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Introduction and outline
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This thesis addresses bone quality in children with severe neurological impairment
and intellectual disability (ID). In clinical practice severe problems concerning bone
health are encountered in this group of severely disabled children as the following
case report illustrates.

Alex is a 16-yr old boy with severe neurological impairment and ID of unknown
origin. He has severe epilepsy, spasticity and contractures of upper and lower
extremities, and scoliosis, leading to severe limitation of his mobility. Moreover,
he suffers from chronic constipation, gastro-oesophageal reflux disease and
recurrent airway infections.

To control his contractures, spasticity and scoliosis, at night he lays in an
individualized orthesis. During one of the daily care moments his mother tries
to reposition him in a better way. She puts her arms underneath both shoulders
and knees to lift him. During this, she hears a snap and Alex starts to cry.
Inspection of the legs shows no abnormalities but palpation and movement of
the right leg are clearly painful. Because a fracture is suspected, a radiograph is
made (Figure 1).

Figure 1. Radiograph of the right knee of Alex
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It shows a femoral fracture just above the knee joint and osteopenic highly
translucent bone with a small cortex. A plaster bandage is put on. Fracture
healing is slow. After six weeks of plaster only minimal callus is seen.
Subsequently, dual energy X-ray absorptiometry (DXA) is performed to
determine bone mineral density (BMD). The DXA shows a very low bone
density (BMD Z-score —3.8), but the DXA operator describes the examination
as less accurate because Alex is not able to attain the appropriate posture
because of his contractures. Moreover, it is difficult for him to lie still during
the measurements. Alex is treated with oral bisphosphonates for 10 months.

A new fracture occurs at the right femur, so intravenous treatment with
bisphosphonates is started. A third fracture at the same femur occurs after 3
months of therapy with bisphosphonates. Because all fractures occur during care
taking, splints are constructed to protect his legs during washing and dressing.

This case report illustrates many additional clinical experiences concerning the
enormous impact of fractures on the quality of life of severely disabled children and
their caretakers. Evidence is accumulating that the development of fractures is a
consequence of processes that start early in life [1-2]. This provides a rationale to
study bone quality in childhood, because it is considered an important risk factor of
fragility fractures [3-4]. In this way, knowledge may be increased on the aetiology
of low bone quality and indicate ways of prevention of fractures at an early stage.

Bone quality and bone mineral density

Bone quality and bone mineral density (BMD) are both aspects of bone health.
Bone quality can consequently be defined in terms of bone microstructure, bone
geometry, bone turnover and bone material properties [5]. BMD or bone mass
concerns the calcium (and other minerals) content per section of bone (in gram/
cm?).

To adapt to mechanical stress and to maintain calcium homeostasis, bone is

put through a constant process of remodelling. Bones will adjust their strength

in proportion to the amount of mechanical stress put on them. Normal bones

can detect and repair small amounts of micro damage by a process in which
“remodelling units” remove and replace bone in a coordinated manner. Osteoclasts

are responsible for absorbing bone tissue, while osteoblasts replace bone tissue.
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Figure 2. Determinants for bone health
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Low BMD or osteoporosis arises if a longer existing mismatch occurs between

the rates of bone resorption and bone formation [6]. It has been described as

“a disease characterized by low bone mass and micro-architecture deterioration
of bone tissue, leading to enhanced bone fragility and a consequent increase in
fracture risk”. Osteoporosis in adults is considered a multifactorial disorder involving
a broad variety of aetiological factors (Figure 2) [7-8].

Foundation for skeletal health is established early in life. In healthy children, in
spite of constant remodelling of bone tissue, there is an accrual of bone mass
throughout childhood and early adulthood, resulting in a peak bone mass. Scarce
literature is present on a suboptimal accrual and lower peak bone mass in children
with motor disabilities, resulting in early occurrence of fractures [2, 9-10].
Therefore, it seems important to monitor bone quality in children with severe
neurological impairment and ID, in order to estimate fracture risk and to take
preventive measures or even start intervention.

Description of the study population

Children with severe neurological impairment and ID have severe motor problems
as well as an intellectual disability. They are defined in this thesis as children with a
moderate to severe intellectual disability (estimated intelligence quotient (IQ) < 55)
and a Gross Motor Functioning Classification System (GMFCS) level IV or V [11].

15



The GMFCS is a five level classification system that is widely used for children with
cerebral palsy (CP) and describes gross motor function on the basis of self-initiated
movement [11]. Children classified in level IV may walk indoors for short distances
with physical assistance, but mostly rely on wheeled mobility. Children with GMFCS
level V have severe limitations in head and trunk control, and in self-mobility. These
children are entirely wheelchair depended [12-13].

Although the origin of their intellectual and motor disabilities may differ, e.g. in
some children the handicap is caused by deprivation of oxygen during birth and in
others by a known genetic disorder, or by a severe trauma, they have in common
that they are prone to an accumulation of additional health problems. Epilepsy,
chronic constipation, gastro-oesophageal reflux disease, dysphagia, recurrent
airway infections, growth retardation, contractures, scoliosis of the spine and visual
impairment are frequently observed, as well as polypharmacy [9, 14-19]. And
although their life expectancy remains reduced in comparison to children without
these profound handicaps, in recent years improvement of medical care, including
the introduction of the percutanous gastrostomy catheter has caused a considerable
improvement in life expectancy. A 5 year increase was observed between 1995 and
2002 [20-21]. It is expected, that a rise in fracture incidence will be observed in

this population, increasingly growing older.

Diagnostic methods

In Table 1, the definition of osteoporosis by the World Health Organisation (WHO)
is shown. This definition is based on BMD measurements with DXA. In the general
adult population we are accustomed to measure bone quality, expressed in bone

mineral density using DXA only.

Table 1. Definition of osteoporosis according to the World Health
Organization (WHO).

T-score * Interpretation
T=<-25 Osteoporosis
-25<T<-1 Osteopenia
T>-1 Normal Bone Mineral Density

* T-score: Standard Deviation Score of BMD outcome in comparison to the young adult mean BMD
BMD: Bone Mineral Density as measured by dual energy X-ray absorptiometry
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In children, who by definition have not reached their peak bone mass yet, age and
sex adjusted Z-scores are used to describe bone mass measurements instead of
T-scores. Measurement of BMD in children using DXA requires specific software and
each device has its own reference values. As a result, in the Netherlands, paediatric
DXA is only available in academic hospitals, hampering availability of the method.
Moreover, in clinical practice, the DXA method has not shown to be very feasible in
children with severe neurological impairment and ID. Its accuracy can be diminished
by a variability in skeletal size and body composition [22-24]. Therefore, a more
generally available, easily applicable and safe diagnostic method is wanted for this
group. This method should be suitable to evaluate bone health in the course of time.

Aims of the current study

The primary aim of our study was to establish the prevalence of low bone quality in
children with severe neurological impairment and ID, and to identify which children
could be most at risk for low bone quality and subsequent fractures, requiring a
study of bone quality associated determinants in this specific population.

The feasibility of the golden standard method DXA, for assessing bone quality in
this group was studied. In addition, other measurement methods, e.g. quantitative
ultrasound (QUS) and automated radiogrammetry, were investigated in the scope of
this thesis.

Outline of the thesis

This thesis can be divided into three main parts. In chapter 2 studies on low

bone mineral density in children with severe neurological impairment and ID are
reviewed.

The second part of the thesis describes our evaluations of diagnostic methods;
DXA measurement (chapter 3), QUS (chapter 4) and automated radiogrammetry
(chapter 5).

The last section of the thesis (chapter 6) describes the prevalence of low bone
quality and its determinants in severely handicapped children.

In chapter 7 the results of the studies in this thesis are discussed and subsequent
recommendations for further research and clinical practice are presented.
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Chapter 2

Epidemiology of low bone
mineral density and fractures
in children with severe cerebral
palsy: a systematic review

Dev Med Child Neur 2009; 51(10): 773-778.



Abstract

Children with severe cerebral palsy (CP) are at risk for developing low bone mineral
density (BMD) and low-impact fractures. The aim of this study was to provide

a systematic literature review on the epidemiology of fractures and low BMD in
children with severe CP, with an emphasis on risk factors. Gross Motor Function
Classification System (GMFCS) levels IV and V were criteria for severe cerebral
palsy.

The literature (PubMed) was searched and eligible studies were given a level

of evidence score using the Scottish Intercollegiate Guidelines Network (SIGN)
criteria.

Seven studies were found concerning epidemiology of fractures, 11 studies
described epidemiology of low BMD, and 14 studies concerned risk factors. The
methodological quality of most of these studies was poor. Five studies were
considered well conducted, with low risk of confounding and bias. In these studies,
the incidence of fractures in children with moderate to severe CP approached

4% per year, whereas the prevalence of low BMD in the femur was 77%. Limited
ambulation, feeding difficulties, previous fractures, anticonvulsant use, and lower
body fat mass were associated with low BMD Z-scores.

There is only a limited amount of high-quality evidence on low BMD and fractures in
children with severe CP.
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Introduction

Children with severe cerebral palsy (CP) may have an intellectual disability in
addition to severe motor impairment. These children frequently experience health
problems such as epilepsy, recurrent pulmonary infections, gastro-oesophageal
reflux and constipation [1, 2]. In addition to the above, children with multiple
disabilities are prone to develop low bone mineral density (BMD) [3, 4]. The
underlying pathophysiology in these patients is complex, and several risk factors for
the development of low BMD, such as immobility, low calcium intake, low vitamin

D status and anticonvulsant use, are frequently observed in this group [5]. Most

of these risk factors for developing low BMD are present from early childhood,

so osteopenia primarily results not from true losses in bone mineral, but from a
diminished growth rate of bone mineral compared with healthy children [6].

Earlier studies in children with primary osteoporosis or osteoporosis associated with
chronic disease or its treatment have shown a relationship between decreased bone
density and increased fracture incidence [7, 8]. In children with a profoundly low
BMD, these fractures can occur without significant trauma [9]. Moreover, the lack of
verbal communication in severely disabled children may lead to diagnostic delay of
fractures and, therefore, increased morbidity.

To acquire a greater insight into fracture risk in children with severe CP it is
necessary to evaluate not only fracture incidence and risk factors, but also the
prevalence of low BMD and the determinants causing this condition.

The aim of this review is to provide a structured and comprehensive overview of
the current literature on the prevalence of low BMD and the incidence of fractures in

children with severe CP, with an emphasis on the risk factors.

Method

Searching

For this survey, we divided our search into the following two main subjects:
fractures and low BMD. Studies concerning low BMD were further divided into
prevalence studies and studies concerning determinants. Studies concerning both
prevalence and determinants were reviewed for both subjects separately.

Articles were identified through the Medline database using PubMed by combining
search terms for cerebral palsy (‘generalized cerebral palsy’, ‘cerebral palsy’,
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‘mental retardation’, *‘multiple disability’, ‘intellectual disability’, ‘learning disability”)
with keywords for fracture (‘fractures’, ‘fracture’) or keywords for bone mineral
density (‘bone mineral density’, ‘bone density’, ‘osteoporosis’, ‘osteopenia’). Search
results were limited to human and paediatric studies published in the English
language. Studies described in this review were published between 1950 (start of
Medline) and February 2009.

Selection

Types of studies
All types of study designs (e.g. cross-sectional, cohort, or case-control), except

case reports and case series, were considered for inclusion in this review.

Studied patients

Children (aged 0-18y) with severe CP were the subject of our search. Severe CP
was defined as level IV or V according to the Gross Motor Function Classification
system and a history of clinically diagnosed CP [10].

Outcome measures

Incidence rate of fractures, prevalence of low BMD (Z-score below -2) and
predictive or associative factors for fractures and low BMD were our primary
outcome measures. Statistical significance was set at p<0.05.

The mean Z-score for BMD was a secondary outcome measure. The individual
Z-score was calculated by comparing BMD values with age- and sex-related

reference values.

Validity assessment

The abstracts of the studies identified by the literature search were read to identify
relevant studies for full review. Studies needed to concern children with moderate
to severe CP and also had to provide data on fractures or bone density. In addition,
we scrutinized the reference lists of the identified publications to find additional
studies.

After review, we recorded information about the year of publication, study design,
number of included participants, representativeness of the study population, applied
diagnostic methods, and outcome measures.
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Quality assessment

The quality of the eligible studies was assessed by taking into account the study
design, the size and representativeness of the study population (i.e. the presence
of selection bias), the validity of outcomes (risk of confounding or bias) and

the quality of the statistical analysis. Two of the authors evaluated the levels

of evidence of the articles independently using the previously published criteria
developed by the Scottish Intercollegiate Guidelines Network (SIGN; Table 1) [11].

Table 1. Level of evidence rating system: Sign criteria[11]

Level of evidence score

1++ High-quality meta-analyses, systematic reviews of RCTs or RCTs with a very low risk of bias
1+ Well-conducted meta-analyses, systematic reviews of RCTs or RCTs with a low risk of bias

1- Meta-analyses, systematic reviews of RCTS or RCTs with a high risk of bias

2++ High-quality systematic reviews of case-control or cohort studies or high-quality case-control

or cohort studies with a very low risk of confounding, bias or chance and a high probability
that the relationship is causal

2+ Well-conducted case-control or cohort studies with a low risk of confounding, bias or chance
and a moderate probability that the relationship is causal

2- Case-control or cohort studies with a high risk of confounding, bias or chance and a significant
risk that the relationship is not causal

3 Non-analytical studies, e.g. case reports, case series

4 Expert opinion

RCT, randomized controlled trial.

The highest levels of evidence in the SIGN grading system are accorded to
randomized controlled trials and meta-analyses of randomized controlled trials. In
the current review, concerning observational nonintervention studies, the highest
possible score according to this rating system for this purpose was 2++, which

is given for high-quality case-control or cohort studies with a very low risk of
confounding, bias, or chance and a high probability that the relationship is causal.

25



Results

Trial flow

In Figure 1 we present a flow diagram, according to the Quoroum guidelines [12],

that summarizes the results of our literature search.

Figure 1. Flow diagram (Quorum guidelines) modified for

epidemiological studies [12].
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The characteristics and levels of evidence of the seven publications on fractures are

presented in Table 2.
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Prevalence and determinants of low bone mineral density

In Table 3 the characteristics of the 11 remaining articles on prevalence of low BMD
are presented. The 14 articles on determinants of low BMD are more extensively
described in Table 4.

Methodological quality

We did not find any high-quality systematic reviews, cohort, case—control or
cross-sectional studies. Five studies were considered well conducted with a low
risk of confounding or bias and a level of evidence score of 2+ [4, 6, 13-15]. In
four of these studies the data presented had been collected as part of the North
American Growth in Cerebral Palsy Project (NAGCPP), a project that started in 1996
at six separate sites in the USA and Canada [4, 13-15]. To obtain a representative
population-based sample, multiple recruitment methods have been used to identify
potentially eligible children: hospitals, newspapers, special education teachers,
physical therapists and regional United Cerebral Palsy newsletters. All other
reviewed studies had used selected populations (children at orthopaedic clinics or
institutionalized children) rather than population-based samples, and, therefore,
were more prone to selection bias. The five well-conducted studies also differed
from the other studies in including a more extensive description of the statistical
methods that had been used to analyze the data.

In 16 studies, the study design was not reported, while in two studies an incorrect
design was formulated [16, 17]. Determining the applied study design was difficult
in some cases because of unclear descriptions of methods or because of the use of
multiple designs in one study. For example, sometimes it was not clear whether the
determinants had been assessed at a distinct point in time or over a period of time,
and some cross-sectional studies included small intervention studies or follow-up
studies [13, 16, 18].

None of the articles reported a power calculation to determine the population

size necessary to answer the research question. As 95% confidence intervals for
prevalences of low BMD were not reported in any study (Table 3), these were
calculated by us using the reported size of the study population because they
provide valuable additional information in estimating the validity of the outcomes.
In the group of studies concerning fractures, three studies were file studies and
two studies had used a questionnaire to collect data. Such studies are sensitive to
information bias.

