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Abstract

Background: Spinal cord injury (SCI) is a catastrophic event that influences all aspects of the life of the patients and their families.
It may have many acute or chronic complications. One of the most common complications is shoulder pain, which particularly
occurs in wheelchair users.
Objectives: This study aimed to estimate the prevalence of shoulder pain in paraplegic spinal cord injury patients who were referred
to our clinic.
Methods: We included 70 spinal cord injury patients in our study according to inclusion criteria. Demographic data and SCI-related
factors were recorded. The disabilities of the arm, shoulder, and hand (DASH) questionnaire was used to assess shoulder pain in our
patients.
Results: Mean score of pain was 51 in cervical, 23 in thoracic and 12 in lumbar spinal cord injury according to the DASH questionnaire.
The pain was more prevalent and severe in the cervical group.
Conclusions: According to our study, it seems that shoulder pain has a relatively high prevalence and is more severe in cervical
quadriplegic SCI patients that may be due to muscle imbalance around the shoulder. Therefore, this problem should be noted in
the course of managing these patients.
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1. Background

Spinal cord injury (SCI) is a mixture of motor, sensory
and autonomic disorders caused by injury to the spine due
to various causes including trauma, sports injuries, vio-
lence, etc. (1).

The incidence of SCI in developing countries is
25.5/million/year (95% CI: 21.7 - 29.4/million/year) and
ranges from 2.1 to 130.7/million/year. Complete SCIs were
found to be more common than incomplete injuries
(complete SCI: 56.5%; 95% CI: 47.6 - 65.3; incomplete SCI:
43.0%; 95% CI: 34.1 - 52.0). Similarly, paraplegia was found
to be more common than tetraplegia (paraplegia: 58.7%;
95% CI: 51.5 - 66.0; tetraplegia: 40.6%; 95% CI: 33.3 - 48.0) (2,
3). Furthermore, SCI can cause many long-term complica-
tions, such as chronic pain, spasticity, contractures, bowel
and bladder dysfunction, bedsores, etc. Pain is one of the
most important complications of spinal cord injury (4-9).

It affects various aspects of life among SCI patients and
decreases their quality of life (1, 10). Approximately 80%
of spinal cord injury patients report pain and one-third of
them report severe chronic pain which disrupts their ac-
tivities and quality of life (1). Pain in SCI patients is catego-
rized into two groups of neuropathic and musculoskeletal
pains. The latter engages various parts in the body includ-
ing back, chest, neck, upper limbs and shoulders (11-15).

Shoulder pain is one of the most prevalent pains in
spinal cord injury patients. Over time, approximately 50
percent of these patients are afflicted by shoulder pain. It
occurs in both paraplegic and tetraplegic patients. In para-
plegic patients, the cause of the pain is repeated moves and
overuse of upper limbs to carry out daily activities (16). In
quadriplegic patients, the major cause of this pain is lack
of muscle balance and lack of active moves in the shoulder
(17).
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Repetitive superior and posterior shoulder joint forces
produced during traditional wheelchair (WC) locomotion
can result in subacromial impingement if unopposed, as
with muscular fatigue or weakness. Other common di-
agnoses in individuals with SCI presenting with shoulder
pain are: bursitis, tendinopathy, rotator cuff tears, biceps
tendon tears or acromioclavicular joint arthropathy (18).
Shoulder pain can negatively affect mobility, participation
in social activities and quality of life (19).

2. Objectives

Considering the importance of the existence of pain in
spinal cord injury patients (17), in the present study, we in-
tended to investigate the prevalence of shoulder pain in
spinal cord injury patients that referred to our clinic and
studied the possible risk factors.

3. Methods

A cross-sectional study was performed at Imam
Khomeini Hospital between June 2016 and Sep 2017 in-
cluding SCI veterans admitted to our center for regular
follow-up and planning rehabilitation program. One hun-
dred and twenty spinal cord injury patients were referred
to the rehabilitation clinic of the “brain and spinal cord”
institute. Out of these patients, 70 who met the inclu-
sion criteria (SCI patients who were injured more than 6
months ago) were included in our study. In addition, the
exclusion criteria were: a major systemic disease, history
of previous trauma to the shoulder area, history of injec-
tion in the shoulder region within the last six months, and
the consumption of regular pain-reliever drugs over the
last month.

