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Qrsemr

Background: Spinal muscular atrophy (SMA) is a group of rare, inherited neuromuscular
disorders. Bone health is often a neglected issue in children with SMA. This study aimed
to evaluate the bone health status of children with SMA in Hong Kong. Methods: This
retrospective study included children with SMA who were managed in the Neuromus-
cular Disorder Clinics of 2 quaternary centers in Hong Kong. Bone health status was as-
sessed by fracture history, bone mineral density (BMD) measured by dual energy X-ray
absorptiometry, and serum 25-hydroxy-vitamin D (25[OH]D) level. Results: Thirty-two
children were included (males, 12). The median age was 10.8 years. BMD assessments
were performed in 17 patients (SMA type 1=2, type 2=8, type 3=7). Low BMD was ob-
served in 16 out of 17 patients. Four had a history of long bone fractures and were start-
ed on bisphosphonates. SMA types, age at last visit, sex, ambulation, and 25(0H)D level
were not associated with fracture history or BMD Z-scores. Only one fulfilled the 2019 In-
ternational Society for Clinical Densitometry (ISCD) pediatric definition of osteoporosis,
with both low BMD and a history of clinically significant fracture. Conclusions: Children
with SMA on disease-modifying treatments commonly had Low BMD and a history of
fractures, but osteoporosis was uncommon according to the 2019 ISCD pediatric defini-
tion. A special definition of osteoporosis may be needed for this high-risk group.
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INTRODUCTION

Spinal muscular atrophy (SMA) is a group of rare inherited neuromuscular disor-
ders with an incidence of around 10 in 100,000 live births.[1] It is caused by muta-
tions in the survival of motor neuron 1 gene (SMN1) and is characterized by pro-
gressive muscle weakness and muscle atrophy. Childhood-onset SMA is classified
into 3 subtypes based on the age of onset and best motor function achieved, with
SMA type 1 being the most severe form (onset before the age of 6 months and
non-sitter) and type 3 being the mildest form (walker but progressive muscle weak-
ness after the age of 18 months).[1]

In the past, bone health was often a neglected issue in the care of children with
SMA. However, osteoporosis is indeed a common problem, and fractures have been
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Children with SMA on disease-modifying treatments commonly had Low BMD and a history of fractures, but osteoporosis was
uncommon according to the 2019 ISCD pediatric definition. A special definition of osteoporosis may be needed for this high-risk group.

reported to be highly prevalent at up to 38% of these chil-
dren.[2] This is attributed to both immobility and the func-
tional role for SMN protein in bone remodelling.[2,3] In
fact, bone health is one of the key factors determining the
quality of life of patients with SMA. Therefore, in recent
years, bone health assessments have been highlighted as a
crucial part of SMA management.[4] Moreover, with the
emergence of various effective disease-modifying treat-
ments, including nusinersen and risdiplam, the natural
course of the disease has been transformed.[5] Therefore,
to maximise the effect of these treatments, it is important
to prevent and manage its associated comorbidity, includ-
ing osteoporotic fractures.

The objective of the study is to evaluate the bone health
status in children with SMA in Hong Kong.

METHODS

This is a retrospective study. Children with molecularly
confirmed SMA, who were managed in 2 quaternary cen-
ters, Queen Mary Hospital and Hong Kong Children’s Hos-
pital from 1st April 2021 to 31st March 2022, were recruited.

Their demographic data and clinical information, includ-
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ing SMA types, current ambulatory status, history of frac-
tures, vitamin D status, bone mineral density (BMD), as well
as drug treatment were retrieved from electronic medical
records. Their bone health status and factors associated with
compromised bone health including SMA types and am-
bulatory status were analysed.

The study was approved by the Institutional Review Board
of the University of Hong Kong/Hospital Authority Hong
Kong West Cluster and Hong Kong Children’s Hospital Clin-
ical Research Ethics Committee.

1. Diagnosis of SMA

The diagnosis of the children with SMA participating in
this study was confirmed by molecular testing with homo-
zygous deletion in SMNT in an accredited genetic diagnos-
tic laboratory. All patients had a classical SMA phenotype
with verification by the attending pediatric neurologist
(SHC). Ambulatory statuses were categorized as ‘walker,
‘assisted walker; ‘sitter; ‘assisted sitter’and ‘non-sitter’[6]

2. Bone health assessment

Areal BMD (aBMD) was measured by dual energy X-ray
absorptiometry (DXA) using the Hologic Horizon A system
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(Hologic Inc., Bedford, MA, USA) at the total body less head
(TBLH), postero-anterior lumbar spine (LS) and/or lateral
distal femur (LDF),[7,8] depending on whether patients had
any metallic implants or fixed contractures that would af-
fect the scanning results and positioning. Calculations of Z-
scores and height-adjusted Z-score were based on publish-
ed reference data.[9] Collapsed vertebrae, if any, were ex-
cluded from aBMD measurement. Data on patients’last DXA
measurement were collected and analysed.

