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Urinary tract stones in children are uncommon in the absence 
of structural abnormalities or metabolic disorders. Prolonged im-
mobilization is a recognized precursor of hypercalcemia and other 
disturbances in mineral metabolism. The authors describe 3 chil-
dren (7, 9, and 11 years of age) who were found to have stones in 
the upper urinary tract following prolonged immobilization for 
treatment of orthopedic abnormalities. Hypercalcemia was docu-
mented in 2 patients and hypercalciuria in 1. The mechanism of 
immobilization-induced hypercalcemia and hypercalciuria is dis-
cussed. 
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Pediatric urolithiasis is uncommon, accounting for only 
one in 3,000-8,000 pediatric hospital admissions.1,2 The 
etiology of pediatric urolithiasis is usually divided into four 
broad categories: a) endemic, b) metabolic, c) infectious, 
and d) idiopathic. Half of all calcium-containing stones in 
children represent a metabolic disorder. One such disorder 
resulting in hypercalcemia involves prolonged immobiliza-
tion, usually imposed for treatment of musculoskeletal or 
neurologic abnormalities. First described by Albright in 
1953,3 prolonged immobilization affecting bone metabo-
lism and leading to hypercalcemia and hypercalciuria has 
been well documented.4-10 The resulting calcium-contain-
ing stones represent between 2% and 18% of all pediatric 
urolithiasis.211 We present three additional cases of cal-
cium-containing stones related to prolonged immobiliza-
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Fig. 1. Case 1. 
A. Intravenous pyelogram demonstrates bilateral hydrone-

phrosis immediately prior to passage of two calculi. 
B. The calcium oxalate and calcium phosphate calculi passed 

spontaneously. 

t i on in an e f f o r t t o u n d e r s t a n d the pa thophys i -
o l o g y o f this d isease a n d t o sugges t f u r t h e r m a n -
a g e m e n t o f t h e i m m o b i l i z e d ch i l d t o a v o i d uro l i -
thiasis. 

Case reports 
Case 1. A 7-year-old boy sustained a fracture of his 

right femur following a bicycle accident. He was placed in 
traction for nine weeks. Total gross painless hematuria 
developed after the eighth week. Left-sided flank pain en-
sued, and an intravenous pyelogram showed bilateral hydro-
nephrosis with delayed function on the left {Fig. 1A). He 
was subsequently transferred to the Cleveland Clinic where 
he was noted to have a serum calcium of 9.2 mg/dL. Shortly 
after the urogram was obtained at our institution, left-sided 
flank pain developed again and was associated with nausea 
and vomiting. He passed a 5-mm calculus. At this time, 
serum calcium was elevated at 1 1.0 mg/dL. Urine calcium 
excretion was 119 mg/24 hrs. The expected upper limit of 
normal urinary calcium for this patient was 74 mg/24 hrs 
calculated by a daily excretion rate of 4 mg/kg/24 hrs.9 He 
subsequently passed two additional small calculi (Fig. IB). 
Analysis revealed 95% calcium phosphate and 5% calcium 
oxylate. The patient has remained asymptomatic and free 
of stone disease for three years. 

Case 2. An 11-year-old girl was struck by a car while 
riding her bicycle. The patient suffered multiple pelvic 
fractures, a fractured left tibia and left fibula, and a bladder 
laceration. Initially, a Hoffman apparatus was placed to align 
her multiply fractured pelvis, and subsequently, a Steinmann 
pin was inserted and traction instituted. She was immobi-
lized for three months. During this time, her serum calcium 
was noted to be 10.4 mg/dL. One week later, gross painless 
hematuria developed. Abdominal radiographs revealed bi-
lateral renal pelvic stones {Fig. 2). She subsequently under-
went surgical removal of all upper tract stones. Stone analy-
sis revealed calcium oxylate and calcium phosphate. No 
further stones have developed after three-and-a-half years. 

Case 3. A 9-year-old boy was struck by a car and suf-
fered a severe head injury and multiple fractures involving 
the pelvis, right femur, and right humerus. The patient was 
in a prolonged coma. He was placed in traction for five 
weeks and hospitalized for three months. T w o months after 
discharge, hematuria developed. An intravenous pyelogram 
revealed osteopenia, left-lower-pole calculus, and a left ure-
teral calculus. He underwent a left ureteral lithotomy. Since 
reambulation, the patient has remained free of urolithiasis 
for four years. 

Discussion 

B o n e is a c o m p l e x m e t a b o l i c o r g a n that is in a 
d y n a m i c e q u i l i b r i u m b e t w e e n ca l c ium d e p o s i t i o n 
a n d ca l c ium r e a b s o r p t i o n . A c c o r d i n g t o D o n a l d -
son e t a l , 1 2 r e a b s o r p t i o n is c o n t r o l l e d b y the 
p a r a t h y r o i d h o r m o n e , ca l c i t on in , a n d m e c h a n i c a l 
f ac to rs . T h e m e c h a n i c a l f a c t o r s a r e u n k n o w n , 
bu t a r e t h o u g h t t o b e c h a n g e s in e l ec t r i ca l f o r c e s 
w i th in the b o n e caused by p ressure t r a n s f e r r e d 
t o it o r t ens i on a p p l i e d t o it by s u r r o u n d i n g 
muscu la r tissues. I m m o b i l i z a t i o n c h a n g e s the in-
tr insic m e c h a n i c a l f o r c e s o n the b o n e a n d t h e r e b y 
upsets this ba l ance , r e su l t ing in i nc r eased b o n e 
r e a b s o r p t i o n . 
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An increase in the calcium reabsorption f rom 
bone may result in elevated serum calcium which 
suppresses parathyroid hormone levels which in 
turn affect urinary excretion, intestinal absorp-
tion of calcium, and synthesis o f vitamin D. T h e 
natural history o f hypercalcemia and hypercalci-
uria during immobilization has been demonstra-
ted.12 In this study, healthy volunteers were put 
to bed for 30 to 36 weeks. Urinary calcium was 
elevated f rom baseline throughout bed rest, 
peaking in the seventh week. Although this de-
creased later, it did remain elevated for at least 
three weeks after ambulation. In an additional 
study by Stewart et al,"1 the increase in urinary 
calcium persisted for 12 to 18 months fol lowing 
prolonged immobilization. During immobiliza-
tion, normal healthy volunteers lost 1.5 g o f 
calcium per week (approximately 0.5% o f their 
total body calcium per month). Skeletal radio-
density was reduced as much as 30% after three 
to six months o f immobilization. 

O f concern are children who are involved in 
severe skeletal trauma which require immobili-
zation. They exhibit a rapid turnover of bone 
and therefore are prime candidates for changes 
in the dynamic equilibrium of the bone and the 
resultant hypercalcemia and hypercalciuria. Al-
though urolithiasis in the immobilized child is 
uncommon, it perhaps could be avoided alto-
gether. A high index of suspicion combined with 
hydration and early ambulation will help to re-
duce the likelihood of urolithiasis in the suscep-
tible child. I f ambulation is impossible and pro-
longed immobilization is inevitable, calcitonin 
therapy should be considered in an e f for t to 
prevent the reabsorption o f bone calcium and 
resultant hypercalcemia and hypercalciuria.6,13 It 
is through an awareness of both the pathophysi-
ology of stones in immobilized children as well as 
the potential therapies that we may help to pre-
vent this uncommon childhood disease. 
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