Patients were briefed upon entering the study, and
they completed the informed consent form. Then, a spe-
cialist in physical therapy and rehabilitation examined the
patients and filled a questionnaire including demographic
data (age, sex, job, and marital status); BMI and details re-
lated to the spinal cord injury were completed. The prece-
dence of the injury, the cause of SCI, and the severity of the
disorder were assessed through the ASIA (American Spinal
Injury Association) impairment scale, which classified SCI
to 5 levels of severity (A to E). Afterwards, the translated
version of DASH (the disabilities of the arm, shoulder, and
hand) questionnaire was filled based on the patients’ re-
sponses. The DASH questionnaire is a standard question-
naire to investigate shoulder pain, the Persian translated
version of which has been validated (20). According to the
DASH score guideline, a total score less than 15 means pa-
tients have no problem, a total score between 15 and 40

Table 1. Correlation Between Quantitative Variables and DASH Scorea , b

Variables Finding P Value with Increasing in
Variables

Age, y 35.9 ± 10.9 0.20

BMI, kg/m2 23.6 ± 3.5 0.36

Duration pass from
injury, mo

87.7 ± 69.3 0.44

Duration of wheelchairs
usage, mo

81.70 ± 54.9 0.44

aThe quantitative data had normal distribution and regression analysis was
used.
bValues are expressed as mean ± SD.

means moderate pain (doing their activity with pain) and
more than 40 means a severe problem.

SPSS software version 19 was used for statistical analy-
sis. To compare quantitative values, the student’s t-test or
correlate binary test and to compare the proportions the
chi-square test or Fisher’s exact test were used.

4. Results

We assessed 70 patients in our study. Among those,
59 (84.3%) of these patients were men and 11 (15.7%) were
women. The mean age of the patients was 36 ± 10.9.
The mean duration passed after injury was 5 years and 7
months. Of the under study patients, 10 patients (14.3%) suf-
fered from cervical SCI, 55 cases (78.6%) from thoracic para-
plegic and 5 cases (7.1%) from lumbar paraplegic SCI. The pa-
tients were investigated considering the variables related
to spinal cord injury and their relationship with DASH in-
dex. The results are shown in Table 1.

The mean value of the quantitative variables such
as age, BMI, duration after injury, length of time of
wheelchair use and the relationship of DASH level are
demonstrated in Table 2.

The overall prevalence of shoulder problems was 59%.
Among the thoracic SCI patients, prevalence of shoulder
pain in the cervical, the thoracic and lumbar group was
80%, 58.2%, and 20% respectively. Mean of DASH score in cer-
vical, thoracic and lumbar group was 51, 23 and 12 respec-
tively (P value < 0.001). Table 3 demonstrates the preva-
lence of pain according to the SCI type. The severity of
shoulder pain increased with age and the time passed af-
ter injury, but this increase was not statistically significant
(P value > 0.05).

Multi-variant regression analysis was done to find pos-
sible risk factors. In our population, also male gender, level
of injury at lumbar thoracic and cervical level can predict
mean Dash score. The results of this analysis are presented
in Table 4.
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Table 2. Frequency of Qualitative Variables, Mean DASH Score AND Correlation Be-
tween Them (Chi-Square and Covariance Analysis)a

