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Title: Efficiency of Vitamin D supplementation in patients with Mechanical Low Back 

Ache. 

Running Title: Vitamin D in low back ache. 

ABSTRACT: 

Background: Preliminary evidence suggests an association of hypovitaminosis D (hypo.D) with 

mechanical Low back ache (mLBA).  

Aim:  This study was designed to 1. Explore the relationship of hypovitaminosis D with mLBA 

in the absence of other confounding factors 2. Formulate and validate an appropriate treatment 

protocol and 3. Explore the differences in outcomes with various oral formulations of vitamin D 

available in Indian market.  

Materials & methods: Three randomised groups of patients with mLBA and hypo.D between 

18-45 years of age without any co morbid conditions were studied for the effectiveness of 

adjunctive vit.D supplementation of 6,00,000 IUs (60,000 IUs/day for ten consecutive days) in 

the form of granule or nano syrup or soft gel capsule for the treatment of mLBA. Review 

evaluation of pain, functional disability and vit.D was done at three weeks and an additional 

evaluation of vit.D was done at nine months. Evaluation with 3,00,000 IUs of vit.D (60,000 

IUs/day for five consecutive days) was done with nano syrup in a different cohort.  

Results: High prevalence of hypo.D (96%) was noted in patients with mLBA. Significant 

improvement was noted after supplementation of vit.D. The subjects of nano syrup group have 

shown significantly better improvement compared to others (P<0.000). Non obese and chronic 

patients have shown significantly better results than their peers. Though there was significant 

difference in vit.D before treatment, the difference of improvement between the genders, 
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deficiency and insufficiency, in-door and out-door, smokers and non smoker subgroups was not 

significant. Seasonal variation in vit.D before and after the treatment was significant.  

Conclusion: Hypovitaminosis D can be a potential causative factor for mLBA in addition to the 

other known causes. Proper evaluation and adjunctive vit.D supplementation can effectively 

break the vicious cycle of low back ache with significant improvement in serum vit.D level, 

effective relief of pain and significant functional improvement without any adverse effects. 

Improvement in vit.D was not significantly related to its initial status and obese individuals have 

shown significantly lesser improvement. The results with nano syrup formulation were 

significantly better compared to others. Formulation based dosage adjustments assume 

significance in view of these results.  

 

Key words: Hypovitaminosis D, Mechanical low back ache, Formulation, Nano syrup. 

 

1. INTRODUCTION: 

1.1 Mechanical/ non neurological low back ache (mLBA) is one of the commonest and 

expensive ailments of youngsters with ambiguous pathophysiology leading to a significant loss 

of productivity. 90% of them improve after six to eight weeks of treatment with 60% recurrence 

in two years to follow.1,2  The dynamic stabilizers of spine are predisposed to acute and chronic 

strain owing to various modifiable and non modifiable risk factors.1,3  Though hypovitaminosis D 

(hypo.D) is rampant worldwide, very few studies have reported its prevalence in LBA patients 

with inherent study limitations of age related degenerative changes and co morbid conditions. 

Further studies to establish a causal relationship and propose an appropriate evaluation, treatment 

protocol were recommended. 4-9  
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1.2 Though vitamin D (vit.D) is a proven anabolic hormone for the entire musculoskeletal 

system, hypo.D is still an overtly underestimated, preventable and correctable etiological factor 

for mLBA.6,9 In view of the lacunae in literature, this study was designed to explore the 

relationship of hypo.D with mLBA, formulate an appropriate treatment protocol and explore the  

outcomes with various formulations of vit.D. 

2. MATERIAL AND METHODS: 

2.1 This is a randomized, prospective, open label analytical study of a cohort of patients with 

mLBA and hypo.D.  Patients were sequentially randomized to one of the three treatment 

subgroups (Granule group, Nano Syrup group and Soft gel capsule group) named after the vit.D 

formulation they received after establishment of clinical, radiological and biochemical eligibility. 

Ethical committee approval and informed consent were taken before commencing the study. 135 

subjects were screened. 102 subjects were eligible to participate and 84 have completed the 

study.   

2.2 Patients of both the genders between 18-45 years of age were included. Pregnant and 

lactating women, patients on vit.D supplements for the past three months, patients on drugs 

altering vit.D metabolism, medical or surgical disorders affecting vit.D metabolism, pre-existing 

co morbidities, neurological back ache, congenital or developmental malformations of spine and 

patients with history of trauma were excluded. 

2.3 Pain and functional disability were assessed with visual analogue scale (VAS) and 

Modified Oswestry low back pain disability questionnaire (MODQ) respectively.10 Treatment 

with analgesic (aceclofenac), muscle relaxant (thiocolchicoside) and antacid (ranitidine) were 

given to all the patients uniformly for five days. Vit.D analysis was done by Chemiluminescence 

Immuno Assay method. Vit.D <30 ng/ml was considered as hypovitaminosis D, 20-29.9 ng/ml 
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as insufficiency, <20 ng/ml as deficiency and 30-100 ng/ml as sufficiency.4,6 Apart from the 

three treatment subgroups, patients were divided into various groups for comparison of results. 

