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Background: Rickets is a disorder of defective mineralization due to deficiency of calcium
and vitamin D and is more prevalent amongst the developing nations. Rickets has been
ranked amongst the five most prevalent diseases in children of developing countries. The
diagnosis of rickets is based on clinical features, biochemical studies and radiological signs
and confirmed by response to treatment. Aims and Objectives: The purpose of this study
is to evaluate the clinical, radiological and biochemical markers of the rickets by measuring
the markers at the time of presentation, at 6 weekly intervals and after completion of
treatment with standard regimen for rickets. Materials and Methods: 101 cases of nutritional
rickets in age group 6 month to 18 years were allocated to receive combination therapy of
calcium and vitamin-D according to their age and weight during a study period of 24 weeks.
Radiographs (wrist and knee) and biochemical parameters (serum calcium, inorganic
phosphate, alkaline phosphatase [ALP], and Vitamin-D), as well as clinical features, were
evaluated at presentation, 6, 12, 18, and 24 weeks and response of treatment and markers
were assessed at subsequent interval. clinical, radiological, biochemical parameters were
evaluated statistically with Chi-square test for qualitative and 2 or more different variables
by ANOVAs respectively. A P<0.05 was considered statistically significant analysis was
done using Statistical Package for Social Sciences version 21.0. Results: At presentation,
the mean dietary intake of calcium was low in all cases (6.11 +0.78 mg/dl). Mean vitamin-D
level was (23.05 £8.14 ng/ml) indicative of vitamin-D deficiency. At the end of treatment
(i.e., 24 weeks) clinical, radiological, and biochemical evidence of healing was observed.
Normal serum ALP and complete radiological healing at 12 weeks was observed in 75% of
subjects with the improvement of all markers. Conclusion: Children with rickets having low
dietary calcium intake and low serum Vitamin-D levels have maximum number of markers at
presentation. After intervention of combination regimen of calcium and Vitamin-D, remarkable
improvement in clinical, radiological, and biochemical markers was found.
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INTRODUCTION

Rickets is a disorder of growing children due to defective
mineralization of newly formed bone matrix because
of Vitamin D deficiency."” Rickets has been ranked
among the five most prevalent diseases in children of
developing countries.” The diagnosis of rickets is based
on clinical features, biochemical studies, and radiological
signs and confirmed by response to treatment.* Exclusive

breastfeeding without Vitamin D supplements for the baby,
lack of sunlight exposure, inappropriate dietary intake,
and poor housing would contribute to the development
of rickets.™

The clinical signs and symptoms of rickets include bow
legs, rachitic rosary, frontal bossing of the skull, widened
wrist and ankle joints, and poor growth. Nutritional
rickets is biochemically characterized by elevated serum
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alkaline phosphatase (ALP) activity, normal or decreased
serum level of calcium and phosphate, secondary
hyperparathyroidism, and decreased 25-OHD serum
concentrations.”® Radiographic changes of active rickets
are evident at growth plate of rapidly growing long bones.
These changes reflect expansion of the cartilaginous
growth plate and delayed mineralization. The junction of
the mineralizing metaphysis with the cartilaginous physis
(zone of provisional calcification) increase in longitudinal
thickness. Consequently, the luscent gap between metaphysis
and epiphysis expands because the shadow of the zone of
provisional calcification is partially or totally invisible.” The
changes occurring in metaphysis may appear to be indistinct,
frayed, and irregular on X-ray examinations."’ Though
changes of rickets on radiographs are well characterized,
there is no specific method for grading the severity of
these changes that has been in general use. Consequently,
it is difficult to compare objectively or follow radiographic
improvement. To the best of our knowledge, only one study
by Thacher ez al., was conducted to evaluate the utility and
reproducibility of a 10-point scoring method for measuring
the severity of rickets."

Aims and objectives

The purpose of this study is to evaluate the clinical,
radiological, and biochemical markers of the rickets by
measuring the markers at the time of presentation, at
6 weekly intervals, and after completion of treatment with
a standard regimen for rickets.

MATERIALS AND METHODS

The study was conducted in the Department of Orthopaedics
at our institution. The patients were followed up in the
outpatient department on the basis of the provided visit.
The clinical features, biochemical changes, and radiological
findings were noted at every follow-up visit.

