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Abstract Intermediate-term immobilization may lead to
an increase in serum and urinary calcium. In order to test
this hypothesis, we evaluated 46 children, 21 with Legg—
Calvé—Perthes disease (LCP; 7.2+1.8 years old) and 25
with developmental dysplasia of the hip joint (DDH; 10+
5 months of age), submitted to immobilization for up to
16 weeks. These two conditions require intermediate-term
immobilization as treatment modality, and no studies
evaluating calcium metabolism in these groups of patients
have been conducted. In LCP patients, blood and 24-h
urine samples were obtained before the beginning of
treatment and after 1, 6, 8, 14 and 16 weeks of immobi-
lization, while in DDH patients, blood and spot urine
samples were collected before treatment and after 6 and
14 weeks of treatment. Urinary calcium, creatinine,
potassium and sodium as well as serum calcium, phos-
phorus, parathyroid hormone, creatinine and alkaline
phosphatase were determined in those samples. Renal
ultrasound was performed before and after treatment. A
mean increase of 2.3 times baseline values of urinary
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calcium was observed in 40% of previously normocalciuric
LCP patients after only 1 week of immobilization. Among
the DDH children, who had never previously ambulated,
there was no significant variation in the urinary calcium
excretion. None of the serum parameters changed in either
group throughout the study. Urinary stones were not
evidenced by renal ultrasound. Therefore, the present data
suggested that intermediate-term immobilization led to a
transient increase in urinary calcium in 40% of LCP
patients. Complications such as urinary stones were not
observed. In conclusion, this modality of treatment does
not impose an increased risk of urinary stone formation in
LCP and DDH patients.

Keywords Immobilization - Bone - Legg—Perthes
disease - Hip dislocation, congenital - Calcium -
Calcium metabolism disorders

Introduction

The calcium concentration in the extracellular fluid, which
plays a role in various physiologic processes, is balanced
by the gastrointestinal tract, bone and kidneys. Hypercal-
cemia occurs when the calcium input into the blood
compartment is higher than the output [1]. Orthopedic
immobilization leads to increased bone resorption, causing
both serum and urine calcium levels to rise, increasing the
risk of stone formation [2—4]. Individuals with high bone
turnover levels, such as children, are especially sensitive to
such effects [3-6]. Intermediate-term immobilization in
children is mandatory in Legg—Calvé—Perthes disease
(LCP) and developmental dysplasia of the hip joint (DDH).

Interruption of blood supply to the bones is an important
etiological factor of bone diseases. LCP is a typical form of
avascular necrosis of the femoral epiphysis ossification
center which occurs more often among boys (4:1 to 5:1)
between 2 and 12 years old [7]. Treatment consists of
keeping the epiphysis in the acetabulum until re-ossification
is complete. This is achieved with bilateral orthesis, holding
the hips abducted 45° and internally rotated (5-10°) [7].
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After 6 weeks of immobilization, the orthesis is removed but
the patient remains in bed for 2 weeks. Depending on the
results of radiological evaluation, a new 6-week period of
immobilization is initiated and the process is repeated until
maturation of bone epiphysis [7].

DDH is a condition of abnormal development of the hip,
resulting in hip joint instability and potential dislocation.
This condition often develops over the first few weeks,
months, or years of life. The purpose of the treatment is to
replace the head of the femur into the acetabulum and, by
applying constant pressure, to enlarge and deepen the
socket. Immobilization is maintained for 14 weeks, but
usually the knees are freed after 68 weeks, [8].

In view of the potential risk of developing immobiliza-
tion-induced hypercalcemia and/or hypercalciuria due to
bone resorption, the aim of the present study was to
evaluate the effects of intermediate-term immobilization on
calcium metabolism in LCP children, who were weight
bearing prior to their immobilization, as opposed to DDH
children, who were not.

Patients and methods

Forty-six children were included in the study, 21 with LCP
(all male, 7.2+1.8 years old, range 411 years) and 25 with
DDH (6 male, 19 female, age 10+5 months, range 4—
17 months).

Blood and urine samples from LCP patients were
obtained before the commencement of treatment and after
1, 6, 8, 14 and 16 weeks of immobilization (all patients
were ambulating before immobilization). In DDH patients,
samples were obtained before treatment, after 6-8 weeks of
immobilization and again at 14 weeks. Twenty-four-hour

Table 1 Parameters in LCP children

urine samples were obtained from LCP patients, and
morning fasting spot urine samples from DDH patients for
determination of calcium (UCa), creatinine (UCr), potas-
sium (UK) and sodium (UNa). Samples not properly
collected were discarded. Blood was drawn between 8.00
and 11.00 a.m. for determination of calcium (Ca), phos-
phate (P), parathormone (PTH), creatinine (Cr) and
alkaline phosphatase (AP).

