
utritional rickets results from defective
mineralization of osteoid tissue of bone. The

mineralization defect affects primarily the epipheseal
growth plate, although the mineralization defect is
diffuse, radiological and clinical bone lesion is
predominant in areas of rapid growth. The clinical and
radiological spectrum of rickets varies depending on age,
etiology, duration and severity of Vitamin D (Vit D)
deficiency.1 Nutritional rickets remains prevalent in
tropical countries despite the fact that such countries
have ample sunlight.2-5 Recent studies suggest that
deficiency of calcium (Ca), rather than Vit D is often
responsible for rickets after infancy.6 The prevalence of
clinical and sub-clinical rickets in Saudi children was
studied in Children’s Hospital in Riyadh, Kingdom of
Saudi Arabia (KSA) (on admission) during 1986 and
1987. The prevalence of clinical rickets was estimated as
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Objectives: To explore the role of radiological examination
and certain biochemical values in diagnosis and assessing
severity of nutritional rickets.

Methods: Cases of symptomatic nutritional rickets (age
range between 3-36 months) seen at King Abdul-Aziz
University Hospital, Jeddah, Kingdom of Saudi Arabia, during
the period 1997-1999 were studied. Clinical examination by
the author of the study, determination of calcium (Ca),
phosphate (PO4), alkaline phosphates (ALP), hand and wrist
x-rays, were performed for all cases.

Results: Sixty cases of nutritional rickets were diagnosed
within 2 years (incidence of 0.5%), 38.3% of the patients
presented with swollen wrist and 28.3% with bowleg. The
bone profile at time of diagnosis: Ca = 2.33 ± 0.23, PO4 =
1.47 ± 0.40 and ALP = 925 ± 418.  Approximately 81.7% of

1.3% (1986) and 1.4% (1987) in a year and the
prevalence of sub-clinical rickets was 3.1%.7 Awareness
of this malnutrition leads to many health
recommendations for the fortification of food.
Administration of Vit D to infants was encouraged as an
integral part of preventive and therapeutic measures for
rickets in KSA. Several studies have been carried out on
rickets in KSA.7-10 However, no attempt to grade the
severity of radiological changes with biochemical values
had been reported. The present study aims to estimate
the incidence of rachitic children among patients
attending in King Abdul-Aziz University Hospital
(KAUH), Jeddah, KSA, to study their clinical and
biochemical profile, and to assess the role of
radiological findings in assessing the severity of the
disease.

Assessment of nutritional rickets in 
Western Saudi Arabia 

Nadia M. Fida, MBBCh, AbP.

ABSTRACT

337

the patients had normal Ca level, 18.3% had low serum PO4
level, 98.3% showed high value of ALP.  X-ray studies
indicated that, 58.3% of patients had active rickets, 35% had
minimal changes, and 6.7% showed healed rickets.  Among
those having active rickets 20% had low PO4 level, 83% had
normal Ca value, and 100% had high ALP. The mean value ±
SD of biochemical values in this group: Ca  =  2.34 ± 0.24,
PO4 = 1.45 ± 0.42, ALP  = 1067 ± 452.  The later was
significantly higher compared to other groups (P=0.004) but
no significant differences were observed between mean values
of other parameters.

Conclusion: Radiological examination and ALP remains
essential to confirm clinical diagnosis of rickets and
assessment of severity.
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Methods. The study was conducted at KAUH,
during the period 1997-1999. Symptomatic cases of
rickets were referred from well Baby Clinic, General
Clinic and Orthopedic Clinic to the author of this study
who examined all referred cases and followed them in
pediatric clinic. Patient data, which is recorded in
format, included nutritional pattern breast and
bottle-feeding, developmental milestones, exposure to
sunlight, social class, weight, height and presenting signs
and symptoms. Cases of nutritional rickets were
identified based on clinical signs and symptoms,
biochemical values and radiological finding of wrist and
knee radiographs.7,11 Rickets cases secondary to other
causes (for example chronic diarrhea, renal disease,
epilepsy, prematurity) were excluded. None of the
patients were on Vit D3 supplement. Bone profile (Ca,
PO4 and ALP values) and x-ray were carried out for the
study group upon inclusion and follow-up until healing.
The biochemical values (Ca, phosphate [PO4] and
alkaline phosphatase [ALP] values) were determined
spectrophotometrically using chemical analysis system
"Dimension RXL". All radiographs in each series were
read by radiologist who was unaware of the clinical and
biochemical finding, he reported them into 3 categories:
minimal, active, and healed.11,12 All patients were treated
by oral Vit D3 and Ca supplement until they achieved
normalization of clinical, biochemical and radiological
signs. Statistical analysis was performed using SPSS-10
comparison between means using the appropriate test.
Significance was assigned at p<0.05. 

