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Skeletal features of primary hyperoxaluria type 1, revisited
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Abstract

Purpose The purpose of this study was to describe the
skeletal manifestations of primary hyperoxaluria type 1
(PH1), the most common of the primary hyperoxalurias.
Methods We clinically and radiographically reviewed 12
consecutive patients diagnosed with PH1, aged between 2
and 17 years. All patients had evidence of some type of
renal involvement, 4 of whom were at end-stage renal
disease (ESRD) and were under dialysis.

Results The main symptom was skeletal pain and was
present only in the 4 severely involved patients and
appeared during the second year of dialysis. The 2 most
severely involved patients had evidence of pathological
fractures. Radiological signs were present in patients with
or without symptoms. These radiological signs were of two
distinct types: those almost specific of oxalosis, such as
dense and radiolucent metaphyseal bands and vertebral
osteocondensations, which are found mainly in the severely
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involved individuals, and those less specific, such as signs
of renal osteodystrophy, which are also found in less
severely involved patients. Interestingly, our study
revealed the presence of spondylolysis in 25% of cases.
This latter finding is unique and has not previously been
reported in the literature.

Conclusions The skeletal manifestations of PH1 include
specific and less specific radiological signs, with some
patients being asymptomatic, and others presenting with
bone pain and pathological fractures, as well as
spondylolysis.

Keywords Primary hyperoxaluria - Oxalosis of bone -
Renal osteodystrophy - Secondary hyperparathyroidism -
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Introduction

Primary hyperoxaluria (PH) results from endogenous
overproduction of oxalate as opposed to secondary hyper-
oxaluria, which is due to excessive dietary intake or
increased intestinal absorption of oxalate [1-11]. Primary
hyperoxaluria type 1 (PH1) is an inherited disease due to an
inborn error of glyoxylate metabolism localized to the
hepatocyte peroxisome, resulting in greatly increased uri-
nary excretion of oxalate and glycolate and eventually to
renal failure and end-stage renal disease (ESRD) [1, 2].
With decrease in renal function, the highly insoluble CaOx
crystals are deposited in extra-renal tissue, defining oxa-
losis [3]. After having observed skeletal manifestations not
described elsewhere in the literature, our objective was to
comprehensively describe the clinical and radiological
skeletal manifestations of the disease, based on a case
series.
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Methods

We conducted a transversal descriptive study of 12 con-
secutive patients diagnosed with PH1 (Table 1). All of
these patients had PHI, as documented by an elevated
urinary oxalate concentration and high oxalate over creat-
inine ratio. Their age ranged from 2 to 17 years. There
were 7 girls and 5 boys. All had renal involvement, 4 of
whom had ESRD and were undergoing either haemodial-
ysis (3 patients) or peritoneal dialysis (the youngest patient,
a 2-year-old boy). All patients had symptoms of urinary
lithiasis, and 11 of the 12 had radiological evidence of
stones in their urinary tract. Of the patients, 5 had radio-
logical signs evoking nephrocalcinosis. Of the ESRD
patients, 1 had received a kidney transplant 2 years earlier,
which became non-functional. None of the patients had
received a combined liver-kidney transplantation.

All the patients were subjected to a thorough clinical
examination and complete skeletal radiographic survey
consisting of upper extremities, lower extremities, pelvis
and spine X-rays as well as a kidney-ureter-bladder (KUB)
radiograph. Bone density was not measured.

Results

Of the 12 patients, 4 had skeletal symptoms—mainly bone
pain. These patients were those having reached the ESRD
stage. Skeletal symptoms appeared between 1 and 2 years
after initiation of dialysis. In the more severely involved

patients (one on haemodialysis and one on peritoneal
dialysis), bone pain was partly associated with pathological
fractures.

Radiographically, bone lesions were visible in all 4
ESRD patients as well as in 3 of the 8§ non-symptomatic
patients whose renal function was less severely impaired.
Some of the radiological signs encountered were almost
pathognomonic of oxalosis, i.e., dense metaphyseal bands
(DMBs), lucent metaphyseal bands (LMBs) and vertebral
osteocondensations. These signs were only seen in the four
patients with ESRD.

The most consistent finding seen in all four patients was
the presence of condensations on the metaphyseal side of
long bone growth plates. The width of the DMBs was
positively correlated with the duration of ESRD. The dis-
tance between the DMB and the neighboring growth plate
was positively correlated with the duration of dialysis
(Figs. 1, 2). Moreover, less sharply demarcated metaphy-
seal condensations were present in two other patients with
moderately altered renal function.

