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ABSTRACT

A new vitamin and mineral complex (a dietary supplement) has been developed. The active ingredients include
magnesium oxide, vitamin C, zinc oxide, chromium picolinate, manganese sulfate, boron, hydroxyapatite calcium,
silicon oxide, cholecalciferol, and chondroitin sulfate. The pharmaceutical formulation was carefully calculated
taking into account biochemical properties of all the ingredients. The clinical trial was performed to evaluate the
functional properties and efficacy of the supplement. The participants of the trial included patients with long bone
fractures aged 3-7 (one capsule per day) and aged 8-14 (two capsules per day).

During the clinical trial various parameters were assessed. The levels of phosphorus, ionized calcium and alkaline
phosphatase were tested and X-rays and laser Doppler flowmetry were employed. The dietary supplement helped
to lessen the intensity of pain and swelling, therefore, the use of analgesics was limited and the treatment period
was reduced. By the end of the treatment, biochemical parameters were within reference ranges. The study
findings indicate the positive impact of mineral complex (the dietary supplement) and the new vitamin on bone
tissue regeneration and the recovery processes as well as prevention of tropic changes in soft tissue and post-
traumatic edema development. The recommendations on the safe use of the dietary supplement were developed.
The dietary supplement is manufactured by the scientific research-to-production facilities of Art-Life scientific
production association in the city of Tomsk. The manufacturing process is carried out in full compliance with ISO
9001, 22000, GMP to guarantee the product quality and competitiveness.
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INTRODUCTION

Recent studies highlight the growing importance of nutrition in preventing and treating many non-communicable
diseases. One of the common consequences of accidents is damage to the musculoskeletal system; it accounts
for 65% of all injuries and often becomes the cause of disability [1-4]. To develop new therapeutic concepts, it
is necessary to consider pathophysiologic alterations, changes in the microvasculature and the nature of bone
regeneration [4-7].

Although paediatric bone healing is comparable to adult bone healing, more attention should be paid when
choosing traditional and complementary treatment and considering the recovery process as there are concerns of
the growing number of children that experience impaired bone healing. This is generally explained by the
increased morbidity, the impact of the environmental factors, and the overall decrease in nonspecific resistance.
Many physical, biological and chemical factors possess the osteoinductive activity and contribute to bone
formation; however, 10-13% of all patients develop contractures, ankylosis and other complications.
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It should also be noted that the traditional treatment that most patients receive in hospitals with the physical
activity restricted is often the cause of respiratory inflammations, trophic changes in soft tissue and the slow
remodelling process. Additionally, while lengthy restrictions of physical activity often lessen joint mobility, with
the recovery process impeded, in order to manage severe pain in the acute period of injury, relevant prescription
drugs are usually administered.

Considering all the shortcomings of the traditional treatment process, there is an obvious need to search for new
approaches for the enhancement of the bone healing techniques. Recent studies emphasize the significant impact
that dietary supplements can make on the bone regeneration process [7-16].

MATERIALS AND METHODS

To evaluate the dietary supplement efficacy, the clinical trial was performed in Children City Hospital No 4 of
the city of Tomsk. A total of thirty-five children (21 boys and 14 girls) with long bone fractures participated in
the clinical trial. The participants represented two age groups: aged 3-7 and 8-14.

For the trial, nineteen children were assigned into the control group and received traditional treatment, and
sixteen children that comprised the experimental group were prescribed cryotherapy and Calcimax Recovery
dietary supplement.

Diet therapy was aimed at treating rheological abnormalities, improving microcirculation, and activating bone
regeneration. The regimen of one capsule per day taken with food was prescribed for children aged 3-7 and two
capsules per day for children aged 8-14.

The clinical trial was supervised by G.V. Slizovskii, Doctor of Medical Sciences, professor of Paediatric Surgery
of Siberian State Medical University.

During the trial, blood rheology and microcirculation parameters were assessed using both instrumental and
laboratory methods. Blood tests were performed on the empty stomach on the day of the hospital admission, the
following day, and then on the fourteenth and thirtieth days of the patients’ hospital stay. Blood tests included
the serum phosphate, ionized calcium, and alkaline phosphatase (ALP) tests.

X-rays were used to assess bone fractures and the healing process. The first X-rays were performed on the day
of the hospital admission. The X-rays were taken at two different angles, the front and the side view (the
anteroposterior and lateral projections). During the procedure, the children were positioned and asked to remain
still, and then they were asked to hold their breath. The X-rays were also carried out after the closed reduction
and the skeletal traction. Then, the X-rays were performed on the third, fourteenth and thirtieth days of the
hospital stay depending on the severity of the fracture and the regeneration process.

