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ABSTRACT
Background: The exact etiology of adolescent idiopathic scoliosis (AIS) is unknown, but recently, vitamin D has been 

suggested to be of importance in the pathophysiology of AIS. This article sought to (1) highlight the prevalence of vitamin D 
deficiency in patients undergoing corrective surgery for AIS within the United Kingdom and (2) evaluate the correlation and 
clinical relevance of preoperative back pain with vitamin D deficiency.

Methods: Data were collected on 201 consecutive patients undergoing corrective surgery for AIS. Baseline data 
included patient demographics, medical diagnoses, and standing preoperative Cobb angles. All patients had a preoperative 
25- hydroxyvitamin D level recorded. One hundred ninety- six patients completed preoperative Scoliosis Research Society- 22 
outcome scores to quantify preoperative back pain.

Results: A total of 177 (89%) patients were young women, and the mean age at time of surgery was 14.9 years (13–18 
years). All patients were diagnosed with AIS. The mean Cobb angles at time of surgery was 64°. Only 11 (5.5%) patients 
had “normal” vitamin D levels (>75 nmol/L), with 147 (74%) patients having deficient levels requiring treatment with 
supplementation. There was no correlation between vitamin D levels and preoperative Cobb angles (r

s
 = −0.12), and there was 

a moderate correlation identified between the severity of preoperative vitamin D levels and preoperative back pain scores (r
s
 

=0.42).
Conclusion: Vitamin D deficiency is common in patients with AIS; however, it is comparable to the national prevalence 

of vitamin D deficiency in healthy adolescent children. There was a strong correlation between preoperative back pain scores 
and the severity of vitamin D deficiency. These findings suggest that all patients with AIS should be screened for vitamin D 
deficiency and that supplementation where appropriate may lead to improved pain scores.

Clinical Relevance: If vitamin D is prevelant and if vitamin D deficiency is found to cause back pain, then there is an 
easy/cheap/safe treatement with supplementation.

Level of Evidence: 3.

Other & Special Categories

Keywords: scoliosis, back pain, vitamin D

INTRODUCTION

The etiology of adolescent idiopathic scoliosis (AIS) 
is largely unknown. Many etiological theories have 
been suggested, including neuromuscular, metabolic, 
and genetic causes, but these theories have often been 
supported by weak evidence.1

Progression of curve magnitude in AIS is a concern 
and can warrant the need for surgical intervention to 
prevent further curve progression and potential cardio-
respiratory compromise. The main risks for curve pro-
gression are the curve magnitude, remaining skeletal 
growth, and the type of curve.2

Recent studies from Hong Kong have highlighted 
vitamin D deficiency as a potential cause for curve pro-
gression in patients with AIS, and it has been postulated 

that treating the vitamin D deficiency with supple-
mentation may significantly improve bone health and 
potentially reduce the risk of curve progression in these 
patients.3

Previously, back pain was not thought to be associ-
ated with AIS; however, in large cohort studies, it has 
been reported as present in up to 23% of paitents.4 
The exact cause of the back pain in patients with AIS 
is unknown, it varies in severity, and patients are often 
investigated with magnetic resonance imaging (MRI) to 
look for underlying pathological causes of the pain.

A systematic review and meta- analysis of observa-
tion studies concluded that vitamin D deficiency is asso-
ciated with back pain, with stronger associations seen in 
young women and in patients with severe deficiencies.5 
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There is currently no evidence studying the relation-
ship between AIS and back pain; we hypothesize that 
vitamin D deficiency could be one of the potential 
causes of back pain in this cohort of adolescent patients 
undergoing surgery.

The aim of this prospective longitudinal cohort study 
was to investigate the presence of vitamin D deficiency 
in consecutive patients undergoing corrective surgery 
for AIS within the United Kingdom. We also sought 
to investigate the relationship between vitamin D defi-
ciency and patient- reported preoperative pain levels. 
To the best of our knowledge, the present study is the 
largest and only study specifically investigating this 
relationship within the UK population.

MATERIALS AND METHODS

Data were collected on all consecutive patients 
undergoing corrective surgery for AIS from January 
2014 to June 2019 at a single tertiary referral pediatric 
spinal unit within the United Kingdom.