Intact serum PTH was determined by a immuno-radio-
metric assay [9]. Calcium was determined by a colorimetric
method (o-cresophthalein complexone method) and ex-
pressed per kilograms of body weight (BW) in 24- h urine
samples, or corrected by urinary creatinine in spot urine
samples according to the literature [10-12].

In DDH children, the normal upper limit for UCa/UCr in
spot urine samples was considered to be 0.81 mg/mg for
children 4—-12 months of age and 0.56 mg/mg for children
1-2 years old [10]. In LCP children, the diagnosis of
hypercalciuria was established when urinary 24-h excretion
of calcium by BW was higher than 4 mg/kg/24 h [13, 14].

Statistical analysis was performed by means of a two-
tailed paired #-test (vs baseline values) and a p value <0.05
was considered significant.

Renal ultrasound was performed before immobilization
in 35 patients and after the treatment in 27 patients.

The institutional medical ethics committee approved the
study and all parents signed the informed consent form.

Results

In LCP patients, mean UCa/kg/24 h levels were not
statistically significantly different from baseline at any time
after immobilization (Table 1). Among the 21 LCP

Parameter Basal 1 week 6 weeks 8 weeks 14 weeks 16 weeks
UCa/kg/24 h Mean+SE 3.8+0.6 4.0+0.9 3.0+0.8 3.2+0.9 2.7+0.6 2.1£0.5
(mg/kg/day) Median 3.5 4.1 2.2 2.6 3.0 1.8
n [©2)) (16) (16) a7 (14) 17)
Ca (mg/dl) Mean+SE 9.740.2 9.6+0.1 9.4+0.2 9.7+0.2 9.8+0.2 9.6:0.2
Median 9.7 9.6 9.4 9.8 9.7 9.6
n (19) (19) (19) (18) (15) 17
P (mg/dl) Mean+SE 5.0+0.3 5.6+0.2 4.6+0.1 4.84+0.2 5.0£0.2 4.6+0.1
Median 5.3 5.6 4.7 4.7 5.0 44
n (20) (19) (19) (18) (15) 17)
Cr (mg/dl) Mean+SE 0.7+0.1 0.7+0.1 0.6+0.1 0.7+0.1 0.7+0.1 0.7+0.1
Median 0.7 0.8 0.6 0.6 0.7 0.6
n (19) (18) (20) (18) 14 a7
PTH (pg/ml) Mean+SE 13.3+1.5 16.0+1.3 13.0£1.5 15.5+1.5 19.242.6 21.241.2%
Median 12.3 16.4 13.0 14.0 16.3 20.5
n (10) ®) (14) (14) (16) (16)
AP (U Mean+SE 429432 395423 396+23 422422 440429 451441
Median 388 402 385 422 421 429
n (19) (17) (20) (18) (15) (15)

SE, standard error; n, number of samples
*p<0.05
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Fig. 1 UCa in LCP children at baseline and after 1 week of
immobilization (n=17; 7 hypercalciuric and 10 normocalciuric at
baseline)

patients, 7 were already hypercalciuric at baseline and 14
were not (data not shown in tables). From these 14
normocalciuric patients at baseline only 10 had collected
properly the 24-h urine sample after the first week. We
observed an increase in urinary calcium after the first week
in 4 out of these 10 normocalciuric patients (Fig. 1,
continuous lines). Urinary calcium returned to normal
levels in the subsequent samples in the latter group.
Conversely, five of the hypercalciuric patients remained
with high urinary calcium levels in the majority of the
subsequent urine collections.

The mean values of serum parameters (Ca, P, Cr, PTH,
AP) and other urinary parameters (UNa, UK, UCr) did not
change throughout the study.

In DDH children, no significant variations were found in
the mean serum or urinary parameters evaluated (Table 2).
None of the patients became hypercalciuric during the
immobilization period.

Renal calculi were not detected in any patient at baseline
(35 examinations performed). At the end of the study, from

Table 2 Parameters in DDH children
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a total of 27 ultrasound scans performed (15 for LCP and
12 for DDH children), no calculi had been detected.

Discussion

On the basis of studies in immobilized subjects [15, 16] and
experimental in-flight studies [17], the existence of an
imbalance between bone formation and resorption may
induce a loss of skeletal mass, leading to osteoporosis,
hypercalcemia, and hypercalciuria, with the attendant risk
of nephrolithiasis.

