ORIGINAL PAPERS 129

YK 616.831-009.12-053.2 + 616.832-007.43]-08
https://doi.org/10.17816/PTORS33961

BONE MINERAL DENSITY IN CHILDREN WITH CEREBRAL PALSY
AND SPINA BIFIDA TREATED WITH IBANDRONATE

© V.M. Kenis, A.V. Sapogovskiy, T.N. Prokopenko, A.N. Bergaliyev, S.V. Ivanov, T.I. Kiseleva

H. Turner National Medical Research Center for Childrens Orthopedics and Trauma Surgery,
Saint Petersburg, Russia

B For citation: Kenis VM, Sapogovskiy AV, Prokopenko TN, et al. Bone mineral density in children with cerebral palsy and spina bifida freated
with ibandronate. Pediatric Traumatology, Orthopaedics and Reconstructive Surgery. 2020;8(2):129-136. https://doi.org/10.17816/PTORS33961

Received: 25.03.2020 Revised: 30.04.2020 Accepted: 08.06.2020

Background. Bisphosphonates have become a common method for the prevention and treatment of osteoporosis in
children with neuromuscular diseases.

Aim. The aim of this study was to assess the mid-term changes of bone mineral density in patients with cerebral palsy
and spina bifida treated with ibandronic acid.

Materials and methods. Thirty-four patients were examined and treated: 19 children with cerebral palsy
(GMECS levels III-1V) and 15 children with spina bifida (thoracic and upper lumbar neurosegmental levels), mean
age 9.8 + 2.9 years. Ibandronic acid was administered to all patients (3 consecutive intravenous infusions, 0.1 mg/kg
every 3-4 months). The assessment of bone mineral density was performed using dual-energy X-ray absorptiometry.
Results. The Z-score increased from -2.55 to -2.1 (total body less head), and from -2.7 to -1.65 (lumbar spine). Improvement
of the Z-score for the lumbar spine was noted after the first infusion, and for the whole body after the first two infusions.
Conclusion. Ibandronic acid infusions improved the bone mineral density in children with cerebral palsy and spina
bifida for both the whole body and the lumbar spine. Given the data obtained, weight-bearing exercises can be
recommended three months after the first infusion, and dynamic exercises can be performed, preferably after six
months.
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ANHAMMUKA CPEAHECPOYHbBIX NMOKA3ATEAEAN
OCTEOAEHCUTOMETPUN Y NAUMEHTOB C AETCKUM
LLEPEBPAAbHbIM TTAPAANYOM U SPINA BIFIDA,
MOAYYABIUUX TEPAMTUIO UBAHAPOHOBOW KUCAOTOWU
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O6ocHoBanume. B nocenume rogpl Aist NpOQUIAKTUKY ¥ JIEIeHNsI OCTEONOPO3a y [ieTell ¢ HelfpOMbILIEYHBIMY 3a60-
JeBaHMAMY Bce dallle IPUMEeHSIT 6ucdocdoHaThI.

Ilenp — M3y4UTh SUHAMUKY CPEFHECPOYHBIX ITOKA3aTesell NeHCUTOMETPUM Y MALVEHTOB C JETCKMM liepebpasbHbIM
HapanndoM u spina bifida, nony4asumx Tepammio 16aHAPOHOBOI KUCIOTOI.