Any patients with infantile, juvenile, or pathological 
scoliosis were excluded. All patients included in the 
study underwent preoperative MRI, which confirmed 
the idiopathic nature of the curves and excluded any 
structural causes for their scoliosis.

Vitamin D levels were only collected on patients 
undergoing corrective surgery; patients with AIS but 
under clinical observation alone were not included in 
this study.

Baseline data collection included patient age, patient 
sex, underlying diagnosis, and any significant medical 
comorbidities. Preoperative standing Cobb angles were 
measured and Scoliosis Research Society- 22 (SRS- 22) 
questionnaires were completed. The pain domain of 
the SRS- 22 questionnaire comprises 5 discrete 5- point 
Likert- style questions, and responses from these ques-
tions were individually analyzed to produce a numer-
ical result ranging from 1 (severe back pain) to 5 (no 
back pain) for each patient, which allowed for statistical 
analysis.

All patients had 25- hydroxyvitamin D level checked 
preoperatively, and the date of the sample was recorded. 
The 25- hydroxyvitamin D level was taken on the same 
date that the SRS- 22 scores were completed by the 
patient to ensure accurate correlation between the two.

Patients who were vitamin D- deficient were treated 
based on their level of deficiency and on local guidance 
from the metabolic bone unit. The levels of deficiency 
were classified according to the National Institute 
for Health and Care Excellence Clinical Knowledge 
Summary,6 as follows:

 z Severe deficiency: <25 nmol/L
 z Mild deficiency: 25 to 50 nmol/L
 z Suboptimal: 50 to 75 nmol/L
 z Adequate: >75 nmol/L

Patients with severe deficiency levels required treat-
ment with 10,000 IU oral Pro D3 vitamin D nutritional 
supplementation; the need for calcium supplementation 
was also considered; and serum bone profile and vitamin 
D levels were repeated 2 to 3 months after commencement 
of treatment. If vitamin D levels remained low, treatment 
was continued with low- dose daily multivitamin supple-
mentation.

Patients with mild deficiency levels were given vitamin 
D supplementation provided at a dose of 200 to 400 IU/
day (dose- dependent on age/product used). Patients with 
suboptimal levels required dietary and lifestyle advice, but 
no supplementation. Adequate levels required no interven-
tion.

Statistical Analysis

The overall prevalence of vitamin D deficiency and 
back pain within the cohort was calculated and compared 
to age and season match national data. Spearman correla-
tion coefficient was calculated to determine correlation 
between the severity of vitamin D deficiency with both 
preoperative Cobb angles and back pain scores. An r

s
 

value of 0.20 to 0.39 was considered weak, 0.40 to 0.59 
moderate, and 0.60 to 0.79 a strong correlation.

RESULTS

Within the selected time period, 25- hydroxyvitamin D 
levels were collected on a total of 201 consecutive patients 
undergoing corrective surgery for AIS. Preoperative 
SRS- 22 scores were completed by 196 (97.5%) patients. 
Four patients (2.5%) who did not complete the SRS- 22 
survey were excluded from statistical analysis.

A total of 177 (88%) patients included were young 
women and 24 (12%) were young men, which is consis-
tent with the published demographics of AIS patients who 
require surgical intervention for curves greater than 40°.7,8 
Mean age at time of surgery was 14.9 years (13–18).

The mean preoperative standing Cobb angle was 
64.04° (range: 40–99, SD: 10.96). There was no cor-
relation detected between preoperative standing Cobb 
angle and severity of vitamin D deficiency (r

s
 = −0.12). 

The correlation between preoperative Cobb angle and 
vitamin D should be interpreted with a degree of caution 
as only patients who warranted surgical intervention were 
included in our analysis; therefore, all patients included 
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had significant Cobb angles recorded at the time vitamin 
D sample was analyzed.

The mean 25- hydroxyvitamin D level was 41.8 nmol/L 
(range: 8.8–139.1, SD: 20.06). Only 11 (5.5%) patients in 
the cohort had adequate 25- hydroxyvitamin D levels of 75 
nmol/L or greater. Forty- one (20.4%) patients had subop-
timal levels of 50 to 75 nmol/L requiring lifestyle advice 
but no supplementation. One hundred and eight (53.7%) 
patients had mild deficiency of 25 to 50 nmol/L, and 41 
(20.4%) patients had severe deficiency with levels <25 
nmol/L (Table 1).