Table 1. Summary of clinical characteristics of the 32 children with SMA

Bone Health in Children with SMA |

A low BMD for age was defined as a BMD Z-score of <-2.0.
The diagnosis of osteoporosis in children was defined based
on the 2019 International Society of Clinical Densitometry
(ISCD) Official Positions as the presence of both a clinically
significant fracture history (i.e., 2 or more long bone frac-
tures by age 10 years or 3 or more long bone fractures by
the age 19 years) and BMD Z-score <-2.0, or the finding of
one or more vertebral compression fractures, regardless of
BMD findings.[10]

No SMA Sex Age TBLHBMD  LSBMD  LDFR1BMD LDFR2BMD LDFR3BMD  25(0H)D Ambulatory
type (yr) (Z-score) (Z-score) (Z-score) (Z-score) (Z-score) (nmol/L) status
1 1 F 5.8 70 Sitter
2 1 F 34 58 Assisted walker
3 1 F 225 - 2.8 49 Assisted walker
4 1 M 7.0 5.4 -3.4 -3.2 -3.8 2.7 64 Non-sitter
5 1 F 8.3 63 Non-sitter
6 1 M 11.0 6.3 2.1 -3.2 -4.0 -4.3 105 Non-sitter
7 1 F 6.9 39 Sitter
8 1 F 16.2 77 Non-sitter
92 2 M 6.4 -45 4.1 -5.00 -49 45 190 Sitter
10 2 F 11.1 210 Sitter
1 2 F 13.3 48 Assisted walker
122 2 F 6.3 -6.3 -4.7 -4.0 -4.5 -4.5 94 Sitter
13 2 M 7.8 -5.0 2.3 75 Assisted walker
14 2 F 17.6 -3.3 -3.7 -3.8 63 Sitter
15 2 M 19.4 67 Non-sitter
16 2 M 6.2 83 Sitter
17 2 F 14.4 60 Sitter
18 2 F 12.9 -5.0 2.0 -4.4 -4.9 -4.3 126 Sitter
19 2 F 6.3 86 Sitter
20 2 M 9.3 -5.5 -1.6 2.3 2.8 -19 125 Assisted walker
219 2 M 10.9 5.5 2.5 35 -3.8 2.9 55 Assisted walker
22° 2 F 1.4 5.5 5.5 -4.8 2.7 93 Non-sitter
23 3 M 9.2 -1.0 0.8 2.0 29 24 66 Assisted walker
24 3 F 19.2 3.7 1.0 -3.0 -2.8 -0.9 56 Sitter
25 3 F 18.0 59 Walker
26 3 M 15.9 -5.3 -0.6 -29 -2.6 -2.8 67 Assisted walker
27 3 F 18.3 -15 0.4 63 Walker
28 3 F 153 -3.3 -0.3 85 Assisted walker
29 3 M 10.8 136 Walker
30 3 F 8.9 -5.0 2.5 76 Walker
31 3 M 10.7 25 0.1 0.2 0.4 05 91 Walker
32 3 F 3.1 80 Assisted walker

“History of long bone fractures.

SMA, spinal muscular atrophy; TBLH, total body less head; BMD, bone mineral density; LS, lumbar spine; LDF, lateral distal femur; R1, region 1; RZ, region 2;

R3, region 3; 25(0H)D, 25-hydroxy-vitamin D; F, female; M, male.
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3. Statistical analysis

Descriptive statistics, including mean, median, standard
deviation and interquartile range (IQR), were used accord-
ing to the normality of the data. Proportions or percentag-
es were used to describe qualitative data. Independent sam-
ples t-test and Mann-Whitney U test were used for compari-
sons between 2 groups (low BMD vs. normal BMD, fractured
vs. no fracture group). All statistical analyses were performed
using Stata version 15.1 (StataCorp., College Station, TX,
USA). A P-value less than 0.05 was considered to indicate
statistical significance (2-tailed).

