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Abstract

Introduction: The majority of causes of rickets can be divided into two large pathogenic groups, namely calciopaenic
and phosphopaenic. Few studies have compared the clinical and biochemical presentations of the two forms of rickets.
The aim of this study was to compare the demographic, clinical and biochemical presentations and response to therapy
of children with calciopaenic and phosphopaenic rickets.

Methodology: The study is a retrospective chart review of children diagnosed with rickets at Chris Hani Baragwanath
Academic Hospital (CHBAH) in Johannesburg, South Africa, between 2006 and 2012. The radiological response to
therapy was evaluated using the Thacher scoring system to assess the severity of rickets.

Results: The study comprises 112 patients from 2 months to 18 years of age diagnosed with rickets (53% with
calciopaenic rickets and 47% with phosphopaenic rickets). The calciopaenic group was younger than the phospho-
paenic group (20 [7-26] vs 36 [24-51] months; p<0.001), but the phosphopaenic group was more severely stunted than
the calciopaenic group at presentation (HAZ scores —3.3 [-4.5 to —2.1] vs —2 [-3.4 to 0.7]; p<0.001).

Following treatment, 75% of patients in the calciopaenic group had biomarkers that had normalised completely
within a median of 13 (9-18) weeks while only 10% in the phosphopaenic group had normalised within a median of
17 (17-50) weeks. Radiological healing in response to treatment was better in the calciopaenic group compared to the
phosphopaenic group (67.5% vs 18%; p-value <0.01).

Conclusion: Calciopaenic rickets (mainly vitamin D deficiency) presented at a younger age and response to therapy
was better compared to phosphopaenic rickets (mainly X-linked hypophosphataemic rickets). This study highlights
the significant differences between calciopaenic and phosphopaenic rickets, which may be helpful to attending
orthopaedic surgeons and paediatricians in differentiating between these two groups of rickets and in the management
thereof.

Summary of abstract: This study highlights the differences between calciopaenic and phosphopaenic rickets, which
may be of assistance to attending orthopaedic surgeons and paediatricians in the management of rickets. The study
shows that in children with calciopaenic rickets, the majority are vitamin D deficient, and present at a younger age with
craniotabes and less severe lower limb deformities compared to children with phosphopaenic rickets who mainly have
X-linked hypophosphataemic rickets and are severely short in stature and have genu valgum deformities. The medical
management of the two types of rickets differs and response to medical therapy is better in the calciopaenic compared
to the phosphopaenic group.

Key words: rickets, calciopaenic, phosphopaenic, Thacher score, Johannesburg, X-linked hypophosphataemic rickets,
vitamin D deficiency
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Introduction

With the discovery of the role of vitamin D in the pathogenesis of
rickets nearly a century ago, the various causes were divided into
those responsive to and those resistant to vitamin D therapy.' As
the pathogenesis of various types of rickets became more
apparent, the underlying mechanisms were classified into those
associated primarily with disturbances in calcium (calciopaenic
rickets) and those related to perturbed phosphate homeostasis
(phosphopaenic rickets).? Table I lists the different causes of these

two forms of rickets.>?

Table I: The causes of calciopaenic and phosphopaenic rickets

Calciopaenic causes

a. Abnormalities in vitamin D o
metabolism
e Nutritional rickets .

o dietary deficiency of vitamin D
© inadequate exposure to sunlight
e Impaired absorption of vitamin D
o steatorrhea, e.g. coeliac disease .
o biliary obstruction, e.g. biliary atresia
e Impaired hydroxylation of vitamin D
to 25-hydroxyvitamin D
o liver immaturity
o prematurity
¢ Increased metabolism of vitamin D
© anticonvulsant drugs, e.g.
phenobarbitone
e Decreased renal synthesis of
1,25-dihydroxy-vitamin D
o renal failure
© vitamin D-dependency rickets
(typel)
* End-organ resistance to
1,25-dihydroxy-vitamin D
o vitamin D-dependency rickets
(Type )
b. Dietary deficiency of calcium
e Diets deficient in dairy products