29



+C

-C
«2400S
2duUapING

JO [2A91

(50°0>d) dnoub |013u0D BY3 Ul J93eaI6 D19M X3BpUl UlRA}S
—-y3buauis Jejod pue ‘9oUa4a4WNIIID |EDISOPUD ‘DOUBIDJWNDIID
|ea3soliad ‘ssauddIy} |BD1340D ‘BaJe |BDI340D ‘JUDIU0D |eJauiw
2u0q [e21340D "ApN3S SIY} Ul Pa3e|Nd|ed J0U DI9M SD100S-Z
$'0 as ‘€'Z- :Ap'61-0'CT

2'0as ‘L'1- A6’ 11-0'9

€'0as '8'2- :A6'5-0'C

:aulds Jequin| s2102s-7 Qg uesp

(b'0 @s ‘v'e— Ap'61-0'2T

2'0das ‘0°e- 4A6°'11-0'9

#'0 dS ‘v'z- A6°'5-0'¢

1INW?ay [eISIP S240S-7 diNg Ues|

80°T dS ‘+T'¢— 2400S-Z uedy

(%S°€8-8'61 1D %S6) (%9°99) 0£/0C

(T00°0>d ‘%9t "SA %/E) S|043U0d Ul ueyy
dD Y3IM UBJP[IYD Ul JOMO| A|pa>Jew 949M JUSUOD |eJdUlW duoq

pue awg [eaJe *Apnis SIy} Ul pa3e|Ndjed JoU 8J9M S3103S-7

(as z—->9400s-Z) AWg MOJ| Jo duUdjeAaid

dD 9J49A3S Y3IM UDIpP|IYyd Ul AJISUSP |BIBUIW DUOG MO

e|qiy ayy jo
Aydesbowoy payndwod

aAl3eyjuUeNnb |esayduiad

auids Jequin|

pue unwaj [elsip
Jo Aujpwondiosqy
Aea-x AbBiau3z jeng
auids Jequin|

Jo Aiswondiosqy

Aeu-x AbBisu3z jeng

nwiay |e3sip
a3y} Jo Anpwondiosqy

Aea-x Abisu3z jeng

poyjaw oniysoubeiq

(s]043u02 97) a4ed
|erjuapIsal w.a3-buoj

ut syusned 4D €T=U

dD onseds

919A3S 03 djesapowl
Yum uaJpjiyos 69=u
ol

oipaedoyyio Juanedino
‘dD yum uaupjiyo og=u
sjualyed

|0J3U0D PaYdIRW-X3S
pue -abe 1 ‘uone|ndod
|eadsoy Aloje|nque-uou

‘dD yum uaapiyo ¢1=u

(u) uoneindod Apmis

[6z]
|BUOI}D9S-SS01D) ‘e 32 Aapjuig
|euoileAISSqO [9] e

3AID2dS0ld 19 UOSI9pUBH

|euondes-ssold  [zz] "le e Iy

[8z] "le
|BUOI}D9S-SS01D) 12 AXsa|pol
ubisap Apmis ERIIENEYE)|

JO @dUd|eABId € 9|qeL



+¢C

-C

e94102S

20U3PIND

3O [2A31

5104300 Ul uey3y dnodb Juaired Ul JSMO| BI3M SaN|eA AINg UBdI

1°0 dS ‘8'T— :aulds sequin| 8100S-Z Uea
2°0 dS 'T°'€— :INW?dy [BISIp 9103S-Z UBd

(%T°£8-0"59 1D %56) (%LL) T9/8% Anwad

€2°0 dS '2E7— 9402S-7 ueaw :AQT S
12°0 AS ‘LE°¢— 2402S-7 uea|y

(%¥'2L-T€b 1D %S6) (%8S) 8+/8C

(e1qny 40 Sniped Jay3Id Jo JusaWaInseaw

BuliapIsuod) (%8°£E-9°LT 1D %S6) (%L2) 28/TC

(as z—>9400s-Z) AWg MO]| Jo duUd|eAdid

aulds Jequin| ay3 jo
Aydesbowoy payndwod
aAieIuend

aulds Jequin|

pue inwsy [esip

Jo Anjpwondiosqy

Aeu-x AbBisu3z |eng

auids sequin|

a3y} Jo Anpwondiosqy
Aea-x ABusu3 |eng
elqn

Jeyspiw pue sniped
|e3SIp JO punosesjn

aAiRIUEND BUOg

poylaw osniysoubeiq

S]0J3U0D 6T ‘3ueiNquie
-uou GT ‘jue|nquie aulu
:dD Yam uadpiiyd yz=u

(s1dwes
paseq-uofje|ndod) 4D
2J9A3S 0} d)elapow
Yim uaJpjiyo zo=u
sjuswiiedap juanedino
pue aJed [eljuapIsal

ul eibajdpenb

onseds yym sjuaped

A1ojeInquie-uou gy =u

Sa11|IqesIp [en3d9||23ul

919A3S 0} 9jeJ2poW Yim
synpe BunoA/uaJpjiyo

pazijeuonniiysul /8=u

(u) uoneindod Apmis

o] "o

|BUOI308S-SS01D 19 Jlwepsel

[¥] e

|BUOI}DBS-SSO1D 32 UOSI9pUSH

|euoi3das-ssod)  [g] "|e 1@ buny

[1z] e
|BUOI}D9S-SS01D) 19 uewieH
ubisap Apmis ERITENEYEN]

(panunjuod) ¢ aiqel

31



-C

e94102S

20U3PIND

3O [2A31

G'Z— 03 6'8— Wouy pabues sa102s A4S A

0T°0 dS ‘08'0— :2uids sequn?

$7°0 AS ‘26°0— :INW?Iy |eWIX0ld

12400S-Z dINg Uesl

/%°0 dS ‘64 - :buleaq jybiam Jo 3jiqow-uoN

8€°0 S ‘Sb’T— :9Wely e ul SPUeIs Ing 3]IGOW-UON

65°0 QS ‘¢Te—

2€°04S ‘80°'T—

:103e||0d/Bwed) Y3IM S[1qOon

:31eb jewaouqe yim 3|1qopn

1$9100S-Z A}ISUDp [eJaulW duoq

|leulds uea "$Z°0 AS ‘60°€— :buleaq jybiom 1o ajiIqgow-uoN

ST°0 S ‘9"z~ :dWely e Ul SPUels INg [IGOW-UON

15°0 QS 'S8 T—

0€'04S ‘£0°'T-

1103e||04/2Wely YIM 31O

:31eb [ewiouqe yym a)1qon

159100s-7 (YNg) UOI3eNUS}3R PUNOSEI}N pURGpROIq URS

(as z—>9400s-Z) AWg MO]| Jo duUd|eAdid

auids sequin| ay3

Jo (T=u) Aydesbow oy
paindwod aAejiuenb
|esayduad ‘(g=u)
Asypwondiosqy

Aeu-x AbBisu3z |eng
aulds Jequin|

pue unwaj [ewixo.d
Jo Aipwondiosqy

Aeu-x AbBisu3z |eng

SnoaJed|ed

ayj Jo punosenj|n
aAieIUENb pue

aulds Jequwin| ayj jo
Aydeisbowoy payndwod

aAIeIUENYD

poylaw osniysoubeiq

dD 249A3S YIm uaJp|iyd
jue|nqwe-uou g=u

21U juaedino

olpaedoyyio ‘4D oniseds
U3im ualpjiyo jo dnoib

snoauaboiaidy 6ET=U

buipuadap sdnoub anoy
Ul PapIAIQ "SBRINJYHIP
Buiuies| yym ualpjiyd
104 sjooyds Buipusne

dD YIM UBIPIYD £Z=U

(u) uoneindod Apmis

*e1123140 ubIs J0j I 9|qel 99S.

[ee]

S9LI9Ss |se) ‘le 1@ meys

[ez] "o

|BUOI}DBS-SSO1D 32 UOSIopUaH

[1€] e

|RUOI}DDS-SSOID 32 ISINYWI|IM

ubisap Apmis ERITENEYEN]

(panunjuod) ¢ a|qel



In eight out of the 14 studies in which determinants (for fractures or low bone
mineral density) were described and analysed, a multiple regression analysis had
been performed. The other studies used linear regression analyses or t-tests only,
so little could be said about the interference between different determinants in
these studies.

Study outcomes

Incidence rate and determinants of fractures

The prevalence of fractures reported in two studies was 12% (95% CI 8.9-15.1%)
[19] and 23% (95% CI 14.0-31.5%) [16]. The incidence of fractures was reported
in two other studies and varied between 2.7% (95% CI —0.3 to 5.7%) and 4.5%
(95% CI 1.0-7.9%) [13, 15]. The most frequently reported determinants were use
of antiepileptic drugs, immobilization, fracture in history and use of a feeding tube
(Table 3) [13, 15-17, 19, 20].

In a study by Stevenson et al. (level of evidence 2+), the incidence of fractures

in children with moderate to severe CP (n=261) was 4% per year (95% CI
1.5-6.2%) [13]. A higher percentage body fat and the presence of a gastrostomy
catheter were significantly associated with a higher number of reported fractures.
Determinants that did not have a significant relation were sex, Gross Motor
Function Classification System (GMFCS) level, race, anticonvulsant use, height
Z-score, and weight Z-score.

Prevalence of low BMD

The prevalence of low BMD of the distal femur, defined as a Z-score lower than -2,
was 77% (95% CI 65.0-87.1%) in a study by Henderson et al. (level of evidence
score 2+)[4]. The mean Z-score for BMD of the distal femur was —3.1 0.2 (SD) and
for BMD of the lumbar spine was —1.8 £ 0.1 (Table 3).

In three other studies, a prevalence of 27% [21], 58% [3], and 66%][22] was
found. In seven other studies only mean BMD Z-scores were calculated for children
with different levels of CP and mobility and of different ages. Mean BMD Z-scores
varied in these studies between —3.4 (distal femur in children with moderate to
severe CP aged 12-19y) [6] and —0.8 (lumbar spine in children with spastic CP)
[23]. In a second study by Henderson et al. [6], which we assigned a level of
evidence 2+, mean BMD Z-scores in the distal femur ranged from —2.4 to —3.4

with increasing age.
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Determinants of low BMD

The most commonly studied determinants were GMFCS level, feeding difficulties,
previous fracture and use of antiepileptic drugs (Table 4) [3, 21, 24, 25].

Two studies by Henderson et al. were assigned a level of evidence score of 2+ [4,
14]. Based on the outcomes of a study on predicting low BMD [15], a regression
equation was developed for predicting BMD Z-score from the variables weight
Z-score, age, GMFCS level, feeding difficulties, previous fracture and use of
anticonvulsants (R?2=0.55, p=<0.0001) [14, 15]. In the other study on bone density
and metabolism, the authors reported a significant association between GMFCS
score (p<0.001), feeding difficulties (p=0.003), previous fracture (p< 0.001),

and anticonvulsant use (p=0.003) and the BMD Z-score measured in the distal
femur [4]. In addition, a significant relation was described between low triceps
skinfold Z-score and low BMD Z-score measured in the lumbar spine [4, 14].
Factors that did not have a significant relation to low BMD according to both studies
were age, sex, race, temporary immobilization, health status, calcium intake,
serum transthyretin, serum 25-hydroxyvitamin D, serum N-telopeptides, serum
osteocalcin and phosphorus, calcium and alkaline phosphatase levels.

Discussion

This review confirms that low BMD is a serious problem in children with severe
CP, with mean Z-scores ranging from —3.4 in the distal femur to —0.8 in the
lumbar spine [4, 6, 23], a prevalence of BMD Z-scores below —2 of 77% (95%
CI 65.0-87.1%) [4], and an annual incidence of fractures of 4% [13]. Significant
determinants of low BMD were limited ambulation, feeding difficulties, previous
fracture, anticonvulsant use, and lower fat mass (measured at the triceps skinfold)
[4, 14].

However, the evidence is still limited because most identified studies were either
(low-quality) file studies or case reports. No high-quality studies have been
published, but five studies were considered well conducted with a low risk of
confounding or bias. Four of them were found to be acceptable because of the
representative population-based study population (no selection bias), and all five
had a clear description of methods and statistical procedures.

The paucity of valid research can, to a large extent, be explained by the fact that

research in children with severe CP requires complicated logistics. Study protocols
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are minutely examined by medical ethics committees because the studies involve

a vulnerable patient group. Moreover, it is difficult to obtain a sufficiently large and
representative study population if the patient group is relatively small, and parental
consent rates for research are usually rather low. Indeed, most studies we reviewed
used small and selected patient populations. The NAGCPP can be regarded as an
example of how a representative study population can be achieved. The best way
to obtain more valid data on bone quality and risk factors for low BMD in children
with severe CP is by longitudinal research. A high-quality cohort study achieving

a level of evidence score of 2++ on the Sign criteria would require recruitment in

a representative community setting, for example through day-care centres and
special schools. Bone density measurements should be performed annually over a
longer period of follow-up (e.g. 5 y) to determine changes in BMD over time and
should be combined with repetitive assessment of determinants of low BMD. The
measurements should impose a minimal burden on the children, so that parents

or caregivers will be more likely to cooperate and will not readily drop out. This
could be achieved by performing bone density measurement at home to avoid
transportation of the child to a hospital. The research population should be towards
the top of the calculated size to compensate for the drop-out of children who die

or become too ill to participate in the study. Another and more convenient way

to overcome the problem of small numbers might be implementing protocols for
systematic data collection on low BMD and aetiological factors in hospitals and care
facilities. Although this will not give a representative study population, in this way

a larger group of children can be recruited over a longer period of time for data
collection.

The only well-conducted study on fracture incidence in children with CP was a
prospective cohort study with a median follow-up of 1.6 years. The annual incidence
of fractures found in this study (4%) seems to be accurate and corresponds to
results found in other studies [15]. This percentage is higher than the fracture rate
in healthy children, which is around 2.5%. This is notable because children without
disabilities are more prone to accidents in the playground, whereas children with CP
are often wheelchair bound and unable to walk [13].

Significant negative associations between BMD Z-score and limited ambulation,
feeding difficulties, previous fracture, anticonvulsant use and lower fat mass
correspond to existing theories and clinical practice. Stevenson et al. found that
higher body fat was significantly associated with the nhumber of fractures that
occurred during follow-up [13]. This association is not confirmed by other studies in
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children with severe CP [20]. A possible explanation could be that after inserting a
gastrostomy catheter, which was also found to be a significant association, a rapid
increase in fat mass may be observed in previously malnourished children [26].
Malnutrition is a known risk factor for fractures and low BMD.

In our clinical experience, not all predictive factors for developing low BMD in this
population have been studied. For example, daylight exposure and amount of
exercise were not assessed in any of the studies. These factors could be assessed
by using diaries in which caregivers record the amount of time the children spend
daily on activities or being outdoors. To provide reliable data, this should preferably

be done in different seasons and over a substantial period of time (e.g. 2 wks).

Conclusion

Implications for practice

Children with CP who are not independently ambulant, who have had previous
fractures, who have feeding difficulties, or who use anticonvulsive drugs are at
a high risk for developing low BMD. We recommend monitoring BMD in such
cases. If BMD is found to be low, parents and caregivers need to be cautious to
avoid fractures. Furthermore, we recommend optimization of calcium intake and
determination of vitamin D status in these children. Interventions that increase
muscle mass are advisable.

Implications for research

Longitudinal research is required to determine predictive factors for low BMD in
this group. A practical way to acquire relevant data is by implementing protocols
for systematic data collection and registration of low BMD and aetiological factors
in children with CP, for example by paediatricians and physicians for people with
intellectual disabilities.

The feasibility and reliability of new diagnostic methods such as quantitative
computed tomography (with less interference of bone shape and size) need to be
tested in children with severe CP.

Strategies to prevent bone loss and optimize peak bone mass, for example by
increasing muscle mass or vitamin D supplementation, should be developed and
evaluated.
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Chapter 3

Lumbar spine and total body dual
energy X-ray absorptiometry in
children with severe neurological
impairment and intellectual
disability: A pilot study of
artefacts and disrupting factors.

Pediatr Radiol 2012; 42: 574-583



Abstract

Background: Children with severe neurological impairment and intellectual disability
(ID) are susceptible for developing low bone mineral density (BMD) and fractures.
BMD is generally measured with dual energy X-ray absorptiometry (DXA).
Objective: To describe the occurrence of factors that may influence the feasibility

of DXA and the accuracy of DXA outcome in children with severe neurological
impairment and ID.

Materials and methods: Based on literature and expert opinion, a list of disrupting
factors was developed. Occurrence of these factors was assessed in 27 children who
underwent DXA measurement.

Results: Disrupting factors that occurred most frequently were movement during
measurement (82%), aberrant body composition (67%), small length for age
(56%) and scoliosis (37%).The number of disrupting factors per child was mean
5.3 (range 1-8). No correlation was found between DXA outcomes and the number
of disrupting factors.