A total of 149 (74%) patients required supplementa-
tion to treat vitamin D deficiency. A moderate correla-
tion was identified between the severity of vitamin D 
deficiency and the severity of preoperative back pain 
recorded with SRS- 22 (r

s
 = 0.42) (Figure 1).

Vitamin D levels were analyzed quarterly at the time 
of sample analysis, and this shows a typical pattern seen 
within northern Europe, with the highest levels in the 
summer months and the lowest in the winter. This reflects 
the association to direct sunlight exposure and the hours of 
sunlight/month in the United Kingdom (Figure 2).

DISCUSSION

The effects of vitamin D deficiency and bone health 
in patients with AIS have recently become of increas-
ing interest, with growing amounts of literature being 
produced on the topic. Previous studies have investi-
gated the role of vitamin D in the pathogenesis, skeletal 
growth, and curve magnitude in patients with AIS.9–12 
A recent study from the United Kingdom highlighted 

Table 1. Vitamin D deficiency levels by number of patients, mean vitamin D level, mean SRS- 22 pain score, and mean Cobb angle.

25- Hydroxyvitamin D Level 
(nmol/L) No. of Patients (%)

Mean (SD) 25- Hydroxyvitamin D 
Level (nmol/L)

Mean SRS- 22 Pain Score 
Domain (1–5) Mean Cobb Angle

<25 41 (20.4%) 19.45 (4.5) 3.28 66.5°
25–49 108 (53.7%) 37.97 (7.2) 3.45 64.2°
50–75 41 (20.4%) 61.93 (7.0) 4.00 60.6°
>75 11 (5.5%) 96.63 (20.2) 4.34 61.2°

Abbreviation: SRS- 22, Scoliosis Research Society- 22.

Figure 1. Correlation between Scoliosis Research Society- 22 (SRS- 22) pain score and preoperative vitamin D level (P < 0.001, rs = 0.42).
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concerns that vitamin D deficiency is associated with 
worse preoperative outcome scores in patients with 
AIS,13 but clarity regarding the reason for the lower 
scores is still awaited. No previous study has investi-
gated the prevalence of vitamin D deficiency in patients 
with AIS within the UK population or its relationship to 
preoperative back pain.

We identify a previously unknown moderate correla-
tion between preoperative back pain scores and severity 
of vitamin D deficiency in patients undergoing surgical 
intervention for AIS.

This large cohort study including 201 patients 
treated for AIS showed a high prevalence of vitamin 
D deficiency, with only 5.5% of patients having ade-
quate levels of vitamin D. The number of patients who 
required supplementation to treat vitamin D deficiency 
was particularly high with 74% of patient’s requiring 
treatment. The large prevalence of vitamin D deficiency 
highlighted in our study is comparable to the general 
pediatric UK population. National data published as part 
of the UK national diet and nutrition survey in healthy 
individuals revealed that the mean 25- hydroxyvitamin 
D level in girls aged 11 to 18 years was 41.1 nmol/L, 
which is comparable to the mean level of 41.8 nmol/L 
in our series of patients with AIS, the large majority of 
whom were girls 11 to 18 years old. Similarly, the per-
centage of healthy individuals with severe deficiency 
less than 25 nmol/L was 24.4%, compared to 20.4% in 
our series.14

Mayes et al performed a similar prevalence study 
in pediatric patients having scoliosis surgery.15 They 
found vitamin D deficiency varied by diagnosis, and in 
the 126 patients with idiopathic scoliosis, only 10.3% 
had severe deficiency at <30 nmol/L, much less than 
in this study where 20.4% had severe deficiency at <25 
nmol/L. Vitamin D is known to increase with exposure 
to sunshine, which is an average of 2335 hours/year in 
Cincinnati where the Mayes et al study was done com-
pared with 1445 hours/year in Sheffield, UK.

In the cross- sectional study by Gozdzialska et al, 
vitamin D deficiency was significantly greater in 
patients with AIS in Poland when compared to healthy 
girls.16 The mean vitamin D in the AIS girls was 41.3 
nmol/L, which is very similar to our AIS patients; 
however, their control children had higher levels of 
vitamin D, especially the postmenarchial girls.

A large proportion of patients in our study experi-
enced preoperative back pain, with 63% of patients 
complaining of back pain within 6 months.