Phosphopaenic causes

Decreased intake of phosphate

© prematurity

Decreased intestinal absorption of

phosphate

© ingestion of large amounts of
aluminium hydroxide

Increased renal losses of phosphate

o hypophosphataemic vitamin D-
resistant rickets: X-linked or sporadic

© Fanconi syndrome

o mesenchymal tumours

Table II: Biochemical differences between calciopaenic and phosphopaenic

rickets

Biochemistry

Calciopaenic
rickets

Phosphopaenic
rickets

Serum calcium (2.15-2.75 mmol /L) J orN N
Serum inorganic phosphate (1.30-2.6mmol /L)* } orN W
Serum 25(0OH)D (>30 nmol /L) | (vitamin D
Ao N
deficiency only)
Serum alkaline phosphatase (100-350 TU/L)* " i
Serum parathyroid hormone (1.1-6.9 pmol /L) " N or slightly 1

Normal values shown within brackets; “Age-dependent

The biochemical findings differ between the two
groups of rickets while the skeletal changes are
clinically similar** although there are some differ-
ences in clinical presentation. Management of
rickets depends on the underlying cause. Previous
studies suggest that calciopaenic rickets presents
earlier than phosphopaenic rickets.* The severe
calciopaenic form of rickets usually presents with
delayed motor milestones, severe bone pain and
deformities, and hypotonia,/ while the common
form of phosphopaenic rickets presents with short
stature and leg deformities. Table II shows the
important differences in the biochemical findings
between calciopaenic and phosphopaenic
rickets."**

The commonest cause of calciopaenic rickets is
vitamin D deficiency which is easily corrected by
oral administration of vitamin D. X-linked
hypophosphataemic rickets is the most common
form of phosphopaenic rickets and is currently
treated with calcitriol and phosphate supple-
ments.”"

In South Africa, there are little published data on
the prevalence and presentation of the different
types of rickets in children. The clinical,
biochemical and radiological differences between
calciopaenic and phosphopaenic rickets may not be
easily recognised by the attending health care
workers in primary and secondary health care facil-
ities. This study aims to describe the demographic,
clinical, biochemical and radiological findings
together with the management of these children
presenting with calciopaenic and phosphopaenic
rickets to the Metabolic Bone Disease Clinic in
Johannesburg.

Methodology

The study was a retrospective, descriptive study
of all the rachitic patients (a total of 112 patients
from 1 month to 18 years of age) referred to the
clinic. No patients were excluded from the study.
The records of patients who were reviewed were
seen at the Paediatric Metabolic Bone Disease
Clinic at Chris Hani Baragwanath Academic
Hospital (CHBAH), the major referral hospital for
the communities of Soweto, Johannesburg and
surrounding areas from January 2006 until
December 2012.

The classification of calciopaenic and phospho-
paenic rickets was based on the final diagnosis of
the attending clinicians. The final diagnosis was
based on the biochemical changes on presentation
and on the response of the rickets to the
prescribed therapy as these two types of rickets
are treated differently. The diagnosis of rickets
was confirmed on radiographs of the wrists or
knees.
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Information on the demographic, clinical, radiological and
biochemical findings were collected. Radiological findings
were evaluated by FA and thereafter checked by KT using
the Thacher scoring system for severity of rickets."

Data was analysed using Statistica statistical software
version 10.0 (Stat soft, USA). Continuous variables were
described using medians and interquartile ranges (IQR)
because they were not normally distributed. Categorical
variables were described using percentages. Comparisons
between patients with calciopaenic and phosphopaenic
rickets were done using chi-squared or Fisher’s exact statis-
tical methods for categorical data and Mann-Whitney U
test for continuous variables. A p-value of <0.05 was
considered to be statistically significant.

Height for age Z score (HAZ) and weight for age Z score
(WAZ) were calculated using the WHO Anthroplus
software (http:/ /www.who.int/growthref/tools/en).

The study was approved by the Human Research Ethics
Committee (HREC) of the University of the Witwatersrand
(approval number M130225). Permission from the Chief
Executive Officer at CHBAH was obtained to conduct the
study.