Conclusion: Factors that may negatively influence the accuracy of DXA outcome

are frequently present in children with severe neurological impairment and ID. No
systematic deviation of DXA outcome in coherence with the amount of disrupting
factors was found, but physicians should be aware of the possible influence of

disrupting factors on the accuracy of DXA.
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Introduction

Reduced bone health in children with severe neurological impairment and
intellectual disability (ID) has raised concern and research interest during recent
years [1-3]. It is established that children with moderate to severe cerebral palsy
(CP), who often experience many additional health problems, have an increased
risk of developing low bone mineral density (BMD). They, therefore, have an
increased risk of low-impact fractures [1, 4-5].

To determine BMD, dual energy X-ray absorptiometry (DXA) is generally accepted
as the method of choice. With DXA after determining the bone mineral content
(BMC) of body parts or the total body, a subsequent BMD is calculated by dividing
BMC by bone area. However, it is known that in children the accuracy of the BMD
outcome is diminished by several factors, such as variability in skeletal size and
body composition [6-7]. Several studies have reported on additional artefacts and
their influences on DXA results in the general population or in other patient groups
[8-12]. The shape of the scanning X-ray beam, pencil beam versus fan beam, may
also influence the accuracy of the measurement. As its name suggests, pencil beam
scanners use a fine pencil beam of x-rays combined with a single detector scanning
the patient in a raster fashion back and forth. While the detector moves over the
patient the body parts not scanned may be fixated to reduce movement artefacts.
The fan beam technology, in comparison, uses a wider X-ray beam that is detected
using an array of detectors. The pencil beam method is found to be more accurate
with less interference of magnification errors compared with the fan beam method
[13-14]. The most important advantage of the fan beam technology, is that it offers
a shorter scan time [15-16]. Disrupting factors may lead to both underestimation
and/or overestimation of BMD [6, 9, 11, 17-19].

DXA is also used to determine body composition, e.g. lean body mass, percentage
body fat (BF). The disrupting factors influence these parameters as well [14].
Operator-related artefacts, e.g. incorrect region of interest or inappropriate
reference database, can be minimised by employing an experienced and trained
operator who is familiar with the DXA equipment and software [9, 12]. However,
patient-related artefacts are more difficult to deal with, e.g. severe contractures or
orthopaedic hardware following scoliosis operation [11-12, 20]. While performing
DXA measurements in children with severe neurological impairment and ID, we
noticed that disrupting factors are frequently present (Figure 1). As far as we

are aware, there are no studies on the frequency of factors that may negatively
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influence accuracy of DXA outcomes in children with severe neurological impairment
and ID. It is not clear whether these factors may lead to a systematic under-
diagnosis or over-diagnosis of low BMD in this group and whether these factors
were associated with low BMD. This limits our knowledge of the feasibility of DXA in
this specific group of children.

Our main objective was to describe which factors reduce the accuracy of DXA
outcome and to determine their frequency in a group of children with severe
neurological impairment and ID. To observe whether these factors might lead to
systematically skewed outcomes, we studied the correlation between the individual
number of disrupting factors and DXA outcome values; total body BMC, BMC of

the extremities, lumbar spine or total body BMD values, lumbar spine and total
body Z-scores and body fat percentage. We also investigated whether children with
moderate or severe ID and with low or normal BMD differed in the presence of the

most prevalent disrupting factors.

Figure 1: Two examples of dual energy X-ray absorptiometry in
children with severe neurological impairment and ID.




Materials and methods

Study design

This study consisted of two separate parts. First, a checklist with known disrupting
factors was developed. Then we assessed the presence of these disrupting factors
in 34 children with severe neurological impairment and ID, who underwent DXA
examination within the framework of a larger study on validation of nutritional
assessment techniques. The framework study was approved by the Dutch Central
Committee on Research Involving Human Subjects (The Hague, the Netherlands,
P05.0102C).

Checklist

We used Medline to develop an overview of reported disrupting factors and

artefacts. Disrupting factors according to five experts on (paediatric) DXA

measurements were added. The respondents were a paediatric DXA operator, a

paediatric-endocrinologist, a paediatric radiologist, an internist-endocrinologist and

a radiotherapist. All had a vast experience with DXA measurements for diagnostic

and research purposes (experience, mean 17 years) and two of them were familiar

with the target population (years of experience, mean 5.5 years). They were asked

to answer the following in a questionnaire:

= Which factors negatively influence the accuracy of DXA results?

= To what extent do these factors disrupt the DXA results in children with severe
neurological impairment and ID (from “hardly disrupting” to “extremely
disrupting” on a five point scale).

All disrupting factors and artefacts were recorded in a checklist for clinical purposes

(supplement A).

Participants

Children, aged between 2 and 19 years, with severe neurological impairment and
1D, known to have a moderate to severe ID (IQ< 55) and a gross motor functioning
classification system (GMFCS) [21] of level IV or V were recruited through children’s
day care centres.

DXA scan

Measurements of bone mineral content (BMC), bone mineral density (BMD) and
body fat percentage (BF) were performed by pencil beam DXA (Lunar, DPXL/
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PED, Winconsin, USA). DXA values of the lumbar spine, total body and body fat
percentages were compared with normative data of healthy Caucasian children,
as obtained by Van der Sluis et al., and were converted to age and gender related
Z-scores [22]. There were no reference values for BMC values available. Low
BMD was diagnosed if a Z-score of —2.0 or below was obtained. High body fat
was defined as a BF Z-score equal to or higher than 2.0. All DXA measurements
were done by the same well trained operator, experienced in working with children
with intellectual disabilities. None of the children received sedating medication
prior to the measurement. One of the researchers (RR) assisted during all DXA
measurements and a parent or caregiver, was also present to reassure the child.
To prevent movement during the recording, the child was manually immobilized
by the researcher and parent/carer. Attention was paid not to influence the DXA
measurements. The operator aimed at obtaining an optimal scanning result;
therefore artefacts were removed if possible (e.g. metal objects on clothing) or
otherwise excluded from the scan results (e.g. projection of the gastrostomy
catheter onto a lumbar vertebra). All artefacts for which adjustment of the scan

was needed were counted.

Evaluation of artefacts and disrupting factors
included in the checklist

After the scan, the operator recorded specific details and presence of artefacts on
the test outcome form. During DXA measurements, the child’s level of movement
was recorded on a four point scale (from 4 points when a child was lying completely
still to 1 point when the child was moving to an extreme degree).

Factors regarding growth and nutritional status had been assessed within the
framework of the larger study on nutritional assessment techniques [23]. In brief,
body height (cm) was measured with a flexible tape line and compared with Dutch
reference values as provided by Growth Analyser 3.5 (Dutch Growth Foundation,
2007). A child was diagnosed with “small bones” if body height was below the 5th
centile for age group. Triceps and subscapular skin fold thicknesses (mm) were
measured with a Harpenden skin fold calliper (John Bull, England); these sites

are most commonly included in equations on body fatness. Skin fold thickness
was measured three times at each site. Mean values were calculated and used

for further analyses. Centile scores in comparison with matched healthy gender
groups and age groups were calculated using the Dutch reference values of Gerver
and De Bruin [24] and categorised as low (< 3™ rcentile), normal (between 3™
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and 97% centile) or high (= 97t centile). If there was a substantial discrepancy in
outcome between centiles of subscapular and triceps skin folds (e.g. triceps in the
low and subscapular in the normal centile group or triceps in the normal and in
the subscapular high centile group), the child was considered to have an aberrant
subcutaneous fat distribution.

Medical history and medication were recorded from patient files. Data on lumbar
spine surgery, presence of intracorporal devices, use of contrast agents, presence of
calcinosis and use of calcium tablets were recorded.

Mobility according to the Gross Motor Function Classification System [21] and the
presence of contractures or scoliosis were assessed by observation and performing
physical examination if necessary.

Statistical analysis

Statistical analysis was performed using Statistical Package for Social Sciences for
Windows 15.0 (SPSS Inc., Chicago, IL., USA).

Descriptive statistics are reported as number of cases and percentages. Pearson
correlations coefficients were calculated for DXA outcome measures (BMC, BMD,
BF) and the number of disrupting factors per child. After dichotomizing BMD
Z-scores in low (£ -2) and normal (> -2), an unpaired t-test was performed to
assess the difference in mean number of disrupting factors in these groups.
Fisher exact test was used to determine proportional differences between the
presence of disrupting factors in children with moderate and severe intellectual
disability, low and normal total body BMD Z-score and low and normal BMD lumbar
spine Z-score. A p-value of less than 0.05 was considered statistically significant.

Results

The disrupting factors and artefacts according to literature findings and expert
opinion are presented in Table 1.
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Table 1. List of factors that might disrupt outcome of DXA
measurements in children with severe neurological impairment and ID,

including observed frequencies in the study group (N=27).

Factors N %
= Contractures 5 19
= Scoliosis 10 37
= Movement during measurement « Complete immobilisation 5 19

* Some movement

« Considerable movement 11 41

* Extreme movement 7 26

4 15

= Orthopaedic hardware 1 3

= Aberrant body composition (fat-lean Substantial difference between

mass) triceps and subscapular skinfold 18 67
centile

= Small bones (length for age) ¢ <p5 height for age 15 56

= Intracorporal medical devices ¢ Intrathecal pump 1 4
¢ Gastrostomy catheter 14 52

¢ Gastrostomy catheter with

projection on lumbar spine 2 7
= (Crush) fractures 0 0
= Other vertebral anomalies (e.g. 2 7
spondylodesis, osteoarthritis, spinal
implants, laminectomy)
= Jewellery or objects on clothing 1 4
= Dense metal objects (e.g. bullet, 0 0
large collection of clips)
= Metastatic lesions 0 0
= Vascular/aortic calcification or 0 0
calcified tendonitis and anostosis
= Calcinosis or calculi 1 4
= Use of contrast agents or 0 0

undissolved calcium tablets in GI-tract
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Information on the presence or absence of all disrupting factors and outcome of
the DXA measurement were available from 27/34 children. In three children skin
fold thickness was not assessed and in four children no information was present

on movement during examination; therefore, they were excluded from analysis.
Patient characteristics are summarised in Table 2. The children all had moderate to
severe intellectual disabilities as well as severe motor disabilities: most scored level
V on the Gross Motor Functioning and Classification System [21] and were unable
to walk independently.

Table 2. Patient characteristics (N=27)

N % Mean (range)

Gender Female 14 51.9

Male 13 48.1
Age in years 8.5 (3-17)
Severity of intellectual disability Moderate (IQ <50) 2 7.4

Severe (IQ< 35) 25 92.6
GMFCS* Level IV 2 7.4

Level V 25 92.6
Body weight in kilogram 24.4 (10-55)

*GMFCS: Gross Motor Function Classification System [21]

The mean amount of distorting factors and artefacts per child was 5.3 (range
1-8). Five children (18.5%) had a mean of 4.6 contractures (range 2-8). In ten
children scoliosis was apparent (37.0%) and in one child (3.7%) the scoliosis was
corrected with osteosynthesis materials in situ. An example of DXA measurement
of one of the children with severe scoliosis is shown in Figure 1A. Fourteen
children (58.8%) had an intracorporal medical device, all of them in the form of a
gastrostomy catheter, but only in two children (7.4%) did the catheter projected
onto the lumbar spine. One of these two had, in addition, an intrathecal pump for
baclofen medication (Figure 1B). During DXA examination five children (18.5%)
were completely immobile and 26 children (81.5%) were moving with severity

of movement varying from some movement to extreme movement. In our study
population 15 children (55.6%) had a Z-score lower than —2 SD for length for age
and 13 out of these 15 children had a Z-score lower than —2.5 SD. Nine children
(29.0%) had a subscapular skin fold on or above the 97t centile for their age and
gender group and 15 children (48.5%) had a triceps skin fold on or below the
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3 centile for their age and gender group. After categorizing skin fold outcomes

of subscapular and triceps measuring sites in either low (< 3™ centile), normal
(between 3 and 97 centile) or high (= 97 centile), an aberrant body composition
was identiefied in 21 children (67.6%). In none of the children did the triceps skin
fold thickness exceeded the subscapular skin fold thickness.

Despite of the disrupting factors, BMD results as well as body composition results
could be produced for lumbar spine and total body in all 27 children. The mean
BMC of the total body was 757 gram (SD 421). The mean BMC of the left arm was
36 gram (SD 30), of the right arm 37 gram (SD 34), left leg 68 gram (SD 58),

right leg 73 gram (SD 69). The mean BMD Z-score for total body DXA was —1.30
(SD 1.79) and the mean BMD Z-score for the lumbar spine (L2-L4) was —2.41

(SD 1.18). A significant correlation between absolute BMD values of the total body
and of the lumbar spine was observed (p=0.001). This correlation was not present
between both BMD Z-scores (p=0.455).

The mean percentage body fat measured by DXA (N=23) was 25.2% (SD 12.3). Six
children (22.2%) had high body fat, defined as a body fat standard deviation score
equal to or more than 2 SD.

There was no significant correlation between the amount of disrupting factors and
the BMC value of the total body (p=0.432), or the BMC values of the different
extremities (left arm p=0.637, left leg p=0.743, right arm p=0.543, right leg
p=0.929). The BMD value of the total body (p=0.226), the BMD Z-score of the
total body (p=0.755), the BMD value of the lumbar spine (p=0.492) and the

BMD Z-score of the lumbar spine (p=0.192) were not correlated with the number
of disrupting factors as well. Also, no correlation was found between body fat
percentage and the amount of disrupting factors (p=0.148). Comparison of children
with and without low BMD (defined as Z-score < —2.0) in total body or lumbar
spine showed no significant difference in mean number of disrupting factors (Table
3).

Table 3. Mean number of disrupting factors in children with and
without low BMD (N=27)

Total body BMD Z-score Lumbar spine BMD Z-score
Low (= —=2.0) Normal (> =2.0) Low (< —=2.0) Normal (> —2.0)
(N=11) (N=16) (N=18) (N=9)
Mean number of disrupting factors 5.5 (SD 2.25) 5.1 (SD 1.50)* 5.6 (SD 1.98) 4.7 (SD 1.32)**
* p=0.65

** p=0.24
BMD: Bone mineral density
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There were no significant proportional differences in presence of scoliosis,
movement during measurement, aberrant body composition, small length and
presence of a gastrostomy catheter when comparing children with moderate to
severe ID, children with low and normal total body BMD Z-score or children with
low and normal BMD lumbar spine Z-score (Table 4).

Table 4. Proportional differences between presence of scoliosis,
movement during measurement, aberrant body composition, small
length and presence of a gastrostomy catheter in children with
moderate to severe intellectual disability, low and normal total body
BMD Z-score and low and normal BMD lumbar spine Z-score (N=27).

Intellectual disability Total body BMD Lumbar spine BMD
Z-score Z-score
Moderate Severe Low (¢ Normal (> Low (< Normal (>
-2.0) -2.0) -2.0) -2.0)
(N=2) (N=25) (N=11) = (N=16) (N=18) (N=9)
Fisher Fisher Fisher
exact exact exact
Test test test
Scoliosis 0 10 0.516 5 5 0.687 8 2 0.406
Movement during 2 20 1.000 9 13 1.000 14 8 0.636
measurement
Aberrant body 0 18 0.103 6 12 0.411 12 6 1.000
composition
Small length 1 14 1.000 8 7 0.239 11 4 0.448
(<p5)
Gastrostomy 0 14 0.222 5 8 0.704 9 5 1.000
catheter

BMD: Bone mineral density

Discussion

As expected, factors that may negatively influence the accuracy of DXA
measurements, were frequently present in children with severe neurological

impairment and ID, with a mean of 5.3 factors in 27 children. The most frequently

55



occurring factors were movement during measurement, scoliosis, contractures,
gastrostomy catheters, aberrant body composition and a height below the 5%
centile for age. The prevalences of these factors did not differ between children
with low or normal BMD values. We found no systematic overestimation or
underestimation of BMC, BMD or BF outcome relating to the amount of disrupting
factors. Therefore, it remains unknown to what extent DXA outcomes are influenced
if one or more artefacts are present.