Vitamin D deficiency is known to cause generalized 
musculoskeletal pain17; this study reveals that there is 
a correlation between the severity of vitamin D defi-
ciency and the amount of back pain experienced by 
patients. This correlation has yet to be described in 
patients with AIS. Although patients complaining of 
pain should be investigated with MRI to rule out patho-
logical causes for their scoliosis,18 the treating surgeon 
should also consider the possibility that vitamin D 

Figure 2. Seasonal variation of vitamin D in adolescent idiopathic scoliosis vs healthy national controls. Data from the Clinical Knowledge Summary.6
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deficiency could be a cause of the pain. In our study, all 
patients had normal preoperative MRI, which excluded 
other structural causes for back pain, further suggesting 
that vitamin D deficiency has an association with AIS 
and back pain.

This study compliments previous studies that high-
lighted that a large proportion of pediatric patients 
undergoing surgery are deficient of vitamin D.19 The 
correlation between back pain and vitamin D found 
in this study may be specific to patients with AIS, but 
we should be observant of the role vitamin D has in 
muscle strength,20,21 the body’s immune response,22,23 
and scarring process.24 Successful spinal fusion is inte-
gral to the success of surgery for AIS, and symptomatic 
pseudarthrosis can arise in up to 5% of patients treated 
for AIS, causing persistent pain, failure of implants, 
and recurrence of deformity.25,26 Although this study 
was not designed to investigate the effects of vitamin D 
deficiency on spinal fusion rates in patients with AIS, 
previous studies have highlighted the importance of 
vitamin D in bone health and promoting spinal fusion 
rates.27,28

It seems apparent that with the high prevalence of 
vitamin D deficiency and its significant associations, 
we should be routinely investigating and optimizing 
vitamin D levels in patients with AIS preoperatively 
within our Northern European patient population.

AIS is known to be associated with back pain that 
reduces following surgical intervention.29 In this study, 
we treated all patients with vitamin D supplementation 
when the deficiency was first detected. This, along with 
the fact that all patients included in this study were 
undergoing surgical intervention, makes it challenging 
to determine any postoperative relationship with pain 
scores.

We appreciate that the spinal pathology could be 
causing the pain, and in many patients, the cause of pain 
is likely multifactorial; however, by only including AIS 
patients and with no correlation between Cobb angle 
and pain scores, we believe the correlation between 
vitamin D levels and pain to be important.

The study’s main limitation is that only patients 
undergoing corrective surgery were included for anal-
ysis, meaning all patients had reached a curve mag-
nitude warranting surgical intervention. This means 
we are unable to draw conclusions about the effects of 
vitamin D on curve progression. Furthermore, larger 
randomized studies are required to investigate the 
effect of vitamin D deficiency on early curve progres-
sion

CONCLUSION

Vitamin D deficiency is common in patients with 
AIS; in the present study, only 5.5% of patients had 
adequate levels and 74% of patients had levels requir-
ing oral supplementation. We found a strong correla-
tion between the severity of back pain and the level of 
vitamin D deficiency. Given this correlation, we believe 
all patients with AIS should be screened for vitamin D 
deficiency and treated appropriately when deficient. 
This simple intervention may improve back pain and 
activity levels in patients with AIS.

ACKNOWLEDGMENTS

We would like the aknowledge the continuous hard 
work and dedication of the spinal Nurse Specialists 
at Sheffield Childrens Hospital: Beverley Naylor, 
Ellie Read, Sarah Wright, Sarah Hinchliffe and Caron 
Edmonds. They contributed significantly to data 
collection and data input.