Variables Frequency Mean DASH Score P Value

Sex 0.06

Male 59 (84.3) 23.85 ± 23.30

Female 11 (15.7) 38.56 ± 25.59

Marriage status 0.7

Single 33 (47.1) 26.05 ± 25.20

Married 33 (47.1) 27.38 ± 24.50

Divorced 4 (5.7) 17.02 ± 6.16

Job-status 0.3

Employed 37 (52.9) 25 ± 23.29

Unemployed 28 (40) 23.96 ± 24.67

Housewife 5 (4.1) 41.46 ± 26.30

Causes of SCI 0.1

Falling 21 (30) 29.89 ± 25.44

Gunshot 5 (7.1) 5.32 ± 7.57

car accident 39 (55.7) 26.12 ± 24.47

job accident 4 (5.7) 24.50 ± 12.40

sport injury 1 (1.4) 60.40

Type of SCI 0.3

Complete 33 (47.1) 28.83 ± 21.04

Incomplete 37 (52.9) 23.78 ± 26.57

ASIA impairment scale 0.6

A 43 (61.4) 25.22 ± 23.16

B 17 (24.3) 32.12 ± 24.45

C 7 (10) 21.78 ± 32.58

D 3 (4.3) 16.13 ± 15.83

Daily using of wheelchair 0.5

Less than 3 times 54 (77.1) 28.13 ± 15.17

3 - 6 times 10 (14.3) 22.74 ± 13.67

7 - 12 times 2 (2.9) 7 ± 2.37

More than 12 times 4 (5.7) 12 ± 5.74

aValues are expressed as mean ± SD or No. (%).

5. Discussion

Shoulder pain, a prevalent complaint in spinal cord in-
jury patients, affects the patients’ quality of life. It can in-
terfere with the patients’ rehabilitation process and inde-
pendent life. Shoulder pain tends to be more prevalent
among complete spinal cord injury patients (21).

Shoulder pain is probably due to frequent use of
wheelchair and tendon injuries in paraplegic patients and
loss of muscular balance in quadriplegic patients (1, 17).

Shoulder pain is more common in paraplegic patients be-
cause of the overuse of upper limbs and can be caused
by several reasons such as biceps tendinitis, impinge-
ment syndrome, subacromial bursitis, capsulitis, and os-
teoarthritis (22).

The prevalence of shoulder pain among chronic para-
plegic patients has been estimated to be 30 - 64 percent
(16).

In a study carried out in Brazil in 2011 intending to eval-
uate shoulder problems of spinal cord injury patients, the
prevalence of shoulder pain among quadriplegic and para-
plegic SCI patients was 88.89%, and 42.85%, respectively. In
our study, generally of the 70 spinal cord injury patients,
41.4% had no shoulder problems, 58.6% had shoulder prob-
lems among which 35.7% had moderate shoulder prob-
lems and 22.9% had severe shoulder problems. The pain
was more prevalent and severe in the quadriplegic group.

Age, gender, injury level, injury duration and the num-
ber of times moving from wheelchair onto bed and back
factors which reported in previous research affect shoul-
der pain (23-25). Studies also indicated that the time passed
after the injury and transferring from wheelchair to bed
and back were considered as influential factors on shoul-
der pain (11, 26). In a systematic review carried out in
2014, shoulder pain prevalence among quadriplegic pa-
tients has been reported to be more frequent in general. In
this study, pain prevalence has been more common among
women. Besides, other demographic features such as age
and weight have shown a positive correlation with the
prevalence of shoulder pain (27).

Another study investigated the shoulder pain preva-
lence and its correlation with moving from and back to
wheelchair showing that among 46% of the respondents,
69% had pain in the upper limb. The pain has been pos-
itively correlated with the number of times moving from
the wheelchair (28). Factors, directly and indirectly, influ-
encing shoulder pain include age, gender, BMI, injury level,
injury duration, and times of transferring from wheelchair
to bed and back (23, 24). Based on the results of our study,
the pain had a higher prevalence among patients who
had fewer than three and more than 24 moves from the
wheelchair. This can probably be because patients, who
have fewer than three moves from their wheelchair, are not
able to move mostly because of secondary complications
such as shoulder pain or it may be due to muscle imbal-
ance in the shoulder region. On the other hand, people
with more than 24 daily moves experience pain because of
the overuse of their shoulders.