Published studies on disrupting factors in DXA examination are mostly descriptive
and frequently performed in older patients or postmenopausal women [10, 17-18,
25-26]. Most studies describe only one of the factors in detail and we found no
study determining the total amount of disrupting factors present in specific patient
groups. Therefore, it remains unknown whether the number of disrupting factors

is higher in our population than in others. Our finding of a mean of five disrupting
factors per child, however, implies that DXA outcomes in children with severe
neurological impairment and ID may be prone to inaccuracy. The lack of correlation
between the amount of disrupting factors and BMD might be explained by the
relatively small study population (n=27) and the fact that the disrupting factors
may lead to both overestimation and underestimation of bone density [6, 9, 11, 17-
19, 27]. The question whether BMD outcome in children with severe neurological
impairment and ID deviates in a systematic way as a result of disrupting factors
can, therefore, not be thoroughly answered. Additional information on the presence
of artefacts is, however, important to interpret the results of the individual bone
density and body composition measurements, not only for single measurements but
especially for repeated measurements in which the presence of disrupting factors
may differ.

The power and strength of the statistical techniques performed in this pilot study
were limited by the small study population, e.g. regression analysis and prediction
models could not be used because of the small sample size. We, therefore,
recommend a study to be conducted with a more appropriate sample size so

that more sophisticated statistical techniques can be used to further clarify the
associations between disrupting factors and DXA outcomes.

Most of the reported disrupting factors are hard to avoid, but movement during
measurement might be diminished by giving sedative medication in advance [27]
or by placing sand cushions or straps to prevent movement. However, considering
that these measures impose restraints that undoubtedly will increase stress, and

knowing that sedatives might cause side effects like cardiorespiratory depression or
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vomiting and aspiration [28], the advantages and disadvantages of those measures
need to be assessed on an individual basis. When, despite measures to prevent

it, considerable or extreme movements occur during measurement, DXA outcome
is unreliable. The measurement should either be repeated when the child is more
at ease or an alternative diagnostic method less susceptible to movement (e.g.
quantitative ultrasound or automated radiogrammetry) should be used.

In our study a pencil beam DXA method was used (Lunar, DPXL/PED). With a pencil
beam DXA, the body parts not being scanned at that moment can be manually
fixated to prevent movement. This enhances the accuracy of the bone and soft
tissue measurements. The pencil beam method, therefore, may be more accurate
than the fan beam method in severely handicapped children.

The accuracy of DXA is largely dependent on the experience of the operator,
appropriate regions of interest and, when possible, artefact removal. We, therefore,
recommend that all clinical centres where DXA is performed in children with severe
neurological impairment and ID designate an operator with special interest to gain
experience with these children. The operator needs to routinely record disrupting
factors and present these together with the scan results to the referring physician.
It may be recommended that the checklist developed as part of our study
(supplement A) is adopted by manufacturers of DXA systems as part of the results
printout.

Regarding intracorporal devices and metallic implants, we feel that the usability

of DXA can be improved if the software enables more accurate corrections. After
deleting the very high density pixels (caused by these artefacts) from the scans,
alternative sub-regions that give an estimate of its "BMC equivalent” should be
added to reduce interference with the DXA outcome. It is recommended that the
manufacturers adapt their DXA software accordingly.

In the Netherlands, it is common to measure bone density in children by performing
DXA of the lumbar spine and total body [22]. However, Henderson et al. have
indicated that measurement of the BMD of the distal femur projected in a lateral
plane in children with moderate to severe CP or muscular dystrophy has a strong
correlation with fracture history [29]. This specific scanning technique may
diminish the amount of disrupting factors as well, e.g. no projection of scoliosis

or intracorporal devices on the lumbar spine, fewer positioning problems due to
contractures and probably less movement during examination because patients are
lying on their side. Development of reference values for distal femur BMD for the
different DXA devices and standardisation of the measurement procedure may be
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an important step in standardising diagnosis of low bone mineral density in children

with severe neurological impairment and ID.

Conclusion

In children with severe neurological impairment and ID, frequently occuring
disrupting factors may influence the feasibility of DXA and the accuracy of its
outcome. Because treatment of low bone density in practice is reserved for children
with (low impact) fractures, this distortion presumably has had limited effect on
treatment frequency. However, alterations in artefacts over time may complicate
comparison of successive outcome values in an individual child. In addition,

the effectiveness of preventive measures can only be determined if accurate

and reliable bone density measurements are available. Therefore, either more
information on the impact of individual disrupting factors is necessary, or other
methods or localisations for bone density measurement less prone to distortion are
needed for this population.

58



References

1.

10.

11.

12,

13,

14,

15.

16.

Henderson RC, Lin PP, Greene WB (1995) Bone-mineral density in children and adolescents who have
spastic cerebral palsy. J Bone Joint Surg Am 77:1671-1681.

Zacharin M (2004) Current advances in bone health of disabled children. Curr Opin Pediatr 16:545-551.
Hough JP, Boyd RN, Keating JL (2010) Systematic review of interventions for low bone mineral density in
children with cerebral palsy. Paediatrics 125:e670-678.

Henderson RC, Kairalla JA, Barrington JW, et al. (2005) Longitudinal changes in bone density in children
and adolescents with moderate to severe cerebral palsy. J Pediatr 146:769-775.

Henderson RC, Lark RK, Gurka MJ, et al. (2002) Bone density and metabolism in children and adolescents
with moderate to severe cerebral palsy. Paediatrics 110:e5.

Binkovitz LA, Henwood MJ, Sparke P (2008) Paediatric DXA: technique, interpretation and clinical
applications. Paediatric radiology 38 Suppl 2:5227-239.

Wren TA, Liu X, Pitukcheewanont P, et al. (2005) Bone densitometry in paediatric populations:
discrepancies in the diagnosis of osteoporosis by DXA and CT. J Pediatr 146:776-779.

Fewtrell MS, British P, Adolescent Bone G (2003) Bone densitometry in children assessed by dual x ray
absorptiometry: uses and pitfalls. Arch Dis Child 88:795-798.

Jacobson JA, Jamadar DA, Hayes CW (2000) Dual X-ray absorptiometry: recognizing image artifacts and
pathology. AJR Am J Roentgenol 174:1699-1705.

Kirac FS, Yuksel D, Yaylali OT (2001) Pitfalls in the measurement of bone mineral density by the dual-
energy X-ray absorptiometric method. Clin Nucl Med 26:874-875.

Morgan SL, Lopez-Ben R, Nunnally N, et al. (2008) The effect of common artifacts lateral to the spine on
bone mineral density in the lumbar spine. J Clin Densitom 11:243-249.

Theodorou DJ, Theodorou SJ (2002) Dual-energy X-ray absorptiometry in clinical practice: application and
interpretation of scans beyond the numbers. Clin Imaging 26:43-49.

Ioannidou E, Padilla J, Wang J, et al. (2003) Pencil-beam versus fan-beam dual-energy X-ray
absorptiometry comparisons across four systems: appendicular lean soft tissue. Acta Diabetol 40 Suppl
1:583-85.

Hammami M, Koo WW, Hockman EM (2004) Technical considerations for fan-beam dual-energy X-ray
absorptiometry body composition measurements in paediatric studies. JPEN ] Parenter Enteral Nutr
28:328-333.

Koo WW, Walters J, Bush AJ (1995) Technical considerations of dual-energy X-ray absorptiometry-based
bone mineral measurements for paediatric studies. J Bone Miner Res 10:1998-2004.

Koo WW, Hammami M, Hockman EM (2003) Interchangeability of pencil-beam and fan-beam dual-energy

X-ray absorptiometry measurements in piglets and infants. Am J Clin Nutr 78:236-240.

59



17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

60

Meirelles ES, Borelli A, Camargo OP (1999) Influence of disease activity and chronicity on ankylosing
spondylitis bone mass loss. Clin Rheumatol 18:364-368.

Morgan SL, Lopez-Ben R, Nunnally N, et al. (2008) Black hole artifacts-a new potential pitfall for DXA
accuracy? J Clin Densitom 11:266-275.

Ott SM, Ichikawa LE, LaCroix AZ, et al. (2009) Navel jewelry artifacts and intravertebral variation in spine
bone densitometry in adolescents and young women. J Clin Densitom 12:84-88.

Binkovitz LA, Henwood MJ, Sparke P (2007) Paediatric dual-energy X-ray absorptiometry: technique,
interpretation, and clinical applications. Semin Nucl Med 37:303-313.

Rosenbaum PL, Palisano RJ, Bartlett DJ, et al. (2008) Development of the Gross Motor Function
Classification System for cerebral palsy. Dev Med Child Neurol 50:249-253.

van der Sluis IM, de Ridder MA, Boot AM, et al. (2002) Reference data for bone density and body
composition measured with dual energy x ray absorptiometry in white children and young adults. Arch Dis
Child 87:341-347; discussion 341-347.

Rieken R, van Goudoever JB, Schierbeek H et al (2011) Measuring body composition and energy
expenditure in children with severe neurological impairment and intellectual disability. Am J Clin Nutr 94:
759-766.

Gerver W, de Bruin R (2001) Paediatric Morphometrics: a reference manual 2nd ED.

Binkley N, Krueger D, Vallarta-Ast N (2003) An overlying fat panniculus affects femur bone mass
measurement. J Clin Densitom 6:199-204.

Morgan SL, Lopez-Ben R, Nunnally N, et al. (2008) The effect of common artifacts lateral to the spine on
bone mineral density in the lumbar spine. J Clin Densitom 11:243-249.

Kilpinen-Loisa P, Paasio T, Soiva M, et al. (2009) Low bone mass in patients with motor disability:
prevalence and risk factors in 59 Finnish children. Dev Med Child Neurol 52: 276-282.

Zier JL, Rivard PF, Krach LE, et al. (2008) Effectiveness of sedation using nitrous oxide compared with
enteral midazolam for botulinum toxin A injections in children. Dev Med Child Neurol 50:854-858.
Henderson RC, Berglund LM, May R, et al. (2010) The relationship between fractures and DXA measures
of BMD in the distal femur of children and adolescents with cerebral palsy or muscular dystrophy. J Bone

Miner Res 25:520-526.



Supplement A: Checklist of artefacts and disrupting factors during DXA in

children with severe neurological impairment and ID

Name patient:
Date of birth:
Date of examination:
Name operator:
Height: ............. cm
Centile height for age: p...

P value < p5:

Contractures *:

Location(s) of contracture(s): .......cceeueun

Orthopaedic operations in patient history:

Recent use of contrast agent

(e.g. CT/MRI with contrasts, scintigraphy):

Location DXA measurement:

Movement during measurement *:

yes/no

yes/no

yes/no

yes/no

O Total body

O Lumbar spine
O Proximal femur
O Distal femur

yes/no
O Completely still
O Some movement

O Considerable movement
O Extreme movement
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Aberrant body composition *:
Triceps skinfold: .... mm
Centile for age: p ...
p value <p5: yes/no
Subscapular skinfold: .... mm
Centile for age: p ...

p value <p5: yes/no

Intracorporal medical devices (e.g. gastrostomy catheter, intrathecal baclofen pump)
Present: yes/no
Kind of device: .......ccoceeene.

Projection on region of interest: yes/no
Scoliosis *: yes/no
Orthopaedic hardware present *: yes/no
Vertebral crush fracture(s) present: yes/no

Other vertebral anomalies present
(e.g. spondylodesis, osteoarthritis): yes/no
Jewellery or metal objects on clothing: yes/no

Dense metal objects present

(e.g. bullets, collection operation clips): yes/no
Calcinosis of calculi present: yes/no
Undissolved calcium tablets in GI tract present: yes/no
Calcifications present (e.g. vascular/aorta, tendinitis): yes/no
Metastatic lesions: yes/no

* Factors considered very or extremely disrupting by expert opinion.

One or more yes answers on this checklist may implicate that the DXA outcome is
less reliable; the extent of disruption depends on the factor involved and the degree
of disturbance (e.g. movement).

In case of doubt concerning the interpretation of these results contact the operator
for consultation.
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Chapter 4

Feasibility of quantitative
ultrasound measurement of
the heel bone in people with
intellectual disabilities

Res Dev Disabil 2010; 31(6): 1283-1290



Abstract

Low bone mineral density (BMD) and fractures are common in people with
intellectual Disabilities (ID). Reduced mobility in case of motor impairment and the
use of anti-epileptic drugs contribute to the development of low BMD. Quantitative
ultrasound (QUS) measurement of the heel bone is a non-invasive and radiation-
free method for measuring bone status that can be used outside the hospital.

QUS might be used for screening purposes to identify people with intellectual
disability with poor bone status, who are in need of supplementary examination and
treatment.

To investigate feasibility of QUS in this group, QUS of the heel bone was performed
on-site in 151 people with ID living in residential care.

Measurements were successfully performed in at least one foot in 94.7%, were
interpretable (resulting in a stiffness index) in 91.6%, and induced barely or no
stress in 90.4% of the study population. Measurements generally took less than ten
minutes. In 93 persons bone status of both feet had been measured. The “mean
percentage of the absolute difference” between outcomes of both feet was 15.5%
(£ 15.3% SD, range 0-76.5%).

Ultrasound measurement of the heel bone is a feasible and non-stressful method
for measuring bone status in people with ID. Since the mean difference between
outcomes of the left and right foot were large, measurement of both feet is

recommended to prevent inaccurate interpretation.
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Introduction

People with Intellectual Disabilities (ID) are prone to developing osteoporosis or low
bone mineral density (BMD). In people with ID low BMD often develops at an earlier
age than in the general population [1-2]. Increased frequencies of low BMD are
present in persons with any degree of ID [3-7]. In the Netherlands the prevalence
of low BMD is 5.2% in males and 16.6% in women in the general population over
55 years of age [8-9]. In comparison, the prevalence of low BMD was 20% in young
adult males with mild to moderate ID [4] and even 77% in children with ID and
moderate to severe cerebral palsy (CP) [3]. Important determinants of low BMD in
people with ID are limited ambulancy and anticonvulsant drug use [3, 10-11]. Due
to the increasing lifespan of people with ID [12-14], the prevalence of low bone
mineral density may increase even further in the nearby future.

A reduced BMD in combination with an increased risk of falling, e.g. due to motor
or visual impairment, causes an increased fracture incidence in people with ID
compared to that of the general population [15-16]. In high risk groups, such as
older women and people with impaired mobility, bone status should therefore be
assessed to determine fracture risk.

In large-scale screening studies in the general population, quantitative ultrasound
measurement of the bone (QUS) has been used to identify people at risk for
developing osteoporosis and fractures [17-18]. Advantages of QUS are its non-
invasiveness, lack of radiation and its portability. Bone status can be measured
outside the hospital [19-21] and QUS can be applied to different parts of the
extremities, such as the heel bone, radius, tibia or finger. However, the calcaneus or
heel bone is the most commonly used site of measurement [22-24].

Earlier studies in the general population have shown that QUS results can vary
between the left and right foot [25-26]. In most people the right foot is dominant
and therefore may have a higher bone density than the non-dominant foot. As a
result larger studies frequently opt for measurement of the left foot [18], so that
the lowest value of bone density is measured. It is however unknown whether
differences in QUS results between the feet present in a similar way in people with
ID. Foot dominance is more difficult to determine and might be less pronounced

in people with ID, resulting in less obvious left and right differences. On the other
hand hemiplegia or other unilateral disrupting factors that are known to influence
bone density [27], are more frequently present in people with ID and might lead to
increased differences between QUS results of the feet.
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The variables measured with QUS are speed of sound (SOS), a variable related

to velocity of the ultrasound signal, and broadband ultrasound attenuation (BUA),
a variable reflecting the weakening of the ultrasound signal while travelling
through the bone [19]. Both variables, but in particular BUA, are found to be
predictive of fracture risk, independent of BMD as measured with dual energy
X-ray absorptiometry (DXA) [17, 28]. This can be explained by the fact that QUS
variables also depend on bone structure and composition besides bone density
[22]. Some QUS devices provide additional variables like a stiffness index (SI)

or quantitative ultrasound index (QUI) which are parameters derived from linear
combinations of BUA and SOS.

Since measurement can be performed on the spot, QUS seems a promising
method for screening bone status in people with ID. Although several studies

have applied QUS to determine bone quality in people with ID, we have found no
studies specifically determining its usability, applicability and side effects in this
group [11, 29-32]. Therefore, we determined whether ultrasound measurement of
the heel bone is a feasible method for determining bone status in people with ID.
While in the literature the definition of feasibility strongly depends on the diagnostic
method or intervention that is used, we defined feasibility by number of successful
recordings, interpretability of the outcome and acceptability by the client.

