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Abstract

Purpose: To investigate the therapeutic efficacy of calcium carbonate and vitamin D3 granules in bone
density and growing limbs in children.

Methods: One hundred children with pains in growing limbs were recruited as the study group,
juxtaposed with a blank group comprised of 100 healthy children with no pains. Both groups underwent
physical examinations at Bethune International Peace Hospital, Shijiazhuang City, China during the
study period. Children in the study group were further randomized into treatment group (n = 50) which
received orally administered calcium carbonate (500 mg) and vitamin D3 granules (35 pg) once daily for
3 months and control group (n = 50) without treatment intervention. Bone density, pain severity, serum
25-hydroxyvitamin D (25-(OH)D), calcium, and phosphorus levels were determined in all groups.
Results: There was no significant difference in serum calcium, phosphorus, and bone density Z-scores
in the study and control groups (p > 0.05). Also, the presence of pains in growing limbs of children was
associated with significantly lower serum levels of 25-(OH)D (p < 0.05), but treatment with calcium
carbonate and vitamin D3 granules significantly ameliorated pain (p < 0.05). After treatment, children
who received calcium carbonate and vitamin D3 granules exhibited significantly higher bone density Z-
scores, with higher scores observed in those with effective treatment outcomes compared to those with
ineffective outcomes (p < 0.05).

Conclusion: Pains in growing limbs of children are associated with serum 25-(OH)D levels. Oral
administration of calcium carbonate and vitamin D3 granules significantly alleviates the severity of pains
and improves bone density. Further studies using larger patient populations and multi-racial centers will
be needed to consider potential factors such as genetic and environmental that may have an impact on
the study outcomes.
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INTRODUCTION limb without any direct or apparent causes, with

a global prevalence of approximately 10 - 20 %
Pains in growing limbs in children are intermittent among children [1]. Despite an elusive
and localized pains that predominantly occur at mechanism, this non-inflammatory pain has been
night. The pain is mostly domiciled in the lower shown to be associated with psychological
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(stress and anxiety, emotional sensitivity, sleep
disturbances) and anatomical factors (muscle
fatigue, musculoskeletal imbalances, rapid
growth), excessive use of growing limbs, and low
pain thresholds [2]. The duration, frequency, and
severity of growing pain episodes vary widely,
and it is diagnosed based on medical history and
physical examination, without the need for
laboratory tests [3].

In most cases, pains in growing limbs of children
are benign and tend to self-limit when
approaching adolescence, with virtually no risks
associated with any further serious illnesses [4].
However, psychological outcomes such as
anxiety arising from this syndrome are not
neglected, so proper knowledge and
understanding of pains in growing limbs of
children are essential in mitigating the incidence
of harmful psychological effects [5]. A systematic
review indicated that low pain thresholds,
decreased bone density, vitamin D deficiency,
and psychological factors are potential
mechanisms for the onset of pains in growing
limbs of children [6]. Vitamin D is an essential
component of skeletal and mineral metabolism, a
trace element necessary for accelerating calcium
absorption in the intestines, and crucial for
normal growth plate calcification and bone
mineralization. It plays a significant role in
homeostasis of calcium and phosphorus, being
essential for bone mineralization, skeletal growth,
and overall bone health [7]. Insufficient vitamin D
leads to reduced calcium absorption and serum
calcium levels, triggering secondary
hyperparathyroidism, thereby increasing bone
resorption and serum alkaline phosphatase
(ALP) levels [8].

Study by Qamar et al [9] among 100 children
with pains in growing limbs revealed that 22
cases had insufficient vitamin D (levels between
20 - 30 ng/mL), while deficiency was seen in 72
cases (levels below 20 ng/mL) [9]. In adults,
studies have described an association between
vitamin D levels and chronic pain conditions, with
a reduction in pain following vitamin D
supplementation [10]. Thus, this study
investigated the effectiveness of vitamin D3
supplementation in mitigating the severity of
pains in the growing limbs of children.