Pain beyond three months was considered as chronic.11  

2.4 Fit for study candidates were allotted to one of the treatment subgroups sequentially as 

per the randomization chart and vit.D supplementation of 60,000 IUs per dose for ten 

consecutive days (pulse-D therapy: author proposed nomenclature for high dose daily 

supplementation of vitamin D in a pulsed manner) was given in the form of granule (one gram 

sachet) or nano syrup developed using aqueol nano technology (five milliliter bottle) or soft gel 

capsule. Adverse drug reaction recording chart was provided to all patients and was reviewed 

regularly. Review analysis was done at three weeks to conclude the findings. Additional blood 

sample was collected from willing subjects after nine months to study the decline of vit.D level. 

2.5 Owing to the difference in results with ten doses of different formulations of vit.D, 

additional ten cases were analyzed in similar lines with five daily doses of 60,000 IUs of vit.D in 

nano syrup form. 

 3.1 THEORY:  Vit.D can play an important role in pathogenesis and treatment of mLBA. 

Formulation and modality of supplementation do have an effect on the functional outcome.  

3.2   CALCULATION: Statistical analysis was done with MedCalc ver.13. Descriptive 

statistics (n, Mean, Standard Error of Mean (SEM) / Standard Deviation (SD) & Range) were 

presented for all continuous variables. P value <0.05 was taken as statistically significant. Paired 

student T test, Independent sample T test were used for comparisons of two groups and one/ two 

way analysis of variance (ANOVA) was done for multiple comparisons. Nominal variable 

(VAS) was analyzed by Chi-square test. The prefix “Pre” implies variable before treatment and 

“Post” implies variable after treatment, suffix “D” implies vit.D. The term improvement/Diff. in 
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vit.D implies “Post.D minus Pre.D”. Total cohort/overall study group (n=84) implies all the 

studied patients. 

4.  RESULTS: 

4.1   Out of the 102 eligible subjects, 84 could complete the study (figure 1). Mean age of the 

total cohort was 31.32±7.02 years and the mean BMI was 23.77±4.18 kg/m2 . Highest increase of 

mean vit.D was noted in nano syrup group i.e. from 16.59±6.34 ng/ml to 96.75±25.74 ng/ml 

(table 1). 

Figure 1: Details of subjects enrolled in the study.  

n=135

mLBA subjects screened

n=114

estimated for vit.D

n=5

Normal 
vit.D

n=7 

Refused 
participation

n=102 

Participated in the study

n=18 

dropped out

n=84 

Completed the study

n=29(M:12, F:17)

Granule 

n=28(M:15, F:13)

Nano syrup

n=27(M:15, F:12) 

Soft gel capsule

n=21

refused vit.D 
estimation



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT
6 

 

 
 
Table 1: Summary statistics of the study group (n=84). 
 
 

 

4.2 Significant difference in VAS was noted in all the three treatment subgroups and total 

cohort with adjunctive pulse D therapy (table 2). The difference in vit.D and MODQ was 

significant in each of the study groups after treatment (table 3). The difference in vit.D and 

MODQ was significant across the three study groups after treatment (table 4). Significant 

difference in vit.D was noted between the nano syrup group and the other two groups after 

treatment (table 5, figure 2). 

Table 2: Statistical data on VAS among different treatment subgroups 
 

STUDY 
GROUP 

VARIABLE  
Chi 

square 
Contingency  
co-efficient Df P Value 

Total Pre VAS vs Post VAS 204.88 0.842 56 <0.0001 

VARIABLE 

TOTAL STUDY 
COHORT (n=84) 

GRANULE 
SUB GROUP (n=29) 

NANO SYRUP 
SUB GROUP (n=28) 

SOFT GEL CAPSULE 
SUB GROUP (n=27) 

RANGE MEAN±SD RANGE MEAN ± SD RANGE MEAN ± SD RANGE MEAN ± SD 

Age 
(years) 

18-45 31.32±7.02 20-43 29.45±6.82 18-44 30.82±7.19 21-45 33.85±6.54 

BMI 
(kg/m2) 

16.53 - 
37.66 

23.77±4.18 
16.94- 
37.66 

24.17±5.17 
16.53 -
30.12 

22.6±3.26 
16.56 -
32.74 

24.58±3.71 

Pain 
(months) 

0.2–60 10.84±12.86 0.2–36 9.59±10.64 0.25–60 8.23±11.65 0.70-47 
14.3±15.64 

 
Pre-

MODQ% 
12-100 44.17±15.35 12-62 38.41±13.92 30-100 51.29±16.39 20-66 42.96±13.08 

Post-
MODQ% 

0-52 15.62±12.07 0-46 17.45±13.19 0-28 11.64±9.08 0-52 17.78±12.89 

Diff 
MODQ% 

6-72 28.55±16.27 8-46 20.97±10.33 12-72 39.64±17.76 6-66 25.18±13.93 

Pre- Vit.D 
ng/ml 

4.20-28.3 15.71±6.62 
4.20-
28.3 

15.1±7.43 
7.20-
28.30 

16.59±6.34 
6.40-
27.60 

15.46±6.11 

Post-vit.D 
ng/ml 

24-150 77.47±27.91 25.8-150 68.92±28.62 34-148.30 96.75±25.74 24-102 66.65±17.67 

Diff. in vit.D 
14.3-
132.9 

61.75±26.58 
14.3-
132.9 

53.82±26.99 
15.2-
131.6 

80.16±24.97 
15.7-
84.8 

51.19±16.50 

BMI= Body Mass Index, Prefix Pre= variable before treatment, Prefix Post= variable after treatment measured at 3 
weeks, MODQ= Modified Oswestry low back pain disability questionnaire (Index in %), Diff= difference. 
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Granule Pre VAS vs Post VAS 137.64 0.909 105 =0.02 

Nano syrup Pre VAS vs Post VAS 86.15 0.87 25 <0.0001 

Soft gel capsule Pre VAS vs Post VAS 122.51 0.905 48 <0.0001 

Prefix Pre= variable before treatment, Prefix Post= variable after treatment measured at 3 weeks,  
VAS= Visual analogue scale. 

