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Abstract

Summary Children with inflammatory bowel disease (IBD)
manifest low bone mass; the cause remains unclear. We
performed transilial bone biopsies in 20 IBD children at
diagnosis and found a mild cortical bone deficit and slow
bone turnover. It is possible that low mechanical stimula-
tion due to inadequate muscle mass contributes to the bone
deficit.

Introduction Children with newly diagnosed IBD can have
low bone mineral density and disturbed bone metabolism,
but the tissue level characteristics of the bone involvement
in pediatric IBD have not been elucidated.

Methods In the present study, we evaluated the skeletal
status, including static histomorphometry on transiliac bone
samples, in 20 patients (age range 8.4 to 17.7 years, 12
boys) with newly diagnosed IBD and compared results to
published normative data.

Results Despite normal height (mean Z-score 0.04, SD
1.2), areal bone mineral density at the lumbar spine was
moderately low (mean age- and sex-specific Z-score —0.8,
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SD 1.1). Total body bone mineral content and lean mass
were low for age and sex as well (mean Z-scores —1.2,
SD 0.9 and —2.0, SD 0.9, respectively). Biochemical bone
markers indicated low bone formation and resorption
activity. Bone histomorphometry revealed a slightly low
cortical width (mean 23%, SD 25%, below the result
expected for age) but a normal amount of trabecular bone.
The percentage of trabecular bone surface covered by
osteoid or osteoclasts was low, suggesting that both bone
formation and bone resorption were suppressed.
Conclusions Our results indicate that young patients man-
ifest a mild cortical bone deficit at the iliac crest and slow
trabecular bone turnover even at diagnosis, in the setting of
IBD.

Keywords Bone formation - Bone resorption -
Histomorphometry - Inflammatory bowel disease -
Osteoporosis

Introduction

Inflammatory bowel disease (IBD) is an idiopathic destruc-
tive chronic inflammatory condition of the gastrointestinal
tract. The prevalence of IBD in children below 15 years of
age is 20/100,000 [1]. About 80% of pediatric IBD patients
have Crohn’s disease; the remainder has ulcerative colitis.
Apart from the gastrointestinal tract, IBD affects many
organ systems, including the skeleton. The effect on the
skeleton is often difficult to distinguish from the bone effect
of medications that are used to control the inflammatory
process, such as glucocorticoids.

Nevertheless, it is clear that IBD by itself has an effect
on the skeleton even before any medication is given.
Several studies have found that children with IBD have low
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bone mass and density even in newly diagnosed patients [2,
3]. In a few cases, severe osteoporosis with vertebral
compression fractures was observed at diagnosis [4]. The
etiology of the bone mass deficit in this setting remains
incompletely understood. However, several in vitro studies
have found that the serum of children with IBD contains
factors that inhibit osteoblasts [5, 6]. In addition, young
IBD patients often suffer from compromised nutritional
intake, malabsorption, delayed puberty, growth retardation,
and vitamin D deficiency, all of which may have a
detrimental effect on bone development [7, §].

A number of studies have examined the skeletal effects
of IBD on the pediatric skeleton by using noninvasive
techniques, such as dual-energy X-ray absorptiometry
(DXA) and biochemical markers of bone metabolism [2,
3]. However, the interpretation of such results is often
difficult. DXA-derived areal bone mineral density (BMD)
is influenced by bone size and does not distinguish between
osteomalacia (i.e., insufficient mineralization of bone
matrix) and osteoporosis (insufficient amount of normally
mineralized bone matrix). Biochemical parameters of bone
turnover are influenced by many factors such as the speed
of longitudinal growth, bone mass, and the speed of bone
mass accrual [9].

Many of the uncertainties surrounding these noninvasive
methods can be circumvented by examining bone tissue
from the ilium using quantitative histomorphometry [10].
This technique allows examining the bone with unsur-
passed resolution, provides information on the amount and
structure of both cortical and trabecular bone, and quanti-
fies bone metabolism independent of growth rate and bone
mass. At present, there is little information on the bone
tissue level characteristics of IBD. Histomorphometric
studies on adult IBD patients have shown that both
osteomalacia and osteoporosis can occur following small
bowel resection [11, 12]. In adults who suffered from
osteoporosis in the context of long-standing IBD, a
markedly low trabecular bone volume and a negative
remodeling balance on trabecular bone surfaces were found
[13]. However, to our knowledge, histomorphometric data
are not available for pediatric IBD or for newly diagnosed
IBD in either children or adults. In the present study, we
therefore aimed to assess the bone abnormalities in newly
diagnosed pediatric IBD patients at the tissue level.