Results
Demographic data

This study comprised 112 patients aged between 2 months
and 18 years diagnosed with rickets. Fifty-nine patients
were classified as having calciopaenic rickets (52.7%) and
53 with phosphopaenic rickets (47.3%). There was a greater
number of males compared to females in the calciopaenic
group (38 [64%] vs 21 [36%]; p<0.01) and a greater number
of females compared to males in the phosphopaenic group
(35 [66%] vs 18 [34%]; p<0.01). In both the calciopaenic and
phosphopaenic groups, the majority of children were black

African (51 [87%] and 45 [84%] respectively) with the
remaining 13% and 16% comprising Indian/Pakistani,
white or mixed ancestry ethnic groups.

In both groups, more than 80% of children were from
Gauteng and the rest from other provinces within South
Africa. In both the groups, more than two-thirds of the
patients were referred from peripheral hospitals or a paedi-
atrician, followed by orthopaedic surgeons, clinics and
general practitioners. In the calciopaenic group, two (3%)
patients had a family history of rickets (one patient had an
elder sibling with vitamin D deficiency and the other
patient had an uncle who had had a possible diagnosis of
rickets but had not been treated). In the phosphopaenic
group, 22 (42%) had a family history of rickets.

Age and anthropometric measurements
at presentation and referral

The ages at initial referral and at the most recent follow-up
visit together with the anthropometric measurements at
the initial referral of the patients are shown in Table III. The
calciopaenic group presented at a younger age compared
to the phosphopaenic group (20 [7-26] vs 36 [24-51]
months; p<0.001), but the phosphopaenic group were more
stunted (HAZ scores —3.3 [-4.5 to —2.1] vs =2 [-3.4 to 0.7]
respectively; p<0.001).

Pathogenesis of rickets in the calciopaenic and
phosphopaenic groups

In the calciopaenic group, the majority of patients (54/59)
presented with vitamin D deficiency rickets; two presented
with probably dietary calcium deficiency rickets; two
patients were diagnosed as having vitamin D dependency
rickets (VDDR) type I (one of whom was confirmed on
genetic testing); and one child had renal osteodystrophy.

Table III: Chronological ages and anthropometric measurements in the calciopaenic and phosphopaenic groups

All patients Calciopaenic Phosphopaenic

(n=112) rickets (n=59) rickets (n=53)
Chronological ages and anthropometric measurements

Median Median Median

(IQ range) (IQ range) (IQ range)

Age at diagnosis or at initial presentation (months) 24 (16-41) 20 (7-26) 36 (24-51) <0.001
Age at first consultation at Metabolic Bone Disease Clinic (months) 26 (17.5-48) 20 (7-26) 41 (25-71) <0.001
Age at most recent follow-up (months) 42 (24-93) 27 (15-36) 89 (50-132) <0.001
Weight (kg) 10.3 (7.5-11.3) 92 (6.5-11.2) 12 (9.4-16) <0.001
WAZ score -1.6 (2.9 to-0.4) -1.2 (-3 t0 -0.01) -1.9 (2.7 to -1.3) 0.05
Height (cm) 80 (71-88.4) 76 (64-83) 85 (77-96) <0.001
HAZ score -29(-39to-1.4) -2 (-3.4t0-0.7) -3.3 (-4.5to -2.1) <0.001
Head circumference (cm) 48 (45.5-50) 46.7 (43-48.5) 50 (48-51) <0.001

*Mann-Whitney U test




Page 40

SA Orthopaedic Journal Summer 2016 | Vol 15 ¢ No 4

In the phosphopaenic group, 33/53 patients (62%)
presented with a clinical diagnosis of X-linked hypophos-
phataemic rickets. The remaining 20 patients (38%) in the
phosphopaenic group presented with rickets secondary to
other renal tubulopathies (proximal RTA 9 [17%], distal
RTA 4 [8%]) and sporadic hypophosphataemic rickets
(7 [13%]).