 

Table 3: Statistical data for Vit.D and MODQ -before versus after treatment. 
 

STUDY 
GROUP 

VITAMIN D 
 

MODQ 
 

Paired T test Paired T test 

t Df p t Df P 

Total Study 
cohort 

21.29 83 <0.0001 -16.08 83 <0.0001 

Granule sub 
group 

10.74 28 <0.0001 -10.93 28 <0.0001 

Nano syrup sub 
group 

16.99 27 <0.0001 -11.81 27 <0.0001 

Soft gel capsule 
sub group 

16.12 26 <0.0001 -9.4 26 <0.0001 

MODQ= Modified Oswestry low back pain disability questionnaire (Index in %). 

 
 
Table 4: Statistical data on vit.D and functional disability (MODQ) across three treatment 
subgroups. 
 
 

Variable 
ANOVA 

 F Ratio p value 
Pre MODQ 5.71 0.005* 
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Post MODQ 2.36 0.101 

Diff. in MODQ (Post minus Pre) 86.56 <0.001* 
Pre.D 0.38 0.684 
Post.D 12.98 <0.001* 

Diff. in Vit.D  (Post minus Pre) 13.09 <0.001* 
*Post-hoc analysis revealed P<0.05 for pair wise comparisons 

 (Syp vs Cap, Syp vs Gran, Cap vs Gran) 
Prefix Pre= variable before treatment, Prefix Post= variable after treatment measured at 
3 weeks, D or Vit.D = Vitamin D, MODQ= Modified Oswestry low back pain 
disability questionnaire (Index in %), Diff= Difference. 

 
 
Table 5:  Statistical data on vit.D across different treatment subgroups before and after treatment. 
 

Comparison 
Independent sample T test 

Pre.D Post.D 
Nano syrup vs Soft gel 
capsule 

t= - 0.67, df=53, p=0.506 t= -5.04, df=53, p<0.0001 

Nano syrup  vs Granule t= -0.81, df=55, p=0.421 t= -3.85, df=55, p=0.0003 
Soft gel capsule vs 
Granule  

t=0.20, df=54, p=0.844 t=0.35, df=54, p=0.725 

Prefix Pre= variable before treatment, Prefix Post= variable after treatment measured at 3 weeks, D  = Vitamin D. 

 

Figure 2: Clustered multiple variable graph comparing VAS, MODQ and Vit. D levels before 
and after treatment among the three treatment subgroups.  
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4.3 There was no significant difference between the genders in pain (VAS) before and after 

treatment (table 6). Women had significantly lower vit.D before treatment and men had 

significantly better functional improvement after treatment (table 7).   

Table 6:  Statistical data on VAS (before and after treatment) between male and female cohorts. 
 

Male vs. Female Chi square 
Contingency 
Co-efficient 

Df P value 

Pre VAS 52.2 0.74 49 0.35 
Post VAS 62.65 0.774 49 0.09 

Prefix Pre= variable before treatment, Prefix Post= variable after treatment measured at 3 weeks,  
VAS= Visual analogue scale. 
 
 
Table 7: Statistical data on Vit.D and MODQ before and after treatment between the genders. 
 

Gender 
Vit.D before treatment in 

ng/ml 
(mean ± SD) 

Vit.D after  treatment in 
ng/ml 

(mean ± SD) 
Males 17.4± 7.28 80.97±27.39 

Females 14.03±5.47 73.97±28.30 
Male vs. Female Significance 

(ANOVA) 
F ratio=5.77, p=0.02 F ratio= 1.33, p= 0.25 

Gender MODQ before treatment MODQ after treatment 
Males 45.7 % 12.52% 

Females 42.5% 18.71% 
Male vs. Female Significance 

(ANOVA) 
F ratio=0.906, p=0.34 F ratio= 5.85, p=0.02 

MODQ= Modified Oswestry low back pain disability questionnaire (Index in %). 
 

4.4 The difference in vit.D between deficiency vs. insufficiency groups after treatment was 

not significant (table 8). Subjects living indoors had lower vit.D and subjects with chronic 

mLBA had significantly better improvement with pulse D therapy (table 9). 

Table 8:  Vit.D between deficiency and insufficiency groups across different treatment 
subgroups. 
 