Methods
Patients and study design
This prospective cross-sectional study was conducted

through the pediatric IBD clinic at the Children’s Hospital
of Eastern Ontario (Ottawa, Canada), a tertiary care
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academic children’s hospital. The study protocol was
approved by the hospital’s Institutional Review Board.
Informed consent (and assent, where appropriate) was
obtained from all participants prior to enrollment in the
study. Between January 1, 2004 and December 31, 2005,
all children who were suspected of having IBD and
underwent diagnostic endoscopy to confirm the diagnosis
were invited to participate in this study. If the macroscopic
appearance during endoscopy was compatible with a
diagnosis of IBD, one of the investigators (LM W) performed
a bone biopsy immediately following endoscopy. Both the
bone biopsy and the endoscopy were carried out under
general anesthesia. The other study procedures were
performed either on the day of the endoscopy or within
the following 2 weeks, before treatment of IBD was
instituted. Of the 52 patients who were approached for
enrolment in the study, 20 consented to participate. In all
patients who declined participation, the stated reason was
that they did not want to undergo the bone biopsy
procedure. No participant withdrew from the study.
Histologic evaluation of mucosal biopsies obtained during
endoscopy confirmed the diagnosis of IBD in each of the
study participants.

Clinical evaluation

Disease severity ratings were determined according to the
Pediatric Crohn’s Disease Activity Index or Pediatric
Ulcerative Colitis Activity Index, as appropriate [14, 15].
Information regarding the duration of IBD symptoms prior
to diagnosis was based on parent and/or participant recall.
Pubertal development was assessed by physical examina-
tion according to Tanner staging, using published photo-
graphs as a normal reference [16—18]. Calcium and vitamin
D intake (both dietary and supplemental) were quantified
according to a 3-day recall under the supervision of a
certified pediatric IBD dietician. Height was determined on
a Harpenden stadiometer. Weight was measured using a
digital weight scale. Height and weight Z-scores were
calculated using the National Center for Health Statistics
Growth Charts [19].

Biochemical analyses

Serum and urine concentrations of calcium, phosphorus,
and creatinine as well as serum alkaline phosphatase
activity were measured using standard methods. Serum
intact parathyroid hormone was quantified by immuno-
radiometric assay (N-tact*; Incstar Corp., Stillwater, MN,
USA). Serum 25-OH vitamin D levels were measured by
radioimmunoassay (Osteo SP; Incstar Corp., Stillwater,
MN, USA). Serum levels of the carboxy-terminal propep-
tide of type I collagen (C1CP), a marker of bone formation,
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were measured by enzyme immunoassay (Metra CICP,
Quidel Corporation, San Diego, CA, USA). Results were
compared to pediatric reference data supplied by the
manufacturer. The bone resorption marker urinary cross-
linked N-telopeptide of type I collagen (NTX) was
quantified by enzyme-linked immunoabsorbent assay
(Osteomark®; Ostex, Seattle, WA, USA) on the second
void sample of the morning. Results for urinary NTX to
creatinine ratios were compared with published reference
data [20]. Patients were fasting at the time of blood and
urine sampling.

Radiological studies

A lateral radiographic view of the thoracolumbar spine was
obtained in each patient to assess vertebral morphology. In
addition, a radiograph of the left hand and wrist was
obtained to screen for the presence of rickets and to
evaluate bone age [21]. The radiographs were assessed
independently by two pediatric radiologists. Discrepancies
between readers were resolved by consensus.

Lumbar spine (L2 to L4) areal BMD, total body bone
mineral content (BMC), and total body lean mass were
measured in the anteroposterior direction by DXA (Lunar
Prodigy; General Electric, Madison, WI, USA). To account
for bone size, bone mineral apparent density (BMAD) was
derived using the method proposed by Kroger et al. [22].
Areal BMD and BMAD of the lumbar spine, total body
BMC, and total body lean mass results were transformed to
age-and sex-specific Z-scores using published reference data
[23]. Total body lean mass results were further converted to
gender- and height-specific Z-scores [24]. The relationship
between total body BMC and total body lean mass was also
explored by comparing the ratio between these two measures
to gender- and age-matched reference data [24].

Iliac bone histomorphometry

Transiliac bone samples were obtained at a site 2 cm
posterior of the superior anterior iliac spine. The procedure
was well tolerated in all patients. To obtain the maximum
information from histomorphometry, tetracycline double
labeling should be performed prior to biopsy [10].
However, a tetracycline labeling course takes close to
3 weeks to complete. When, as in the present study, the
bone biopsy is performed at the same time as the endoscopy
that establishes the diagnosis of IBD, this length of time is
not available for ethical reasons because the endoscopy
procedure cannot be delayed for the purpose of completing
tetracycline labeling. Consequently, dynamic measures of
bone formation could not be performed in the present study.