RESULTS

Thirty-two children were included (males, 12). Table 1 sum-
marized their clinical characteristics. Eight had SMA type 1,
14 had SMA type 2 and 10 had SMA type 3. The median
age was 10.8 years (IQR, 7.0-15.6 years). Twenty-six patients
had been put on nusinersen for a median duration of 3.0
years (IQR, 2.0-4.0 years), while 7 patients had been on ris-

Table 2. Summary of BMD Z-score at different skeletal sites

DXA sites Median BMD Z-score (IQR)
TBLH -5.0(-5.5t0-3.5)
LS 2.0(-25t0-0.3)
LDFR1 -3.2(-4.0t0-2.9)
LDF R2 -3.8(-45t0-2.8)
LDFR3 -2.8(-4.3t0-2.4)

DXA, dual energy X-ray absorptiometry; TBLH, total body less head; LS,
lumbar spine; LDF, lateral distal femur; R1, region 1; R2, region 2; R3,
region 3; BMD, bone mineral density; IQR, interquartile range.

JBM

diplam for a median duration of 0.8 years (IQR, 0.7-0.9 years).

Thirty patients were taking vitamin D supplements (mean
dose, 1,467 =820 IU daily) and their mean 25-hydroxy-vi-
tamin D (25[OH]D) level was 83.6 +38.2 nmol/L. Only 3 pa-
tients had vitamin D insufficiency (range, 39-49 nmol/L).

BMD assessments by DXA were performed in 17 patients
(All were on either nusinersen or risdiplam; nusinersen=11,
risdiplam=1, nusinersen initially and changed to risdiplam
later=3; SMA type 1=2, type 2=38, type 3=7). DXA was
not performed in the remaining patients mainly because
of significant fixed contractures hindering the positioning
of scanning or parental refusal. When compared between
the groups with or without DXA performed, there was no
difference in age, sex, SMA types and ambulatory status.

The median BMD Z-score at TBLH was -5.0 (IQR, -5.5 to
-3.5), LS was -2.1 (IQR, -2.7 to -0.4) and that at LDF R1, R2
and R3 were -3.2 (IQR, -4.0 to -2.9), -3.8 (IQR, -4.5 to -2.8)
and -2.8 (IQR, -4.3 to -2.4) respectively (Table 2). Since all
patients had a height Z-score of >-1, no height-adjustment
on BMD Z-score was performed. A low BMD for age with Z-
scores =-2 was observed in 16 out of the 17 patients with
DXA performed. The only patient with a normal BMD for
age had SMA type 3 with independent ambulation and was
started on nusinersen 1.3 years ago. Only one patient ful-
filled the 2019 ISCD definition of osteoporosis (3 episodes
of long bone fracture by the age of 7 years).

Four SMA type 2 patients had a history of long bone frac-
tures with trivial injury, e.g., during a change of diaper or
physiotherapy (‘assisted sitter’'=1, ‘sitter'=2, ‘assisted walk-
er'=1). These patients were all put on bisphosphonates

Table 3. Baseline clinical characteristics of the 4 patients with long bone fracture before treatment with zoledronic acid (after long bone fractures

healed)
Patient 1 Patient 2 Patient 3 Patient 4

Sex Female Male Female Male
Age (yr) 74 6.4 6.3 10.9
SMA type (ambulation) Il (assisted sitter) Il (sitter) Il (sitter) Il (assisted walker)
Fracture history - Supracondylar fracture of bilateral  Left femoral shaft fracture  Left humeral fracture at Left femur fracture at

femurs at 4.5 years at 6 years 7 years 9.5 years

- Supracondylar fracture of left femur

at 5 years and 7 years
BMD Z-score (TBLH) -5.5 -45 -6.3 -5.5
ALP (/L) (ref: 145-420 p/L) 163 144 195 225
PTINP (pg/L) NA 252 (ref: 410-1,080) 1,087 (ref: 820~2,060) 397 (ref: 410-1,080)
CTX (pg/L) NA 728 (ref: 1,050-2,380) 356 (ref: 410-1,020) 919 (ref: 1,000-2,900)

SMA, spinal muscular atrophy; BMD, bone mineral density; TBLH, total body less head; ALP, alkaline phosphatase; Ref, reference; PINP. propeptide of

type | collagen; CTX, C-terminal telopeptide; NA, not available.
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TBLH Z-score after bisphosphonates

2

Zoledronic acid

|

3 4

|

Risdiplam

7 years 8 years 9 years 10 years 11 years
TBLH (g/cm?) 0.353 0.396 0.507 0.546 0.590
TBLH Z-score -5.45 -4.77 -2.7 -2.7 -2.5

Fig. 1. Serial changes in bone mineral density Z-score at total body less head (TBLH) in patient 1 after bisphosphonates and risdiplam.