Materials and methods

Study protocol and population

From November 2007 until January 2008, a device for measuring bone status with
QUS was available for feasibility testing at ASVZ, a residential facility for people with
ID. During that period, physicians providing medical care for this group were invited
to refer patients for examination of bone status. No inclusion or exclusion criteria
were applied. A total number of 151 persons with ID were referred with a mean (*
SD) age of 47.0 = 18.1 yr (range 3 months-84 years) of whom eight were children
(<19 years). Measurements were done after informed consent of parents or legal
representatives. Consent for measurement of bone status was obtained by the care
giving physician; therefore we are not aware of the percentage of people who refused
to participate. This study was part of a larger project on the prevalence and risk
factors of osteoporosis, and its study protocol has been approved by the Institutional
Review Board. The feasibility outcome measures were analyzed anonymously
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After referral, age and gender were noted on a registration form. Referred
children were assessed as well, although paediatric reference values for BMD were
unavailable.

The level of intellectual disability (ID) was retrieved from the patient files and
scored as mild, moderate, severe or profound. Mobility was assessed according to
the Gross Motor Function Classification System (GMFCS), a 5 level classification
system that is widely used for children with CP and describes gross motor function
on the basis of self-initiated movement [33]. GMFCS levels are distinguished
according to functional limitations, the need for assistive mobility devices (walkers,
crutches, canes) or wheeled mobility and, to a lesser extent, quality of movement
[34]. Children in level 1 walk without limitations in all settings, whereas children
in level 5 have severe limitations in head and trunk control, and in self-mobility.
Children in level 4 may walk for short distances with physical assistance of an
adult at home but rely more on wheeled mobility (pushed by an adult or operate
a powered chair) outdoors, at school and in the community [35]. The diagnosis
‘severe neurological impairment and ID’ implicates that people had profound
intellectual disability and GMFCS level IV or V. Clinical characteristics of the study
population are listed in Table 1.

Table 1. Clinical characteristics of study population (N=151).

N %
Male 63 41.7
Gender
Female 88 58.3
Mild 29 19.2
Moderate 38 25.2
Level of Intellectual Disability
Severe 43 28.5
Profound 41 27.2
I 44 29.1
II 34 22.5
GMFCS*-level III 16 10.6
v 16 10.6
\% 41 27.2
Severe neurological impairment and ID  yes 33 21.9
Previous fracture yes 46 30.5
Use of anti-epileptic drugs yes 72 48.0

* Gross Motor Function Classification System [33]
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Calcaneal ultrasound measurement

Bone density of the heel bone was measured using the Lunar Achilles (type Insight,
GE Healthcare, Clinical systems Ultrasound, Hoevelaken, the Netherlands), a device
that uses transverse ultrasound transmission [36]. Measurements generally took
place in the living unit of the client. Frequently more than one client in a group
participated and was studied. After introducing the researcher to the clients,

the device was shown and a volunteer was asked from the study participants.
Occasionally one of the accompanying staff members volunteered to undergo

the measurement. Clients with oppositional or defensive behaviour were invited

to watch the procedure in one or more other clients. If they persisted in their
rejection, the measurement was abandoned.

Measurements started with positioning the client in either a chair or wheelchair in
front of the QUS devices with bare feet. After thoroughly spraying the ankle with
alcohol, one foot was placed in the device. Then the two membranes on either side
of the ankle automatically filled with lukewarm water, enabling the transducers on
both sides of the ankle to transmit and receive the ultrasound signal. If possible,
bone status of both feet was determined. In case only one foot could be measured,
preferably the left foot was measured, which is the non-dominant foot in most
people.

According to the specifications provided by the manufacturer, the repeated in vivo
measurement precision of the Lunar Achilles Insight, expressed as the coefficient of
variation (CV), is < 2.0%.

Three measurement outcomes were obtained: speed of sound (SOS), broadband
ultrasound attenuation (BUA) and stiffness index (SI). The Lunar device uses built-
in reference values based on age and gender, supplied by the manufacturer and
obtained from healthy German adults, to calculate T- and Z-scores of the stiffness
index. The T-score results from the comparison of the participants’ bone status with
the average peak value in healthy young people and the Z-score provides a context
for a participants’ bone status by comparing individual measurement values with
the mean value for people of the same age and gender. No reference values for
children (<19 year) are available in the software, therefore for them only stiffness
indexes are provided, but no Z-scores.

When the ultrasound signal does not reach the receiving transducer, for example if
too little alcohol is used or if the water level in the membranes is insufficient, the
lunar device displays the result “out of range”. This can also occur when bone mass
is either extremely high, and the signal cannot pass through the bone, or when
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bone mass is extremely low and therefore not measurable. After obtaining an out
of range result, the measurement procedure was repeated after checking the water
level of the membranes and thoroughly spraying with alcohol a second time.

Aspects of feasibility

Feasibility was operationalised according to the following aspects: number of
successful recordings (including cooperation), interpretability of the results, clients’
perceived stress and duration of the measurement. First it was determined in which
percentage of participants the measurement could be successfully performed in at
least one foot according to the instructions in the manual. Possible causes for failed
measurements were recorded, e.g. uncooperative behavior or anatomical deformity
of the foot. Results were considered interpretable if a stiffness index was provided
by the device. At the time of the study, no instruments were available to determine
the level of perceived stress during the recording. Therefore, a simple five point
scale was developed and filled out. A score of one indicates that the procedure is
experienced as not being stressful, two as barely stressful, three as stressful, four
as considerably stressful and five as highly stressful. The stress score was based on
consensus between the client’s opinion and the observations by the accompanying
staff member and the researcher. Duration of the measurement was determined

by recording starting and finishing times of each measurement. Time necessary for
clarification of the procedure, taking off shoes and socks and making the subject

feel comfortable was included.

Analysis and statistics

Results are expressed as mean + standard deviation or 95% confidence interval
(CI). T-tests, Pearson Chi-square tests and Mann-Whitney tests were used to
calculate differences between groups with different measurement outcomes. A
p-value below 0.05 was considered statistically significant.

To study differences between left and right feet if possible, the percentage of absolute
difference between both feet was calculated by the following equation [25-26]:

|leftstiffness — rightstiffness|
x 100%
[ leftstiffness + rightstiffness j

2
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Previously a difference of 11% (£ 9.25 SD) has been reported in otherwise healthy
children [26]. Since no specific definitions for substantial difference were found

in the literature, a substantial difference was defined as an absolute difference
between the feet equal to or above 25%.

Figure 1. Flow diagram feasibility results.

Study population
N=151

w =143

f =8

A 4 A4
Failed Successful
measurement measurement

N=8 N=143

T -6 T -7

f=2 i =6

A 4
‘Out of range’ Stiffness index
N=12 N=131

’i‘ =11 ’ﬂ =126

P =1 f =5

The picture of the larger male implicates number of adults; the picture of the smaller male implicates
number of children.

Failed measurements are defined as technically not successful measurements.

“Out of range” implicates that either the ultrasound signal did not reach the receiving transducer or there
was minimal signal alteration.

Stiffness index is a parameter derived from linear combination of BUA (broadband ultrasound attenuation)
and SOS (speed of sound).
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Results

Feasibility

In 143 out of 151 participants (94.7%; 136 adults and seven children) the
measurement could be successfully performed in at least one foot (Figure 1) and
in 93/151 (61.6%; 92 adults and one child) in both feet. In seven participants
(4.6%) the measurement could not be done at all because of defensive behaviour
(consisting of verbal aggression and non-compliance). In one patient the feet could
not be positioned into the device because of severe deformities. Characteristics of
the participants with successful measurements (N=143) were not different from
those in whom measurement was not possible because of defensive behaviour or
deformities of the feet (N=8) (table 2, left panel).

In 12/143 participants (8.4%) the measurement result was “out of range”,
implicating that the receiving transducer did not establish any alterations in the
ultrasound signal. This might occur when bone mass is either extremely high not
allowing the signal to pass through the bone, or when bone mass is extremely low.
Three of the 12 people with “out of range” results had deformities of the feet (e.g.
clubfoot) and two other people had oedematous feet.

A stiffness index was therefore provided for 131/143 persons (91.6%) (Figure 1).
The twelve participants with ‘out of range’ results had a significantly more severe
ID and more severe motor disability as measured with the GMFCS than those

for whom a stiffness index was provided. The proportion of people with severe
neurological impairment and ID was significantly higher in the group with ‘out

of range’ result than in the group with a measurable stiffness index (p<0.0001).
(Table 2, right panel).

In four persons data on stressfulness were not available. The procedure was
scored as “not stressful” by 108/147 participants (73.4%), “barely stressful” by 25
(17.0%), “stressful” by nine (6.1%) and “considerably stressful” by one participant
(0.7%). The procedure was scored “highly stressful” by four persons (2.7%) with
defensive behaviour. Their anxiety made it impossible for them to cooperate and
therefore the measurement was aborted in these participants. The mean duration
of the measurements was 6.7 minutes (range 5 - 20 minutes); 137/143 completed

measurements (97.2%) took less than ten minutes.
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Table 2. Comparison of demographics between groups with different

measurement outcomes.

Gender (N=male/

female)

Mean age yrs [SD]

GMFCS N (%)
I
II

III

Severity ID
Mild
Moderate
Severe

Profound

Severe neurological

impairment and ID
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Measurement
not successful

(N=8)

2/6

42.3 [16.6]

2 (25.0%)
4 (50.0%)
1 (12.5%)
0 (0%)

1 (12.5%)

0 (0%)
1 (12.5%)
6 (75.0%)

1 (12.5%)

0 (0%)

Measurement
successful

(N=143)

61/82

47.7 [18.1]

42 (29.4%)
30 (21.0%)
15 (10.5%)
16 (11.2%)

40 (28.0%)

29 (20.3%)
37 (25.9%)
37 (25.9%)

40 (28.0%)

33 (23.1%)

p=0.324
(Pearson
X?)

p=0.408

(t-test)

p=0.394
(Mann-
Whitney

test)

p=0.364
(Mann-
Whitney

test)

P=0.124
(Pearson

X2)

“Out of
range”

(N=12)

5/7

39.4

[14.2]

0 (0%)
0 (0%)
1 (8.3%)
0 (0%)
11

(91.7%)

0 (0%)
3 (25%)
1 (8.3%)
8

(66.6%)

8

(66.7%)

Measurable
stiffness
index
(N=131)

54/77

47.9 [17.6]

42 (32.1%)
30 (22.9%)
14 (10.7%)
16 (12.2%)

29 (22.1%)

29 (22.1%)
34 (26.0%)
36 (27.5%)

32 (24.4%)

25 (19.1%)

p= 0.942
(Pearson
X?)

p= 0.105

(t-test)

p=0.0001
(Mann-
Whitney

test)

p < 0.008
(Mann-
Whitney

test)

P < 0.0001
(Pearson

X2)



Figure 2. Comparison of values Z-score of stiffness index in the left
and right foot (N=92).

500

0,00

Left foot Z-score of stiffnessindex

500

5,00 23 opo 250 5,00
Right foot Z-score of stiffnessindex

Z-score indicates how many standard deviations the individual stiffness index is above or below the mean
stiffness index for the age en gender related reference population.

Stiffness index is a parameter derived from linear combination of BUA (broadband ultrasound attenuation)
and SOS: (speed of sound)

‘R Sq Linear’ is the square of the correlation coefficient between left and right stiffness index Z-scores.

Outcome

In the children with a measurable stiffness index (N=6) the measured values could
not be converted into Z-scores because of the lack of paediatric reference values. In
the adults with a measurable stiffness index (N=125, namely the 136 adults with a
stiffness index minus 11 adults with “out of range” results) Z-scores of the stiffness
index could be determined. In 92/125 (74.4%) of the adult participants Z-scores of
the stiffness index of both feet were available.

Mean Z-scores were —1.33 (SD 1.77, range —4.50 to +4.80) for the left foot (N=
111) and —1.62 (SD —4.70 to +4.80) (N=106) for the right foot.

Linear regression showed a moderate but significant correlation between left and
right Z-score values (R?= 0.52, p< .0001) (Figure 2). However, large individual
differences in stiffness index were observed between both feet. The mean
percentage of absolute difference between both feet was 15.5% (+ 15.3% SD,
range 0-76.5%). Level of ID (p=0.54), GMFCS score (p=0.27) and stressfulness

of the recording (p=0.11) were not significantly different between people with
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substantial (= 25%) and people with small or absent differences in outcome
between both feet (data not shown).

Discussion

This study in which bone status was measured in 151 people (8 children and 143
adults) with mild to profound ID living in residential care, shows that quantitative
ultrasound of the heel bone is a feasible method. Successful measurements

were performed in 94.7% and interpretable outcome was obtained from 91.6%.
Measurements generally took less than ten minutes and were not or barely stressful
in 90.4% of the participants.

Defensive behaviour (N= 7, 4.6%) or severe anatomical deformities of the feet
(N=1, 0.7%) were the main reasons for unsuccessful measurements. Earlier studies
described the same obstacles with comparable frequencies [6]. In the study of
Aspray et al. 7.5% of the measurements were unsuccessful because of deformity

of the heel and another 7.5% because of behavioural problems [32]. A different
composition of the study population and the use of a different ultrasound device
may have been the cause of these slightly higher numbers compared to those of
the present study. Overall, the frequency of failure due to anatomical deformities

of the feet is relatively low. Performing the measurement at another site of the
body less prone to deformities (e.g. the forearm) could even increase its feasibility.
However, not all QUS devices are capable of measuring different sites of the body.
Failure rate of the recording due to defensive or oppositional behaviour might be
further diminished by investing even more time into the clarification procedure

and by demonstrating the measurement on another person. We noticed that while
performing the measurement in an acquaintance, people became interested in

the procedure and the device and were more willing to participate. Additionally,
medication diminishing anxiety might be considered to increase feasibility of the
recording. We feel however, that sedative medication should exclusively be reserved
for patients in whom detailed information on bone mineral status is required. In
those cases screening with QUS should be omitted and bone density should be
measured with dual energy X-ray absorptiometry (DXA), because DXA results

are required to diagnose osteoporosis and to evaluate effectiveness of therapeutic
measures. [37].
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In our study 12 persons had an ‘out of range’ outcome. These people were
significantly less mobile and more severely cognitively disabled than those in whom
a stiffness index was obtained. Most of them were people with severe neurological
impairment and ID. Although feasibility in this group is lower than in other persons
with ID, an interpretable result was achieved in 25 out of 33 persons with severe
neurological impairment and ID. Therefore QUS screening should not be rejected
for this group, which has a high risk of poor bone status.

We noticed that some people had large individual differences in stiffness index
between the left and right foot; the mean percentage of the absolute difference was
15.5% (£ 15.3 SD, range 0-76.5%), which can not be explained by the precision
error of the device (CV <2%). The cause of this difference may be structural, e.g.
in case of hemiplegia, or the result may be disrupted, for example by movement
during the measurement. While small movements of the foot during measurement
can not always be observed and were not specifically scored, we were unable to
determine the direct influence of movement on differences between the left and
right foot. We found however no correlation with severity of intellectual disability,
GMFCS level or experienced stress, factors that might be related to movement and
motor abilities. In our present study we aimed to measure bone status in at least
one foot. Therefore only during analysis of the results we found that differences in
bone QUS parameters between the feet can be frequently present and sometimes
large. Future research in this population should thus include default measurement
of both feet, in order to eliminate the influence of left-right differences on study
outcome.

While the main purpose of our present study was to confirm feasibility of QUS

in people with ID, we felt that including a control group for this aspect was not
necessary. A control group with age and gender related healthy persons would
undoubtedly strengthen the outcomes of a prevalence study on low bone status

in people with ID and is therefore recommended in future research. The rating

of stress used in our study was rather subjective. A self formulated 5-point scale
was used, while no comparable and easy-to-use stress scales were available in
literature. The reliability of this stress score would have been augmented if separate
scores would have been assigned by two independent raters rather than the
consent opinion in the present study. Another limitation of the study is the non-
representativeness of the selected population. While using a convenience sample of
people referred for examination by their physician, the bone quality outcomes found
in this study may not be applicable to the overall population of people with ID. The
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influence of the convenience sample on feasibility outcomes is considered limited.
The composition of our study group was heterogeneous with different levels of ID
and motor disability and a wide age range.

We conclude that quantitative ultrasound measurement of the heel bone seems

a feasible and non-stressful method for measuring bone status in people with

ID. Further research on its value as a screening instrument for assessing bone
quality in people with intellectual disability is recommended. Preferably this
research should be population based with a control group of people without ID and
measurements in both feet. Also we recommend prospective research in which QUS
outcomes can be related to fracture incidence to establish fracture risk in people
with ID.
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Chapter 5

Automated radiogrammetry measuring
bone quality and bone maturation in
severely disabled children
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Abstract

Children with severe neurological impairment and intellectual disability (ID)

are prone to low bone quality and fractures. In search of a diagnostic method
available in every hospital and easy to apply, we investigated whether automated
radiogrammetry is a feasible method to assess bone quality in this specific group of
children.