Inclusion criteria

The study included all children of nutritional rickets of age
6 months to 18 years, as well as patients presenting with
recurrent LRTI, delayed milestones, diarrhea, or increase
bone fractures.

Exclusion criteria

The patients of primary rickets associated with other
comorbidities, major congenital malformations,
chromosomal abnormalities, or any other metabolic
disorders as well as patients of secondary rickets were
excluded.

Intervention
Children of rickets were treated with calcium and
vitamin D regime (Age 6—12 month with Vitamin D
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(IU/ DL) - Single dose of 50,000, Daily dose X 12 weeks
of 2000, Maintenance dose X 24 weeks of 400, with
Calcium 300-400 mg/dl/day.

Age 1-12 years with Vitamin D (IU/DL) - Single dose
of 1,50,000, Daily dosex12 weeks of of 3,000-6,000,
Maintenance dosex24 weeks of 600, with Calcium
600-1,200 mg/dl/day.

Age >12 years with Vitamin D(IU/DL) - Single
dose of 3 Lacs, Daily dosex12 weeks of 6000,
Maintenance dosexX24 weeks of 600 with Calcium
1300— 1500 mg/dl day). In the follow-up visits, their
serum biochemical markers and X-rays of wrist and
knee were taken. Radiological markers were noted
and the number of remaining clinical markers in the
consecutive visits were noted.

Outcome measures

The following eight chief clinical parameters were
used 1) Craniotabes 2) Harrison’ sulcus 3) Rachitic
changes 4) Widening of the wrist and knee 5) Bowing
and Knock-knee 6) Pigeon chest 7) Joint swelling
and tenderness 8) Difficulty in walking. Seven chief
radiological parameters were 1) Epiphyseal enlargement
2) Splaying, fraying, and cupping 3) Rachitic rosary
4) Loss of provisional zone of calcification 5) Periosteal
thickening 6) Pathological fracture 7) Coxa vara/valga.
Biochemical markers were 1) serum calcium 2) serum
phosphate 3) serum ALP 4) serum Vitamin-D. Each
patient of rickets was followed up at 6 weekly interval
and their clinical, radiological, and biochemical markers
were assessed primarily at the time of presentation of
the cases and then again at each follow up visit upto
24 weeks. The outcomes and overall improvement in
all three markers were compared at the end of study

period.

Ethics

Since the study involves human subjects, procedures
followed were in accordance with the ethical standards
of the responsible committee on human experimentation
(institutional). Institutional Ethical Committee approval
was taken for this study.

Statistical analysis

Improvement in clinical, radiological, and biochemical
parameters were evaluated statistically with Chi-square
and ANOVA tests. A P<0.05 was considered statistically
significant. The data were analyzed using Statistical Package
for Social Sciences version 21.0. Biochemical markers
and anteroposterior and lateral radiographs were taken
at every visit for comparison of the radiological markers
with clinical markers.
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RESULTS

The study consisted of a total 101 cases who were clinically
diagnosed and further confirmation by radiograph and
biochemical investigations was done. Among the study
population, 57 were male and 48 were female. About
27.73% cases were in the age group of 6 months to
1 year, 33.66% were in the age group of 1-6 years, 27.72%
were 0—12 years and 11.88% cases were present in the
age group of 12-18 years. The mean age was 5 years.
68 cases were from rural area and 43 cases from urban
area. Among these, 15 cases belonged to the upper class,
26 to the middle class and 60 cases belonged to lower
socioeconomic status. Prevalence among males is more
and mostly found in rural communities belonging to lower
socioeconomic status.

A total of eight clinical markers relevant to the general
population were taken in the study. Five cases had
craniotabes with frontal bossing, 7 had Harrison’s sulcus,
rachitic changes in the ribs were seen in 29 patients,
widening of wrist and knee in 18 patients, bowing of lower
limb in 34 patients, knock knee in 31 patients, pigeon chest
deformity in 4, three patients had difficulty in walking
while joint swelling and tenderness was seen in 27 patients.
Apart from these, some patients presented with more
than one clinical marker with non-osseous features such

as potbelly. Malnutrition with poor development, growth
retardation, dental defect, and muscle weakness were also

present (Table 1).