(zoledronic acid) when long bone fractures were healed.
Bone turnover markers, including C-terminal telopeptide
(CTX-I), N-terminal propeptide of type | collagen (P1NP)
and alkaline phosphatase, were checked before the first
bisphosphonate infusion when long bone fractures had
been healed (patient 1 did not have the baseline CTX and
PTNP measured due to inadequate blood sample collect-
ed), and they all had low or low normal bone turnover mark-
ers. All the 4 patients developed a high fever and 2 devel-
oped mild, asymptomatic hypocalcemia after the first infu-
sion of bisphosphonates, but there were no other adverse
effects in subsequent infusion (Table 3). The first patient
also developed sputum retention after the first infusion,
which was managed with vigorous chest physiotherapy.
This patient had been given 8 infusions of zoledronic acid
for 4 years with interval improvement in BMD Z-scores (Fig.
1). At the time of review, no further fractures have been ob-
served among these patients after bisphosphonates treat-
ment.

SMA types, age, sex, current state of ambulation, dura-
tion of disease-modifying treatment, and 25(0H)D level
were not associated with fracture history or BMD Z-scores.
In addition, BMD Z-scores were not associated with frac-
ture history.

DISCUSSION

We described the bone health status of a group of chil-

https://doi.org/10.11005/jbm.2023.30.4.319

dren with SMA in Hong Kong. Like previous reports, low
BMD for age and fractures were common among this group
of children. However, only one fulfilled the 2019 ISCD pedi-
atric definition of osteoporosis with low BMD for age (Z-
scores =-2) and a clinically significant fracture history. Un-
doubtedly, the 2019 ISCD definition has successfully pre-
vented overdiagnosis of osteoporosis and unnecessary treat-
ment in healthy children who do not have true skeletal fra-
gility. However, in the clinical context of children with im-
mobility or exposure to osteotoxic medications, this defini-
tion could result in underdiagnosis, and subsequently, un-
dertreatment of secondary osteoporosis. With the fact that
even a single episode of long bone fracture could lead to
permanent loss of ambulation, waiting for the second, even
the third episode of long bone fracture would superfluous-
ly delay the initiation of treatment in these high-risk chil-
dren. This raised the question of whether a special defini-
tion is needed for this high-risk group of children.

In the past, possibly related to the limited survival in pa-
tients with SMA, the issue of bone health was infrequently
discussed. With the advent of disease-modifying treatments,
which have enabled improved motor function, survival,
and quality of life, there has been a paradigm shift in the
overall care of children with SMA, with a greater focus on
the associated comorbidities, including bone health. In-
deed, fractures do not only lead to acute pain, but also po-
tentially permanent loss of ambulation. Cast immobiliza-
tion following fractures, especially if prolonged, could ag-
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gravate muscle wasting and bone loss and further speed
up the disease progression. In the latest International Con-
sensus of SMA care and management, importance of a mul-
tidisciplinary approach in the various aspects including bone
health, has been highlighted, and regular bone health moni-
toring with annual DXA study and checking of 25(0H)D lev-
els was recommended.[4] However, practical implementa-
tion in the real-world clinical setting could be challenging.
In our cohort, only 17 out of 32 patients had a DXA study
performed. The main reasons for not having a DXA study
performed include difficulties in positioning due to con-
tractures and parental refusal, as some do not prefer an-
other hospital visit and are worried about the risk of addi-
tional investigatory procedures. Clearly, a better service mod-
el is needed to facilitate the delivery of this recommended
multidisciplinary care.

When compared to other neuromuscular conditions like
Duchenne muscular dystrophy (DMD), the bone health sta-
tus of children with SMA is much under-reported. Table 4
summarises the published cohorts on the topic. The preva-
lence of low BMD, vitamin D deficiency and fractures ob-
served in various cohorts varies, which is likely contributed
by the heterogenous patients’ population with different
SMA types motor functions across different studies, as well
as different standards of care in terms of bone health mon-
itoring.[2,3,11-14] This makes direct comparisons difficult.
SMA types, phenotype severity, increasing age, motor func-
tion, serum 25(0OH)D and parathyroid hormone level have

JBM

been reported to be important factors influencing BMD in
children with SMA.[2,3,14] We were not able to find any
factors associated with low BMD or fracture, likely related
to the small sample size of our study.