 

Variable Number & 
Significance 

Total cohort  Granule  Nano Syrup  Soft gel 
Capsule  

Deficiency n= 60 (71.42%)  20 20  20  
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Pre.D vs Post.D 
(Paired T test) 

t=18.77, 
df=59 

p<0.0001 

t=9.72, 
df=19 

p<0.0001 

t=13.9,  
df=19 

p<0.0001 

t=13.49, 
df=19 

p<0.0001 

Insufficiency 

n= 24 (28.58%)  9  8  7  

Pre.D vs Post.D 
(Paired T test) 

t=10.14, 
df=23 

p<0.0001  

t=4.838, 
df=8 

p=0.0013  

t=9.257, df=7 
p<0.0001  

t=8.606, 
df=6 

p=0.0001  

Deficiency  
vs 

Insufficiency 

Post.D – Pre.D 
(Improvement) 

Independent 
sample T test 

t= - 0.603, 
df=62 

P=0.548 

t= -0.908, 
df=27 

P=0.372 

t= 0.197, 
df=26 

P=0.845 

t= -0.504, 
df=25 

P=0.619 

Prefix Pre= variable before treatment, Prefix Post= variable after treatment measured at 3 weeks, D = Vitamin D. 
 
 
Table 9: Statistical data on vitamin D between various groups. 
 

Total cohort Before treatment 
(mean ± SD 

of  vitamin D in ng/ml)  

After treatment 
(mean ± SD 

of  vitamin D in ng/ml) 
Acute vs Chronic    

Acute 
n=26 (30%) 

14.67±6.85 
95% CI=11.90 to 17.43 

68.15±23.95 
95% CI=51.48to 85.56. 

Chronic 
n=58 (70%) 

16.18±6.52 
95% CI=14.47 to 17.89 

81.59±28.75 
95% CI= 74.03 to 89.15 

Independent sample T test  t= 0.97, df=82, p=0.34 t= 2.08, df=82, p=0.04. 
Indoor vs Outdoor   

Indoor 
n=60 (71%) 

14.47±6.08 
95% CI=12.90 to 16.04 

75.85 ±28.52 
95% CI=68.48 to 83.22 

Outdoor 
n=24 (29%) 

19.07±6.73 
95% CI=16.22 to 21.91. 

81.39±26.53 
95% CI=70.18 to 92.59 

Independent sample T test  t= 3.03, df=82, p=0.003 t= 0.82, df=82, p=0.42. 
Non smokers vs Smokers   

Non smokers 
n= 80 (95%) 

15.71±6.60 
95% CI=14.25 to 17.18 

76.29±27.13 
95% CI=70.25 to 82.33 

Smokers 
n= 4(5%) 

15.67±8.15 
95% CI=2.71 to 28.64 

101.02±37.18 
95% CI=41.86 to 160.19 

Independent sample T test  t= -0.012, df=82, p=0.99. t= 1.75, df=82, p=0.08 
Chronic: Group of subjects who had back pain for more than 3 months duration. 
Acute: Group of subjects who had back pain for less than 3 months duration 
Indoor: Group of subjects who were not exposed to adequate sunlight 
Outdoor: Group of subjects who were exposed to adequate sunlight 
Non smokers: Group of subjects who never smoked cigarettes 
Smokers: Group of subjects who have a habit of smoking cigarettes. 
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4.5 Significant difference in vitamin D was noted among various season groups (table 10).  

Table 10: Vitamin D in cohorts of different seasons. 
 

SEASON n 
Vitamin D before treatment Vitamin D after treatment 

Mean± SD ng/ml Mean± SD ng/ml 
Summer 

(April-June) 
10 10.71±4.21 58.08±26.57 

Monsoon 
(July-September) 

33 15.40±7.18 73.53±23.72 

Autumn 
(October-November) 

30 18.02±5.96 83.66±32.14 

Winter 
(December-March) 

11 14.91±6.14 90.02±17.79 

ANOVA 
(Analysis of variance) 

F ratio=3.48, p=0.020 
 

F ratio=3.32, p=0.024 
 

 

4.6 Majority of the studied subjects were in normal BMI category and the gender variation of 

BMI was insignificant (table 11). The difference in vit.D before treatment was insignificant for 

different grades of BMI. The difference in vit.D after treatment was significant for different 

grades of BMI in nano syrup group.  BMI grade vs. duration of pain was insignificant (table 12). 

Improvement in vit.D was higher in lower BMI grades across the three treatment subgroups 

(table 13).  

Table 11: BMI & gender related statistics. 
 

Description BMI grade Percentage (%) 
BMI: <18 kg/m2, Under weight(n=7) 1 8.3% 
BMI: 18-24.9 kg/m2, Normal (n=47) 2 56% 

BMI: 25-29.9 kg/m2, Overweight (n=23) 3 27.4% 
BMI: 30 kg/m2 and above, Obese (n=7) 4 8.3% 

Gender Mean BMI (kg/m2) 

Male  23.99±3.80 
Female 23.56±4.57 
ANOVA  F ratio=0.22, p=0.64. 

BMI= Body mass Index, ANOVA= Analysis of variance. 
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Table 12: Statistical data on BMI grade versus vit.D & duration of pain. 
 