Marepuanst u Metofbl. [IpoBeneno obcenoBanue U jedeHne 34 MalyeHTOB: 19 MALMEHTOB C [ETCKUM Liepebpasib-
HbeM mapanundoM (GMEFCS yposuu III-1V) u 15 gereit co spina bifida (rpyaHOIt U BepXHEIOSCHUYHDIN Helpocer-
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MeHTapHble ypoBHM). CpegHMIT BO3pacT HMalMeHTOB cocTaBma 9,8 + 2,9 roga. Bcem peTsaM mpoBopguim IoOcCIeno-
BaTenbHble MHQY3UM nbaHApPOHOBOM KucmoTel (mo 0,1 Mr Ha 1 KT Beca Kaxkgsle 3-4 MecC. Ha NMPOTSDKEHMM TORA).
MuHepaIbHYIO MIOTHOCTb KOCTHONM TKaHY OLEHMBAIM C IIOMOIIBIO BYX9HEPreTH4ecKoll PeHTTeHOBCKON abcopb-
L[IOMETPUM, KOTOPYIO BBINOJHSIN Ha PEeHTTeHOBCKOM JEHCUTOMETpe [0 IepBoil MHGY3UY, a TakKe Iepel KaKHoil
nocnenymomiert nHQy3uer.

PesynpraTnl. CpegHye 3Ha4eHNA Z-KPUTEPHS IJIA BCETO Te/la YBEMYMINCD € —2,55 1o -2,1 U 1 NOACHUYHOTO OTHe-
Jla TI03BOHOYHMKA C -2,7 mo —1,65. Ynydutenne Z-Kputepus Ajst MOSICHUYHOTO OT/AeNa ObIIO OTMEYEeHO yXe IHOCTIe
[IepBOIL, a [Is1 BCETO Te/la — IOC/e TEPBBIX ABYX MHOY3MIL.

3akmroyenne. Ha ¢one nudysuit nbaHAPOHOBOM KMUCTIOTHI MTOKAsaTe/Iy MUHEPAIbHON IVIOTHOCTM KOCTHONM TKaHM
y MAlMeHTOB C AEeTCKUM liepeOpalbHBIM IapaandoM U spina bifida xax mis Bcero Tea, Tak U JyIA MOACHUYHOTO OTHe-
J1a TIO3BOHOYHMKA YIYYIIa/INCh Ha MPOTSDKEHNU CPeHECPOYHOro nepyopna HabmoneHuA. C y4eToM BBIABJICHHOI AMHA-
MKV CTaTMYeCcKye Harpy3K! Ha II03BOHOYHUK PEeKOMEHIYIOT YBeIMYMBATh YoKe depe3 3 Mec. IOC/Ie IepBoit MHy3uy,

a Ha HIMDKHJME KOHEYHOCTU — Yepe3 6 Mec.

KnroueBble cIoBa: TeHCUTOMETPUS; eTCKUIT liepeOpanbHblil napanny; spina bifida; nbaHApoHOBasA KUCIOTA.

The diagnosis and treatment of osteoporosis
in pediatric patients with neuromuscular diseases
has recently received increased attention [1, 2].
The desire of young patients and their parents
to achieve a high quality of life necessitates the
expansion of the range of rehabilitation measures
and types of activities available to them. Quality
of life is an inalienable right of the patient and,
as such, medical workers are obligated to ensure
this right. The quality of life of a pediatric
patient with a neuromuscular disease is negatively
affected by manifestations of osteoporosis, which
include increased risk of pathological fractures,
secondary pain syndrome, and increased risk of
surgical interventions. Moreover, pediatric patients
are prone to suffering from fractures in the
postoperative period during orthopedic treatment.
Pediatric patients with the most severe clinical
forms of neuromuscular diseases are at extremely
high risk of developing osteoporosis and its related
complications. The manifestations of osteoporosis
are most pronounced in patients with infantile
cerebral palsy (ICP), those who are unable to move
independently (GMFCS levels IV-V), and those
with concomitant disorders (e.g., epilepsy and its
related conditions, hydrocephalus) [3, 4]. Children
with spina bifida, as pediatric patients with the
most severe neurological and motor disorders at
the thoracic and upper lumbar neurosegmental
levels, are also highly susceptible to manifestations
of osteoporosis, such as fractures of the lower
extremities [5]. Patients of this category, besides
already being prone to the above complications,
most often receive large-scale surgical interventions,
such as reconstructive surgery of the hip joints and
stabilization of spinal deformities; unfortunately,

these interventions may also lead to prolonged
postoperative immobilization and contribute to the
aggravation of osteoporosis.