Sample preparation and histomorphometric analyses
were performed using previously described procedures

[25]. Measurements were carried out using a digitizing
table with Osteomeasure® software (Osteometrics Inc.,
Atlanta, GA, USA). Nomenclature and abbreviations
follow the recommendations of the American Society for
Bone and Mineral Research [26]. Results were expressed as
percentages of the average value of the age-specific
reference range using reference data established in our
laboratory [25].

Statistical analyses

Age- and gender-matched Z-scores arising from anthro-
pometry and densitometry were tested for significant
deviation from 0 using the one-sample ¢ test. Results for
bone resorption and formation markers as well as bone
histomorphometry parameters were expressed as a percent-
age of the average of the age-specific reference range. The
difference of these data from 100 was tested for signifi-
cance using the one-sample ¢ test. Statistical analyses were
performed using SPSS software (version 15.0).

Results

Twenty patients (age range 8.4 to 17.7 years, eight girls, 12
boys) participated in the study (Table 1). Seventeen patients
had a diagnosis of Crohn’s disease and three were
diagnosed with ulcerative colitis. IBD symptoms had been
present for a median of 5.4 months (range 3.1 to
12.4 months). Six of the Crohn’s disease patients had mild
disease (a Pediatric Crohn’s Disease Activity Index be-
tween 12.5 and 30); the remaining patients had moderate to
severe involvement (a Pediatric Crohn’s Disease Activity
Index above 30). Crohn’s disease location was ileal in
three, colonic in two, and ileocolonic in 12 patients. Among
the ulcerative colitis group, one patient each had mild,
moderate, and severe involvement. Ulcerative colitis was
left-sided in one patient and pancolitis was present in two
patients. Bone age was similar to chronological age in this
cohort of patients. Half of the patients were in early to
midpuberty. Calcium and vitamin D intakes were at or
above the Dietary Reference Intake in the majority of
patients [27].

The clinical characteristics of the 32 patients who
declined participation in the study were as follows. Firstly,
13 of the children who declined participation went on to
show no evidence of Crohn’s disease or ulcerative colitis on
gastrointestinal biopsy. Of the remaining 19 patients who
declined participation, 14 had Crohn’s disease (five girls,
nine boys) and five had ulcerative colitis (four girls). Four
of the Crohn’s disease patients who declined participation
in the study had mild disease, the remaining patients had
moderate to severe involvement. Crohn’s disease location
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Table 1 Clinical characteristics
of the study population (N=20 Outcome measure

Results, N=20

unless otherwise indicated)

Gender (N, male/female) 12/8
Age in years at time of diagnosis
Median 14.7
IQR (25%, 75%) (11.6, 16.4)
Bone age in years (N=19)
Median 15.0
IQR (25%, 75%) (13, 16.5)
Bone age difference to chronological age (months; N=19)
Median 1.6
IQR (25%, 75%) (4.1, 4.1)
Pubertal status (number of patients with Tanner I, II-IV, V) 3,10, 7
Results are given as mean (SD) Daily calcium intake (mg, N=19) 1,657 (1,392, 2,689)
or median (interquartile range Daily vitamin D intake (IU, N=19) 392 (147, 616)

25th percentile, 75th percentile) Serum 25-OH vitamin D (nmol/L)

1U international units

61 (19)

was ileal in six children, colonic in two, ileocolonic in
three, and ileocolonic plus upper intestinal in the remaining
three patients. Among the ulcerative colitis group, one
patient had mild involvement; three were moderately
affected and one child had severe involvement. Ulcerative
colitis was left-sided in one patient and pancolitis was
present in the remaining children. For those with Crohn’s
disease, the Pediatric Crohn’s Disease Activity Index was
similar between those who participated in the study (mean
(SD) 34.2 (15.2)) compared to those who declined (mean
(SD), 43.2 (15.9), p=0.12). Similarly, the Pediatric Ulcer-
ative Colitis Activity Index for those with ulcerative colitis
was no different between those who participated (mean
(SD), 37.5 (7.1)) compared to those who did not (mean
(SD), 56.3 (14.4), p=0.16).

No radiographic evidence of vertebral compression
fractures or rickets was found in any of the patients. Even
though average height was normal in the study cohort,
mean weight was slightly low (Table 2). Lumbar spine areal
BMD and BMAD, total body BMC, and total body lean
mass were significantly below the results expected in
healthy subjects of the same age and gender (Table 2).
Similarly, the height-specific total body lean mass Z-score

was significantly below the healthy average result. On the
other hand, the ratio between total body BMC and lean
mass was normal for age.