Clinical characteristic features of rickets

The most common clinical presenting features in both
groups were widened wrists, rachitic rosary and frontal
bossing in more than 80% of patients. There was a greater
number of patients in the phosphopaenic group
presenting with genu valgum of the lower limbs
compared to those patients with calciopaenic rickets (64%
vs 32%; p<0.01). Craniotabes and a lack of lower limb
deformities were the two clinical features more prevalent
in the calciopaenic group compared to the phosphopaenic
group (27% vs 11%; p<0.05 and 27% vs 4%; p<0.01 respec-
tively).

Results of biomarkers on presentation and
on follow-up or discharge

Table IV shows the baseline biochemical variables on
referral and on one-year follow-up or at discharge (after

therapy) of the calciopaenic and phosphopaenic groups of
patients. Total serum calcium levels were significantly
lower in the calciopaenic group (2.1 [2-2.3] mmol/L)
compared to the phosphopaenic group (2.3 [2.1-2.4]
mmol/L). In the calciopaenic group, 41% (24/58) had
hypocalcaemia, while in the phosphopaenic group, 27%
(14/52) were hypocalcaemic. The calciopaenic group also
had significantly higher serum parathyroid hormone
(PTH) and alkaline phosphatase (ALP) levels. The median
phosphate level was lower in the phosphopaenic group
than the calciopaenic group (p<0.001). In the phospho-
paenic group, 96% (50/52) were phosphopaenic compared
to the 60% (34/57) in the calciopaenic group. The ionised
calcium and 25-hydroxyvitamin D (25(OH)D) levels were
not significantly different, but the number of patients with
measurements was small in both groups.

At one-year follow-up or on discharge after therapy, total
serum calcium levels in both groups were within the
normal reference range but serum inorganic phosphate
levels remained low in the phosphopaenic group
(p<0.001). After treatment, data were available on 96
children, 35/47 (75%) in the calciopaenic group had
biochemical markers of rickets that had normalised
completely within a median of 13 (9-18) weeks while only
5/49 (10%) in the phosphopaenic group had within a
median of 17 (17-50) weeks (75% vs 10%; p value <0.001).

Table IV: Baseline measurements of biomarkers on referral and on one-year follow-up or at discharge (after therapy) in patients

with calciopaenic and phosphopaenic rickets

All groups Calciopaenic rickets Phosphopaenic rickets

Biomarkers on referral Median Median Median
(IQ range) (IQ range) (IQ range)

Calcium (ionised) (mmol /L) 27 1.3 (1.2-1.3) 11 1.2 (0.9-1.3) . .16. . 1.3 (1.2-1.3) 0.05
Total serum calcium (mmol /L) 110 22(2.1-23) 58 2.1(2.0-2.3) 52 23(2.1-24) <0.01
Phosphate (mmol/L) 109 0.9 (0.8-1.3) 57 1.1 (0.9-1.6) 52 0.8 (0.7-0.9) < 0.001
Serum alkaline phosphatase (IU/L) 105 711 (469-1053) 55 864 (493-1484) 50 577 (464-893) 0.03
Serum parathyroid Hormone (pmol/L) 96 12 (5.7-26.1) 49 21 (12-36) 47 7.4 (4.6-16.1) < 0.001
Serum 25(OH)D (nmol /L) 42 58.2 (32.4-84.6) 24 53 (32-82) 18 69 (34-85) 0.3

Biomarkers at 1-year follow-up or discharge

Median
(IQ range)

Median
(IQ range)

Median
(IQ range)