Several attempts have been made over the
last few decades to develop an optimal protocol
for the management of such patients, and these
efforts often describe the selection of optimal
drugs or evaluation of the effectiveness and safety
of a proposed approach. Rehabilitation and regular
physical exercise are known to have positive effects
on bone mineral density (BMD) [6]. The intake of
supplements, such as calcium preparations, standard
or high doses of vitamin D [7], growth hormone,
and high doses of vitamin K [8] is often prescribed.
Fehlings et al. [9] reported that vitamin D and
calcium can improve the BMD of patients with
ICP and osteopenia; however, the efficiency of this
treatment in preventing fractures is insufficient.
Moreover, approaches to treat osteoporosis in
pediatric patients with spina bifida have scarcely
been studied [10].

X-ray dual energy absorptiometry, hereinafter
referred to as densitometry, is currently the
most common method used to assess the state of
bone tissue [11]. The accuracy and reproducibility
of BMD measurements in pediatric patients with
severe manifestations of cerebral palsy depend on
the presence of contractures, spinal deformities,
metal implants, positioning, and hyperkinesis.

Our clinic has treated osteoporosis in patients
with ICP and spina bifida with bisphosphonates
since 2009. In recent years, the use of ibandronic
acid preparations has become more mainstream.
Similar to other bisphosphonate preparations,
ibandronic acid is administered to patients under
18 years of age for unregistered indications on the
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basis of the findings of the medical commission and
ethics committee. These restrictions exist in most
European countries and the United States. Several
studies presenting the authors’ experience of the use
of ibandronic acid in pediatric patients have been
published. The literature data and our own studies
have demonstrated the sufficient safety profile of
this drug in patients with ICP and spina bifida [12].

Most studies on the BMD dynamics of pediatric
patients with neuromuscular diseases during
bisphosphonate therapy include the determination
of BMD parameters before and 1 year after
treatment [13, 14]. Few studies have demonstrated
changes in densitometry indices several years after
the start of treatment [15]. The available literature
does not present studies reflecting the dynamics
of medium-term (i.e., during the first year of
therapy) changes in BMD in pediatric patients.
In our opinion, this information is essential to
formulate recommendations for increased motor
activity in patients diagnosed with osteoporosis and
after healing from injury and surgery. Since these
changes in motor activity occur, as a rule, during
the first year of therapy, we suggest that changes in
BMD are non-linear and, therefore, the expansion
or limitation of motor activities in this period would
depend on the increase or decrease in BMD indices.

The present work aims to study the dynamics
of middle-term densitometry indices in patients
with ICP and spina bifida treated with ibandronic
acid therapy.

Materials and methods

This prospective study included 34 patients
[19 ICP patients (GMFCS levels III-1V) and
15 pediatric patients with spina bifida (thoracic
and upper lumbar neurosegmental levels)] who
underwent staged infusion with ibandronate
throughout the year.

The inclusion criterion was the presence of at
least two of the following factors:

e Z-score according to densitometry lower
than 2.0;

e Low-energy fracture of a long tubular bone
1 year before the start of therapy;

e Reconstructive surgery of the hip joint or
corrective osteotomy of two or more bones of
the lower extremities; or

e Pain associated with osteoporosis.

We used an ibandronic acid preparation
(Bonviva) at a dosage of 0.1 mg per 1 kg of
weight (maximum dose, 2 mg) every 3-4 months
for therapy. We selected this drug because of its
infusion regimen (one infusion per treatment cycle).
Earlier studies indicated that ibandronic acid is
well tolerated by adult patients as well as pediatric
patients with imperfect osteogenesis and cerebral
palsy. Following a standard examination, the drug
was administered to each patient by drop infusion
at a rate of 100 ml/h with an infusion pump in the
hospital.