To measure blood microcirculation, laser Doppler flowmetry was employed. This technique is non-invasive and
the study was conducted using Lakk-20 laser Doppler flowmeter produced in Russia. The technique is based on
laser probing and measures the change in frequency induced by moving red blood cells to the illuminating
coherent light. Laser Doppler flowmetry that measures blood cell perfusion was applied to analyze the use of
cryotherapy. Laser Doppler flowmetry was undertaken twenty minutes before and twenty minutes after the
treatment of the damaged area.

RESULTS AND DISCUSSION

The findings of the blood tests were compared with the normal range of healthy children. The normal values of
ionized calcium, inorganic phosphorus and alkaline phosphatase of healthy children aged 3-7 are 1.16 mmol/L,
1.18 mmol/L, and 105.7 U/L respectively, for children aged 8-14, the normal values are 1.09 mmol/L, 1.22
mmol/L, and 102 U/L, respectively. When the results of the blood tests taken by the children with long bone
fractures were studied, the increased ALP activity was registered (p1<0.05) (Table 1).

Table 1. The Results of the Blood Tests of the Experimental and Control Groups (X + m)
The results of the blood tests of the children with long bone fractures

Sampling Group 1 Group 2
Parameter period (received Calcimax Recovery dietary supplement) (received traditional treatment)
Aged 3-7 Aged 8-14 Aged 3-7 Aged 8-14
n=11 n=5 n=14 n=5
ALP Day 1 241.42 +13.60 234.22 +10.33 217.79 £10.32 237.81 £11.25
U/L p1 < 0.05 p1 < 0.05 p1 < 0.05 p1 < 0.05
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v 1a 220.85 + 13.60 204.22 + 11.10 208.85+19.62 20558« 10.74
y p1<0.05 p1<0.05 p1<0.05 p1<0.05
131,14 + 14.19 140.70 = 7.11 12980854  130.70 = 11.18
Day 30 p1< 005 p1 < 0.05 p1 < 0.05 p1<0.05
P4 < 0.05 pe < 0.05 Pa < 0.05 pe < 0.05
ps < 0.05 ps < 0.05 ps < 0.05 Ds < 0.05
o Day 1 1.26 £ 0.07 1.200.06 1312012 112001
mmaom_ Day 14 1.14 +0.03 1.12+0.11 1.08  0.05 1.20 £ 0.10
Day 30 1.06 £ 0.02 1.080.07 1.180.01 1.06 £ 0.10
Day 1 1.82 +0.07 1.56 + 0.07 2.03+0.08 ;'sz g;
1 .
p1<0.05 p1 < 005 p1 < 0.05 00
1.820.04
+
155+0.03 1.83+0.13 p1 < 0.05 160+ 06
P Day 14 p1<0.05
L oo p1 < 0.05 P2 < 0.05 p1 < 0.05
pa st pa < 0.05
+
1.31+0.03 1.46 + 0.09 1'40<_006(5JZ 1.41+0.07
Day 30 p1 < 0.05 p1 < 0.05 El oo p1<0.05
1< 0.
<0. <0. <0
P4 < 0.05 pe < 0.05 00 pe < 0.05

Note: Hereinafter, p; refers to the statistically significant difference when compared to the normal values of healthy children of the same
age; p, - children with fractures of the 1% and 2" groups of the same age; ps - children aged 3-7 and 8-14; p, — when compared to the
values of children of the same age with long bone fractures obtained before treatment; ps - the statistically significant difference when
compared to the values of children of the same age with long bone fractures obtained on the 14th day after the start of the treatment.

According to the results of the blood tests taken on the first day of the trial, the phosphorous levels were 1.5
times as high as that for the children aged 3-7, and 1.3 times as high as that for the children aged 8-14 (p1 < 0.05).
At the same time, the phosphorous levels in the blood of the children aged 8-14 were lower than the phosphorous
levels in the blood of the children aged 3-7 (ps < 0.05). The results of the blood tests taken on the fourteenth day
of the trial demonstrated that the phosphorous levels were still higher than normal (p; < 0.05), although the
phosphorous levels in the blood of the children aged 3-7 lowered compared with the results obtained on the first
day of the trial (ps < 0.05). The results of the blood tests taken on the thirtieth day of the trial demonstrated that
the phosphorous levels in the blood of the children aged 3-7 were 1.2 times as high as the phosphorous levels in
the blood of the children aged 3-7 who received Calcimax Recovery (p, < 0.05). During the clinical trial, the
ALP activity was decreasing, although it still remained higher than the normal values.

The average normal value of osteocalcin for children aged 3-7 is 83.95 ng/ml and it is 104.02 ng/ml for children
aged 8-14. The results of the tests taken on the first day of the trial indicated that the children from the second
group had a lower level of osteocalcin, although the children aged 8-14 demonstrated a higher level of
osteocalcin than the children aged 3-7 (ps < 0.05) (Table 2).

