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Background Vitamin D-resistant rickets is a systemic disease with impaired bone remodeling that interferes with orthopaedic 
treatment of musculoskeletal pathologies. There is a paucity of literature focusing on the content and dynamics in vascular 
endothelial growth factors (VEGF) that promote the transformation of cartilage to bone. Objective Explore blood serum 
concentration of VEGF and VEGF-А and their receptors VEGF-R2, VEGF-R3 at stages of combined osteosynthesis in patients 
with vitamin D-resistant rickets during correction of multiplanar deformities of lower limbs. Material and methods The 
study included 24 patients with multiplanar deformities of lower limbs secondary to vitamin D-resistant rickets. Patients 
were treated with combined Ilizarov external fixation and intramedullary nailing using hydroxyapatite-coated wires. Serum 
concentration of VEGF and VEGF-А and their receptors VEGF-R2, VEGF-R3 were measured during treatment. Values 
obtained in the patients were compared to reference levels measured in 180 somatically healthy individuals. The quantified 
results were presented in a percentage of the reference values. Results Preoperative serum VEGF and VEGF-R2 concentration 
was significantly higher in the patients than that in normal subjects: VEGF, by 1990 % (р = 0.0033); VEGF-A, by 450 % 
(р = 0.00042); VEGF-R2, by 392 % (р = 0.0052) while preoperative serum VEGF-R3 concentration was lower by 68 % 
(p < 0.05) in the patients than that in subjectively healthy individuals. Surgical treatment resulted in greater increase in VEGF, 
VEGF-A levels with maximal concentration observed at the distraction phase. The opposite dynamics was observed with 
VEGF-R2 receptor. Specific dynamics was noted with VEGF-R3 receptor during surgical correction. Nearly preoperative 
serum concentration of VEGF-R3 was seen at the first stage showing the lowest level (21% of the normal) during bone 
distraction with external fixator and regenerate formation. It was reduced by 25 % of the preoperative level at the end of 
treatment. Conclusion Patients with vitamin D-resistant rickets demonstrated strong imbalance in serum concentrations of 
VEGFs and their receptors. Phase opposition dynamics in serum concentrations of VEGFs and their receptors was detected 
during surgical correction of multiplanar deformities of lower limbs.
Keywords: vitamin D-resistant rickets, multiplanar deformities of lower limbs, correction, Ilizarov external fixation, 
blood serum, vascular endothelial growth factors and their receptors

INTRODUCTION

There is a noticable increase in the incidence of 
genetic disorders seen in recent years [1]. Vitamin 
D-resistant rickets is an autosomal recessive disease 
caused by deficiency or impaired metabolism 
of vitamin D. The most widely cited estimated 
prevalence of vitamin D-resistant rickets is one in 20 
000 pediatric population [2, 3]. Vitamin D-resistant 
rickets is associated with impaired renal tubular 
reabsorption of phosphate with consequent defective 
bone mineralization [4, 5]. Patients suffering from 
the disease have altered bone morphology [6, 7]. 
Hyperosteoidosis, coarse trabecular pattern, widely-
meshed structures and cystic degeneration are typically 
observed seen in the metaphysis. The 2‑to‑3‑fold 
decrease in calcium is noted in the patients [8]. 

Many patients with vitamin D-resistant rickets 
demonstrate significant lower limb deformity (63 %) [9] 
with greater incidence of mutiplanar cases [6, 10, 11]. 

Although weight-bearing the patients used to maintain 
is inconsiderable children develop bowed legs that 
require surgical correction for degenerative hip and 
knee joints. 

Vitamin D-resistant rickets is a hereditary systemic 
disease characterized by impaired bone remodeling that 
intereferes with orthopaedic treatment of musculoskeletal 
pathology and results in delayed bone consolidation. 
Local and systemic growth factors (GF) are known to 
be involved in the process of bone remodeling [12]. 
Physiologically, vascular endothelial growth factors 
(VEGF) induces new blood vessel formation during 
embryonic development [13, 14], regulates reparative 
angiogenesis [15, 16], promotes bone formation in 
ontogenesis and transformation of cartilage to bone [17] 
during distractional bone regeneration [18]. However, 
dynamics of VEGF in patients with vitamin D-resistant 
rickets who undergo surgical correction of multiplanar 



38

Genij Ortopedii, Vol. 26, no 1, 2020

Original Article

deformity of lower limbs has not been properly studied 
at different stages of surgical treatment.