The average age of the patients at the time of
the first infusion was 9.8 + 2.9 years. BMD was
assessed by dual energy X-ray absorptiometry using
a Lunar Prodigy X-ray densitometer (GE Medical
Systems, USA). Z-scores determined according to
the densitometry of the whole body, excluding the
head, and lumbar spine (LS), were taken into account
when analyzing the results of the examinations.

Densitometry was performed before the first
and all subsequent infusions. Thus, in this study,
124 examinations were performed in 34 patients,
with three examinations were conducted for each
of all patients and four examinations for each of
22 patients. To simplify data capture, we designated
intervals between examinations as intervals after
infusion. The average recommended time interval
between infusions is 3 months; in fact, in the present
study, the time interval between infusions was
3.3 months. Therefore, the intervals after infusions
1, 2, and 3 were 3, 6, and 9 months, respectively.
The total follow-up duration (time interval from the
first to the final examination) was 9.3 + 1.8 months
(minimum, 7 months; maximum, 14 months).

The statistical data were processed according
to our analysis of the normality of the distribution
of indicators in different groups of patients at
different follow-up periods. Data processing
using the Shapiro-Wilk test showed statistically
significant differences with a normal distribution;
therefore, non-parametric criteria were applied.
The Wilcoxon signed rank test was used to assess
changes at different terms of treatment in the
groups of patients. Here pairs of variables were
formed between each group at different stages of
treatment (15 pairs in total). A decrease in Z-score
relative to that in the previous stage of treatment
was considered a negative rank, and an increase in
Z-score was considered a positive rank. No change
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was considered a coincident case. Changes between
related patient groups were considered statistically
significant at p < 0.05.

Results

Table 1 presents Z-score indicators (descriptive
statistics) for the whole body and lumbar spine at
different stages of treatment.

Table 1 reveals that the average (median) and
quartile values of the initial Z-score indicators
for both the whole body and LS were beyond
the normal range (less than 2.0) and improved
over the follow-up period. Moreover, the Z-score
increased more significantly for the LS than for
the whole body (whole body, from -2.55 to —2.1;
LS, from -2.7 to —1.65). Three months after the
first infusion, the median Z-score for the whole
body did not change but that for the LS improved
significantly. The median Z-score for the lumbar
region reached —1.9, which is within the normal
limit, prior to the third infusion (i.e., 6 months after

the start of therapy) and improved after infusion 3.
Figures 1 and 2 present the data of the whole body
and LS, respectively, as box diagrams.

The indicators of the Wilcoxon signed rank test
were analyzed to assess the significance of changes
in Z-score at different treatment stages. Table 2
presents the results of the analysis of these changes
for the whole body.

The increase in BMD (Z-score) for the
whole body peaked after the first two infusions.
The Z-score also increased after infusion 3 but the
increase observed was less pronounced compared
with that observed in the previous stages.
Statistically significant differences between the
Z-score parameters were observed after each of the
subsequent infusions (p < 0.05).

To determine the significance of changes in the
Z-scores of the LS at different stages of treatment,
we studied the indicators of the Wilcoxon signed
rank test (Table 3).

The data presented in Table 3 reveal that the
number of positive ranks, i.e., the improvement

Table 1
Z-score indicators (descriptive statistics) for the whole body and lumbar spine
at different stages of treatment
Z-score — Z-score —
Study time Number whole body lumbar spine
of cases
median quartile median quartile
Before treatment 34 -2.55 -2.1; -3.2 -2.7 -2.08; -3.4
After the infusion 1 34 -2.55 -1.98; -3.1 -2.1 -1.6; -3.0
After the infusion 2 34 -2.2 -1.78; -2.7 -1.9 -1.4; -2.83
After the infusion 3 22 -2.1 -1.53; -2.82 -1.65 -1.1; -2.83
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Fig. 1. Changes in Z-score for the whole body at different
stages of treatment