Calcium (Ionised) (mmol /L) 5 1.3 (1.2-1.3) B 1.3 (1.2-1.3) 2 1.3 (2.2-2.4) 0.4
Total serum calcium (mmol /L) 93 23((2.2-24) 46 2.3(22-24) 47 2.3(22-2.3) 0.2
Phosphate (mmol/L) 94 1.3 (0.8-1.7) 46 1.7 (1.4-1.8) 48 0.87 (0.76-1.2) < 0.001
Serum alkaline phosphatase (IU/L) 94 452 (315-681) 47 379 (272-543) 47 600 (375-781) < 0.001
Serum parathyroid hormone (pmol/L) 82 5.1 (3.4-9.6) 39 4.7 (3-8.6) 43 5.5 (3.7-12.3) 0.5
Thacher score n (II\Q/[erirgne) n (Il\(/)[erirgne) n (Il\é[er‘:rgne) P-value*
Initial Thacher score 94 9 (6-10) 47 9 (4-10) 47 10 (6-10) 0.1
Thacher score at 1-year follow-up or on discharge 78 2 (0-7) 40 0(0-2) 38 6 (1.5-8) < 0.001

*Mann-Whitney U test used
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The grading of radiological findings of rickets
using the Thacher scoring system

The Thacher scoring system was utilised to assess the
severity of the radiological features of rickets at the wrist
and/or knee on initial presentation and at one-year
follow-up or on discharge (Tuble IV). The initial median
Thacher score for all patients was 9 (IQR 6-10). There was
no difference in the Thacher score at presentation between
the phosphopaenic and calciopaenic groups of patients
(median 10 [IQR 6-10] vs 9 [IQR 4-10]; p = 0.12). At one-
year follow-up or on discharge, the Thacher score had
fallen but remained high in the phosphopaenic group
while in the calciopaenic group it had returned to nearly
normal (<1.5) (median 6 [IQR 1.5-8] and 0 [IQR 0-2]
respectively; p<0.001).

In the calciopaenic group of patients, 27 (67.5%) patients
had resolution of the radiological features (Thacher score
<1.5) at the time of discharge. Not all children had a
radiographic assessment on discharge, especially if they
had improved clinically and biochemically. Some were
also discharged before complete healing because the
clinical and biochemical response had been good. At
follow-up in the phosphopaenic group, seven (18%) had
resolution of radiological features of rickets while 31 (82%)
did not show complete resolution of radiological features.
Thus, radiological healing in response to treatment was
better in the calciopaenic group compared to the phospho-
paenic group (67.5% vs 18%; p-value <0.001).

Treatment of the rickets

Of the 112 patients, 41 (37%) had been started on treatment
prior to their referral to our clinic as shown in Figure 1.
Twenty-five of the 41 patients referred on treatment had
calciopaenic rickets and the remaining 16 had phospho-
paenic rickets. Of the 16 patients with phosphopaenic
rickets, 50% (8) were being treated as calciopaenic rickets
on vitamin D at the time of referral.

Discussion

Although the current literature on rickets does highlight
the salient features and management of the various forms
of rickets, this study provides an overview of the differ-
ences between calciopaenic and phosphopaenic rickets so
that these patients can be more easily recognised early in
the disease process and thereafter treated or referred to a
tertiary centre for further management if warranted.

This retrospective study compares an almost equal
number of calciopaenic and phosphopaenic patients
(52.7% vs 47.3%) presenting to the Paediatric Metabolic
Bone Disease Clinic at CHBAH between 2006 and 2012.
The majority of patients were referred by paediatricians
(36.6%), peripheral hospitals (33%) and by the orthopaedic
surgeons within the hospital’s major referral area.

The preponderance of female patients in the hypophos-
phataemic group (66% female) is in keeping with the

majority of patients in that group being diagnosed with
X-linked hypophosphataemic rickets, 42% of whom had a
family history. These findings are similar to studies from
the Republic of Korea and north India,*"? which found a
greater number of female patients (82% and 70.5%
respectively) than male patients with hypophosphataemic
rickets. In these studies, a positive family history was
noted in 29% and 35.3% respectively.

In the calciopaenic group of rickets, the most common
cause of rickets was vitamin D deficiency. In the phospho-
paenic group, 75% of patients presented with suspected
X-linked hypophosphataemia (XLH) and sporadic
hypophosphataemic rickets while the remaining 25%
presented with phosphopaenic rickets secondary to an
underlying renal tubular dysfunction. Unlike an Indian
study, in which two-thirds of patients with refractory
rickets were found to have renal tubular acidosis (RTA),
the majority being distal RTA,” in the present study only a
quarter had RTA.