METHODS

Baseline characteristics

A total of 100 children with pains in growing limbs
admitted to Bethune International Peace

Hospital, Shijiazhuang City, China from January
2020 to January 2022 were recruited into study

group juxtaposed with a blank group consisting
of 100 healthy children. Children in both groups
underwent physical examinations at the hospital
during the same period. Study group were further
randomized into treatment (n = 50) and control
groups (n = 50). The treated group received
calcium carbonate and vitamin D3 granules while
control group (n = 50) received no treatment
intervention. This study was approved by the
Ethics Committee of the Hospital (approval no.
2022-090-22), and conducted according to the
guidelines of the Declarations of Helsinki [11].
Informed consent was obtained from the parents
or guardians of the children, who signed
informed consent forms.

Inclusion criteria

Children < 14 years, meeting the diagnostic
criteria for pains in growing limbs of children
(intermittent, non-articular leg pain that typically
occurs later in the day or at night and can self-
resolve) [12], no significant abnormalities
observed on physical examination, no signs of
infammation, symptom duration = 6 months, no
abnormalities in erythrocyte sedimentation rate,
rheumatoid factor, and other tests.

Exclusion criteria

Children > 14 years, > 6 months duration of
symptoms, lower limb pain caused by other
conditions such as trauma, infection, and bone
tumors, interruption, non-compliance, or loss to
follow-up during treatment.

Interventions

The treatment group received one sachet of
calcium carbonate and Vitamin D3 granules
(Beijing Zhendong Kangyuan Pharmaceutical
Co., Ltd., NMPA approval no. H20090334), once
daily orally with each sachet containing 500 mg
of calcium and 35 ug of vitamin D for 3 months.
During treatment, outdoor activities and exposure
to sunlight for approximately 2 h were
encouraged, and attention was given to
maintaining a balanced diet. Control group was
advised to engage in appropriate outdoor
activities and exposure to sunlight without
treatment intervention.

Evaluation of parameters/indices

Serum 25-hydroxyvitamin D, calcium and

phosphorus levels

A total of 3 mL morning fasting elbow venous
blood was collected from patients after treatment
and was centrifuged for 10 min to obtain the
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supernatant, which was then stored at -20 °C for
further analysis. Serum 25-(OH)D levels were
measured using liquid chromatography-tandem
mass spectrometry (HPLC-MS/MS) according to
the manufacturer’'s specifications. Blood calcium
was determined using the azo-molybdate
method, and blood phosphorus was determined
using the phosphomolybdate method.

Measurement of bone density

Bone density at the distal one-third of the left
forearm radius of the children was measured
using a BMD-1000 ultrasound bone densitometer
[13].

Pain severity and clinical efficacy

After 3 months of treatment, the Visual Analog
Scale (VAS) score [14] was employed to assess
pain severity, and the VAS reduction rate was
used to evaluate clinical efficacy. A VAS score of
0 indicates no pain, while a score of 10
represents the most severe and unbearable pain.
The VAS reduction rate (VR) was obtained using
Eq 1 [14].

VR (%) = {VASpre - VASpost)/VASpre}1OO (1)

Where VASpre is pretreatment VAS, and VASpost
is post-treatment VAS

Clinical cure [14] was defined as a VAS reduction
rate = 75 %, significantly effective as a VAS
reduction rate of 75 % to 50 %, and ineffective as
a VAS reduction rate < 50 %. The effective rate
(ER) was calculated using Eq 2.

ER = {(Cure + SE)/N}100 .................

Where SE is significantly effective and N
represents the total number of cases

Statistical analysis

Data were analyzed using Statistical Packages
for Social Sciences (SPSS 22.0 software, IBM,
Armonk, NY, USA). Count data were represented
as percentages (%) and compared using Chi-

Table 1: Baseline characteristics

squared test. Count data were expressed as
mean + standard deviation (SD) and analyzed
using t-test. P < 0.05 was considered statistically
significant.