Variable 

Total Study 
Group 

Granule sub 
group 

Nano syrup sub 
group 

Soft gel capsule 
sub group 

ANOVA (Analysis of Variance) 
 F 

Ratio p value 
 F 

Ratio p value 
 F 

Ratio p value 
 F 

Ratio p value 
BMI grade vs 

Pre Vit.D 0.282 0.889 0.69 0.608 0.175 0.91 1.8 0.17 
BMI grade vs 

Post Vit.D 5.58 0.001 2.54 0.066 3.79 0.023 1.668 0.202 
BMI grade vs 
Duration of 

Pain 
1.17 0.33 1.114 0.37 1.25 0.31 2.15 0.12 

Prefix Pre= variable before treatment, Prefix Post= variable after treatment measured at 3 weeks,   
BMI= Body mass Index, Vit.D= Vitamin D. 

 

Table 13: Statistical data on the improvement of vit.D across different BMI grades and treatment 
subgroups. 
 

Body mass 
Index grade 

Vitamin D 
Formulation N 

Two way ANOVA 
Estimated 

marginal mean 
(vitamin D  
in ng/ml) 

SEM 95% CI 

1 

Granule  
 

3 87.2333 11.8289 63.6413 to 110.8254 

Nano syrup  3 97.6667 11.8289 74.0746 to 121.2587 
Soft gel 
capsule  

1 59.1 20.4883 18.2374 to 99.9626 

2 

Granule  15 56.184 5.29 45.6333 to 66.7347 
Nano syrup  19 85.2921 4.7003 75.9176 to 94.6666 

Soft gel 
capsule  

15 51.6733 5.29 41.1227 to 62.2240 

3 

Granule  8 35.2875 7.2437 20.8404 to 49.7346 
Nano syrup 5 54.16 9.1626 35.8857 to 72.4343 

Soft gel 
capsule  

8 55.8125 7.2437 41.3654 to 70.2596 

4 

Granule  1 22.7 20.4883 -18.1626 to 63.5626 
Nano syrup 1 60.2 20.4883 19.3374 to 101.0626 

Soft gel 
capsule 

3 33.8 11.8289 10.2080 to 57.3920 
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4.7 Significant negative correlation was noted between BMI and improvement in vit.D in 

nano syrup group (table 14).  Insignificant negative correlation was noted between age and 

improvement in vit.D in nano syrup group (table 15).  

 
 
Table 14: Correlation statistics of BMI and vit.D. 
 

Variable 

BMI vs Pre.D BMI vs Improvement in vit.D 

r 95% CI p r 95% CI p 

Total  study group -0.066 -0.28 to 0.15 0.55 -0.35 -0.53 to -0.15 0.001 

Granule  sub group -0.16 -0.38 to 0.35 0.93 -0.26 -0.57 to 0.12 0.18 
Nano syrup sub 

group -0.137 -0.48 to 0.25 0.49 -0.44 -0.72 to -0.08 0.018 
Soft gel capsule sub 

group -0.03 -0.40 to 0.36 0.89 -0.23 -0.56 to 0.17 0.254 
Prefix Pre= variable before treatment, Prefix Post= variable after treatment measured at 3 weeks,   
prefix improvement= Pre- Post, BMI= Body mass Index, vit.D= Vitamin D. 

 
 
Table 15: Correlation statistics of age and vit.D. 
 
 

Variable 
Age vs Pre.D Age vs Improvement in vit.D 

r 95% CI p r 95% CI p 

Total  study cohort -0.011 -0.22 to 0.20 0.92 -0.276 -0.46  to -0.06 0.01 

Granule  sub group 0.08 -0.29 to 0.44 0.66 -0.41 -0.67 to -0.05 0.028 
Nano syrup sub 

group 
-0.04 -0.41 to 0.34 0.84 -0.129 -0.479 to -0.26 0.51 

Soft gel capsule sub 
group 

-0.114 -0.47 to 0.28 0.57 -0.36 -0.65 to -0.03 0.07 

Prefix Pre= variable before treatment, Prefix Post= variable after treatment measured at 3 weeks,   
prefix improvement= Pre- Post, BMI= Body mass Index, D or vit.D= Vitamin D. 

 

4.8 There were no adverse effects attributable to pulse-D therapy. Eighteen subjects had 

Post.D > 100ng/ml (figure 3). Only two of them consented for the estimation of serum calcium 

levels as none of them had any complaints of vit.D toxicity and both of them had normal serum 

calcium levels (9.6, 9.7 mg/dl respectively). Out of n= 84, one patient had puffiness of face and 
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the other one had abdominal discomfort. Both of them responded well after replacing the 

analgesic with paracetamol. 

 
 

 
Figure 3: Statistics of subjects with Post.D >100ng/ml. 
 

4.9 Analysis of the drug content in all the three formulations of vit.D was done in an 

independent accredited laboratory. 129.40, 118.10 and 149.05 % of drug for granule, nano syrup 

and soft gel capsule respectively per unit was noted (table 16). 

Table16. Drug content analysis report.  
 

Formulation Average % of vitamin D in each unit 
Granule 129.4% 

Nano syrup 118.10% 
Soft gel capsule 149.05% 

 

 4.10 Out of the 84 cases studied, 31 cases were followed up for nine months. For these 31 

cases, the difference in vit.D among the three treatment subgroups at 3 weeks post treatment was 

N=84 

subjects

n=5(28%)

Subgroup: Granule

Mean:117.6±18.5 ng/ml

n=12(67%)

Subgroup:Nano syrup

Mean:118.9±15.9 ng/ml

n=1(5%)

Subgroup:Soft gel capsule

Mean: 102 ng/ml

n=18(21.42%) had vit.D>100ng/ml

Mean:117.6±16.11ng/ml

Range:100.5 - 150ng/ml
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significant (ANOVA). The same was insignificant before treatment and at nine months after 

treatment (table 17).   