Shoulder pain has been reported to negatively influ-
ence the quality of life. Lifting objects overhead has been
reported to be one of the most painful activities in such pa-
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Table 3. Mean of DASH Score According SCI Type

SCI Type DASH Score < 15 % DASH Score = 15 - 40 % DASH Score > 40 %

Cervical 20 20 60

Thoracic 41.8 40 18.2

Lumbar 80 50 0

Total 41.4 35.7 22.9

Table 4. Multi-Variant Regression Analysis for Possible Risk Factorsa

Model
Unstandardized Coefficients Standardized Coefficients

t Sig. P Value
B Standard Error Beta

Constant 73.404 14.942 4.913 0.000

Male gender -17.856 8.691 -0.272 -2.054 0.043

Injury level

Lumbar -44.440 12.346 -0.478 -3.600 0.001

Thoracic -26.109 7.569 -0.448 -3.449 0.001

Cervical -5.508 5.001 -.144 -1.101 0.01

aDependent variable: DASH

tients. In one study 68.4% of the patients have had a low
quality of life (25). Activities that create problems for the
patients include activities and tasks related to wheelchair
use such as pushing up the wheelchair on an uneven sur-
face. This activity has been reported to cause severe pain
for the patients (11-13). In addition, pain intensity is pos-
itively correlated with the number of exposures with ac-
tivities of daily living (ADL). Therefore, greater care must
be taken in detailed evaluation, prevention, rehabilitation
and effective medical treatments for such cases (11, 26, 29,
30).

5.1. Conclusions

Based on the result of our study, it seems that shoul-
der pain has a relatively high prevalence and is more se-
vere in cervical quadriplegic spinal cord injury patients.
Given the fact that the quality of life among spinal cord in-
jury patients is considerably influenced by its secondary
complications such as shoulder pain, the appropriate at-
tention should be paid to their shoulder pain, asking pa-
tients about the pain and examining them regularly. Be-
sides, a proper pain management plan for these patients
can be helpful in improving the quality of their life.

Acknowledgments

We hereby appreciate the full co-operation of the pa-
tients in our study.

Footnotes

Authors’ Contribution: Mohaddeseh Azadvari was re-
sponsible for suggesting topic, helping to acquiring data,
drafting and revising the article. Seyede Zahra Emami
Razavi responsible for data collection, analyzing, writing
the manuscript. Tayebeh Tavasol drafting and revising the
article. Amir Rakhshan drafting and revising the article.
Mohaddeseh Azadvari and Seyede Zahra Emami Razavi as-
sessed the accuracy of analysis and extracted themes, and
their perspectives were applied.

Conflict of Interests: The authors declare that they have
no conflict of interest.

Ethical Approval: After explaining the situation of the ar-
ticle presentation, the patient signed the informed con-
sent. Ethical code: IR.TUMS.VCR.REC.1396.3514.

Funding/Support: We did not have any support.

References

1. Hassanijirdehi M, Khak M, Afshari-Mirak S, Holakouie-Naieni K, Saa-
dat S, Taheri T, et al. Evaluation of pain and its effect on quality of
life and functioning in men with spinal cord injury. Korean J Pain.
2015;28(2):129–36. doi: 10.3344/kjp.2015.28.2.129. [PubMed: 25852835].
[PubMed Central: PMC4387458].

2. Rahimi-Movaghar V, Sayyah MK, Akbari H, Khorramirouz R, Rasouli
MR, Moradi-Lakeh M, et al. Epidemiology of traumatic spinal cord in-
jury in developing countries: A systematic review.Neuroepidemiology.
2013;41(2):65–85. doi: 10.1159/000350710. [PubMed: 23774577].

3. Galeiras Vazquez R, Ferreiro Velasco ME, Mourelo Farina M, Mon-
toto Marques A, Salvador de la Barrera S. Update on traumatic

4 Arch Neurosci. 2020; 7(1):e96150.

http://dx.doi.org/10.3344/kjp.2015.28.2.129
http://www.ncbi.nlm.nih.gov/pubmed/25852835
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4387458
http://dx.doi.org/10.1159/000350710
http://www.ncbi.nlm.nih.gov/pubmed/23774577
http://archneurosci.com


Azadvari M et al.

acute spinal cord injury. Part 1. Med Intensiva. 2017;41(4):237–47. doi:
10.1016/j.medin.2016.11.002. [PubMed: 28161028].