Results. Out of 13,382 children seen at KAUH
during 1997-1999, 60 cases were diagnosed as
nutritional rickets that gave an incidence of 0.5%. From
the 60 cases we have 31 male and 29 female. Age of
patients ranged between 3-36 months, the mean age ±
SD was 16.9 ± 13.1. Table 1 shows the classification of
rachitic children according to their age at time of
presentation. Most patients (40%) had an age between
13-24 months. Table 2 summarizes the clinical
presentation of rachitic patients. Thirty-eight percent of
the patients presented with swollen wrists, 28.3% with
bowleg, 15% had delayed walking, and other signs were
seen in 2-5% of the patients. Radiological studies
confirmed the diagnosis of rickets. Twenty-one patients
(32%) showed minimal change, 35 patients (53%) had
active rickets (evident by cupping, frying) and 4 patients
(15%) showed minimal healed rickets. Table 3 shows the
x-ray findings and the percentage of rachitic cases with
abnormal biochemical values. It was observed that 81%
of the patients had normal calcium, 18.3% had low
serum PO4 concentration, 98.3% showed high value of
ALP. The percentage of patients with abnormal
biochemical values was not significantly different
among minimal, active or healed rickets groups. Bone
profile (mean ± SD) of the patients regardless of severity
was as follows: Ca = 2.33 ± 0.23, mmol/L, PO4 = 1.47 ±
0.40 mmol/L, ALP = 925 ± 418 IU. Table 4 shows the

mean biochemical value of rachitic children classified
according to their x-ray findings at presentation; patients
with active rickets showed significantly higher mean
ALP level compared to other groups (p=0.39). No
significant different in means of Ca (p=0.323) and PO4
(p=0.296).

Discussion. In this study 60 rickets’ children were
diagnosed over a 2-year-period gave an incidence of
0.5%. Although this is not a true population based study,
no ascertainment by other source was carried out. It
reflects that rickets is common. The underlying problem
is serious; it might reflect the extent of undiagnosed Vit
D3 deficiency in infants and mothers.13 Incidence of
nutritional rickets still prevails inspite of all measures
taken to eradicate the disease in many developing
countries14-16 and the disease is still seen in some
developed countries.17 Nutritional rickets in African -
American infants were reported to be increasing
between the periods of 1990-1999. This was attributed
to lack of Vit D supplement for most infants and
inadequate exposure to sunlight of both mother and
infant.18 Nutritional rickets without Vit D deficiency has
been reported in Bangladesh.19 In Nigeria, studies
suggested that Ca deficiency, Vit D end products
resistance maybe the contributing factors. The
prevalence of nutritional rickets among Saudi children in
Riyadh, KSA during 1986 was estimated as 1.3% and in
1987 it was estimated as 1.4%.7 A swollen wrist is an
early sign of rickets and occurs as a failure of
mineralization of the cartilage. Most of our patients
presented with a swollen wrist (38.3%) while bowleg
was seen in 28.3%; similar findings were reported by
Sedrani et al.7 Less than 10% with bowleg was seen in
their study. This might be due to the mean age of our
group being older and that the symptoms are more
obvious as the child starts to walk, delayed diagnosis
and thought of medical advice is the possible cause.
However, physiological bowing was not observed in this
study as all these patients presented are approximately
2-year-old and had an x-ray findings of classical rickets.
Fifteen percent of our patients presented with delayed
walking, compared to 5% in Sedrani et al7 study. It
reflects the severe rachitic patient with fully developed
muscle and lack of tone. Other manifestations are seen
in variable degrees. However, other reported presenting
symptoms such as convulsions, fractures are not seen in
the present study. 