Hand radiographs were made in 95 children with severe neurological impairment
and ID (mean age 11.4 year SD 4.8) at outpatient paediatric clinics in four hospitals
in the Netherlands. BoneXpert © software (version 1.14) was used to determine
the paediatric bone index (PBI), a method previously validated in a population of
healthy children. Automated bone age determination was assessed as part of the
PBI measurements.

A PBI was succesfully obtained in 60 children (63.2%). Severe contractures of the
hands were the most common cause of unsuccessful measurement. In 36/56 (64%)
of the children chronological age diverged more than one year in either direction.
This mostly concerned delayed bone maturation (n=26).

The authors conclude that automated radiogrammetry is feasible to evaluate bone
quality in disabled children before severe contractures occur. Since bone maturation
frequently deviated in this group of severely disabled children, comparison to bone
age related reference values is recommended.
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Introduction

Children with severe neurological impairment and intellectual disability (ID) are
susceptible to develop low bone mineral density (BMD), which can lead to the
occurrence of fractures that may originate from a limited or even unknown trauma
[1-5].

In both adults and children, BMD is generally measured with dual energy X-ray
absorptiometry (DXA) [3-4], but measurement in children requires specific software
and adapted reference values [6-7]. In the Netherlands, paediatric DXA is only
available in tertiary care centres, which restricts the use of DXA for this specific
group. In addition, a various number of disrupting factors negatively influencing the
reliability of DXA results can be present, especially in this group of children, such as
contractures, scoliosis or movement during measurement [chapter 3]. Therefore,
screening bone quality in these children prone to low BMD using a diagnostic
method that is generally available in hospitals, easy to apply and less depending

on disrupting factors, would be an important and relevant addition to diagnostic
possibilities.

Moreover, severely handicapped children may have a slower growth velocity,
whereas their skeletal maturation can be either delayed or accelerated [2, 8-10].
This may influence the validity of bone density outcomes of diagnostic methods that
generally use chronological age related reference values, like DXA or Quantitative
Ultrasound (QUS) [11].

With automated radiogrammetry of plain hand radiographs, bone quality can be
measured with web-based software [12] and is expressed as Paediatric Bone

Index (PBI). This PBI is determined by geometrical calculations similar to the
determination of digital X-ray radiogrammetry bone mineral density (DXR-BMD).
The DXR-BMD has shown to correlate well with peripheral DXA measurements of
the forearm, with DXA of the femoral neck in adults and with DXA of the lumbar
spine and total body in children [12-15]. PBI reference values have been developed
in a large group of healthy children (N=2398) [12]. These reference values are
gender and bone age related [12]. In children treated for acute lymphoblastic
leukaemia and growth hormone deficiency automated radiogrammetry has shown
to be easily applicable with a negligible effective radiation dose [15]. However, no
data have been published so far on the use of this method in children with severe
neurological impairment and ID.
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Therefore, the aim of this study was to determine whether the automated
radiogrammetry method is feasible in children with severe neurological impairment
and ID and to what extent bone age differs from chronological age in this group.

Methods

Study design

The current study was part of a cross-sectional multicenter study on bone quality in
children with severe neurological impairment and ID, in which four Dutch hospitals
participated. Together these four hospitals cover a large part of the southwest of
the Netherlands.

Ethics approval of this study was obtained by the ethics committees of the Erasmus
University Medical Center Rotterdam (MEC-2005-182) and of each participating
hospital.

Study population

Children with severe neurological impairment and ID, known to have a moderate or
severe intellectual disability (IQ< 55) and a Gross Motor Functioning Classification
System (GMFCS) level IV or V, visiting the outpatient paediatric clinic of the
participating hospitals, were eligible for inclusion. GMFCS is a 5 level classification
system that is widely used for children with cerebral palsy and describes gross
motor function on the basis of self-initiated movement [16]. Children in level IV
may walk short distances with physical assistance of an adult at home but rely on
wheeled mobility outdoors. Children in level V depend on a wheelchair for their
mobility and have severe limitations in head and trunk control [16-17]. Concerning
the aetiology of their disability children were subdivided into five groups. The first
group consisted of children with a congenital cause e.g. lisencephaly, in the second
group children with perinatal complications e.g. solutio placentae were presented
and the third group consisted of the acquired disabilities like meningitis or trauma.
Two additional groups were presented by children with either a combination of
congenital and acquired causes and children with an unknown cause of their
disability.

Ninety five children were included from June 2006 till January 2009.
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Automated radiogrammetry

Automated radiogrammetry analysis was performed on a posterior anterior
radiograph of the left (non-dominant) hand. In case less contractures were present,
the right hand was used. In order to get optimal results, one of the authors (SM)
was present during all X-ray examinations. Preferably the radiographs were digital
in DICOM format, but traditional film X-rays could also be used after scanning with
the VIDAR Diagnostic Pro Advantage Scanner (VIDAR, Herndon, VA, USA).
Automated radiogrammetry was performed with BoneXpert© (version 1.14, Visiana,
Holte, Denmark, www. BoneXpert.com). This method determines the bone edges of
the middle three metacarpals and a minimum of eight other hand bones (Figure 1).
BoneXpert can determine automatically either the Greulich and Pyle bone age or the
Tanner and Whitehouse bone age. In this study the Greulich and Pyle method was
used which has proven a robust method of automatic determination of bone age

in an earlier study [18]. Valid and consistent bone ages of a minimum of 8 bones
were required to assess bone age [19]. PBI was calculated using the three middle
metacarpals by a formula containing the average values for transverse cortical area
(A), bone width (W) and bone length (L): PBI = A/(W %33 L933) [12]. Individual PBI
outcomes were compared to reference values determined in healthy bone age and
gender related children and expressed in standard deviation score (SDS) [12].

Figure 1. Preview of hand radiograph from a girl with bone borders
used for calculating bone age and paediatric bone index (in
metacarpals II through IV) outlined by BoneXpert.

The small numbers represent the given bone age for the individual bones used in calculating bone age.
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Feasibility

Feasibility was specified in terms of successful determination of PBI. The authors
considered the method feasible, if the PBI SDS would be obtained in at least 70%
of the children.

Statistical analysis

Statistical analysis was performed using Statistical Package for Social Sciences for
Windows 15.0 (SPSS Inc., Chicago, IL., USA). Results were expressed as mean
standard deviation. T-tests and Pearson Chi-square tests were used to calculate
differences between groups. A p-value of less than 0.05 was considered statistically
significant.

Difference between chronological age and bone age was calculated as automated
bone age (years) minus chronological age (years). Based on clinical experience, a
difference of one year or more, in either direction, was defined as relevant.

Results

Patient characteristics are summarized in Table 1. Mean age of the children was
11.4 years (SD 4.8) and 53 (55.8%) of the children were male. GMFCS level V was
present in 80%. The most common causes for their disability were either congenital
(40%) or perinatal (31%). Mean weight of the children was 32.2 kilogram (£ 12.5
SD) and 82.1% of the children had epilepsy.

Table 1. Characteristics of the study population (n=95)

Age* (yrs) 11.4 (4.8)
Weight* (kg) 32.3 (12.5)
Gender Male/female 53 /42
Epilepsy 78
GMFCS Level IV/V 19 /76
Aetiology of disability Congenital 38
Perinatal 29
Acquired 7
Combination of congenital and acquired 4
Unknown 16

* mean with standard deviation in parentheses
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Hand radiographs were obtained from all 95 children. From 60 (63.2%) radiographs
the PBI SDS could be calculated. Determination was not possible in 35 children.
Causes of an unsuccessful measurement are described in Table 2. Contractures of
the hand causing crossed projection of the metacarpals on the radiograph (Figure
2) were most common.

Table 2. Reasons for failure PBI SDS measurement (N=35).

Reason for failure N %

Missing bone age 2 5.7
Contractures of the hand causing crossed projection of the metacarpals 17 48.6
Excessive sharpening giving lack of contrast between bone tissue and 8 22.9

surrounding soft tissue
Anatomical deformities of the bones (not possible to determine exact margins of 3 8.6
regions of interest)

Unclear 5 14.3

Figure 2. Example of a hand radiograph with projection of the

metacarpals.

Correct positioning of the dotted lines on the bone edges and correct positioning of the regions of interest
were not possible.
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Assessment of bone quality was more frequently unsuccessful in children with
more severe motor disabilities, scored as GMFCS level V (p=0.03, X2-test). Age,
gender, aetiology of the intellectual disability, weight and epilepsy did not influence
feasibility.

In order to determine bone age successfully, at least eight hand and wrist bones
were required, compared to three metacarpal bones in determining PBI. In

four children bone age could not be measured. Bone age and chronological age
diverged more than one year in 36/56 (64%) of the study group. In 26 children
bone maturation was delayed and in 10 children bone maturation was accelerated
(Figure 3). A strong correlation was found between chronological age and bone age
(p<0.0001). On the other hand individual differences between both values varied
from a bone age three years ahead of chronological age till six years behind (Figure
3).

Figure 3. Histogram of differences found between chronological age
and bone age (N=56)
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Discussion

In 60 out of 95 children with severe neurological impairment and ID (63.2%) PBI
SDS was successfully determined. This is slightly lower compared to the minimum
of 70% we determined on forehand judging this diagnostic method feasible for this
group.

Determination of bone quality appeared more difficult in children with a GMFCS
level V. These children suffer from severe contractures, which appeared to be

the most common cause for unsuccessful measurement (17/35, 49%). This

made correct identification of bone edges, necessary for automated assessment
of the PBI, impossible. Although this reduces the usability of the automated
radiogrammetry method in the most severely handicapped paediatric group it is
important to realise that in children with severe contractures and deviant posture
other bone diagnostic methods are difficult to apply as well (chapter 3 and 4) [20].
In severely disabled children with multiple determinants for low bone quality,

e.g. use of anti-epileptic drugs, severe immobility and feeding problems, it is
recommended to monitor bone development and bone quality over time [21-22].
Automated radiogrammetry, being an easily applicable diagnostic method with
limited radiation use, appears to be particularly suitable for this purpose [11, 15].
It has shown to be attainable in longitudinal research, since in earlier studies on
children treated for acute lymphoblastic leukaemia and growth hormone deficiency
this method was able to detect changes in bone quality during treatment [15].
Another important advantage of the BoneXpert method is the automated bone
age determination, which results in absence of interobserver variation. Bone age
and chronological age were found to diverge in a substantial part of the children,
i.e. in 36/56 children (64.3%) the difference was more than one year. Comparing
the PBI outcome value to bone age related reference values appears to result in
more accurate outcome measures, because skeletal growth and maturation, and
bone mineral accrual appear to be closely related [23]. Because PBI increases with
age, the 26 children with bone age retardation would have had a lower PBI SDS

if their PBI outcome had been compared to reference values of children with the
same chronological age. Likewise, the ten children, in whom bone age was ahead
of chronological age, presumably would have had higher PBI SDS values when
using chronological age related reference values. Bone age retardation may be due
to malnutrition, a chronic disease, growth hormone deficiency or hypothyroidism
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[24-25]. Early or precocious puberty, sometimes observed in children with severe
neurological impairment and ID [26], may explain bone age advancement [25, 27].
These important aspects of growth in children with severe neurological impairment
and ID may also have consequences for interpreting outcome of other diagnostic
methods on bone mineral density and bone quality [11]. Preferably, bone quality
outcome in this group should be compared to bone age related reference values
instead of chronological age related ones and manufacturers of both DXA and QUS
should integrate the possibility of correcting outcome for bone age in their software.

We conclude that automated radiogrammetry is a successful method to obtain
results on bone quality in children with severe neurological impairment and ID
before severe contractures occur. It can be used to evaluate bone maturation and
bone quality over time, thus enhancing insight in the pathofysiology of low bone
quality in this vulnerable population.

An ideal diagnostic method for measuring bone quality has not yet been found for
older and more deformed children who are particularly at risk for low bone quality
and fragility fractures. Furthermore, it is important to realise that when other
diagnostic methods are used in this group, bone maturation should be taken into

account when interpreting bone outcome.
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Abstract

Prevalence and determinants of low bone quality were assessed by automated
radiogrammetry in children with severe neurological impairment and intellectual
disability (ID).

Paediatric Bone Index (PBI), a measure of bone quality, was determined on a
regular radiograph of the hand (BoneXpert software © version 1.14) in sixty
children at outpatient paediatric clinics in the Netherlands. The children had an
estimated IQ less then 55 and a GMFCS level more than III.

Potential determinants were collected from patient files, interviews with parents
and physical examination. Their relation with bone quality was analysed using
regression analysis.

The study population consisted of young, mainly prepubertal children, in whom
73% were diagnosed GMFCS level V and 80% suffered from epilepsy. Bone quality
was strikingly lower in these severely disabled children as compared to bone age
and gender matched healthy children. The mean PBI standard deviation score
(SDS) was —1.85 (SD 1.9). In 48% of the children the PBI SDS was below —2.0. A
severe motor handicap (GMFCS level V) in combination with use of anticonvulsant
medication, appeared most predictive for a low PBI SDS (p=0.007).

Children with severe neurological impairment and ID are at high risk for low bone
quality. In these children imaging techniques to determine bone status should be

implemented in routine paediatric care.
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Introduction

Low bone mineral density (BMD) and low impact fractures are frequently present in
children with severe neurological impairment and intellectual disability (ID) [1-5].
Low BMD in children, like its equivalent osteoporosis in adults, is a multifactorial
disorder involving a broad variety of etiological factors. In children with moderate to
severe cerebral palsy (CP), limited ambulation, feeding difficulties, anticonvulsant
use, and lower body fat mass have been associated with low BMD Z-scores [6, 7].
In children with severe neurological impairment and ID several other factors might
contribute to the development of low BMD, such as diminished intake of calcium [8,
9], limited exposure to sunlight [10], use of progestagens to induce amenorrhoea
[11] or use of a ketogenic diet due to severe epilepsy [12].

With automated radiogrammetry bone quality can be measured from a hand
radiograph using web-based software [13]. Children can be examined in their local
hospital and next to bone quality bone age can be determined to investigate bone
maturation which can frequently deviate in severely disabled children [14].

In this study we measured bone quality with automated radiogrammetry in children
with severe neurological impairment and ID to determine prevalence of low bone
quality and to assess which determinants are associated with low bone quality.

Methods

Study design

In a cross-sectional multicenter study, four Dutch hospitals participated. Together
these four hospitals cover a large part of the southwest Netherlands.

Ethics approval of this study was obtained from the ethics committee of the
Erasmus University Medical Centre Rotterdam (MEC-2005-182) as well as the ethics
committees of each participating hospital.

Study population

All children with severe neurological impairment and ID visiting the outpatient
clinics of the participating hospitals were eligible for inclusion. Severe neurological
impairment and ID was defined as a moderate to severe intellectual disability
(estimated intelligence quotient (IQ) < 55) and a Gross Motor Functioning
Classification System (GMFCS) level IV or V. The GMFCS is a five level classification
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system that is widely used for children with cerebral palsy and describes gross
motor function on the basis of self-initiated movement [15]. Children classified in
level IV may walk indoors for short distances with physical assistance, but mostly
rely on wheeled mobility. Children with GMFCS level V have severe limitations in
head and trunk control and in self-mobility, and are entirely wheelchair dependent
[16, 17].

Children with Down syndrome or Prader Willi syndrome were excluded, because
these syndromes are known to influence bone metabolism [18-20]. Children with a
malignancy diagnosed in the previous five years and children with untreated rickets
were excluded as well.

At least two weeks before a regular visit to the paediatrician, parents or caregivers
of eligible children received verbal information and written patient information
about the study. After written informed consent by the legal representative of the
child was received, the measurements were carried out in the hospital following a
subsequent visit to the paediatrician.

Data collection

Patient characteristics and possible determinants were collected from patient files,
interviews with parents or caregivers and a physical examination. A radiograph of
the hand was made in order to assess bone quality and bone age.