4. de Miguel M, Kraychete DC. Pain in patients with spinal cord injury: A
review. Rev Bras Anestesiol. 2009;59(3):350–7. [PubMed: 19488549].

5. Siddall PJ, McClelland JM, Rutkowski SB, Cousins MJ. A longitudi-
nal study of the prevalence and characteristics of pain in the first
5 years following spinal cord injury. Pain. 2003;103(3):249–57. doi:
10.1016/s0304-3959(02)00452-9. [PubMed: 12791431].

6. Subbarao JV, Klopfstein J, Turpin R. Prevalence and impact of wrist
and shoulder pain in patients with spinal cord injury. J Spinal Cord
Med. 1995;18(1):9–13. doi: 10.1080/10790268.1995.11719374. [PubMed:
7640974].

7. Adriaansen JJ, Post MW, de Groot S, van Asbeck FW, Stolwijk-Swuste
JM, Tepper M, et al. Secondary health conditions in persons with
spinal cord injury: A longitudinal study from one to five years post-
discharge. J Rehabil Med. 2013;45(10):1016–22. doi: 10.2340/16501977-
1207. [PubMed: 24096367].

8. Hu Y, Mak JN, Wong YW, Leong JC, Luk KD. Quality of life of trau-
matic spinal cord injured patients in Hong Kong. J Rehabil Med.
2008;40(2):126–31. doi: 10.2340/16501977-0150. [PubMed: 18509577].

9. Richardson A, Samaranayaka A, Sullivan M, Derrett S. Secondary
health conditions and disability among people with spinal cord in-
jury: A prospective cohort study. J Spinal Cord Med. 2019:1–10. doi:
10.1080/10790268.2019.1581392. [PubMed: 30882288].

10. Wollaars MM, Post MW, van Asbeck FW, Brand N. Spinal cord injury
pain: The influence of psychologic factors and impact on quality of
life. Clin J Pain. 2007;23(5):383–91. doi: 10.1097/AJP.0b013e31804463e5.
[PubMed: 17515736].

11. Gupta N, Solomon J, Raja K. Pain after paraplegia: A survey in In-
dia. Spinal Cord. 2010;48(4):342–6. doi: 10.1038/sc.2009.165. [PubMed:
20010911].

12. Putzke JD, Richards JS, Hicken BL, Ness TJ, Kezar L, DeVivo M. Pain
classification following spinal cord injury: The utility of verbal de-
scriptors. Spinal Cord. 2002;40(3):118–27. doi: 10.1038/sj.sc.3101269.
[PubMed: 11859438].

13. Siddall PJ, Taylor DA, Cousins MJ. Classification of pain fol-
lowing spinal cord injury. Spinal Cord. 1997;35(2):69–75. doi:
10.1038/sj.sc.3100365. [PubMed: 9044512].

14. Widerstrom-Noga E, Biering-Sorensen F, Bryce T, Cardenas DD,
Finnerup NB, Jensen MP, et al. The international spinal cord
injury pain basic data set. Spinal Cord. 2008;46(12):818–23. doi:
10.1038/sc.2008.64. [PubMed: 18521092].

15. Finley MA, Euiler E. Association of musculoskeletal pain, fear-
avoidance factors, and quality of life in active manual wheelchair
users with SCI: A pilot study. J Spinal Cord Med. 2019:1–8. doi:
10.1080/10790268.2019.1565717. [PubMed: 30633656].

16. Kentar Y, Zastrow R, Bradley H, Brunner M, Pepke W, Bruckner T, et
al. Prevalence of upper extremity pain in a population of people with
paraplegia. Spinal Cord. 2018;56(7):695–703. doi: 10.1038/s41393-018-
0062-6. [PubMed: 29367654].

17. Cifu DX. Braddom’s physical medicine and rehabilitation E-book. 5th ed.
USA: Elsevier Health Sciences; 2015.

18. Lighthall Haubert L, Mulroy SJ, Requejo PS, Maneekobkunwong S,

Gronley JK, Rankin JW, et al. Effect of reverse manual wheelchair
propulsion on shoulder kinematics, kinetics and muscular activ-
ity in persons with paraplegia. J Spinal Cord Med. 2019:1–13. doi:
10.1080/10790268.2019.1570436. [PubMed: 30768378].