RESULTS

Baseline characteristics

There was no statistical difference in baseline
characteristics between the two groups (p > 0.05;
Table 1).

Blood calcium and phosphorus levels

Before treatment, concentrations of blood
calcium and phosphorus were 2.41 0.22
mmol/L and 2.15 = 0.26 mmol/L respectively in
study group. Concentrations of blood calcium
and phosphorus were 2.33 = 0.29 and 2.09 +
0.22 mmol/L respectively in the control group.
Children either with or without pains in growing
limbs had similar levels of blood calcium and
blood phosphorus concentration (p > 0.05;
Figure 1).
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Figure 1: Blood calcium and phosphorus levels after
treatment

Serum 25-(OH)D levels and bone density

In the study group, the concentration of 25-
(OH)D was 21.69 + 3.26 mmol/L and the bone
density Z-score was 0.96 + 0.32. The
concentration of 25-(OH)D was 32.21 + 6.32
mmol/L and the bone density Z-score was -0.87

+ 0.29 in control group.

Characteristic Study Control X2/t  P-value
Gender (n) 1.648 0.199
Male 39 48

Female 61 52

Age (years) 8.22+2.01 7.93+1.92 1.043 0.298
Height (cm) 139.8+18.2 142.2+17.63 0.947 0.345
Weight (kg) 29.33+4.96  30.12+5.63 1.053 0.294
BMI (kg/m?) 15.23£3.25 15.96+3.47 1535 0.126
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Children with pains in growing limbs exhibited
significantly lower 25-(OH)D levels than those
without this syndrome (p < 0.05), while bone
density was similar between the two groups of
children (p > 0.05).
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Figure 2: Serum 25-(OH)D and bone mineral density
after treatment. ***P < 0.001 compared to control

group

Clinical efficacy of calcium carbonate and
vitamin D3 granules

In the treatment group, there were 24 cases of
clinical cure, 17 significantly effective cases, and
9 ineffective cases, with an overall effective rate
of 82 % (41/50). In the control, there were 8
cases of clinical cure, 16 significantly effective
cases, and 26 ineffective cases, with an overall
effective rate of 52 % (26/50). Calcium carbonate
and vitamin D3 granules provided significant
reduction in pain severity in growing limbs of
children (p < 0.05; Table 2).

Relationship between efficacy and bone
density

Based on clinical efficacy, patients were divided
into effective and ineffective groups. Differences
in bone density before and after treatment were
compared between the two groups. The results
revealed that children who received calcium
carbonate and vitamin D3 granules exhibited

significantly higher bone density Z-scores, with
higher scores observed in those with effective
treatment outcomes compared to those with
ineffective outcomes (p < 0.05).

DISCUSSION

Pains in growing limbs of children are a common
pediatric condition, with a high global prevalence
among children between the ages of 2 and 12
years. It is also the prevailing cause of chronic
leg pain in children and adolescents. A study
assessed 345 children and adolescents with
chronic leg pain and revealed that 300
individuals (87 %) were ultimately diagnosed with
pains in growing limbs [12]. In most cases, pains
in the growing limbs of children resolve without
need for treatment during adolescence and do
not lead to adverse outcomes [13]. However,
recurrent episodes of pain may result in
compromised sleep quality, psychological well-
being, and social interactions in children [14].
Results of the current study found no significant
alterations in bone density, blood calcium, or
blood phosphorus levels in children after being
diagnosed with pains in growing limbs.

The specific etiology underpinning pains in
growing limbs of children remains unclear, but
anatomical  conditions, bone  metabolism,
psychological factors, and intensity of physical
activity are contributing factors [15]. Skeletal
growth is a continuous remodeling process,
involving the resorption of old bone by
osteoclasts and the formation of new bone by
osteoblasts. Blood calcium and phosphorus
levels may, to some extent, indicate bone
metabolism. Low blood calcium levels, also
known as hypocalcemia, may suggest impaired
bone metabolism, as it could indicate inadequate
calcium absorption or increased calcium loss
from the bones.