Determinants

The following information was retrieved from patient files: drug use in present and
past (anticonvulsants, corticosteroids, spasmolytics, bisphosphonates, hormonal
treatment with either negative or positive effect on bone density), supplementation
of calcium or vitamin D, numbers of years of anticonvulsant use, ketogenic diet,
epilepsy, and hypogonadism. These data were verified during the interview with
parents/caregivers. Also, parents were asked to estimate the time (in hours per
week) spent by their children performing physical activity (e.g. swimming, active
physiotherapy, horse riding) and the time spending outdoors (in hours per week).
Mean daily intake of calcium was assessed with a specific food frequency
questionnaire [21], which was sent beforehand to the parents.

Weight was measured with a standard clinical balance that was present in the
outpatient clinic. Height was measured with a flexible tape measure in supine
position. If scoliosis or contractures were present, the curves of the back or
extremities were followed. Body Mass Index (BMI) was calculated using the
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following formula, BMI = weight (kg)/ (length (m))2. The BMI was compared to
reference values of healthy Dutch children as provided by Growth Analyser 3.5
(Dutch Growth Foundation, 2007). Pubertal stage was assessed according to Tanner
by visual inspection [22].

Bone quality and bone age measurement

Automated radiogrammetry analysis was performed on a regular posterior-anterior
radiograph of the hand with the least contractures. Correct position of the hand
was flat, palm down on the film with fingers stretched and slightly spread. The
radiographs were digital in DICOM format or traditional radiographs on film.
Radiographs on film were used after scanning with a VIDAR Diagnostic Pro
Advantage Scanner (VIDAR, Herndon, VA, USA).

To ascertain Paediatric Bone Index (PBI), automated radiogrammetry was
performed with BoneXpert© (version 1.14, Visiana, Holte, Denmark, www.
BoneXpert.com), a software program originally designed to automatically determine
bone age. Bone age (years) was calculated after determining bone edges of 13
bones in the wrist and hand, ascertaining bone age for each bone individually and
then averaging the outcomes [14]. Valid and consistent bone ages of a minimum
of eight bones were required to assess bone age [23]. BoneXpert uses either the
Greulich and Pyle or the Tanner and Whitehouse method. In this study we used
Greulich and Pyle which has proven a robust method for automatic determination
of bone age in an earlier study [14]. If automated bone age determination was not
possible, bone age was determined manually with the Greulich and Pyle method
by a paediatric radiologist, who was blinded for chronological age and severity of
handicap [24].

PBI was determined by geometrical calculations similar to digital X-ray
radiogrammetry bone mineral density (DXR-BMD), which has shown to correlate
well with peripheral DXA measurements of the forearm [25, 26] and with DXA
femoral neck BMD in adults [27]. The formula for calculating PBI contains the
average values for transverse cortical area (A), bone width (W) and bone length
(L): PBI = A/(W %33 L033) [26]. Reference values of automated radiogrammetry have
been developed in a large group of healthy children (N= 2398) [26]. Individual PBI
outcomes were compared to reference values as determined in healthy bone age
(instead of chronological age) and gender related children resulting in a standard
deviation score (PBI SDS) [26]. In this study a PBI SDS value equal to or below
—2.0 was defined as too low.
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Statistical analysis

Statistical analysis was performed using Statistical Package for Social Sciences for
Windows 15.0 (SPSS Inc., Chicago, IL., USA).

Linear regression was used to determine the associations between the different
variables and the PBI SDS outcome. After this, a multiple regression analysis

was performed with determinants that were found to be significantly or nearly
significantly associated with PBI SDS.

P-values of less than 0.05 were considered statistically significant and p-values of

less than 0.10 nearly significant.
Results

From June 2006 till January 2009 95 children were included in this study. In 35
children (37%) bone quality measurement with PBI SDS failed. Assessment of
bone quality was more frequently unsuccessful in children with more severe motor
disabilities, defined as GMFCS level V (p=0.03, X2-test) (chapter 5).

In this study we used the data of 60 children with measurable PBI SDS for the
analysis. Mean age of these children was 10.9 yrs (SD 4.3). The mean PBI standard
deviation score (SDS) was —1.85 (SD 1.9). In 29/60 children (48.3%) the PBI SDS

was below —2.0. Patient characteristics are summarized in Table 1.

Table 1. Patient characteristics (n=60)

N % mean (SD)

Age (yrs) * 10.9 (SD 4.3)
Gender Male/female 32/28 53.3/46.7
GMFCS Level IV/ V 16/44 26.7/73.3
Etiology of Congenital 30 50.0
disability Perinatal 16 26.7

Acquired 3 5.0

Combination of congenital and acquired 3 5.0

Unknown 8 13.3
Epilepsy 48 80.0
Bone age(yrs)* 9.7 (3.9)
PBI SDS * -1.85(1.9)

* mean with standard deviation in parentheses
GMFCS: gross motor functioning and classification system
PBI SDS: Paediatric Bone Index standard deviation score
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Determinants of low bone quality
Possible determinants are presented in Table 2. PBI SDS was significantly

associated with anticonvulsants (p=0.009), and GMFCS level (p=0.052) nearly

significant. Physical activity including physiotherapy was nearly significant inversely

related to PBI SDS (p=0.079). Without physiotherapy no relation was found.

Table 2. Lineair regression analysis on determinants of Paediatric

Bone Index Standard

Standardized coefficients (B)

Patient characteristics

Age 0.01
Gender 0.47
GMFCS-level -1.10

Medication use

Anti-convulsants -1.35
Spasmolytics 0.27
Hormonal treatment 0.71
Vitamin D suppletion -0.32
Calcium suppletion -1.07
Conditions

Epilepsy -0.72
Hypogonadism -0.30
Ketogenic diet 0.79
Measurements

Tanner Stage 0.14
Years of anticonvulsant use -0.01
Calcium intake (mg per day) 0.001
Time spent outdoors (hours/week) 0.03
Physical activity (hours/week) —-0.18
Physical activity minus physiotherapy -0.13
(hours/week)

BMI for age (Z-score) 0.054

* Significant; P < 0.05.

** Nearly significant; P<0.10.

GMFCS: gross motor functioning and classification system
BMI: Body Mass Index = weight (kg)/(length (in m))?

R square

0.001

0.015

0.064

0.112

0.003

0.028

0.005

0.028

0.023

0.001

0.003

0.013

0.001

0.016

0.005

0.052

0.028

0.003

P-value

0.824
0.352

0.052**

0.009*
0.655
0.203
0.604

0.205

0.251
0.831

0.690

0.396
0.823
0.345
0.581
0.079**

0.204

0.676

103



Multiple regression analysis was performed using the variables ‘anticonvulsant
use’ and ‘GMFCS level” with PBI SDS as outcome variable (Table 3). The prediction
model using both variables was significant (p=0.007) with a goodness-of-fit of
15.8% (R square 0.158). Table 3 also shows that anticonvulsant use significantly
diminishes the PBI SDS outcome with 0.31 (p=0.014), whereas children with
GMFCS level V have a nearly significant decrease of PBI SDS outcome of 0.22 in
comparison with level IV children (p=0.08).

Table 3. Multiple regression analysis with PBI SDS as dependent

variable.
Model R P-value Predictor Standardized 95% CI P-value
square Model coefficients
(B)
1 0.112 0.009* Anti-convulsants -0.33 -2.3,-0.3 0.09**
2 0.158 0.007* Anti-convulsants -0.31 -2.2, -0.3 0.01%*
GMFCS -0.22 -2.0, 0.1 0.08**

* Significant; P < 0.05.
** Nearly significant; P<0.10.
PBI SDS: paediatric bone index standard deviation score

Discussion

Prevalence of low bone quality and associated determinants were studied in 60
children with severe neurological impairment and ID with a mean age of 10.9
years. The mean paediatric bone index (PBI), as measured with automated
radiogrammetry, was much lower compared to bone age and gender matched
healthy children (PBI SDS —1.85), whereas 29 of the 60 children had a PBI

SDS lower than -2. Anticonvulsant use was found to be a significant negative
determinant of bone quality (p= 0.0009) and GMFCS level a nearly significant
determinant (p=0.079). The prevalence percentage of low bone quality found
(48%) presumably underestimates the actual frequency of low bone quality in the
whole group (n=95). A previous article described that recordings of PBI failed more
often in older children with more severe motor disability (chapter 5). While motor
dysfunction is known to be an important risk factor of low bone density [6, 7, 28,

29], children in whom the measurement failed are prone to have poor muscle load
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and poor bone quality [28, 29]. Therefore, the prevalence of 48.3% found in this
study must be considered a minimal prevalence.

The nearly significant association between physical activity and PBI SDS was
inverse, suggesting that more physical activity was associated with lower bone
quality. However, without physiotherapy no relation was found. The same applied
to the single variable physiotherapy. Also, physiotherapy consisted partly of passive
movements. Therefore, physical activity as possible determinant was not included
in the multiple regression analysis.

Our finding that anticonvulsant use and severe motor disability (GMFCS level V) are
determinants of low bone quality is consistent with previous studies in children with
moderate to severe CP [6, 30]. In this study, other observed determinants, like
limited calcium intake, low body weight, feeding difficulties and minimal physical
activity were not associated with low bone quality. This might be explained by our
relatively small and rather homogeneous study population, resulting in a lack of
variance in comorbid conditions, drug use, food intake, and physical activity.

These data implicate that subdivisions are not required within the group of children
with severe neurological impairment and ID because all children with this diagnosis
are at risk for low bone quality and therefore eligible for follow-up of bone quality.

Recommendations for clinical practice

At present, there is insufficient information on the effect of single or combinations
of commonly used anticonvulsants on bone health in children [31]. Obviously,
one should aim for a minimum amount of medication with the most optimal effect
on often severe convulsions. Also, the older enzyme inductive anticonvulsant,
e.g. phenytoin and phenobarbital, who have a negative effect on bone quality by
inducing liver enzymes and increasing vitamin D catabolism should be avoided
[32, 33].

We recommend that imaging techniques to determine bone status should be
implemented in routine paediatric care for children with severe neurological

impairment and ID.
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Chapter 7

General discussion






This thesis describes the results of studies on methods assessing bone quality in
children with severe neurological impairment and intellectual disability (ID), and
the results of a clinical study concerning prevalence of low bone quality and its
determinants in this group of severely disabled children.

Throughout this chapter, directions for future research and recommendations are
given in grey textboxes.

Overview of the main results

In the review study (chapter 2), only a limited amount of high-quality data on low
bone mineral density (BMD) and fractures in children with cerebral palsy (CP) was
found. In the selected studies, the incidence of fractures in children with moderate
to severe CP approached 4% per year, whereas the prevalence of low BMD, defined
as a Z-score below -2 measured with dual energy X-ray absorptiometry (DXA),
was 77% in the femur. Limited ambulation, feeding difficulties, previous fractures,
anticonvulsant use, and lower body fat mass were associated with low BMD
Z-scores.

Our study on the applicability of DXA (chapter 3) showed that factors negatively
influencing the accuracy of the DXA outcome are frequently present in children with
severe neurological impairment and ID. The mean amount of disrupting factors

per child was five, and factors occurring most frequently were movement during
measurement (82%), aberrant body composition (67%), small height for age
(56%), and scoliosis (37%).

Quantitative Ultrasound measurement of the heel bone (QUS) was found a feasible
and non-stressful method for measuring bone quality in (mainly adult) persons with
ID (chapter 4). Measurements were successfully performed in at least one foot in
95% and induced barely or no stress in 90% of the study population.

With automated radiogrammetry, bone quality could be obtained successfully

in 63% of the children with severe neurological impairment and ID (chapter 5).
Severe contractures of the hands were the most common cause of unsuccessful
measurement. In addition, bone age was determined and in 64% of the children
chronological age diverged more than a year from bone age.

Bone quality, measured with automated radiogrammetry, was found to be strikingly
lower in this group of severely disabled children compared to bone age and gender
matched healthy children (chapter 6); in almost 50% of the children the standard
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deviation score was below —2.0. A severe motor handicap (Gross Motor Function
Classification System (GMFCS) level V) in combination with use of anticonvulsant
medication, was associated with low bone quality (p=0.007).

Diagnostic methods

Diagnosing bone quality in children with severe neurological impairment and ID is
challenging. In Table 1 an overview is given of the advantages and disadvantages of
the current diagnostic methods in this group [1-7]. Results from the performed
studies in this thesis are included.

The golden standard for measuring bone mineral density in adults is dual energy
X-ray absorptiometry (DXA). DXA measures an areal rather than a true volumetric
bone density. This complicates the use in children because it does not take into
account the depth of bones and three-dimensional growth. In large bones DXA

BMD will be an overestimation; in small bones it will be an underestimation of true
volumetric BMD. To correct for these deviations, calculations adjusting for body size
are used [8].

DXA has proven less applicable in children with severe neurological impairment and
ID by the presence of artefacts and disrupting factors, especially for measurements
of the lumbar spine and total body. In the North American Growth in Cerebral Palsy
study, Henderson and colleagues measured BMD of the distal femur in 619 children
with moderate to severe cerebral palsy (CP) [9]. This concerns an alternative region
located just above the lower epiphysis of the femur near the knee joint. Generally
in adults the proximal femur or the femoral neck is evaluated. The distal femur
measurement is performed with the child positioned on its side. To maintain the
correct position foam blocks and wedges are used as support [10]. This specific
scanning technique may diminish the amount of disrupting factors mentioned
earlier. In addition, a correlation between distal femur BMD and fracture risk was
found in children with CP, with a 10-20% increased risk of fracture with each 1.0
decrease in BMD Z-score of the distal femur [9, 10]. Therefore, it is recommended
that when DXA is used in children with severe motor disabilities, preferably the BMD

of the distal femur is measured.
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To be able to use BMD measurement of the distal femur in Dutch hospitals,
reference values should be developed for each DXA device and standardization of

the measurement procedure must be implemented in clinical practice.

A technical advantage of magnetic resonance imaging (MRI) and quantitative
computed tomography (QCT) in comparison to DXA is the possibility to distinguish
between the two main types of bone, e.g. trabecular and cortical bone. Trabecular
and cortical bone differ in their rates of bone accrual during normal growth and
trabecular bone is more rapidly affected by disease or therapy. Therefore, when
studying the response to therapeutic interventions, separate analysis of both bone
types may provide additional information on treatment effects on bone tissue

[6, 11]. On the other hand, both MRI and QCT measurements are very sensitive
to movement [7]. In the study on disrupting factors in DXA more than 80% of
the disabled children moved to some extent during the measurement. This will
obviously disturb the outcome of MRI and QCT as well and implies the necessity
of sedation during this type of measurements. An additional disadvantage of QCT
is the amount of radiation used. In peripheral QCT (pQCT) the lower forearm or
tibia is measured. This results in less radiation exposure. However, the method is
not widely available and present data on pQCT are not sufficient for the prediction
of fractures [7, 8]. Therefore, these measurements appear not feasible in these
children.

The use of quantitative ultrasound (QUS) in children was complicated by the

lack of available QUS devices with apparatus specific paediatric reference values.
Although reference values were developed for tibial QUS in Dutch children [12],

in the meantime this QUS device was out of production. Only recently, additional
reference data for different QUS devices measuring the heel bone have become
available [13, 14]. A recent study of Lee et al. provided more information on
longitudinal changes in QUS parameters during growth. In this study the calcaneal
QUS measures, speed of sound (SOS) and broadband ultrasound attenuation
(BUA), increased with increasing skeletal age [14]. In adults QUS measures have
shown to correlate with hip fracture risk [15], however few data are present in
children [8]. Also, it is not exactly evident what is measured with QUS, making it
difficult to separate growth from actual bone mass development in children [8].
Although in our study QUS has shown to be easily applicable and not stressful in
persons with ID, only part of the study group (21.9%) had severe neurological
impairment and ID. The 95% CI for successfully measuring bone quality using QUS
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in these 27 adults and 6 children with severe neurological impairment and ID was
74-94% (additional analysis stata 11.0).

Research on QUS in relation to fracture incidence may improve its status as
screening instrument in both adults and children with ID.