The younger age of the calciopaenic patients (20 months
compared to 36 months in the phosphopaenic group)
reflects the characteristically earlier age of presentation of
vitamin D deficiency rickets. As was noted in Mumbai
(western India), children with vitamin D deficiency rickets
or renal tubular acidosis more frequently presented in the
first 2 years of life while those with X-linked hypophos-
phataemic rickets after 2 years of age,” findings similar to
the patterns described in this study.

The phosphopaenic group of children were also more
stunted than the calciopaenic group at the time of referral
(HAZ score -3.3 vs —2; p<0.001), reflecting the more
chronic nature of X-linked hypophosphataemic rickets
(XLH) compared to vitamin D deficiency rickets.

N=112

Y Y

41 treatment
started prior to
referral

71 not on
treatment prior
to referral

Y

i

on vitamin D

30 on combination therapy

Lenolax, one alpha,
mist KCL infants and

scholls solution

\

3
on one alpha
or titralac

Y Y

Y

Y

22 8
Final Final
diagnosis: diagnosis:
calciopaenic phosphopaenic

8

Final
diagnosis:
phosphopaenic

3

Final
diagnosis:
calciopaenic

Figure 1. Flow diagram demonstrates treatment at the time of referral

of children with suspected rickets to the Paediatric Metabolic Bone

Disease clinic
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The most common clinical presenting features in both
calciopaenic and phosphopaenic groups of rickets were
widened wrists, rachitic rosary and frontal bossing (>80% of
patients), which is similar to that reported by Soliman et al.*
who studied infants and young children with vitamin D
deficiency rickets. Another study on nutritional rickets in
Kenya also reported on the most common clinical findings
being swelling of the wrists (89%), frontal bossing (67%) and
rachitic rosary of the chest (54%).° Thacher et al. screened
Nigerian children with rickets and found that there were five
clinical features of rickets that independently predicted
active rickets of which wrist and costochondral enlargement
had the highest positive predictive values for active rickets
which supports the clinical findings of this study."®

Surprisingly in this study, 25(OH)D levels were found to be
in the normal range (>50 nmol /L) in the majority of children
with both types of rickets. The most likely explanation for
these apparently inappropriate levels of 25(OH)D in the
calciopaenic group is because over one-third of patients
were on vitamin D treatment on referral. Furthermore, only
24 of 59 patients with calciopaenic rickets had their vitamin
D status assessed.

Using the Thacher scoring system, the radiological severity
of rickets at presentation was similar in the two groups, but
at the time of discharge or at 12 months, radiological healing
was less evident in the phosphopaenic group than the
calciopaenic group (18% vs 67.5%; p-value <0.001). These
findings suggest that the majority of patients with phospho-
paenic rickets do not heal completely with therapy. This
finding highlights the chronic nature of the underlying
causes of phosphopaenic rickets and helps differentiate the
two types of rickets.

The retrospective nature of this study has limitations, as
not all relevant data could be traced. Furthermore, not all
clinical findings may have been reported or looked for at the
time of initial assessment, thus influencing the prevalence of
clinical findings. Finally, 18 (16%) patients at initial consul-
tation did not have X-rays and 34 (30%) patients did not
have X-rays after one year of follow-up, thus possibly influ-
encing the interpretation of the radiographic findings.

Conclusion

In conclusion, this study highlights the differences between
calciopaenic and phosphopaenic rickets, which may be of
assistance to the attending orthopaedic surgeons and paedi-
atricians in the management of rickets. The study shows that
in children with calciopaenic rickets, the majority are
vitamin D deficient, and present at a younger age with
craniotabes and less severe lower limb deformities
compared to children with phosphopaenic rickets who
mainly have X-linked hypophosphataemic rickets and are
severely short in stature and have genu valgum deformities.
The medical management of the two types of rickets differs
and response to medical therapy is better in the calciopaenic
compared to the phosphopaenic group.
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