REFERENCES
 1. Schlösser TPC, van der Heijden GJMG, Versteeg AL, 
Castelein RM. How “idiopathic” is adolescent idiopathic scolio-
sis? A systematic review on associated abnormalities. PLoS One. 
2014;9(5):e97461. doi:10.1371/journal.pone.0097461
 2. Tan KJ, Moe MM, Vaithinathan R, Wong HK. Curve pro-
gression in idiopathic scoliosis: follow- up study to skeletal maturity. 
Spine. 2009;34(7):697–700. doi:10.1097/BRS.0b013e31819c9431
 3. Tsz- Ping L. Using calcium and vitamin D supplementa-
tion to prevent curve progression in adolescent idiopathic scoliosis 
(AIS) — A randomized double- blinded placebo- controlled trial. In: 
British Orthopaedic Association Annual Congress. Belfast, North-
ern Ireland; 2016:13–16.
 4. Li X, Hung VWY, Yu FWP, et al. Persistent low- normal 
bone mineral density in adolescent idiopathic scoliosis with dif-
ferent curve severity: a longitudinal study from presentation to 
beyond skeletal maturity and peak bone mass. Bone. 2020;133. 
doi:10.1016/j.bone.2019.115217
 5. Zadro J, Shirley D, Ferreira M, et al. Mapping the associ-
ation between Vitamin D and low back pain: a systematic review 
and meta- analysis of observational studies. Pain Physician. 
2017;20(7):611–640.
 6. National Institute for Health and Care Excellence (NICE). 
Clinical Knowledge Summary. https://cks.nice.org.uk/vitamin-d- 
deficiency-in-children
 7. Konieczny MR, Senyurt H, Krauspe R. Epidemiology of 
adolescent idiopathic scoliosis. J Child Orthop. 2013;7(1):3–9. 
doi:10.1007/s11832-012-0457-4
 8. Weinstein SL, Dolan LA, Cheng JCY, Danielsson 
A, Morcuende JA. Adolescent idiopathic scoliosis. Lancet. 
2008;371(9623):1527–1537. doi:10.1016/S0140-6736(08)60658-3
 9. Wang W- J, Hung VW- Y, Lam T- P, et al. The association of 
disproportionate skeletal growth and abnormal radius dimension 
ratio with curve severity in adolescent idiopathic scoliosis. Eur 
Spine J. 2010;19(5):726–731. doi:10.1007/s00586-009-1247-7

 by guest on May 4, 2025https://www.ijssurgery.com/Downloaded from 

https://cks.nice.org.uk/vitamin-d-deficiency-in-children
https://cks.nice.org.uk/vitamin-d-deficiency-in-children
https://www.ijssurgery.com/


Hampton et al.

International Journal of Spine Surgery, Vol. 16, No. 1 207

 10. Lee WTK, Cheung CSK, Tse YK, et al. Association of 
osteopenia with curve severity in adolescent idiopathic scolio-
sis: a study of 919 girls. Osteoporos Int. 2005;16(12):1924–1932. 
doi:10.1007/s00198-005-1964-7
 11. Li X- F, Li H, Liu Z- D, Dai L- Y. Low bone mineral status in 
adolescent idiopathic scoliosis. Eur Spine J. 2008;17(11):1431–1440. 
doi:10.1007/s00586-008-0757-z
 12. Ng S- Y, Bettany- Saltikov J, Cheung IYK, Chan KKY. 
The role of Vitamin D in the pathogenesis of adolescent idiopathic 
scoliosis. Asian Spine J. 2018;12(6):1127–1145. doi:10.31616/
asj.2018.12.6.1127
 13. Balaji V, Chin K, Samir F, Kouklinos A, Tucker S, Shaw 
M. Vitamin D deficiency in patients with adolescent idiopathic 
scoliosis (AIS): a couse for concern. Orthopaedic Proceedings. 
2014;96- B:SUPP_6:2–2
 14. https://assets.publishing.service.gov.uk/government/ 
uploads/system/uploads/attachment_data/file/537616/SACN_ Vita-
min_D_and_Health_report.pdf
 15. Mayes T, Anadio JM, Sturm PF. Prevalence of Vitamin 
D deficiency in pediatric patients with scoliosis preparing for 
spinal surgery. Spine Deform. 2017;5(6):369–373. doi:10.1016/j.
jspd.2017.03.008
 16. Goździalska A, Jaśkiewicz J, Knapik- Czajka M, et al. 
Association of calcium and phosphate balance, Vitamin D, PTH, 
and calcitonin in patients with adolescent idiopathic scoliosis. 
Spine. 2016;41(8):693–697. doi:10.1097/BRS.0000000000001286
 17. Holick MF. Vitamin D deficiency. N Engl J Med. 
2007;357(3):266–281. doi:10.1056/NEJMra070553
 18. Ozturk C, Karadereler S, Ornek I, Enercan M, Ganiyusu-
foglu K, Hamzaoglu A. The role of routine magnetic resonance 
imaging in the preoperative evaluation of adolescent idiopathic sco-
liosis. Int Orthop. 2010;34(4):543–546. doi:10.1007/s00264-009-
0817-y
 19. Parry J, Sullivan E, Scott AC. Vitamin D sufficiency screen-
ing in preoperative pediatric orthopaedic patients. J Pediatr Orthop. 
2011;31(3):331–333. doi:10.1097/BPO.0b013e3182104a94
 20. Hamilton B. Vitamin D and human skeletal muscle. 
Scand J Med Sci Sports. 2010;20(2):182–190. doi:10.1111/j.1600-
0838.2009.01016.x
 21. Ceglia L. Vitamin D and skeletal muscle tissue and func-
tion. Mol Aspects Med. 2008;29(6):407–414. doi:10.1016/j.
mam.2008.07.002
 22. Bikle DD. Vitamin D regulation of immune function. Vitam 
Horm. 2011;86:1–21. doi:10.1016/B978-0-12-386960-9.00001-0
 23. Gombart AF. The vitamin D- antimicrobial peptide pathway 
and its role in protection against infection. Future Microbiol. 
2009;4(9):1151–1165. doi:10.2217/fmb.09.87