Table 2. The Impact of Calcimax Recovery on the Osteocalcin Level Registered during the Trial (X + m)
The osteocalcin level (ng/ml)

Group 1 Group 2
Sampling period  (received Calcimax Recovery dietary supplement) (received traditional treatment)
Aged 3-7 Aged 8-14 Aged 3-7 Aged 8-14
n=11 n=>5 n=14 n=>5
68.12 + 4.42 83.44£4.04
83.89 +5.56 p1<0.05
Day 1 93.08 +12.4 p1<0.05
p1<0.05 e <005 p2<0.05
p3<0.05
57.94 £ 4.04 72.89 +3.45
Day 14 72.40 £2.46 91.91 +13.10 p1<0.05 p1<0.05
pa<0.05 p3<0.05 p2<0.05 p2<0.05
p2<0.05 p3<0.05
65.32 £ 2.09 69.11 +4.23 59.65 + 2.92 59.92 +2.31
Day 30 p1<0.05 p1<0.05 p1<0.05 p1<0.05
p4<0.05 p4<0.05 p4<0.05 p4+<0.05
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When the results of the following blood tests taken by the children aged 3-7 from both groups were compared,
the children aged 3-7 who received traditional treatment still had a lower level of osteocalcin (p2 < 0.05).

The comparison of the osteocalcin levels in the blood serum revealed that the children aged 3-7 and 8-14 who
were prescribed traditional treatment had the osteocalcin levels 1.4 times as low as the normal levels (p1 < 0.05),
while the children prescribed Calcimax Recovery had their osteocalcin levels within the normal limits.

To assess blood clotting function in children with long bones fractures, the following tests were taken: the
Prothrombin Time (PT), the Activated Partial Thromboplastin Time (APTT), and the fibrinogen activity test.
The changes in the osteocalcin level in the children with long bone fractures are shown in Figure 1.
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Figure 1. The Changes in the Osteocalcin Level in the Children with Long Bone Fractures

When comparing the data on the activated partial thromboplastin time in children with long bone fractures, it
was noted that the children aged 3-7 and 8-14 with long bone fractures had a prolonged activated partial
thromboplastin time (p1 < 0.05). The activated partial thromboplastin time was 1.2 times as long as the normal
value for both age groups of the children who took Calcimax Recovery dietary supplement, and in the children
who were administered the traditional treatment the activated partial thromboplastin time was 1.1 times as long
as the normal value for the 3-7 age group and 1.2 times for the 8-14 age group. The prolonged prothrombin time
(PT) was detected in all children with long bone fractures (p1 < 0.05), and was recorded as 1.4 times as long as
the normal value (Table 3).

Table 3. The Impact of Calcimax Recovery on the Blood Clotting Function (X + m)
The results of the blood clotting function tests

Sampling _ _ Group 1 _ _ Gr_oyp 2
Parameter period (received Calcimax Recovery dietary supplement) (received traditional treatment)
Aged 3-7 Aged 8-14 Aged 3-7 Aged 8-14
n=11 n=>5 n=11 n=>5
Day 1 21.60£0.78 21.40£0.83 21.90£0.73 22.00+0.83
p1<0.05 p1<0.05 p1<0.05 p1<0.05
18.90 + 0.45 19.40 £ 0.56
The prothrombin time  Day 14 16.00 £ 0.31 14.60 £ 0.60 p1 < 0.05 p1 < 0.05
(PT). seconds pa < 0.05 p1<0.05 p2 < 0.05 p2<0.05
pa < 0.05 pa < 0.05
14.00 £ 0.60 15.00 £ 0.49 14.00 £ 0.61
Day 30 pa < 0.05 14.10£0.53 pa<0.05 pa < 0.05
ps < 0.05 pa < 0.05 ps < 0.05 ps < 0.05
41.40 £ 0.81 41.40+0.8 39.20+£1.10 41.70 £ 1.06
The activated partial D2y 1 p1<0.05 p1<0.05 p1<0.05 p1<0.05
th&g‘ﬁ;'asjég;?e Day 14 33.10 + 0.86 3270+ 0.80 35004087  28.80+132
ps < 0.05 ps < 0.05 ps < 0.05 ps < 0.05
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26.60 + 1.05 24.40+1.33

+ +
30.80 + 0.67 31.70 £ 0.72 < 005 <005
Day 30 pe < 0.05 ps < 0.05

- ooe o pa < 0.05 Pa < 0.05

Ps =P Ps =% ps < 0.05 ps < 0.05
The fibrinogen activity. 2% 2 2.92+0.54 353056 310+085 341078
tort ?L VY TDay 14 2.26 +0.03 3.00  0.64 276054 271052
g Day 30 2.44%0.64 2.93%0.52 257039  2.64+069

The results of the fibrinogen activity tests obtained before and after the treatment in all the age groups were
within the normal range (p; > 0.05).