Fig. 2. Changes in Z-score for the lumbar spine at different
stages of treatment
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Table 2
Z-test ranks for whole-body densitometry at different stages of treatment

Asymptotic

Interval Positive ranks Negative ranks | Coincident cases significance
(bilateral)
Before treatment — after the infusion 1 24 6 4 p <0.001
Before treatment — after the infusion 2 30 2 2 p <0.001
Before treatment — after the infusion 3 19 3 0 p <0.001
Between the infusions 1 and 2 21 4 9 p <0.001
Between the infusions 1 and 3 17 4 1 p=0.001
Between the infusions 2 and 3 16 4 2 p=0.001

Table 3
Z-test ranks for lumbar-spine densitometry at different stages of treatment

Asymptotic

Interval Positive ranks Negative ranks | Coincident cases significance
(bilateral)
Before treatment — after the infusion 1 27 7 0 p=0.001
Before treatment — after the infusion 2 31 2 1 p <0.001
Before treatment — after the infusion 3 19 3 0 p <0.001
Between the infusions 1 and 2 26 7 1 p <0.001
Between the infusions 1 and 3 17 5 0 p =0.005
Between the infusions 2 and 3 13 6 3 p=0.098

in Z-score, increased after infusion 1 and peaked
after infusion 2. By contrast, Z-scores for the whole
body showed no statistically significant difference
between infusions 2 and 3 (p = 0.098), although the
significance of improvement at this stage persisted
compared with the initial indicator.

Discussion

The treatment of osteoporosis in pediatric
patients with neuromuscular diseases is a complex
problem that remains unresolved. We believe that
the treatment of such patients should begin with
the elimination of known risk factors. Choosing
the minimum dose of the most effective drug
to maintain BMD, increasing the duration of
insolation, and ensuring adequate intake of calcium
and vitamin D are essential to enhance treatment
success. The most significant breakthrough in
this field involves the use of antiresorptive drugs,
primarily bisphosphonates. The literature provides
extensive information on this issue. However, most
protocols are empirical in nature, and treatment
efficacy studies are largely limited to evaluations

of the basic parameters of bone metabolism, such
as blood alkaline phosphatase activity. However,
osteoporosis represents a combination of clinical
disorders in the form of pathological fractures and
certain results of evaluation (decrease) of BMD.
In this case, to follow these criteria, BMD must be
determined at each stage of a patient’s examination
and treatment.

Osteodensitometry in pediatric patients with
neuromuscular diseases presents a number of
limitations, including a wide range of anthropometric
variations in patients with ICP and the consequences
of spinal hernia associated with eating habits,
comorbidity, puberty, and various medical and non-
medical circumstances. Moreover, patients with ICP
and spina bifida often present contractures and
deformities of the extremities, malpositions, and
surgical hardware after orthopedic intervention.
In patients with spina bifida, congenital spinal
deformities characteristic of the disease can cause
additional difficulties. These factors are widely
discussed in the literature, but their presence is not
considered as a direct obstacle to obtaining and
interpreting densitometry data in pediatric patients
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with ICP and spina bifida. However, in all cases,
this fact is specified as a certain restriction.

Literature data on the dynamics of densitometry
in ICP patients treated with bisphosphonates
are very limited. A previous meta-analysis [8]
published in May 2015 found only four studies
evaluating the effect of bisphosphonates on BMD
using densitometry before and after treatment.
In all studies, the Z-score for the LS significantly
improved after treatment with bisphosphonates.
Henderson et al. [13] conducted a randomized
double-blind placebo-controlled study in which six
patients were administered intravenous pamidronate
and found that Z-scores ranged from -3.4 to —2.2
(p = 0.005). Bachrach et al. [14] performed a case-
control retrospective study in which seven patients
were administered intravenous pamidronate and
found that Z-scores changed from -4.0 to —2.8
(p = 0.03). Plotkin et al. [15] also reported
a prospective case—control study in which a group
of 19 pediatric ICP patients received intravenous
pamidronate; Z-scores in this group improved from
-3.8 to —2.3 (p < 0.01). A case—control prospective
study in which oral alendronate was administered
to 26 patients revealed an improvement in BMD
from—-3.45 to—-2.4 (p < 0.001) [16].