Table17. Statistics of 9 months follow up cohort. 

Group n= 

Mean ± SD 
vit.D level 

at 9 months 
(ng/ml) 

Mean ± SD 
Post.D 
(ng/ml) 

Mean ± SD 
Pre.D 

(ng/ml) 

Paired T test 
(vit.D at 9 
months vs 
Post. D)  

Paired T test 
(vit.D at 9 
months vs 

Pre. D)  
9 months 

follow 
up  

cohort 

31 21.84±8.57 80.27±24.75 16.60±6.19 
t= -12.61, 
p<0.0001 

t=2.690,  
p=0.012 

Granule 10 20.59±9.79 70.09±22.15 16.53±6.31 
t= -07.53, 
p<0.0001 

t=1.020, 
p=0.335 

Nano 
syrup 

13 23.79±10.05 96.06±24.18 16.05±6.85 
t= -08.84, 
p<0.0001 

t=2.296, 
p=0.040 

Soft gel 
capsule 

8 20.25±2.47 66.31±13.45 17.57±5.55 
t= -10.11, 
p<0.0001 

t=1.450, 
p=0.190 

ANOVA:  (Granule vs. Nano syrup vs. Soft gel capsule)   
                   Post.D:                                 F ratio=6.26, p=0.006 
                   Pre.D  :                                 F ratio=0.14, p=0.87 
                   Vit.D at 9 months follow up: F ratio=0.56, p=0.57 
Prefix Pre= variable before treatment, Prefix Post= variable after treatment measured at 3 weeks,   
D or vit.D= Vitamin D, ANOVA= Analysis of variance. 
 

4.11 Ten additional cases were studied with 5 daily doses of 60,000 IUs of nano syrup. In 

these cases, the mean vit.D has increased from 14.3±6.80 ng/ml to 45.4±9.57 ng/ml. There was 

no significant difference in pain measured by VAS before and after treatment. Significant 

difference was noted in vit.D and MODQ before and after treatment (table18). Significant 

difference in vit.D after treatment was noted between the group treated with five doses of nano 

syrup and the three subgroups treated with 10 doses of their respective vit.D formulation (table 

19, figure 4). 

 

Table 18: Statistics of additional subjects (n=10) analyzed with 5 doses of nano syrup. 
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Variable Range Mean± SD 95% CI for Mean 

Age in years 18-41 34.6±7.29 29.38 to 39.81 

BMI (kg/m2) 19.38-30.07 24.44±3.03 22.28 to 26.61 

Pain months 0.16-36 8.20±10.69 0.56 to 15.85 

Pre-MODQ% 22-62 44.4±13.88 34.47 to 54.33 

Post-MODQ% 0-24 14.2±7.51 8.83 to 19.57 

Diff. in MODQ% 10-48 30.2±13.45 20.58 to 39.82 

Pre.D (ng/ml) 6.3 -24.5 14.3±6.80 9.43 to 19.17 

Post.D (ng/ml) 33.2-67.2 45.4±9.57 38.56 to 52.24 

Diff. in vit.D (ng/ml) 17.2 -47.6 31.1±10.31 23.72 to 38.48 

VAS before and after treatment     : (chi square=21.11, Df=20, p=0.391) 
Vit.D before and after treatment    : (t=9.53, Df=9, p<0.0001) 
MODQ before and after treatment : (t= -7.10, Df=9, p=0.001) 
BMI= Body Mass Index, Prefix Pre= variable before treatment, Prefix Post= variable after treatment measured 
at 3 weeks, MODQ= Modified Oswestry low back pain disability questionnaire (Index in %),  
D or vit.D= Vitamin D, Diff= difference. 
 
 

Table 19: Statistical data on pair wise comparisons across treatment sub groups 

 

Comparison 
Independent sample T-test 

Pre Vit.D Post Vit.D Pre MODQ Post MODQ 

Granule 10 doses  
Vs. 

Nano syrup  5 doses 

t=0.3, Df=37, 
p=0.766 

t=2.53, Df=37, 
p=0.016 

t= -1.17,Df=37, 
p=0.248 

t= 0.735, Df=37, 
p=0.467 

Nano syrup  10 doses 
Vs. 

Nano syrup  5 doses 

t=0.961, Df=36, 
p=0.343 

t=6.114, Df=36, 
p<0.0001 

t=0.904,Df=36, 
p=0.372 

t= -0.797, Df=36, 
p=0.431 

Soft gel capsule 10 
doses 
Vs. 

Nano syrup  5 doses 

t=0.499, Df=35, 
p=0.621 

t=3.59, Df=35, 
p=0.001 

t= -0.29,Df=35, 
p=0.772 

t= 0.823,Df=35, 
p=0.416 

Prefix Pre= variable before treatment, Prefix Post= variable after treatment measured at 3 weeks,  
MODQ= Modified Oswestry low back pain disability questionnaire (Index in %), vit.D= Vitamin D.  
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Figure 4: Multiple variables bar graph comparing the cohorts treated with 5 and 10 doses of nano 
syrup. 
 