In our study, 18.3% of rachitic children were
hypocalcemic and escaped the effect of inappropriate
parathyroid response as most of them presented at the
age of 15 months, 20% had low serum PO4
concentration, which is attributed to tubular response,20

and ALP was higher in 98.3%. Sedrani et al,7 reported a
lower percentage of rachitic children who had
hypocalcemia (17.2%) or hypophosphatemia (14.2%). A
recent study in the United Arab Emirates showed results
different from our findings concerning hypocalcemia
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Table 1 - Classification of rachitic children according to their age (N = 60).

Groups

1

2

3

4

Total

Age (months)

Range

3 - 6

7 - 12

13 - 24

25 - 36

3 - 36

n

10

15

24

11

60

(%)

      (16.7) 

   (25) 

   (40) 

     (18.3)

(100)

Table 2 - Clinical presentation of rachitic children.

Clinical presentations

Swollen wrist
Bow leg
Delayed walking
Frontal bossing
Rachitic rosary
Hypotonia
Wide fontanel
Delayed teeth

Total

n

23
17
  9
  3
  3
  2
  2
  1

60

(%)

     (38.3)
     (28.3)

  (15)
    (5)

      (5)  
        (3.3) 
       (3.3)
       (1.7)

(100)

Table 3 - Relation between x-ray findings of biochemical values and rachitic children.

X- ray findings

Minimal

Active

Healed

Total

p value

N

21

35

4

60

(%)

  (35)

     (58.3)

       (6.7)

 (100)

Calcium
normal (2.2 - 2.7) mmol/L

n

17

29

   3 

49

0.924

(%)

(81)

   (82.9)

(75)

   (81.7)

Phosphate
Below 1.1 mmol/L

n

  3

  7

  1

11

0.813

(%)

     (14.3)

    (20)  
 

   (25) 

     (18.3)

Alkaline phosphatase
Above 400 IU

n

20

35

  4

59

0.004

(%)

      (95.2)

    (100)   

 (100)

      (98.3)

Table 4 - Correlation between radiological findings and mean biochemical values in rachitic children.

X- ray 

Minimal rickets

Active rickets

Healed rickets

Total

p value

Calcium

 2.37 + 0.30

  2.34 + 0.24 

2.18  + 0.15

 2.33 + 0.23

0.32

Phosphate

 1.56 + 0.38 

1.45 + 0.42

1.24 + 0.12

1.47 + 0.40

0.30

Alkaline phosphatase

  695 + 232

1067 + 452

   889 + 397 

   925 + 418 

  0.39

Significance is assigned at p < 0.05 

Significance is assigned at p < 0.05 
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(36%), and hypophosphatemia (82%) among rachitic
children.21 Several studies showed that all rachitic
patients had high ALP.21 The majority of the patients
(53%) had a radiological findings, indicative of active
rickets, which reflects prolonged and defective
mineralization of bones, failure of calcification of bones
that result in decreased density of the shaft. Most of
patients’ ages ranged from 13-24 months, which is the
age of maximum growth and need for Vit D3 and Ca.
The mean dietary intake of Vit D3 decreases
significantly in this age group below 54%.
Recommended daily allowance, as estimated by
Bahijri,22 although their exposure to sun increased as
they start walking. In our study, 15% of patients had
healed rickets. As they were more than 2 year old, and
none of them were on Vit D3, it is speculated that as
they grow older, they become more dependent on
sunlight to provide them with the Vitamin. However,
minimal change rickets was found in 32% of our patients
who had a mean age of 10 months. This might be due to
prolonged breast-feeding, although no significant
relationship was found between mean biochemical value
of Ca, PO4, ALP and degree of radiological change, the
limitation of the study, was the inability to measure 25
hydroxy cholcalciferol which was not available in our
hospital.

In conclusion, radiological examination is essential to
confirm clinical diagnosis of rickets and the assessment
of severity. Raise levels of serum alkaline phosphates
remain the important supportive evidence for diagnosis
and assessment of severity. Rickets is still a major
problem in our community and consumes considerable
health resources. We cannot rely on greater exposure to
sun and modified diet alone. To control the problem, it is
recommended to eradicate rachitic cases by ensuring Vit
D3 supplement as well as maintaining adequate calcium
level in infancy and high- risk groups. There is a need to
launch rickets prevention program awareness of general
practitioners, pediatricians, and obstetricians. They must
be alerted to the consequences of Vit D3 deficiency.
With the availability of assessment of 25 hydroxy
cholcalciferol, it is probably cost effective to routinely
measure the level in individuals at great risk.
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