A later study in 2017 [4] analyzed the data of
10 patients with quadriplegia (GMFCS level V)
who received antiepileptic drugs. Pamidronate
was prescribed to the patients (0.5-1.0 mg/kg
per day, 2 consecutive days) every 3-4 months
to treat osteoporosis. The authors evaluated the
Z-score for the LS and revealed improvements from
—-4.22 to -2.61. A unique aspect of this study is
its inclusion of patients suffering from syndromic
diseases with the clinical presentations of ICP
(e.g., Angelman syndrome, Li syndrome, Dandy-
Walker disease, Lennox-Gastaut syndrome) who
received antiepileptic therapy. Thus, extremely low
indicators of the Z-score may be associated with
this feature.

The optimal duration of therapy for osteoporosis
with bisphosphonates remains unknown, and the
limited numbers of studies on this topic prevent
the formulation of clear conclusions. The present
study revealed that three consecutive infusions of
ibandronic acid at intervals of 3 months positively
influence the increase in BMD, due to which it can
be increased to the minimum borderline indicators
of the norm (Z-score —2.0). However, additional

studies are required to determine the effectiveness
of subsequent infusions.

The X-ray dose applied when examining
pediatric patients is an important consideration.
The effective radiation dose for densitometry of the
whole body on a Lunar Prodigy device in a pediatric
patient aged 10 years is 0.14 pSv for boys and
0.16 uSv for girls [17]. According to Sanitary Rules
SP 2.6.1.758-99 “lonizing radiation, radiation safety.
Radiation safety standards (RSS-99),” an equivalent
radiation dose not exceeding 1 mSv per year is
permissible during examination, including for
scientific purposes.

Thus, even if examination is performed every
3 months, the total annual radiation dose received
by the patient will be hundreds of times lower
than the permissible dose. Nevertheless, despite the
fact that radiation safety standards were observed
in the present study, densitometry without serious
clinical grounds is not recommended in everyday
practice.

Conclusion

Bisphosphonates are increasingly used to
prevent and treat osteoporosis in pediatric patients
with neuromuscular diseases. The optimal dose
of drugs resulting in the best effects with the
fewest adverse reactions can be determined by
assessing BMD. Thorough assessment of the
therapeutic effect and constant monitoring of
the patient’s condition are required. Comparative
analysis of our own findings with the literature
data has enabled us to draw several important
conclusions. Published studies have confirmed
the positive effect of ibandronic acid therapy on
BMD indices in pediatric patients with cerebral
palsy and spina bifida. Ibandronic acid, which was
first studied as the drug of choice in this category
of patients, demonstrated sufficient safety and
effectiveness in our earlier studies. In the present
work, densitometry revealed that ibandronic
acid produces more pronounced improvements
in the LS compared with that in the whole body.
The finding may indicate some imbalance in
the improvement of BMD between the axial and
appendicular skeleton. Both indicators changed
most significantly approximately 6 months after
the first infusion. The data obtained can serve
as a basis for practical recommendations to
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expand the motor activity of patients receiving
antiresorptive therapy. For example, static loads on
the spine can be increased 3 months after the first
infusion of ibandronic acid and dynamic loads on
the lower extremities could be increased after two
stages of infusion, that is, after 6 months.

Despite the availability of clinical material for
this type of research, a significantly larger number
of cases is required to address issues related to the
influence of age-related, clinical (e.g., diagnosis
of ICP or spina bifida, history of surgeries and
fractures), anthropometric, and neurological factors,
as well as dosage options for the drug. Further
research in this field and generalization of literature
data could improve and personalize the care of this
complex category of patients.
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