5. DISCUSSION: 

5.1 Vitamin D is essential for growth, development and maintenance of  multiple organs in 

our body and its deficiency will profoundly affect the musculoskeletal system.4,6,7,8,12 Modic 

changes in the disc have been reported in patients with hypo D and LBA. 13 Vit.D has a proven 

role in the improvement of muscle strength, neuromuscular coordination, pain, sleep and mood 

modulation.4,5,7,14,15  

5.2 Paraspinal muscles are the dynamic stabilizers of spine and any effect on them will 

adversely affect the physiology of lower back leading to back ache.2,3 Non surgical active 

therapeutic interventions aimed at strengthening the support systems of spine and early return to 

work have proven to be superior.1 Vit.D has a direct role in the pathogenesis and treatment of 

mLBA along with analgesics and muscle relaxants in the absence of any discernible objective 
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cause. The causal relationship and usefulness of acute correction of hypo.D was not clearly 

proven in the available literature.6,7,8,9, 16,17 

5.3 Al Faraj S et.al reported high prevalence (83%) of hypo.D in patients with chronic low 

back pain (cLBP) and all of them had normal vit.D by three months of oral 5000 to 10,000 IUs 

of vit.D/day with 95% LBA recovery.9 

5.4 Ghai B et.al reported high prevalence (86%, 82%) of hypo.D in patients with cLBP with 

mean age of 43.8, 44 years and mean vit.D level of 18.4 ng/ml,12.8ng/ml in their respective 

studies.6,8 66% attained normal vit.D after weekly dosing of 60,000 IUs of vit.D for eight weeks 

with mean vit.D of 36.07ng/ml and significant clinical improvement in VAS and MODQ  at two, 

three and six months.8 

5.5 In the present study, 96% of the screened mLBA patients had hypo.D with a mean vit.D 

level of 15.71ng/ml. Majority (71.42%) had vit.D deficiency. Only 4% of mLBA patients had 

normal vit.D (mean= 34.6ng/ml) and were therefore excluded from the study. The difference of 

mean vit.D between the two (i.e. hypo.D and normal cohort) was significant (p<0.001). These 

findings indicate a strong association between hypo.D and mLBA apart from the other 

established causes and warrants effective screening of patients with mLBA for hypo.D. In view 

of significant improvement in pain and functional status after rectification of hypo.D across all 

the treatment subgroups, adjunctive supplementation of vit.D can be considered as a means for 

effective treatment of mLBA. This finding is concurrent and additive to the available 

literature.6,7,8,9 

5.6 The differential results of various formulations, dose and dosing patterns of vit.D used as 

an adjunct for individualized management of mLBA were not studied in the past. Nano 

engineered delivery systems for lipophilic molecules have shown enhanced stability, water 
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solubility and bioavailability.18,19 Significantly better improvement in vit.D and functional 

outcome with nano syrup in this study proves that the absorption, assimilation and outcome 

potential is comparatively better with nano formulation developed with aqueol technology for 

any given dose. Hence, dose adjustments have to be considered for a given formulation in light 

of these results. 

5.7 Low dose daily (1000-4000 IUs) and high dose (60,000 IUs) weekly, monthly treatment 

with oral vit.D  was reported by many authors for correction of hypo.D with contradictory 

results.8,9,14,17,20,21 In one study, twenty weeks of daily supplementation with 5500 and 11000 IU 

of vit.D lead to a peak increase of 64 and 88 ng/ml of vit.D.22 Similarly, 43.48% of studied 

patients remained hypo D after eight weeks of weekly 60,000 IUs of vit.D supplementation.20 

Prolonged treatment time, loss of compliance, inadequate improvement were the main hurdles 

for effective treatment in low dose daily and high dose weekly and monthly regimens.8,20,23,24,25  

A safe cumulative dose of 6,00,000 IUs of vit.D and  slower response with divided weekly oral 

dosing was reported for the treatment of vit.D deficiency.26 Mega single dose (6,00,000 IUs) of 

intramuscular vit.D was reported to be effective after eight weeks in 35% of studied subjects 

with a peak at four months.27,28 Similar oral dose had a peak vit.D restoration by three days to 

one month and decline by three months.28,29 Hence, oral treatment rapidly restores vit.D than 

intramuscular route.28 Mega single dose of oral 6,00,000 IUs of vit.D (stoss therapy) preparation 

was not available in Indian market and was not considered as a safety measure.4,28,30  

5.8 Few studies have reported the outcomes of vit.D supplementation baring daily 

administration of high dose vit.D. 25,26,31 In the present study, Pulse-D therapy (60,000 IUs of 

vit.D given daily) for ten days was studied for its comparative effectiveness and safety. In 

conjunction with analgesics and muscle relaxants, it has shown better dose response relationship, 
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faster rectification of deficiency, quicker restoration of muscle strength and effective relief of 

LBA. It has proven to be a better means for prompt correction of hypo D in mLBA cases. 

Significant functional improvement with adjunctive pulse-D therapy was not established earlier.  

5.9 The mean age of subjects in our study was 31.32 years with insignificant difference 

between the treatment subgroups. Selection of younger subjects without any objective evidence 

of spine disorders and preexisting co morbid conditions was useful in establishing the one to one 

relationship of LBA and hypo.D. Negative correlation of age and pre.D, though insignificant, 

was comparable with the reported literature.5,12,17 Significant negative correlation of age and 

vit.D after treatment barring nano syrup group indicates that the improvement in vit.D with nano 

syrup formulation was constant for age unlike the other two formulations. 