 24. Zhang GY, Cheng T, Luan Q, et al. Vitamin D: a novel ther-
apeutic approach for keloid, an in vitro analysis. Br J Dermatol. 
2011;164(4):729–737. doi:10.1111/j.1365-2133.2010.10130.x
 25. Hawes M. Impact of spine surgery on signs and symp-
toms of spinal deformity. Pediatr Rehabil. 2006;9(4):318–339. 
doi:10.1080/13638490500402264
 26. Wenger DR, Mubarak SJ, Leach J. Managing complica-
tions of posterior spinal instrumentation and fusion. Clin Orthop 
Relat Res. 1992;284:24. doi:10.1097/00003086-199211000-00005
 27. Metzger M, Kanim L, Zhao L, Robinson ST, Delamarter 
RB. The relationship between Vitamin D status and successful spinal 
fusion. Spine J. 2013;13(9):S53. doi:10.1016/j.spinee.2013.07.156
 28. Kerezoudis P, Rinaldo L, Drazin D, et al. Association 
between Vitamin D deficiency and outcomes following spinal fusion 
surgery: a systematic review. World Neurosurg. 2016;95:71–76. 
doi:10.1016/j.wneu.2016.07.074
 29. Aghdasi B, Bachmann KR, Clark D, et al. Patient- reported 
outcomes following surgical intervention for adolescent idiopathic 
scoliosis: a systematic review and meta- analysis. Clin Spine Surg. 
2020;33(1):24–34. doi:10.1097/BSD.0000000000000822

Funding: The author(s) received no financial sup-
port for the research, authorship, and/or publication of 
this article.

Declaration of Conflicting Interests: The 
authors report no financial disclosures or conflicts of 
interest related to this article.

Presented At: An early cohort of this study was 
presented at the British Scoliosis Society meeting in the 
UK, April 2015. The abstract was published in Global 
Spine Journal, 2016;16(4):S105.

Corresponding Author: Matthew Hampton, 
Sheffield Children’s Hospital, Sheffield Children’s 
NHS Foundation Trust, Clarkson Street, Sheffield S10 
2TH, United Kingdom;  matthew. hampton@ nhs. net

Published 03 March 2022
This manuscript is generously published free of charge 
by ISASS, the International Society for the Advance-
ment of Spine Surgery. Copyright © 2022 ISASS. To 
see more or order reprints or permissions, see http:// 
ijssurgery. com.

 by guest on May 4, 2025https://www.ijssurgery.com/Downloaded from 

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/537616/SACN_Vitamin_D_and_Health_report.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/537616/SACN_Vitamin_D_and_Health_report.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/537616/SACN_Vitamin_D_and_Health_report.pdf
https://www.ijssurgery.com/

	Prevalence and Significance of Vitamin D Deficiency in Patients Undergoing Corrective Surgery for Adolescent Idiopathic Scoliosis
	ABSTRACT
	Introduction
	MATERIALS AND METHODS
	Statistical Analysis

	RESULTS
	Discussion
	Conclusion
	Acknowledgments

	References