Objective Explore blood serum concentration of 
VEGF and VEGF-А and their receptors VEGF-R2, 

VEGF-R3 at stages of combined osteosynthesis 
in patients with vitamin D-resistant rickets during 
correction of multiplanar deformities of lower 
limbs. 

MATERIAL AND METHODS

The study included 24 patients with multiplanar 
deformities of lower limbs secondary to vitamin 
D-resistant rickets. The patients' age ranged from 
7 to 40 years (mean age 18.6 ± 2.7 years). Seven 
individuals had limb length discrepancy of 2 cm to 
11 cm (4.8 ± 1.2 cm, on average). Patients were treated 
with combined transosseous mono-, bi-, polyfocal 
osteosynthesis with the Ilizarov external fixator and 
intramedullary nailing using hydroxyapatite-coated 
wires. 1.8 mm intramedullary wires were introduced 
through tibial condyles for bone reinforcement. 
Osteotomy was produced in the upper and lower 
thirds of tibia and in the distal fibula for deformity 
correction and limb lengthening. Proximal tibial 
osteotomy was normally performed below the 
physis. Three-ring Ilizarov frame was applied to fix 
the bone with a ring placed above the osteotomy 
level, another ring being below the osteotomy, at the 
boundary of the upper and middle thirds, and one 
more ring mounted in the lower third of tibia. The 
deformity was corrected by distracting the rods with 
hinges mounted at the level of the proximal tibial 
osteotomy and lasted from 20 to 55 days depending 
on severity and magnitude of the deformity and the 
length discrepancy. No bone wedges were resected 
for acute correction. 

The study received a favourable opinion from the 
relevant research ethics committee of the Russian 
Ilizarov Scientific Center for Restorative Traumatology 
and Orthopaedics Ministry of Health of the Russian 
Federation. The study was performed in accordance 
with ethical principles for medical research involving 
human subjects stated in the Declaration of Helsinki 
developed by the World Medical Association adopted 
in 1964 with amendments. Written informed consent 
was obtained from all patients 18 years and older and 

from the subject's parents or guardian for diagnostic 
procedures and publication of the findings without 
identifying details.

Serum samples were collected preoperatively, at 
5–7, 30, 60, 90 days postsurgery for immunoenzyme 
investigation to evaluate changes in GF at four stages 
of treatment: 1) preoperatively, 2) after osteotomy 
and placement of external fixation device; 3) during 
bone distraction and regeneration; 4) during fixation 
and dense callus formation.

Serum concentration of VEGF and VEGF-А and 
their receptors VEGF-R2, VEGF-R3 were measured 
during treatment using Thermo Fisher Scientific 
(USA) products: Multiscan FC, Shaker-401, WellWash 
Microplate Washer according to manufacturer’s 
instructions to assays eBioscience (VEGF-A, 
VEGF-R2, VEGF-R3), Invitrogen (VEGF). 

The study group consisted of individuals aged 7 to 
40 years who had normal emunctory function. Persons 
experiencing allergic, somatic and neuropsychological 
disorders, pregnancy, obesity and undernourishment, 
comorbidities like gastric ulcer, chronic cholecystitis, 
pancreatitis, chronic obstructive pulmonary disease 
and infection were excluded from the study. 
Values obtained in the patients were compared to 
reference levels measured in 180 somatically healthy 
individuals. The quantified results were presented in a 
percentage of the reference values. The controls' age 
ranged from 7 to 40 years.

Statistical data analysis was performed using 
Microsoft EXСEL-2010 and AtteStat computer 
program [19]. Analysis of variance applied for smaller 
sample size was employed with the level of statistical 
significance quoted as р ≤ 0.05. Wilcoxon, Dunn 
and Mann-Whitney tests were used for independent 
samples [20]. 

RESULTS

Preoperative serum VEGF and VEGF-R2 
concentration was significantly higher in patients with 
vitamin D-resistant rickets (Fig.1) than that in normal 
subjects: VEGF, by 1990 % (р = 0.0033); VEGF-A, by 
450 % (р = 0.00042); VEGF-R2, by 392 % (р = 0.0052) 

while preoperative serum VEGF-R3 concentration was 
lower by 68 % (p < 0.05) in the patients than that in 
subjectively healthy individuals (Fig. 2). 