19. Bossuyt FM, Arnet U, Brinkhof MWG, Eriks-Hoogland I, Lay V, Muller R,
et al. Shoulder pain in the Swiss spinal cord injury community: Preva-
lence and associated factors. Disabil Rehabil. 2018;40(7):798–805. doi:
10.1080/09638288.2016.1276974. [PubMed: 28084832].

20. Mousavi SJ, Parnianpour M, Abedi M, Askary-Ashtiani A, Karimi
A, Khorsandi A, et al. Cultural adaptation and validation of the
Persian version of the disabilities of the arm, shoulder and hand
(DASH) outcome measure. Clin Rehabil. 2008;22(8):749–57. doi:
10.1177/0269215508085821. [PubMed: 18678575].

21. Dyson-Hudson TA, Kirshblum SC. Shoulder pain in chronic spinal
cord injury, Part I: Epidemiology, etiology, and pathomechanics. J
Spinal CordMed. 2004;27(1):4–17. doi: 10.1080/10790268.2004.11753724.
[PubMed: 15156931].

22. Pepke W, Brunner M, Abel R, Almansour H, Gerner HJ, Hug A, et al.
[Risk factors for the development of rotator cuff tears in individuals
with paraplegia : A cross-sectional study].Orthopade. 2018;47(7):561–6.
doi: 10.1007/s00132-018-3546-3. [PubMed: 29487985].

23. Roehrig S, Like G. Factors affecting shoulder pain in adolescents and
young adults with spina bifida. Pediatr Phys Ther. 2008;20(3):224–32.
doi: 10.1097/PEP.0b013e318181162a. [PubMed: 18703959].

24. Medina GI, Nascimento FB, Rimkus CM, Zoppi Filho A, Cliquet AJ.
Clinical and radiographic evaluation of the shoulder of spinal cord
injured patients undergoing rehabilitation program. Spinal Cord.
2011;49(10):1055–61. doi: 10.1038/sc.2011.64. [PubMed: 21727901].

25. Salisbury SK, Nitz J, Souvlis T. Shoulder pain following tetraplegia: A
follow-up study 2-4 years after injury. Spinal Cord. 2006;44(12):723–8.
doi: 10.1038/sj.sc.3101908. [PubMed: 16505828].

26. Wang JC, Chan RC, Tsai YA, Huang WC, Cheng H, Wu HL, et al. The in-
fluence of shoulder pain on functional limitation, perceived health,
and depressive mood in patients with traumatic paraplegia. J Spinal
Cord Med. 2015;38(5):587–92. doi: 10.1179/2045772314Y.0000000271.
[PubMed: 25296991]. [PubMed Central: PMC4535800].

27. Nawoczenski DA, Ritter-Soronen JM, Wilson CM, Howe BA, Ludewig
PM. Clinical trial of exercise for shoulder pain in chronic spinal injury.
Phys Ther. 2006;86(12):1604–18. doi: 10.2522/ptj.20060001. [PubMed:
17138842].

28. Gironda RJ, Clark ME, Neugaard B, Nelson A. Upper limb pain
in a national sample of veterans with paraplegia. J Spinal Cord
Med. 2004;27(2):120–7. doi: 10.1080/10790268.2004.11753742. [PubMed:
15162882].

29. Jensen MP, Hoffman AJ, Cardenas DD. Chronic pain in individuals
with spinal cord injury: A survey and longitudinal study. Spinal Cord.
2005;43(12):704–12. doi: 10.1038/sj.sc.3101777. [PubMed: 15968299].

30. Van Straaten MG, Cloud BA, Zhao KD, Fortune E, Morrow MMB.
Maintaining shoulder health after spinal cord injury: A guide to
understanding treatments for shoulder pain. Arch Phys Med Re-
habil. 2017;98(5):1061–3. doi: 10.1016/j.apmr.2016.10.005. [PubMed:
28185640]. [PubMed Central: PMC5532812].