LMBs were also found only in ESRD patients and were
typically seen between the physis and the adjacent DMB in
long bones. They tended to appear in the same region as the
DMB, which became more distant from the growth plate
because of longitudinal bone growth (Fig. 3). Here again,
this feature was sometimes present as ill-defined meta-
physeal radiolucencies; whereas, in other cases, the
radiolucent area clearly took the shape of a LMB. In two
severely involved patients, we observed the presence of a
radiolucent ring around the ossification center of small

Table 1 Clinical and radiographic skeletal manifestations for each patient. DMB dense metaphyseal band, LMB lucent metaphyseal band

Patient Age Renal Duration of DMB LMB Spondylolysis Fractures Bone Urinary Nephrocalcinosis

(gender) (years) function dialysis pain  lithiasis

1 (Female) 8 ESRD 4V, years + + — + + +

2 (Male) 10 ESRD 1 year + + — — + + +

3 (Female) 15 ESRD 2Y5 years + + + — + + +

4 (Male) 2 ESRD 3 months + + — + + + +

(peritoneal)

5 (Female) 16 Severe failure — - — — - — + +

6 (Female) 4 Moderate — — — — — _ + _
failure

7 (Male) 16 Moderate — — — — — — + +
failure

8 (Female) 7 Moderate — - — + — — + —
failure

9 (Female) 6 Moderate — + — + — — + _
failure

10 (Female) 2 Moderate — + — - — — + _
failure

11 (Male) 17 Mild failure — — — — — _ _ _

12 (Male) 9 Mild failure — - — — — — + _
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Fig. 1 Anteroposterior (AP) radiograph of the wrist of a 10-year-old
patient (patient 2) showing an early dense metaphyseal band (DMB)
on the metaphyseal aspect of the distal radial physis

Fig. 2 Anteroposterior (AP) radiograph of both hands of an 8-year-
old patient undergoing dialysis (patient 1) showing late dense
metaphyseal bands (DMBs; arrows). Note their width and their
distance from the growth plates, compared with that shown in Fig. 1.
Also, note the fractures of the distal aspect of the third, fourth and
fiftth metacarpals (arrow heads)

bones such as the carpal and tarsal bones, and around the
patellae (Fig. 4). This radiolucent ring corresponds to the
same lesion as the metaphyseal radiolucencies of long

Fig. 3 Standing dorsoplantar radiograph of both feet in a 15-year-old
patient (patient 3) showing lucent metaphyseal bands (LMBs) and
dense metaphyseal bands (DMBs) in the proximal aspect of the first
metatarsals

bones, since it occurs in the region of maximal new bone
formation.

The third radiographic characteristic of bone oxalosis
encountered was the presence of vertebral condensations
involving at first the superior and inferior vertebral end-
plates creating a rugger-jersey spine appearance (Fig. 5),
before extending to the rest of the vertebral body and
sometimes realizing the typical image of bone-within-the-
bone (Fig. 6). This finding was present in the three patients
on haemodialysis.

Other less specific findings were also noted in the four
patients with ESRD as well as two others with less severe
renal impairment. These consisted of subperiosteal
resorption, osteolysis of the distal phalanges, periosteal
appositions and osteopenia (Fig. 7).

Pathological fractures were only noted in the two most
severely affected patients, both of whom had lost their
walking ability (Figs. 2, 8). These fractures were localized
in the region of the DMBs. One patient had a spontaneous
right femoral neck fracture which appeared after the
treatment of a left femoral neck fracture by open reduction
and internal fixation. She also sustained spontaneous
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Fig. 4 a Anteroposterior (AP) radiograph of the wrist of patient 1
showing lucent rings surrounding the scaphoid and the trapezium.
b Lateral radiograph of the left ankle of patient 3 showing lucent rings
around the talus and navicular

fractures of both proximal humeral metaphyses and Salter-
Harris 2 fractures of the distal metacarpals. The other
patient, the last patient of the series, was a 2.5-year-old
ambulatory boy with ESRD, who had been on peritoneal
dialysis for 3 months and had become non-ambulatory
from the beginning. X-rays revealed the presence of a
neglected left subtrochanteric stress fracture. Unfortu-
nately, the child’s condition was disastrous and he died
soon after the fracture was discovered.

Of the 12 patients, 3 showed evidence of spondylolysis,
one of whom had a grade 1-2 spondylolisthesis according
to Meyerding (Fig. 6b). Of these patients, 2 were still at the
very early stages of renal dysfunction; none was
symptomatic.