Serum levels of calcium, phosphorus, parathyroid hor-
mone, and creatinine were within the reference range for all
participants. The 25-OH vitamin D status of the cohort was
as follows: three patients had levels between 26 and
40 nmol/L; 12 children had levels greater than 40 nmol/L
but less than or equal to 75 nmol/L, and only five patients
presented with levels greater than 75 nmol/L. By multivar-
iable linear regression with total body lean mass Z-score as
the dependent variable (controlling for height Z-score),
there was a nonsignificant relationship between 25-OH
vitamin D level and total body lean mass Z-score
(unstandardized coefficient beta (95% confidence interval)
0.005 (—0.011, 0.021), p=0.492). Urinary NTX to creati-
nine ratios and serum concentrations of C1CP were 28%
(SD 33) and 63% (SD 28), respectively, below the result
expected for healthy subjects of the same age and gender
(»<0.01 in both cases for the difference to the mean value
of the reference range), indicating low bone metabolism.

As to iliac bone histomorphometry, the size of the biopsy
sample core was appropriate for age (Table 3), with a

Table 2 Anthropometry and

DXA results in the study Mean (SD) Range p
population (N=20)
Height 0.04 (1.2) (-1.7,2.2) 0.89
Weight -0.5 (1.0) (-1.9,2.1) 0.05
Lumbar spine areal BMD -0.8 (1.1) (3.1, 0.6) 0.002
. Lumbar spine BMAD —0.4 (0.8) (2.6, 0.8) 0.04
Results are given as age- Total body BMC -12 (0.9) (3.0, 0.1) <0.001
and gender-specific Z-scores. p
values indicate the significance Total body lean mass —2.0 (0.9) (-3.4,-0.3) <0.001
level for the difference Total body lean mass for height —1.0 (0.9) (—2.8, 0.3) <0.001
of mean Z-scores from 0 Total body BMC/lean mass for age 0.0 (0.9) (-2.0, 1.9) 0.97

(one-sample 7 test)
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Table 3 Histomorphometric results in transiliac bone samples

Raw results, N=20

Average percent relative to the healthy age- and gender-matched mean  p

a

Structural parameters

Core width (pm) 8.5(1.9)
Trabecular number (/mm) 1.8 (0.2)
Trabecular thickness (pm) 146 (23)
Bone volume/tissue volume (%) 26.8 (4.5)
Cortical width (um) 802 (255)
Formation parameters
Osteoid thickness (pm) 7.0 (1.4)
Osteoid surface/bone surface (%) 16.2 (5.7)
Osteoid volume/bone volume (%) 1.6 (0.8)
Osteoblast surface/bone surface (%) 6.1 (2.9)
Resorption parameters
Osteoclast surface/bone surface (%) 0.89 (0.4)
Eroded surface/bone surface (%) 21.6 (4.9)

+5 (24) 0.35
+10 (12) 0.001
-3 (16) 0.34
+6 (18) 0.16
-23 (25) <0.001
+9 (21) 0.09
-31(22) <0.001
-23 (35) 0.008
~16 (37) 0.07
~18 (38) 0.04
28 (33) 0.001

Results are given in mean (SD)

? p values were calculated by the one-sample ¢ test

normal amount of trabecular bone. However, average
cortical width was significantly reduced at 23% below the
mean value of the age-specific reference range (p<0.001).
Osteoid thickness was below 9 pum in all patients, which is
the cutoff value above which a mineralization defect is
diagnosed in pediatric histomorphometry, as proposed
earlier [28]. Osteoid surface and volume as well as bone
resorption parameters were low compared to age-specific
norms. However, resorption parameters yielded conflicting
results. Whereas osteoclast surface was low, eroded surface
was elevated.

Discussion

The present study confirms earlier reports that newly
diagnosed pediatric IBD patients on average have a somewhat
low bone mass and low biochemical marker of bone
metabolism when compared to age-matched peers [2]. Our
study extends these earlier observations by examining bone
structure and metabolism on the tissue level. Iliac bone
histomorphometry showed that the main structural abnor-
mality in young IBD patients was a mildly reduced cortical
thickness, whereas the amount of trabecular bone was
preserved. As to bone metabolism, we found histomorpho-
metric evidence that both bone formation and resorption
activities were slightly low for age but there was no sign of a
mineralization defect in any patient. Importantly, none of the
patients had signs of vertebral compression fractures.