Arch Neurosci. 2020; 7(1):e96150. 5

http://dx.doi.org/10.1016/j.medin.2016.11.002
http://www.ncbi.nlm.nih.gov/pubmed/28161028
http://www.ncbi.nlm.nih.gov/pubmed/19488549
http://dx.doi.org/10.1016/s0304-3959(02)00452-9
http://www.ncbi.nlm.nih.gov/pubmed/12791431
http://dx.doi.org/10.1080/10790268.1995.11719374
http://www.ncbi.nlm.nih.gov/pubmed/7640974
http://dx.doi.org/10.2340/16501977-1207
http://dx.doi.org/10.2340/16501977-1207
http://www.ncbi.nlm.nih.gov/pubmed/24096367
http://dx.doi.org/10.2340/16501977-0150
http://www.ncbi.nlm.nih.gov/pubmed/18509577
http://dx.doi.org/10.1080/10790268.2019.1581392
http://www.ncbi.nlm.nih.gov/pubmed/30882288
http://dx.doi.org/10.1097/AJP.0b013e31804463e5
http://www.ncbi.nlm.nih.gov/pubmed/17515736
http://dx.doi.org/10.1038/sc.2009.165
http://www.ncbi.nlm.nih.gov/pubmed/20010911
http://dx.doi.org/10.1038/sj.sc.3101269
http://www.ncbi.nlm.nih.gov/pubmed/11859438
http://dx.doi.org/10.1038/sj.sc.3100365
http://www.ncbi.nlm.nih.gov/pubmed/9044512
http://dx.doi.org/10.1038/sc.2008.64
http://www.ncbi.nlm.nih.gov/pubmed/18521092
http://dx.doi.org/10.1080/10790268.2019.1565717
http://www.ncbi.nlm.nih.gov/pubmed/30633656
http://dx.doi.org/10.1038/s41393-018-0062-6
http://dx.doi.org/10.1038/s41393-018-0062-6
http://www.ncbi.nlm.nih.gov/pubmed/29367654
http://dx.doi.org/10.1080/10790268.2019.1570436
http://www.ncbi.nlm.nih.gov/pubmed/30768378
http://dx.doi.org/10.1080/09638288.2016.1276974
http://www.ncbi.nlm.nih.gov/pubmed/28084832
http://dx.doi.org/10.1177/0269215508085821
http://www.ncbi.nlm.nih.gov/pubmed/18678575
http://dx.doi.org/10.1080/10790268.2004.11753724
http://www.ncbi.nlm.nih.gov/pubmed/15156931
http://dx.doi.org/10.1007/s00132-018-3546-3
http://www.ncbi.nlm.nih.gov/pubmed/29487985
http://dx.doi.org/10.1097/PEP.0b013e318181162a
http://www.ncbi.nlm.nih.gov/pubmed/18703959
http://dx.doi.org/10.1038/sc.2011.64
http://www.ncbi.nlm.nih.gov/pubmed/21727901
http://dx.doi.org/10.1038/sj.sc.3101908
http://www.ncbi.nlm.nih.gov/pubmed/16505828
http://dx.doi.org/10.1179/2045772314Y.0000000271
http://www.ncbi.nlm.nih.gov/pubmed/25296991
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4535800
http://dx.doi.org/10.2522/ptj.20060001
http://www.ncbi.nlm.nih.gov/pubmed/17138842
http://dx.doi.org/10.1080/10790268.2004.11753742
http://www.ncbi.nlm.nih.gov/pubmed/15162882
http://dx.doi.org/10.1038/sj.sc.3101777
http://www.ncbi.nlm.nih.gov/pubmed/15968299
http://dx.doi.org/10.1016/j.apmr.2016.10.005
http://www.ncbi.nlm.nih.gov/pubmed/28185640
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5532812
http://archneurosci.com

	Abstract
	1. Background
	2. Objectives
	3. Methods
	4. Results
	Table 1
	Table 2
	Table 3
	Table 4

	5. Discussion
	5.1. Conclusions

	Acknowledgments
	Footnotes
	Authors' Contribution
	Conflict of Interests
	Ethical Approval
	Funding/Support

	References