5.10 Significant difference in mean pre.D between the genders with females having lower 

vit.D than males in our study was similar to the earlier reports and the insignificant difference 

after treatment was contrary to the reported literature.8,32 There was neither significant difference  

nor correlation in BMI and pain before and after treatment between the genders. Significantly 

better functional improvement in males reported in this study was not reported earlier.  

5.11 The increment of vit.D after treatment was not significantly related to the initial status of 

vit.D (deficiency or insufficiency). This was contrary to the available literature.5,12,14,33,34 

5.12 Hypo.D was reported to be associated with chronic pain.7  Though the subjects in acute 

and chronic groups did not differ significantly before treatment; the improvement in vit.D was 

significantly higher in the chronic group in our study. This difference was not reported earlier. 

5.13 Inadequate exposure to sunlight is the major cause of hypo D.4 Full body exposure to 

sunlight in light pigmented individuals under ideal conditions for ten to fifteen minutes would 

produce about 10,000 to 20,000 IUs of vit.D within twenty four hours.35 In our study, patients of 
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indoor group had significantly lesser Pre.D than the outdoor peers akin to the available 

literature.12 Vit.D after treatment did not differ significantly between the indoor and outdoor 

groups. This finding was not reported in the past. 

5.14 Majority of the patients in our study were non smokers and the difference of mean vit.D 

before and after treatment between the smokers and non smokers was insignificant. This finding 

was contrary to the available literature.6 

5.15 Majority of our subjects were enrolled in the autumn and monsoon seasons. The mean 

vit.D level before treatment was highest in autumn and lowest in summer. This may be due to 

decreased exposure to sunlight in hot summer in our region. The mean vit.D level after treatment 

was highest in winter and lowest in summer. The difference of vit.D across different seasons 

before and after treatment was significant. This finding was contrary to the reported literature. 

5,6,8,14   

5.16 Obese adults require two to three times more vit.D than their peers.5 Significant negative 

correlation between BMI and improvement of vit.D in our study was in consensus with the 

available literature.4,6,8,12,34  Though nano syrup subgroup had better outcome, the negative 

correlation with BMI was profound. This may be attributed to the effective transportation of 

vit.D into body fat in obese compared to the other two formulations. The duration of pain was 

not significantly related to BMI grade. 

5.17 An upper limit of 100ng/ml of serum vit.D was considered as a safe margin for toxicity 

and 300ng/ml has been proven to be truly toxic. Hypercalcemia was reported to occur after 150-

200ng/ml barring patients with chronic granulomatous diseases.4,36  No adverse  reaction 

necessitating the stoppage of treatment was noted with pulse-D therapy. This was in consensus 

with the available literature on high dose vit.D supplementation.15,25,26,29,36,37 Having known the 
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requirement and formulation based dose response relationship from this study, the total dose and 

dosing pattern for a given subject can be tailor made for optimum results without vit.D toxicity. 

5.18 Goswami et.al demonstrated the decline of vit.D to suboptimal levels after one year of 

stoppage of treatment with 60,000 IUs/week  for eight weeks.20 Einarsdottir K et.al, reported a 

decline to just above the starting point by twelve months after single injection of 6,00,000 IUs of 

vit.D.38 Single oral mega dose of 6,00,000 IUs of vit.D was reported to have declined over three 

months.39 The decline of vit.D overtime in our study was comparable with weekly oral and single 

intramuscular dosing reported in the literature. This finding gives an insight about the need for 

frequent vit.D administration and maintenance protocol. 

5.19 Supplementation with five sequential doses of 60,000 IUs of vit.D in nano syrup form has 

also shown significant improvement in vit.D and functional disability barring pain. Though the 

difference in vit.D after treatment with five doses of nano syrup was significantly different when 

compared with ten doses of three formulations, the difference in functional disability and pain 

was insignificant. Apart from the usefulness of pulse-D therapy, these findings give an insight 

into the dose response relationship. Further randomised studies with larger cohorts in this context 

will be helpful. 

6. CONCLUSION 

Hypovitaminosis D can be a potential causative factor for mLBA in addition to the other known 

causes. Proper evaluation and adjunctive pulse-D therapy can effectively break the vicious cycle 

of low back ache with significant improvement in serum vit.D level, effective relief of pain and 

significant functional improvement without any adverse effects. The improvement in vit.D was 

not significantly related to its initial status. Obese individuals have shown significantly lesser 

improvement in vit.D when compared to their peers.  The results with nano syrup formulation 
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were significantly better when compared to others. In view of these results, frequency of 

administration and formulation based dosage adjustments of vit.D will assume significance in the 

management of patients with mLBA. Regular supplementation or booster correction with ten 

dose pulse-D therapy at nine months can be considered to avoid recurrence. 

 

7. LIMITATIONS OF THE STUDY: 

Limited number of subjects from a single tertiary institute and inability to collect bi/tri monthly 

samples from enrolled subjects to know the time bound decline of vit.D levels after complete 

correction were the  limiting factors. Further randomised controlled studies with special focus 

upon these limitations can be promising. 
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