Earliest sign of clinical relief is pain and bony tenderness
while delayed response is in the deformity of the lower
limb. Signs of clinical relief were found after 6 weeks of
treatment. Other associated symptoms returned to the
normal range within 4 to 6 weeks. Some patients (6.68%)
did not respond, for whom Vitamin D therapy with
3 lac or 6 lac IU was given monthly, intramuscularly and
symptoms were relieved. The patients with lower limb
deformity such as genu valgum and genu varum which
did not correct spontaneously were advised to undergo
corrective osteotomy.

There was a total of seven parameters for assessment
of radiological markers, and they were epiphyseal
enlargement (34 cases), features of splaying fraying and
cupping (78 cases), rachitic rosary (22 cases), loss of
provisional zone of calcification (57 cases), periosteal
thickening (41 cases), pathological fractures (2 cases)
and coxa vara (1)/coxa valga (2). Apart from these,
most of these patients had widening of epiphysis and
metaphysis (Figures 1 and 2). After a period of 24 wecks,
85.5%cases showed radiological healing while the rest
did not respond with the regime. Vitamin-D levels

N=101 Number of cases present

Clinical markers (n=8) At presentation 6 weeks 12 weeks 18 weeks 24 weeks Total Chi-square test
8 10 4 2 1 0 17 $>=245

7 8 3 1 0 0 12 Diff=32

6 7 3 2 1 0 13 P<0.001

5 13 6 3 2 0 24 (Highly significant)
4 16 25 14 17 5 77

3 20 28 30 20 7 105

2 24 20 22 16 18 100

1 2 1 24 36 32 106

0 1 1 3 7 39 51

Figure 1: (a) At presentation, (b) at 6 weeks, (c) at 12 weeks
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are directly correlated with the severity of rickets. At
presentation, 22 cases had <30 nmol/] Vitamin-D and
more radiological markers. At the end of 6 weeks, when
all biochemical parameters started increasing towards
the normal level, radiological markers started healing.
Serum ALP most closely related to the severity to the
radiological rickets (Table 2).

There were 4 biochemical parameters which were taken
into account in our study. These were serum calcium,
serum phosphate, serum ALP, and serum vitamin-D..
Other markers such as serum PTH and serum cholesterol
were not taken as they were costlier investigations and
were not feasible for most patients. Serum calcium
levels were at significantly lower levels at the time
of presentation (mean value 6.08 mg/dl) and serum
phosphate level (mean value 3.99 mg/dl) was also low.
Both values started rising on treatment with standard
regimen of rickets. After 6 weeks on 1* follow-up, serum
calcium and serum phosphate values came near-normal
range, and after 18 weeks, their mean values became

normal i.e. 8.05 mg/dl and 5.08 mg/dl. Serum ALP levels
at the time of presentation (mean value 651 IU/L) were
significantly higher than the normal value (44-1151U/L).
Serum ALP closely related with severity of the rickets.
During the course of the study, serum ALP levels
followed a gradual pattern of fall, with a mean starting
value during the first OPD visit of 651 1U/L, 5821U/L at
6 weeks, 447 1U /L at 12 weeks, 361.61 IU /L at 18 weeks,
and coming to normal range (115.73) after 24 weeks of
treatment (Table 3).

Clinical, radiological, and biochemical markers which were
resolved at the end of follow up (24wecks) interpreted
as follows — clinical 93.327%, radiological 85.55%,
biochemical 98.44% while those Not resolved ate as follows
— clinical 6.68%, radiological 14.1%, biochemical 5.66%.
X?3=2.97, P<0.05 (Significant).

Radiological findings
Improvement in the calcification around the knee in
Figure 1 and around wrist after vitamin D administration.