Table 2: Clinical efficacy of calcium carbonate and vitamin D3 granules (n=50)

Group Clinical cure Effective ineffective Total effective rate
Treatment 24 17 9 41(82%)
Control 8 16 26 26(52%)

X2 10.18
P-value 0.001

Table 3: Relationship between clinical efficacy and bone mineral density

Group n Before treatment After treatment
Effective group 67 -0.92+0.26 -0.77+0.17
Ineffective group 33 -0.97+0.28 -0.88+0.19
T-value 0.882 2.926
P-value 0.380 0.004
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Similarly, low blood phosphorus levels, known as
hypophosphatemia, may be a sign of impaired
bone metabolism, as phosphorus is an essential
nutrient for bone formation. On the other hand,
high blood calcium levels, known as
hypercalcemia, or high blood phosphorus levels,
known as hyperphosphatemia, may indicate
increased bone metabolism.

Elevated levels of these minerals in the blood
may be a result of increased bone resorption,
where calcium and phosphorus are released
from the bones into the bloodstream. Currently,
there is an ongoing controversy regarding the
relationship between blood calcium and
phosphorus levels with pains in growing limbs of
children, on which no high-quality studies are
available [16]. A cross-sectional study conducted
on elementary and middle school students in
Turkey found that diagnosed cases of pains in
growing limbs of children had blood calcium and
phosphorus levels within the normal range,
consistent with the results of this study [17].
Serum levels of 25-(OH)D in children with pains
in growing limbs were significantly lower than
those in healthy children. Vitamin D is a vital fat-
soluble steroid derivative necessary for
maintaining normal physiological functions in the
body, particularly for skeletal health. Vitamin D
deficiency in childhood may affect the growth and
development of the skeleton. 25-(OH)D is the
primary form of vitamin D in the body and is
relatively stable over an extended period, with
minimal influence from the body's regulation [18].
The correlation between vitamin D and skeletal
health has been substantiated by numerous
studies, with significant associations between 25-
(OH)D levels and outcomes related to skeletal
health such as rickets, falls, and bone density
[19].

A cohort study by Morandi et al [19] revealed a
correlation between the intensity of pains in
growing limbs of children and levels of vitamin D
and bone density [20]. A study involving 120
Turkish children aged 4 to 12 years with pains in
growing limbs revealed that vitamin D deficiency
might be a contributing factor, and
supplementation of vitamin D would reduce the
intensity of discomfort experienced. A total of
61.6 % of children had 25-(OH)D levels < 20
ng/dL, and 25 % had 25-(OH)D levels < 10
ng/dL. Furthermore, after receiving vitamin D
supplements for 3 months, pain scores
significantly decreased [21]. In this current study,
the treatment group received oral administration
of Calcium Carbonate and Vitamin D3 granules
and achieved similar results. Additionally, this
study compared alterations in bone density in
children with different clinical outcomes and

found better improvement in bone density in the
effective group compared to the ineffective
group, suggesting a possible relationship
between the alleviation of growing pain and
increased bone density. However, this would
require further investigation.

Limitations of this study

Although this study has presented vital findings,
there are still limitations that need to be
addressed and improved in future. The limited
sample size may affect the representativeness
and generalizability of the results. This study
employed a cross-sectional design which may
limit the ability to observe long-term effects and
establish vital findings. Also, reliance on self-
report measures may introduce bias or memory
distortion challenges. Using more objective and
reliable data collection methods, such as
objective measurements or long-term follow-ups,
may enhance the reliability of the findings.

CONCLUSION

Pains in growing limbs of children have been
associated with low serum 25-(OH)D levels. Oral
administration of calcium carbonate and vitamin
D3 granules increases serum level of 25-(OH)D
thus significantly alleviating pain severity, and
improving bone density in growing limbs of
children. Future studies using larger patient
populations and multi-racial centers will be
needed to consider potential factors such as
genetic and environmental that may have impact
on the study outcomes.
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