'; findings, as indicated, also observed in our
cohort of patients with OI (figure 2).
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Figure 1. (1A) TBS values in patients with osteogenesis imperfecta type I
(mild) and type III-IV (severe-moderate). (1B) TBS values in patients with

osteogenesis imperfecta and in the control group
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Table 2. TBS and BMD values in patients with osteogenesis imperfecta and in the

control group

TBS

Lumbar BMD (g/cm?)
Femoral neck BMD (g/cm?)
Total femur BMD (g/cm?)
Lumbar T-score

Femoral neck T-score

Total femur T-score
Lumbar Z-score

Femoral neck Z-score

Total femur Z-score

TBS: trabecular bone score; BMD: bone mineral density; Ol: osteogenesis imperfecta.

Patients
with OI

1.297 £ 0.180

0.887 £ 0.149

0.775 +0.135

0.844 £ 0.161

-2.55+1.32

-1.98 £1.06

-1.50 + 1.41

=209 22 1L.29)

-1.46 £ 0.93

-1.11+1.28

Control
group

1.399 £ 0.119

1.122£0.172

0.969 £ 0.129

0.986 £ 0.124

-0.49 £1.39

-0.19 £ 0.90

-0.24 £ 0.86

-0.07 £1.17

-0.20 £ 0.83

-0.02 £0.81

All variables are expressed as mean * S.D. (standard deviation).

0.037

<0.01

<0.01

<0.01

<0.01

<0.01

<0.01

<0.01

<0.01

<0.01
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Another aspect to highlight is
that 61% of our patients had a
densitometric OP, and only one
patient had a normal BMD, with
BMD values being lower than
those of the control group in all
locations analyzed (lumbar
spine and proximal femur).
Again, these results coincide
with those reported in some pre-
vious studies'®, and indicate
that, although with limitations
and pending the availability of
better instruments in the future,
the quantification of BMD conti-
nues to be, to date, the tool avai-
lable in the most effective
routine clinical practice to esti-
mate the risk of fracture in these
patients'3571617  despite not
being able to assess the altera-
tions in bone quality that pa-
tients with Ol present.

Other techniques, such as
HrpQCT, could be especially use-
ful in assessing bone strength
and quality in this entity by allo-
wing BMD to be quantified
three-dimensionally and evalua-
ting the structure of trabecular
and cortical bone in peripheral
regions. Thus, in patients with
Ol, it has been indicated that
HRpQCT, by analyzing micros-
tructural parameters, would
allow a better assessment of the
severity of bone involvement, es-
pecially when compared to other
techniques, such as BMD and
TBS’. In this sense, patients with
more severe forms of the disease
(OI types IIl and IV) usually pre-
sent worse structural parame-
ters, with a greater decrease in
the thickness and number of tra-
beculae and greater space bet-
ween them”!® Although, as
previously indicated, it has been
suggested that TBS could also
provide information on bone mi-
crostructure parameters®?, in
patients with OI the correlation
between structural parameters
assessed by HRpQCT and TBS is
very low’, indicating the need to
assess the usefulness of this tool
in these patients.

This study has several limita-
tions, such as: the small number
of patients with severe OI (types
[T and IV), an intrinsic limitation
to the characteristics of the dise-
ase, since it deals with the less
frequent types of Ol Or, the pos-
sible effect on TBS values that
the antiosteoporotic treatment
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followed by some of the patients inclu- Figure 2. Correlation between TBS values and age and BMI
ded in the study may have had, a limi-

tation also associated with this type of
disease in which treatment, especially
with bisphosphonates, is frequent.
when there are multiple fractures, a
fact present in most of our patients.

In conclusion, our study shows a
low sensitivity of TBS in the assess-
ment of bone fragility in O, since a low
percentage of patients with OI presen-
ted low values (degraded microarchi-
tecture) of TBS, despite having
suffered multiple fractures and no pa-
tient with severe OI (types III and 1V)
presented a degraded microarchitec-
ture. In this study, TBS did not provide
advantages in determining BMD. Ho-
wever, additional studies are recom-
mended to confirm these results and
include a larger number of patients
with this disease, in which new tools
are needed to assess bone quality and
strength.
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