Two aspects favour the use of automated radiogrammetry. Firstly, the availability of
the method: only a radiograph of the hand is needed to assess the paediatric bone
index (PBI), and the software is accessible via internet. Secondly, simultaneous with
the PBI, bone age is determined. Comparing the paediatric outcome value to bone
age related reference values appears to result in more accurate outcome measures,
because skeletal growth and maturation, and bone mineral accrual appear to be
closely related [11]. This is most clearly illustrated in pathological conditions. In
children with growth hormone deficiency skeletal growth, bone maturation and BMD
are initially decreased and improve after growth hormone therapy has been started
[16]. In pubertal delay, growth, bone maturation and bone mineral accrual are
retarded as they are advanced in precocious puberty [17]. In our study, bone and
chronological age diverged more than one year in 64% of the children and in most
of them bone age was retarded. Additional analysis was performed and showed that
when comparing PBI to reference values related to chronological age, the mean

PBI SDS was —2.05, which is significantly (p=0.001) lower than the mean PBI

SDS related to bone age (—1.85). Although both SDS values are highly correlated
(0.975, p<0.0001), comparing outcome to chronological age related reference
values will overestimate low bone quality prevalence in children with retarded

bone maturation. In addition, automated radiogrammetry, having limited radiation,
appears to be an ideal method for longitudinal screening of bone quality in severely
disabled children. Automated radiogrammetry appears attainable in longitudinal
research, since in earlier studies on children treated for acute lymphoblastic
leukaemia and growth hormone deficiency, it has shown the ability to detect
changes in bone quality during treatment [18].



Further research with automated radiogrammetry is recommended for acquiring
longitudinal PBI data in children with severe neurological impairment and ID

to provide insight in bone development in this group. In addition, automated
radiogrammetry should be further validated in this group of severely disabled

children by comparing PBI outcome with fracture incidence.

Prevalence of low bone quality

Earlier studies on bone quality in disabled children mainly consisted of children
with moderate to severe CP [19, 20]. However, our study is the first study on bone
quality in the most severe handicapped group of children with complex health
problems. We observed a prevalence of low bone quality (PBI SDS < -2) of 48%
which is lower than the prevalence of low bone density found in other groups of
disabled children [19-21]. Since PBI measurements could not be obtained in the
children with the most severe motor handicaps, and motor function appeared to be
a determinant of PBI, the true prevalence is probably higher. Otherwise, it should
be taken into account that the prevalence numbers found in other studies, mostly
performed with DXA, might be overestimated. In these studies chronological age
related reference values were used, producing a more negative outcome in children
with a retarded bone age [8].

Nevertheless, the prevalence numbers of low bone quality in this thesis (48-77%)

are disturbingly high.
Routine assessment of bone quality in children with motor disabilities should
become clinical practice. In children with low bone quality evaluation for possible

fractures must be performed after trauma and distress of unknown cause. If a

significant fracture occurs, bisphosphonate therapy must be considered.

Determinants of low bone quality

Another aim of our study was to identify children within this group of severely

handicapped children which are most at risk to develop low bone quality and
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fractures. Our analyses have shown that the combination of anticonvulsant use and
severe motor impairment (GMFCS level V) is associated with poor bone quality.

No other determinants were identified. Presumably this occurred since a relatively
homogeneous population was studied with little variance in co morbid conditions,
due to our inclusion criteria (GMFCS level IV or V) and selection procedure (out-
patient paediatric clinics).

Anticonvulsant medication has shown to have a negative effect on BMD in both
adults and children [22, 23]. The mechanisms are not quite clear. The older enzyme
inductive anticonvulsants, e.g. phenytoin and phenobarbital, increase vitamin D
catabolism by inducing liver enzymes, which negatively influences bone quality
[24]. However, results concerning other anti-epileptic agents are less conclusive. In
some studies carbamazepine, another enzyme inducer, and valproate affect bone
mineralization adversely as well [23]. However, it is also stated that the decrease
in BMD in children with epilepsy is mainly caused by complicating diseases and
comorbidity leading to vitamin D deficiency, for example by a diminished exposure
to sunshine [25].

More research is needed to clarify the effects of different anti-epileptic drugs on
bone quality. This evidence will help us to give a more founded advice on the use
and/or selection of anticonvulsants.

Bones will adjust their strength in proportion to the amount of mechanical stress
put on them. The largest physiological loads on a bone result from muscle
contraction: muscle contractions during every day activities put larger loads on
the skeleton compared to gravity [26]. Also, lean body mass, which is used as

a surrogate for muscle load, has proven to be a strong predictor for total body
and lumbar spine bone mineral content (BMC) [27]. Therefore, severe motor
impairment causing limited use of skeletal muscles and insufficient loading of
the skeleton, leads to bone fragility. Few studies have investigated the role of
physiotherapy and weight bearing activities on BMD in severely disabled children
[28]. Those studies have shown that BMD can increase in both spine and femur
after weight bearing exercises [29, 30]. However, these were studies with small

numbers and different intervention strategies [31].



More research is needed to determine which aspects of weight bearing
physiotherapy (e.g. duration, frequency, type of intervention) are necessary to
improve bone quality in children with severe neurological impairment and ID.

Appropriate gains in bone mineral content are achieved only when environmental
conditions are favourable. Nutritional status, with appropriate calcium and vitamin
D levels, are important for bone health. In the North American Growth in Cerebral
Palsy project lower nutritional status and low calcium intake were correlated with
lower BMD in children with moderate to severe CP [32]. In addition, Jekovec-
Vrhovsek et al. found an increase in BMD of the lumbar spine after administrating
vitamin D and calcium supplementation for 9 months in children with severe CP
[33].

Optimizing nutritional status, especially vitamin D and calcium intake, are
important in the prevention and treatment of low bone quality in children with

severe neurological impairment and ID.

Although children with more severe motor disabilities and anticonvulsant medication
appear to be more at risk, we conclude that distinguishing specific risk groups does
not contribute to clinical consequences of primary prevention of low bone quality in
all children with mental and motor disabilities, since preventive measures should be

applied to every disabled child.

Recommendations for clinical practice

Based on current literature and the presented research a proposal for a guideline is
formulated for prevention, diagnosis and treatment of low bone quality in children
with severe neurological impairment and ID (see Figure 1) [11, 34]. Although this
guideline is formulated for children with a combination of cognitive impairment and
motor impairment, it might be useful to monitor bone quality in all children with
severe motor disabilities regardless of an intellectual disability.
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Figure 1. Flow diagram concerning the prevention, diagnosis and

treatment of low bone quality in children with severe neurological

impairment and ID

Children with severe neurological
impairment and ID
(GMECS 1V or V and moderate/severe ID)

v

Preventive measures

Optimize nutritional state

Bone Diagnostics

> 2yrs:
Start weight-bearing activities
(e.g. standing frame)

Automated radiogrammetry

v

v

Optimize calcium:

1-3 yrs calcium 500 mg/ day
4-8 yrs calcium 800 mg/day
9-16 yrs calcium 1300 mg/day
> 17 yrs calcium 1200 mg/day

Z-score 2 -2 Z-score < -2
Repeat automated Optimize
radiogrammetry preventive f—
after 2 yr measures

v

Vitamin D supplementation:
400-800 IU/ day depending on
25-OH serum level
Beware : 25-OH vitamin D

hypercalciuria

Fragility Fracture(s)

A

DXA measurement

v

v

Z-score 2 -2 Z-score < -2
Repeat DXA Consider
after 1 yr Bisphosphonate
therapy (preferably
iv.)
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Preventive measures should be stimulated from an early age to optimize peak bone
mass. Bone quality assessment should start in young children to be able to monitor
bone development. To assess bone quality, automated radiogrammetry is advised
every two years following a specialist consultation (e.g. paediatrician, physician for
people with intellectual disability, child neurologist or orthopaedic surgeon).
Awareness of low bone quality can contribute to early recognition of fractures in
severely handicapped children. Fractures may occur after minimal or no apparent
trauma in this group and often the lack of history or a trauma causes diagnostic
delay. In a pilot study (N=11) we found that the mean delay in diagnosing a non-
traumatic fracture was 3.5 days (range 0 - 10 days) in this group [35].

When fragility fractures occur in children with severe neurological impairment and
ID, DXA measurement, including distal femur DXA, should be requested to asses
BMD. A history of significant fractures in combination with low BMD (a Z-score

less than —2.0) measured with DXA demands consideration for treatment with
bisphosphonates [34]. Significant fracture history can be defined as a long-bone
fracture of the lower extremities, a vertebral compression fracture, or two or more
long-bone fractures of the upper extremities (International Society for Clinical
Densitometry, 2007, http://www.ISCD.org).

In a recent review by Fehlings et al. therapy with bisphosphonates was found to be
probably effective in improving BMD in children with CP and possibly effective in
reducing fragility fractures [34]. The five studies used were all concerning non-
ambulatory children with CP, with numbers of participants ranging from 14 till 25.
In four of these studies intravenous pamidronate was used at a frequency of three
to four times per year and the most commonly used dosage was 1mg/kg for three
days. Transient flu-like symptoms and occasional hypocalcaemia were reported

as possible adverse effects of intravenous bisphosphonate therapy. The duration

of the studies did not exceed one year and information on long-term effects of
bisphosphonates on growing bones is currently lacking [34].

More research is needed to establish the effect of bisphosphonate therapy on the
prevention of fragility fractures in children with low BMD and significant fracture
history, to provide more insight in optimal dosage and length of this treatment
and to establish safety of long-term bisphosphonate use. Studies on preventive
treatment of low bone quality with bisphosphonates before the occurrence of

fractures are required as well.
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Summary






In clinical practice, children with severe motor handicaps regularly develop fragility
fractures. These fractures are generally the result of low bone quality. In the first
chapter of this thesis the subject of low bone quality is introduced and illustrated
with a case report concerning a severely disabled boy with fragility fractures.

The introductory part of this thesis proceeds with the results of a systematic
review on incidence of fractures and on prevalence of low bone quality and its
determinants in severely handicapped children (chapter 2). Only a limited amount
of high quality data was found and this concerned children with moderate to severe
cerebral palsy (CP). The incidence of fractures was 4% per year in this group and
the prevalence of low bone mineral density (BMD) was 77% with dual energy
X-ray absorptiometry (DXA) of the distal femur. Determinants associated with low
BMD were limited ambulation, anticonvulsant use, lower body fat mass, feeding
difficulties and a history of fractures.

The second part of this thesis consists of studies into the applicability of three
diagnostic methods for assessing bone quality in children with severe neurological
impairment and ID.

At first, the applicability of DXA of the total body and lumbar spine was studied in
34 children (chapter 3). Using a standardized checklist, it was found that disrupting
factors that may influence the accuracy of the DXA outcome, are frequently
present in this group. The children had a mean of five disrupting factors, of which
movement during measurement (82%), aberrant body composition (67%), small
height for age (56%), and scoliosis (37%) were most frequent.

Chapter 4 describes a study into the feasibility of quantitative ultrasound (QUS)

of the heel bone in a broader group of people with different levels of ID (n=151).
In this group 27 adults and 6 children with severe neurological impairment and

ID were included. This method appeared feasible, with a successful measurement
in at least one foot in 95% and without observable stress in 90% of the studied
population. However, although measurement was technically possible, the results
of the measurement could not be interpreted in 24% of the persons with severe
neurological impairment and ID.

The third method studied was automated radiogrammetry, a method which
determines bone quality and bone age of a regular hand radiograph (chapter

5). The feasibility of this method was investigated in 95 children with severe
neurological impairment and ID. Bone quality could be obtained successfully in
63% of the children. Unsuccessful measurement was mostly caused by severe
contractures of the hands. In addition to bone quality, bone age was determined as
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well. In 64% of the children chronological age diverged more than a year from bone
age. In most of these children bone age was retarded as compared to chronological
age.

The last part of this thesis is dedicated to a clinical study on prevalence of low bone
quality and its determinants in 60 severely disabled children (chapter 6). With
automated radiogrammetry, low bone quality was diagnosed in 48% of the children.
A severe motor handicap (GMFCS level V) in combination with using anticonvulsant
medication was associated with low bone quality (p=0.007).

In chapter 7, the findings of all studies are discussed in the context of recent
literature and clinical practice. Recommendations for future research are given and
a proposal is made for a guideline concerning prevention and treatment of low bone
quality in children with severe neurological impairment and ID in clinical practice.
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Samenvatting






Spontaan fracturen zijn botbreuken die na een minimaal trauma kunnen optreden.
Deze fracturen komen in de praktijk regelmatig voor bij kinderen met ernstige
meervoudige beperkingen. Het ontstaan van deze fracturen hangt samen met een
lage kwaliteit van de botten bij deze kwetsbare kinderen.

In het eerste hoofdstuk van dit proefschrift wordt het onderwerp lage botkwaliteit
geintroduceerd en geillustreerd aan de hand van een casus van een ernstig
meervoudige gehandicapte jongen met spontaan fracturen.

Het tweede hoofdstuk van dit proefschrift beschrijft een systematische review
waarin gekeken is naar het optreden van fracturen, het voorkomen van lage
botkwaliteit en de samenhang met determinanten van lage botkwaliteit bij ernstig
gehandicapte kinderen. In de literatuur zijn maar een beperkte hoeveelheid studies
gevonden van voldoende kwaliteit en de meeste van deze studies onderzochten
kinderen met matige tot ernstige cerebrale parese. Bij deze kinderen was de
incidentie van fracturen 4% per jaar. Bij 77% van de kinderen werd een lage
botmineraal dichtheid vastgesteld na meten van het distale bovenbeen met

een DEXA scan. Factoren die samenhingen met lage botmineraal dichtheid

waren beperkte mobiliteit, gebruik van medicijnen tegen epilepsie, een laag
lichaamsvetgehalte, voedingsproblemen en een voorgeschiedenis van fracturen.
In het tweede gedeelte van dit proefschrift worden drie studies beschreven waarin
de toepasbaarheid van drie verschillende methoden voor het vaststellen van
botkwaliteit is onderzocht.

Om te beginnen is de toepasbaarheid van DEXA onderzocht bij 34 kinderen met
ernstige meervoudige beperkingen (hoofdstuk 3). Met behulp van een checklist

is gekeken naar het voorkomen van factoren die de DEXA meting zouden

kunnen verstoren. Het bleek dat bij deze kinderen gemiddeld vijf van dergelijke
factoren aanwezig waren. Bewegen tijdens het onderzoek (82%), een afwijkende
lichaamssamenstelling (67%), een kleine gestalte (56%) en scoliose van de
wervelkolom (37%) kwamen het meest voor.

Hoofdstuk 4 beschrijft een studie naar de toepasbaarheid van echometingen

van het hielbot bij 151 mensen met een verstandelijke beperking. Een subgroup
hiervan waren mensen met ernstige meervoudige beperkingen (27 volwassenen
en 6 kinderen). De methode bleek goed toepasbaar en leverde bij 95% van de
onderzochte personen een succesvolle meting op in tenminste één voet. De
methode veroorzaakte nauwelijks stress en gaf slechts bij 10% van de deelnemers
enige spanning. De resultaten van de meting bleken, ondanks dat het onderzoek
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technisch goed uitvoerbaar was, in 24% van de mensen met ernstige meervoudige
beperkingen niet goed te interpreteren.

De derde methode die we hebben bekeken is een methode waarbij de botkwaliteit
en de skeletleeftijd bepaald worden met behulp van een réntgenfoto van de

hand (hoofdstuk 5). De toepasbaarheid van deze methode is onderzocht bij

95 kinderen met ernstige meervoudige beperkingen. Bij 63% van de kinderen

kon de botkwaliteit succesvol gemeten worden. Het aanwezig zijn van ernstige
contracturen van de handen was de meest voorkomende reden voor het niet slagen
van de meting. Naast botkwaliteit werd ook skeletleeftijd gemeten bij deze kinderen
en bij 64% werd er een verschil van meer dan één jaar gevonden tussen de
skeletleeftijd en kalenderleeftijd. In de meeste gevallen liep de skeletleeftijd achter
op de kalenderleeftijd.

Het laatste gedeelte van dit proefschrift beschrijft een klinische studie naar
voorkomen van lage botkwaliteit bij 60 kinderen met ernstige meervoudige
beperkingen en de factoren die hiermee samenhangen (hoofdstuk 6). Met behulp
van réntgenfoto’s van de handen (via de methode zoals beschreven in hoofdstuk
5) werd bij 48% van de kinderen een lage botkwaliteit vastgesteld. Een ernstige
motorische beperking (omschreven als GMFSC nivo V) in combinatie met het
gebruik van medicatie tegen epilepsie was geassocieerd met een lage botkwaliteit
(p=0.007).

In het laatste hoofdstuk (algemene discussie) worden de bevindingen van
bovenstaande studies bediscussieerd in het licht van recente literatuur en de
klinische praktijk. Er worden suggesties gedaan voor toekomstig onderzoek en er
wordt een eerste voorstel gegeven voor een richtlijn op het gebied van preventie
en behandeling van lage botkwaliteit bij kinderen met ernstige meervoudige

beperkingen.
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