N=101 Number of cases present Total Chi-square test
Pre-treatment Post-treatment

Radiological markers (n=7) At presentation 6 weeks 12 weeks 18 weeks 24 weeks

7 26 15 8 5 3 57 %>=249.60

6 22 18 10 3 1 54 Diff=28

5 20 24 10 4 2 60 P<0.001

4 10 13 22 9 3 60 (Highly significant)

3 10 14 28 14 9 75

2 5 5 15 29 22 76

1 7 6 3 23 35 74

0 1 3 5 14 26 49

Total 101 101 101 101 101

Serum biochemical Pre-treatment values Mean value of serum markers during treatment P value
markers (n=101) At presentation 6 weeks 12 weeks 18 weeks 24 weeks
(MeantSD) (MeantSD) (MeantSD) (MeantSD) (MeantSD)

Calcium (mg/dl) 6.11+0.78 7.05+0.68 7.23+£2.75 8.05+£0.93 9.42+0.68 <0.001
Phosphate (mg/dl) 3.99+0.58 4.35+0.69 4.51+0.54 5.08+£0.72 5.33+0.71 <0.001
Alkaline 65112421 582.96+203.41 447.34+95.82 361.6£107.42 115.73144.77 <0.001
phosphatase (iu/l)

Vitamin-D, (mmol/l) 23.05+8.14 38.85+£8.40 76.83+£16.23 78.31£15.6 94.63+9.70 <0.001
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DISCUSSION

Rickets remains a major public health problem in
developing countries like India. The etiopathogenesis
of rickets is thought to be multifactorial, for example,
lack of exposure to sunlight, prolonged breastfeeding,
multiple pregnancies, and lack of supplementation of food
rich in Vitamin D. The relationship between Vitamin D
and feeding pattern, duration of breastfeeding, age of
complementary feeding, children and mother selective
type of food, number of deliveries, sun exposure, clothing,
and house type were also assessed. Nevertheless, the age
at which to introduce complementary feeding, duration of
complementary feeding, appropriate frequency of feeding,
content, and factors affecting intake of complementary
foods are beyond the scope of the current study and
require further study.

In our study, genu-varum deformity was most common.
Other features such as beading of the rib cage, Harrison’s
sulcus, bony tenderness at wrist and knee were other
common features. Many studies showed that lack of
sunlight increases the risk of rickets."” In general, the
distribution of rickets among children was decreased with
increasing exposure frequency to sunlight. The more the
child was exposed to sunlight, the more was the production
of vitamin D in the skin. This result is consistent with other
studies.”” Mothers, who sought advice from both doctors
and mother and child-care workers, were found to have
the lowest number of rachitic children.!*

In addition to the clinical features, the rachitic children also
demonstrated biochemical alterations. There was significant
decrease in the mean values of serum Vitamin D, serum
calcium, and serum phosphate levels. In contrast, serum
ALP levels were significantly increased in rachitic children.
The serum concentration of 25-OH Vitamin D.is an
accepted index of Vitamin D nutritional status and should
be restricted to the assessment of Vitamin D status.'

The first sign of response to therapy is the appearance
of healing line of rickets - a radio-opaque line in the
epiphysis signifying mineralization of provisional zone
of calcification has begun, Dimitri followed his patients
6 weekly to see the response of treatment.'® In our study,
healing line appears after 6 weeks, 46.5% recovered within
12 weeks, and 88.14% by 6 months. In our study, the
mean time taken to radiological resolution is 5 months.
Radiography in each visit helps to evaluate the response
of healing of rickets.

Radiologically, more severe rickets took more time to
resolve. Calcium along with vitamin-D, leads to quicker
resolution of radiological findings."” Patients who were not
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responding to usual regimen of rickets were given Stoss
therapy and most of them had resolution within 6 months.

Limitations of the study
Our study was limited due to small sample size and
difficulty in follow up of patients due to corona pandemic.

CONCLUSION

All the three parameters clinical, radiological, and
biochemical are required to evaluate the outcome measures
in rickets patients.

What is known

Distal ends of radius and ulna were used as the radiological
indicator for diagnosis and follow-up in nutritional rickets,
whereas the distal femur was a better radiological indicator.
Thacher’s 10-point scoring system is a very useful tool
and the only system for assessing the severity and grading
radiological changes of nutritional rickets and its follow-up
that aids in monitoring improvement.

What this study adds

Non-osseous clinical markers and osseous radiological
markers of rickets improved within a month in cases who
presented at an early age. Serum ALP was closely related
to the severity of the disease and serum vitamin-D level
related to the prognosis and outcome of the disease. All
the three parameters clinical, radiological, and biochemical
are required to evaluate the outcome measures in rickets
patients.
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