Statistically significant increase in VEGF (41.2 %) 
and VEGF-A (43.0 %) concentration with regard to 
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preoperative level that constituted 2811 % and 643 % 
of normal values, respectively (Fig. 2) was noted with 
osteotomy performed, wires and external fixation 
frame placed at the first stage of tretment (Fig. 3). 

The opposite dynamics was observed with 
VEGF-R2 and VEGF-R3 receptors. Preoperative 

VEGF-R2 concentration constituted 392 % of 
normal level and decreased by 41 % postsurgery 
being 230 % of the values measured in subjectively 
healthy individuals. Postoperative VEGF-R3 
concentration remained at the preoperative level 
(Fig. 2).

Fig. 1 Preoperative radiographs of the left tibia of a patient with vitamin D-resistant rickets showing: a anteroposterior view, 
b lateral view; photographs of the lower limb demonstrating c anterior and d lateral aspects

Fig. 2 Dynamics of GF and 
GF receptor concentration 
in the blood serum of 
patients with vitamin 
D-resistant rickets during 
correction of multiplanar 
lower limb deformities. 
The quantified results are 
presented in a percentage 
of the reference values. 
Note:  *  –  the differences 
being statistically significant 
at p ≤ 0.05 calculated with 
Wilcoxon, Dunn and Mann-
Whitney tests

Fig. 3 Anteroposterior a and lateral b radiographs of the tibia of a patient with vitamin D-resistant rickets showing tibial 
osteotomy (black arrows) performed and external fixation device applied
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Maximal VEGF and VEGF-A concentrations 
(Fig. 2) measured 2843 % and 849 % of normal 
values, respectively, at the second stage of treatment 
with the regenerate bone (Fig. 4) developed due to 
distraction using external fixation device.

VEGF-R2 concentration was shown to increase 
by 22 % compared to that measured at the first 
stage of treatment but it was still decreased by 
29 % as compared to the baseline level. VEGF-R3 
concentration was considerably reduced as compared 
to the first stage (by 43 %) and baseline level (by 34 %) 
and constituted 21 % of the normal value (Fig. 2). An 
increase of 18 % and 39 % was observed in VEGF 
and VEGF-A concentrations at the third stage of 
tibial fixation and dense callus formation (60 days 
postsurgery) as compared to baseline values. Serum 
VEGF-R2 level was identical to that measured at the 
second stage of treatment and decreased by 27 % as 
compared to the baseline concentration. VEGF-R3 

concentration returned to the baseline level and was 
29 % of the normal value. No statistically significant 
differences were observed in VEGF and VEGF-A 
concentrations at the fourth stage of treatment (Fig. 5) 
as compared to the baseline level. 

Concentration of VEGF-R2 receptor was reduced 
by 39 % as compared to the baseline level and was 
identical to that measured at the second stage of 
treatment. VEGF-R3 concentration was reduced by 
25 % as compared to the baseline level measuring 
24 % of the normal value and was also identical to 
that recorded at the second stage of treatment. 

Thus, patients with vitamin D-resistant rickets showed 
considerable disproportion in the serum concentrations 
of VEGF and VEGF receptors. Preoperative serum 
concentrations of VEGF, VEGF-A and VEGF-R2 
receptor were considerably higher than normal levels 
and VEGF-R3 receptor concentration was significantly 
lower than that in subjectively healthy individuals. 

Fig. 4 Radiographs of the left tibia of a patient with vitamin D-resistant rickets showing tibial distraction on a anteroposterior 
view, b lateral view; photographs of the lower limb demonstrating c anterior and d lateral aspects. Arrows show tibial osteotomies

Fig. 5 Radiographs of the left tibia of a patient with vitamin D-resistant rickets showing a anteroposterior view, b lateral view; photographs 
of the lower limb demonstrating c anterior and d lateral aspects directly after the treatment. Arrows show tibial osteotomies
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The disproportions in GF and GF receptor secretion 
were noted to enhance during surgical correction of 
multiplanar lower limb deformities. VEGF and VEGF-A 
concentrations were considerably increased during 
surgical correction, tibial distraction and regenerate 
formation at the second stage, in particular, and returned 
to the baseline level at the next stage of treatment. The 
opposite dynamics was observed with VEGF-R2 receptor 
showing serum decreased concentration at the first stage 
of treatment that increased at the second stage and was 
still low compared to baseline values. The scenario 
persisted throughout the whole period of treatment.