Unsurprisingly, in cohorts with larger sample sizes, chil-
dren with SMA type 1 have been reported to have signifi-
cantly lower BMD Z-scores at all skeletal sites than children
with SMA type 2 or 3.[3] On one hand, muscle and bone
function as one unit,[15] and hence it is to be expected that
patients with more severe neurological phenotype would
have weaker bones. On the other hand, the deficiency of
SMN protein also has pronounced effects on BMD. In fact,
it has been well described that children with SMA tend to
have more severe reduction in BMD than in children with
other neuromuscular conditions of similar level of mobility.
[16] In mouse model, the SMN protein has been demon-
strated to have important functional roles in skeletal de-
velopment [17] and bone resorption activity by interacting
with cellular signaling molecules such as osteoclast stimu-
latory factor 1 (OSTF1), which is involved in the indirect ac-
tivation of osteoclasts.[18] Mouse models of human SMA
were observed to have poorly developed caudal vertebra
and pelvic bone fractures.[17] Abundant activated osteo-
clasts were also observed on the histochemical staining of
vertebrae from SMA mice, consistent with increased bone
resorption.[19] With a more severe SMA phenotype, the
amount of SMN protein is also lower.[17,19] All in all, this
accounts for the high prevalence of low BMDs and fractures

Table 4. Summary of different cohorts of bone health status of children with SMA

References Year SMA Sample Meanage Prevalence of Prevalence of Prevalence of  Factors associated with low
types size (yr) fracture low BMD vVDD? BMD®!
Kinali et al. [12] 2004 2,3 12 11.8 Not reported 16.7% Not reported ~ Older age
Atonetal. [13] 2014 1 40 1.6 Not reported NA 75.0% Low vitamin D and calcium
intakes
Vai et al. [2] 2015 2,3 30 1.3-14.3 36.7% 50.0%° 6.7% - PTH and 25(0H)D levels
- Motor function
Wasserman etal. [3] 2017 1,2,3 85 1.0-18.0 38.0% 85.0% Not reported  Not reported
Baranello et al. [14] 2019 2,3 32 33 28.1% 37.5% 31.3% VDI PTH, 25(CH)D levels
Peng etal. [11] 2021 2,3 40 54 5.0% 67.5% Not reported ~ SMA types, PTH levels
Current study 2023 1,23 32 10.8 12.5% 93.3%" 0.0% VDD  Non-statistically significant
(median) 9.4% VDI

\/DD: 25(0H)D <25 nmol/L; VDI: 25 nmol/L <25(0H)D <50 nmol/L.

¥ ow BMD for age: BMD Z-score by dual energy X-ray absorptiometry <2.0.

9Low BMD in this study was defined as Z-score <1.5.

90nly 15 out of the 32 patients had BMD assessment by dual energy X-ray absorptiometry performed.
SMA, spinal muscular atrophy; BMD, bone mineral density; VDD, vitamin D deficiency; NA, not available; VDI, vitamin D insufficiency; PTH, parathyroid

hormone; 25(0H)D, 25-hydroxy-vitamin D.
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among children with SMA, especially SMA type 1. There-
fore, it is logical to deduce that, with disease-modifying
treatment, the bone phenotype might also be modified
and improved.

Previous studies have also shown that a significant pro-
portion of children with SMA have high CTX levels, indicat-
ing higher bone resorption.[2,14] This could be explained
by the functional roles of the SMN protein in bone resorp-
tion through the interaction with OSTF1.[18] However, this
phenomenon was not observed in our 4 children with long
bone fractures. Indeed, they all had low CTX and P1NP lev-
els, indicating a low bone turnover state. This might reflect
different extents of contribution of the SMN protein and
immobility during different stages of the disease course.