Our DXA results are very similar to those of earlier
studies in newly diagnosed pediatric IBD patients [2, 3].
They also replicate the observation made by Burnham et al.

who observed that lean mass tends to be low in young IBD
patients [29, 30]. However, whereas the patients of
Burnham et al. had already received treatment for Crohn’s
disease, our results demonstrate that low lean mass is
already present before medication with potential muscle
toxicity is given.

Lean mass is a surrogate measure of muscle mass, which
presumably reflects muscle force and therefore provides an
estimate of the mechanical forces to which the skeleton is
exposed [31]. It is thus possible that the low bone mass in
young IBD patients is a consequence of low muscle force.
In line with this hypothesis, the ratio between total body
BMC and total body lean mass was normal in our study.
Nevertheless, it is also possible that muscle and bone
findings do not have a cause—effect relationship but are
independent results of the underlying inflammatory process.
In any case, more studies into the muscle involvement in
IBD are warranted.

Our histomorphometric data suggest that the bone mass
deficit was related to cortical thinning in our newly
diagnosed children and adolescents with IBD, whereas the
amount of trabecular bone was normal. This is somewhat
surprising, as histomorphometric studies in adults who
suffered from osteoporosis in the context of IBD have
revealed markedly low trabecular bone volume [13].
Similarly, animal models of IBD are characterized by a
decrease in the amount of trabecular bone after induction of
IBD, at least in mature animals [32, 33]. However, the
developing skeleton may respond differently to IBD at the
iliac crest than the mature skeleton.

We found that biochemical markers of both bone
formation and resorption were low in newly diagnosed
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pediatric IBD when compared to age- and sex-specific
reference ranges. This closely mirrors results published by
Sylvester et al. [2]. Such bone marker data are not easy to
interpret in children, as they are influenced by a large
number of confounders, such as growth rate, maturational
delay, low bone mass, and nutritional deficits, which may
all be different between IBD patients and a healthy
population [9]. After adjusting for a multitude of such
confounders, Tuchman et al. found that young IBD patients
had low bone formation and elevated bone resorption
markers [9]. However, their patients had already received
treatment for IBD, which makes direct comparison with our
data difficult.

Our histomorphometric data clearly show that bone
formation activity is low on trabecular bone surfaces, as
osteoid surface and volume were both low for age. The
picture was somewhat more complicated with regard to
bone resorption, as the two “resorption markers” pointed in
opposite directions. The osteoclast-covered surface was
low, whereas eroded surface was elevated. However, even
though eroded surface is usually regarded as an indicator of
bone resorption, it is also influenced by bone formation. A
bone surface has an eroded aspect when osteoclast
resorption has taken place at a location and osteoblasts
have not yet arrived to smooth out the surface irregularities
[34]. Thus, eroded surface will not only be elevated when
bone resorption activity is high but also when osteoblast
activity is acutely suppressed. Given that bone formation
parameters and osteoclast surface were low, it therefore
seems more likely that in our study the elevated eroded
surface was indicative of suppressed bone formation. The
simultaneous suppression of bone formation and resorption
on trabecular surfaces are also in accordance with the
finding that the amount of trabecular bone at the iliac crest
was normal in our patient cohort.

Although our study was not powered to assess the
relationship between vitamin D status and muscle or bone
measures, it is interesting to note that three of our 20
patients (15%) had serum levels of 25-OH vitamin D below
40 nmol/L and that only five children presented with levels
greater than 75 nmol/L. None of the patients, including
those with 25-OH vitamin D levels less than 40 nmol/L,
had signs of a mineralization defect, either at the level of
the growth plate (as assessed by X-ray of the hand and
wrist) or on the level of the bone tissue (as assessed by iliac
bone histomorphometry).

We found no evidence for vertebral compression in our
cohort of newly diagnosed patients. There are nevertheless
case reports of children with both newly diagnosed [4] and
established [35] IBD manifesting vertebral deformity. The
lack of vertebral compression in our study may have been
due to a shorter duration of IBD symptoms, resulting in a
less severely affected cohort. The prevalence of vertebral

@ Springer

compression has been shown to range from 14% to 22%
among adult IBD patients [36, 37]. Similar prevalence
studies of vertebral compression in pediatric IBD patients,
where both the underlying inflammatory condition and the
effect of glucocorticoids have the potential to impact bone
development, merit attention in the future.

Taken together, in this study, none of our newly
diagnosed pediatric IBD patients had signs of vertebral
pathology or of a mineralization disorder. However, our
results indicate that young IBD patients at diagnosis have a
mild cortical bone deficit at the iliac crest and slow turnover
of trabecular bone. It is possible that low mechanical
stimulation due to inadequate muscle mass contributes to
the bone deficit. More mechanistic studies are warranted
that investigate the effect of the inflammatory process on
both muscle and bone tissue.
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