The results of the prothrombin time tests taken on day 14 of the trial demonstrated that for the children from
Group 2 (who received the traditional treatment) the prothrombin time was still prolonged, while the tests results
of the children from Group 1 (who underwent cryotherapy) were close to the normal value (p1 > 0.05).

It should be noted that the activated partial thromboplastin time was shortening when compared with the normal
value (p1 < 0,05) and the tests results for the children from Group 1 (who received Calcimax Recovery dietary
supplement).

The data obtained from the tests done on day 30 demonstrated the significant reduction in both PT and APPT
for all the children of Groups 1 and 2. The reduction is noticeable for the data received on day 1 (p4 < 0.05) and
day 14 of the trial (ps < 0,05). Those children with long bone fractures who received Calcimax Recovery dietary
supplement reported the decreased pain intensity in the early days of the trial.

The data available from numerous research and our own studies enabled us to design the dietary supplement
formula to treat the metabolic bone tissue disorders. The ingredients and their functional properties are shown
in Figure 2.

Chondroitin Manganese sulfate Boron glycyrate Calcium hydroxyapatite Cholecalciferol
sulfate (manganese) (boron) (calcium) (vitamin D3)

v ! !

Bone cartilage growth and
regeneration. Prevention of \ 4

Parathyroid hormone inhibition.

iti Absorption control for metabolic Silicon
o oo Bone integrity [ changespof calcium and phosphorus l oxide
joint destruction maintenance (silicon)

v v

Treatment of the metabolic bone tissue disorders

f f f

Immunomodulatory, antioxidant, The reduction of osteoporosis symptoms, Phosphorus metabolism
bactencndal,tandﬂ?ther ?Sse”“al fe?ttL;]res that the decrease of the level of triglycerides management, bone strength
guarantee fhé performance ot fhe and cholesterol in blood plasma development

musculoskeletal system as a whole

f f ‘ ‘

Zinc oxide itami Chromium picolinate (chromium) Magnesium oxide
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Figure 2. The Ingredients of Calcimax Recovery Dietary Supplement and their Impact on Managing
Metabolic Disorders of Bone Tissue

To illustrate the efficacy of Calcimax Recovery dietary supplement, let us consider the treatment of a closed,
right-sided, midshaft femur fracture that a five-year-old child sustained. Upon hospital admission, a closed
reduction was performed to treat the displaced fracture. The manipulation was carried out under sedation for
which local anaesthetic (novocaine, 50 ml) was used. The results from the X-ray indicated a fracture
displacement. To treat the patient, analgesics, cryotherapy, the skeleton traction and the Balkan frame with a
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weight of 3 kg were employed. The patient received Calcimax Recovery dietary supplement as a complementary
treatment.

During the treatment, the following tests were performed: blood counts, coagulation tests, osteocalcin blood test,
X-rays, and laser Doppler flowmetry to monitor blood microcirculation. When the results of the tests were
compared with the results of tests of the patients who were not administered cryotherapy, a high osteocalcin
activity was registered. The osteocalcin level reached 69 ng/ml during the second week of the hospital stay,
while the patients who underwent traditional treatment demonstrated a 17% lower osteocalcin level (the average
was 58 ng/ml). The ALP activity checked on day 10 of the treatment was 309 mmol/L. The results of the blood
tests for ionized calcium and phosphorus stated 2.13 mmol/L of ionized calcium and 1.55 mmol/L of phosphorus.
The laser Doppler flowmetry run on days 3, 8 and 16 confirmed the improved microcirculation. It should be
noted that the blood circulation was 9% higher right after the cryotherapy and 5 % higher two hours after the
procedure.

According to the results of X-ray, the first signs of callus formation were registered during the second week of
the hospital stay, which was 4 days earlier than normal. The results of the coagulation test done during the first
week of the treatment indicated a higher microcirculation activity than the normal, with the fibrinogen level of
5.3 g/L (the fibrinolytic activity of 7 minutes).

The patient stayed in hospital for 28 days, which is 3.5 days less when compared with the length of a usual
hospital stay of the patients prescribed traditional treatment. The patient regained the full range of motion 3
weeks after the treatment.

The positive influence of Calcimax Recovery dietary supplement on the musculoskeletal system can be
explained by the functional properties of its active ingredients and their synergistic effect on the metabolic
processes.

CONCLUSION

The findings of the trial allow us to conclude the following: the use of dietary supplements in complex therapy
makes a beneficial impact on the recovery processes and joints mobility in children with long bone fractures,
improves patients’ general well-being, prevents trophic changes of soft tissues, hinders the development of post-
traumatic edema and allows for the reduction in analgesics use. Calcimax Recovery dietary supplement assists
in the bone remodelling process and provides a favourable effect on the overall recovery period.

The findings of the present trial can help in the development of the complex therapy to stimulate bone
metabolism and fracture healing in both children and adults.
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