Nasomyont et al. [20] described their experience in intra-
venous bisphosphonate therapy in 8 children with SMA.
Similar to our experience, an acute initial reaction was com-
mon after the first infusion but not the subsequent infu-
sions. Minimal acute adverse effects were observed, and
the infusions were effective in reducing incidences of fur-
ther fractures. However, an atypical femur fracture was ob-
served in one patient, and hence caution is still needed.[20]

Interestingly, we observed a much higher mean LS Z-
score than TBLH and LDF. This phenomenon was also ob-
served in children with DMD.[21,22] This would be sugges-
tive of more cortical bone defects than trabecular defects,

Bone Health in Children with SMA |

as well as the differential weight-bearing effects on BMD
at different skeletal sites — with some weight bearing at
the spine but much less weight bearing at the lower limbs.
Alternatively, it might also be attributed to the presence of
artifacts induced by scoliosis, which is common among our
children with SMA and may falsely increase the measured
aBMD (Fig. 2). This highlights the complexity in DXA inter-
pretation and limitations of aBMD assessment by DXA in
this group of children. This also infers the need of explor-
ing other novel imaging modalities e.g., peripheral quanti-
tative computed tomography, as part of the bone health
assessment.

Apart from long bone fractures, asymptomatic, undiag-
nosed vertebral fractures are indeed not uncommon and
have been reported among young children with SMA at a
prevalence of approximately 10%.[14] This underscores
the importance of an annual vertebral fracture screening
as part of the bone health assessment, which was not the
standard of care in our practice before, but we have imple-
mented this as our routine monitoring recently. In fact, with
the recent commencement of service of the Hong Kong
Children’s Hospital, a one-stop, multidisciplinary clinic with
joint assessment by a pediatric neurologist, pediatric or-
thopedic surgeon, and pediatric endocrinologist has been
set up since 2021. DXA scan is performed by dedicated ra-
diographers experienced in handling children with medi-

DXA results summary:

Reglon  Area  BMC  BMD T Z AM
(cnr) @ (@enr) score score (%)
953
18
17

LI 983 857 0900 149

124

Total 3851 3420 058§ 19

Z-score: 1.9

Comment:

DXA results summary:
Region  Ares BMC BMD T Z-  AM
() ® (gew) score score (%)
Ltarm 8120 3097 0381
Rtarm 9090 3590 039
Ltribs 6747 2926 0434
Rtribs 6343 2857 0450
Tspine 13170 8765 0666
Lspine 3878 1060 1.047
Pelvis 11998 8790 0733
Ltleg 11312 7348 0650
Rtleg 11796 7326 0621
Subtotal $2453 48768  0.591 25 80
Subtotal Head 21371 38541 1803
Total 103824 87309 0841 00 100

vD

Z-score: -2.5

Comment:

Fig. 2. Discrepant areal bone mineral density (BMD) Z-score at different body sites due to scoliosis. DXA, dual energy X-ray absorptiometry; BMC,
bone mineral content; AM, age-matched; CV, coefficient of variation; Lt., left; Rt., right; T, thoracic; L, lumbar.

https://doi.org/10.11005/jbm.2023.30.4.319

https://e-jbm.org/ 325



| Joanna Yuet-Ling Tung, et al.

cal complexities and fragile bones. In contrary to most cen-
ters DXA service is provided in the Radiology Department,
we particularly designed the DXA service to be delivered in
the ambulatory care center, which is just one floor above
our clinic, with support from onsite pediatricians and nurs-
es. All these arrangements would help reduce the anxiety
of parents about the risk and inconvenience of additional
investigatory procedures and facilitate better communica-
tion between different disciplines for comprehensive care
delivery.

There are several limitations in this study. First, as a ret-
rospective study, not all patients had undergone the bone
health assessment with DXA. Patients’ diet history and cal-
cium intake, as well as details on the skeletal geometry, were
also not available, which could also contribute to their bone
health status and fracture risk. The sample size was small.
However, with limited publications on bone health status
in this rare condition, this is still a valuable addition to the
existing literature. It also provides further information on
health service needs in this group of children for better plan-
ning of health care resources.

Low BMD and long bone fractures were common among
children with SMA in Hong Kong but osteoporosis based
on the 2019 ISCD definition was uncommon. This latest ISCD
pediatric definition of osteoporosis may result in underdi-
agnosis in this group of at-risk children and could poten-
tially delay appropriate treatment for osteoporosis. Despite
clear recommendations on regular bone health surveillance,
practical implementation in the real-world could be chal-
lenging. Modifications in the care delivery system, e.g., a
one-stop multidisciplinary service model, would facilitate
the practical implementation. Longer-term, prospective
studies with larger sample sizes are needed to investigate
the effect of disease-modifying treatment and bisphospho-
nates on skeletal phenotypes in this group of children.
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