Discussion

There are more and more articles in the literature that relate
to skeletal manifestations of PH [12-34], since the
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Fig. 5 Anteroposterior (AP; a) and lateral (b) radiographs showing
the sclerotic superior and inferior end plates realizing a rugger-jersey
spine appearance in a 10-year-old patient (patient 2). Also note the
characteristic image of nephrocalcinosis

Fig. 6 Anteroposterior (AP; a) and lateral (b) radiographs of the
lumbar spine in a 15-year-old patient (patient 3) showing the
characteristic bone-within-a-bone appearance. Note the spondylolysis
(arrow) with a grade-1 slip of L5 over S1 on the lateral view

prevalence of these manifestations is increasing in con-
junction with the longer survival associated with newer
treatments for this condition [12, 13]. Indeed, before the
introduction of dialysis, patients with PH1 died from ure-
mia at a young age before skeletal changes had developed.
It is necessary to point out that the only potentially curative
treatment for this condition is a combined kidney-liver
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Fig. 7 a Anteroposterior (AP) radiograph of the hand showing
subperiosteal resorptions (arrow head) and osteolysis of the distal
phalanx of the index finger (arrow) in a 15-year-old patient under
dialysis (patient 3). b AP radiograph of the left upper limb showing
periosteal appositions (arrows) on the medial and lateral aspects of
the proximal humeral metaphysis and diaphysis in the same patient

Fig. 8 Anteroposterior (AP) radiograph of the pelvis of the severely
involved patient 1, showing bilateral femoral neck fractures

transplantation [1], and all other treatment modalities such
as renal transplantation, dialysis (whether haemodialysis or
peritoneal dialysis) or pyridoxine supplementation do not
address the cause of the disease. Dialysis in particular has
been shown to be insufficient to prevent deposition of
calcium-oxalate crystals in bone.

To our knowledge, this is one of the largest paediatric
series studying both clinical and radiological aspects of
skeletal lesions in PH1.

Our results concerning the specific and non-specific
manifestations are similar to those described elsewhere in
the literature [21, 25]. Progression of oxalosis seems to be
most striking in areas of rapid growth at the extremities of
long bones. Sclerotic and lucent bands develop and both

seem to represent different stages of the disease. The
DMBs of oxalosis are of greater density, of more homo-
geneous texture and develop more rapidly than the dense
bands of renal osteodystrophy. This is due to superimpo-
sition of crystal density on the already increased bone
density of secondary hyperparathyroidism [13, 15, 31].
Over time, the inflammatory reaction induced by the oxa-
late crystals causes bone resorption, which is especially
evident in the previously uniform zones of DMBs [17].
Fractures also may occur spontaneously in these regions of
weakness. The translucent rims noted around the small
bones, such as the vertebrae, the tarsal or carpal bones,
reflect the slower growth rate in these regions [33].

Concerning pathological fractures, it is interesting to
point out that even if radiological signs of PHI1 tend to
gradually disappear after combined liver-kidney trans-
plantation, the risk of developing a pathological fracture
later on remains [26]. Of our severely affected children, 2
presented pathological fractures that occurred in regions of
metaphyseal lucencies. The femoral neck seems to be a
zone of predilection for such fractures [15, 21, 26, 31, 33,
34]. Internal fixation of those lower limb fractures inter-
fering with weight bearing transformed the quality of life
of these children who had become bedridden. This is in
concert with other articles stating that a child with PHI and
bone pain should be regarded as having a fracture until
proved otherwise and early internal fixation of hip fractures
is mandatory [26, 31].

Literature review has shown that the non-specific signs
found in PH1 patients are the result of CaOx deposition, renal
osteodystrophy and secondary hyperparathyroidism. Indeed,
the bone resorption observed in severely involved bone
seems to be due to a combination of hyperparathyroidism
and oxalate crystal-induced histiocytic inflammatory
response [14, 15, 21]. Some have advocated that the
subperiosteal cortical defects initially are related to hyper-
parathyroidism, but later they are too deep, their contour is
too smooth and sclerotic, and they exhibit a slight
homogeneous radiodensity [31, 32], all of which distinguish
them from the typical features encountered in hyperpara-
thyroidism. This may also be the case of the sclerotic zones
observed in the vertebral end plates (rugger-jersey
spine appearance), which is frequently observed in
hyperparathyroidism.

To our knowledge, no other article mentions spondy-
lolysis, which was present in 3 of our 12 patients, a
percentage far beyond the incidence of spondylolysis in the
general paediatric population. A thorough search of the
literature failed to retrieve any article describing such an
association between any of the hyperoxalurias and spon-
dylolysis. This spondylolysis fits into type 5 (pathological
spondylolysis) of the Wiltse classification. It may be due to
a pathological fracture of the pars interarticularis which
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may be an area of CaOx crystal deposition, as occurs in
long bones. However, it is clear that further studies are
necessary to achieve a more comprehensive understanding
of this problem.
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