Hypercalciuria after long-term immobilization is a well-
reported event [4-6, 15, 16, 18-21], but to the best of our
knowledge, no studies analyzing children with DDH or
LCP with regard to calcium metabolism have been
conducted.

In the majority of the studies, calcium urinary output
rises after 1 week of immobilization and reaches its zenith
at 6 weeks. After this period, calciuria usually decreases
[16, 19, 22]. In the present study, a similar pattern of
urinary calcium increase was observed in four previously
normocalciuric LCP patients (40%) after 1 week of
immobilization, with urinary calcium excretion returning
to baseline values after 6 weeks and remaining normal until
the end of the study. Although it is known that hypercal-
ciuria may develop in 10% of the normal population [18],
the existence of hypercalciuria at baseline in some of the
LCP patients remains to be clarified. In any case, it is
noteworthy that most of these patients remained hypercal-
ciuric. Therefore, despite the fact that none of these
hypercalciuric patients developed renal stones during the
period of study, these children must be monitored long after
the end of immobilization because of the potential risk.

Conversely, no significant variation has been detected in
calcium excretion among DDH patients. Some factors may
have contributed to the lack of a transient increase in
calciuria in this group. First, as opposed to the LCP
children, on grounds of age the DDH had never ambulated

Parameter Basal

6-8 weeks 14 weeks

UCa / UCr (mg/mg) Mean+£SE (n)

0.25+0.08 (15)

0.16+0.03 (7) 0.15+0.03 (6)

Median 0.2 0.1 0.2

Ca (mg/dl) Mean+£SE (n) 10.0£0.2 (21) 10.1+0.2 (11) 10.3+0.2 (10)
Median 10.1 10.2 10.35

P (mg/dl) Mean=£SE (n) 6.4+0.4 (21) 5.5+0.2 (12) 5.5+0.4 (9)
Median 6 5.5 5.5

Cr (mg/dl) Mean+SE (n) 0.8+0.2 (21) 0.5+£0.0 (13) 0.6+0.0 (10)
Median 0.5 0.5 0.6

PTH (pg/ml) Mean=£SE (n) 18.1£1.9 (16) 17.4£1.7 (9) 19.3£2.3 (6)
Median 15.78 15.81 19.92

AP (U/]) Mean=+SE (n) 476423 (21) 461+21 (13) 450421 (9)
Median 456 434 449

SE, standard error; n, number of samples

*p<0.05
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before immobilization. Since they had never been under the
effect of impact load, it is possible to speculate that
immobilization-induced bone resorption did not provoke a
higher calcium output sufficient to produce an increase in
calciuria. This phenomenon has been described among
paraplegics [23]. Second, hypercalciuria may have been
missed due to the fact that the first urine sample was
obtained only after 6 weeks of immobilization, when the
need for orthopedic treatment control dictated the return of
the patients. We are aware that the gold standard to evaluate
hypercalciuria is a 24-h urine sample, but the young age of
these children rendered this method difficult.

In the present series, none of the patients presented
hypercalcemia. This is in accordance with other authors’
findings, demonstrating that in previously healthy subjects
immobilization-induced hypercalcemia is not a common
event [15], as opposed to the observations in critically ill
subjects [24, 25]. Hypercalcemia may ensue also when
renal excretion of calcium is impaired by renal dysfunction
[4, 26], which was not the case in the present study.

Parathyroid-1,25-dihydroxyvitamin D axis is usually
suppressed in patients with immobilization-induced hyper-
calciuria, as would be predicted by a model of resorptive
hypercalciuria [15]. Accordingly, we did not find abnormal
levels of PTH or serum P in our children after immobi-
lization. In a study conducted by Zerwekh et al. [16], serum
biochemical markers of bone formation such as alkaline
phosphatase (bone-specific) did not change significantly,
while all resorption markers exhibited significant increases.
In the present study, no significant variations in AP levels
were observed, and despite the fact that resorption markers
were not evaluated, the lack of sustained increase in
calciuria suggest that bone resorption might not have been
of an important magnitude in LCP patients.

As hypercalciuria was not present in all children and was
not long-lasting in some of the LCP children, no calculi
were observed in the present series, in accordance with the
study of Andrews et al. [3] in immobilized children due to
fractures. Renal function was also not affected during the
period of our observation.

In conclusion, the present study seems to show that
therapeutic immobilization leads to a transient increase in
urinary calcium after the first week in some of previously
normocalciuric LCP patients but not in DDH patients.
Serum calcium values remained unchanged and no renal
complications due to intermediate-term immobilization
were observed, rendering this treatment modality safe with
respect to the consequences on calcium metabolism.
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