Specific dynamics was noted with VEGF-R3 
receptor during surgical correction. Nearly 
preoperative serum concentration of VEGF-R3 was 
seen at the first stage showing the lowest level (21 % 
of the normal) during bone distraction with external 
fixator and regenerate formation being close to baseline 
values at the third stage. It was reduced by 25 % of the 
preoperative level at the end of treatment. Dynamics 
in VEGF-R2 and VEGF-R3 receptor concentrations 
was characterized by inversely proportional reactions 
and delayed restorative processes during surgical 
correction of limb deformities.

DISCUSSION

VEGF is one of the most important GF for 
reparative regeneration playing the roles in 
physiological angiogenesis, promotion of bone 
formation in ontogenesis and transformation of 
cartilage to bone (enchondral ossification) during 
distractional bone regeneration [13–18]. VEGF as a 
heterodimeric and glycoprotein GF is reponsible for 
revascularization and angiogenesis of bone callus 
during enchondral ossification and is expressed 
by osteoblasts [21, 22]. VEGF is involved in many 
steps throughout the fracture healing cascade [23], 
and being a selective endothelial cell mitogen can 
induce vascular permeability. Higher serum VEGF 
levels are reported to result in increased secretion 
of the GF [24, 25]. Hypoproteinemia is a common 
condition in vitamin D-resistant rickets, associated 
with decreased serum alkaline level and leads to the 
development of acidosis [26]. Acidosis results in 
impaired microcirculation and depresses the central 
nervous system and internal organs. Osteogenesis is 
disturbed by impaired calcium, citrate and phosphorus 
metabolism, deficiency of active metabolite 
vitamin D regulating hydroxyapatite deposition 
in bones. Higher calcium excretion is associated 
with lower bone mineral density, a predictor of 
osteoporosis, delayed bone calcification and abnormal 
cartilage resorption. Cartilaginous and osteoid 
cells proliferate chaotically in the physes. Osteoid 
hyperplasia can be seen in the epiphyses of tubular 
bone and growth points. Longitudinal bone growth is 
delayed resulting in hypoplastic bone [26]. Isolated 

mechanical stretching in cell culture being similar 
to that generated by external fixation device during 
distraction at limb lengthening and/or deformity 
correction has been shown to induce VEGF secretion. 
Exercise-induced increases in blood flow, shear 
stress and endothelial transformation are observed 
to enhance VEGF concentrations  [27]. Therefore, 
hypoxia is a functionally relevant stimulus for VEGF 
gene expression. Recent studies indicate to increased 
intracellular concentrations in hypoxia-inducible 
transcription factor (HIF)-1 alpha, an essential 
regulator of the cellular response to reduced oxygen 
levels, in the retina of healthy individuals. Increased 
intracellular HIF-1 level enhances transcription 
of VEGF gene effecting the epithelium through 
intercelullar matrix, contributes to regeneration 
and stimulates proliferation and formation of new 
vessels [28]. Hyperplastic osteoid tissue affects VEGF 
synthesis with higher osteoblast concentration, and 
the combination of the factors results in several-fold 
increase of VEGF and VEGF-А level as compared 
to that observed in healthy individuals but without 
proportinal receptor increase due to pathology.

It can be concluded that a diverse array of 
pathological consequences in vitamin D-resistant 
rickets is not limited to impaired bone quality, delayed 
remodeling and calcification but associated with 
evident quantitative changes in VEGF. The specific 
aspect identified can affect concomitant pathological 
processes and play a role in developing a rational 
treatment strategy. 

CONCLUSION

Patients with vitamin D-resistant rickets 
demonstrated strong imbalance in serum 

concentrations of VEGFs and their receptors. 
Preoperative serum VEGF, VEGF-A and VEGF-R2 
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concentrations were significantly higher in patients 
with vitamin D-resistant rickets than that in normal 
subjects while preoperative serum VEGF-R3 
concentration was significantly lower in the patients 
than that in subjectively healthy individuals. Greater 
imbalance in serum concentrations of VEGFs and 
their receptors was identified during correction 
of multiplanar lower limb deformities. Surgical 

treatment of patients with vitamin D-resistant rickets 
including tibial osteotomy and distractional bone 
regeneration resulted in greater increase in VEGF 
and VEGF-A levels. Dynamics in VEGF-R2 and 
VEGF-R3 receptor concentrations was characterized 
by inversely proportional reactions and delayed 
restorative processes during surgical correction of 
limb deformities.
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