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Abstract

Background

Pain after spinal cord injury (SCI) is one of the most important contributors to poor
rehabilitation outcomes, reduced quality of life (QOL) as well as poorer physical,
social, and psychological functioning.

Objective

To determine the correlation of overall and shoulder pain on functioning and QOL in
community-dwelling people with SCI.

Methods

This quantitative correlational study included people with SCI with or without pain,
who were discharged from five rehabilitation hospitals in Gauteng, South Africa. The
presence of pain, wheelchair function, and QOL were investigated using the Numeric
Rating Scale, Wheelchair Function Test Questionnaire, and the WHOQOL-BREF
questionnaire. Pectoralis minor muscle (PMm) length was measured using a Vernier
caliper and the Scapular Dyskinesis test was used to observe for scapular dyskine-
sis. Descriptive statistics; Independent t-tests, ANOVA tests, and Fisher’s exact tests
were performed using the SPSS v27 at a 0.05 level of significance.

Results

85% of the 122 participants reported overall pain, mainly burning (32.7%) and below
the level of injury (39.4%), with only 14.8% reporting shoulder pain. There was no
overall difference in QOL between participants with and without pain, however, pain
prevented individuals from doing what they needed to do (p<0.05). Pain severity was
negatively correlated with QOL (p<0.001) and sleep satisfaction (p<0.05). There
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were no correlations found between shoulder pain and PMm length, as well as scap-
ular dyskinesis. However, there was a negative correlation between shoulder pain
and wheelchair function in those who reported shoulder pain (p<0.01).

Conclusion

Pain is problematic after SCI and although shoulder pain is not as prominent, it
has the potential to negatively impact an individual’s ability to use their wheelchair
effectively.

Contribution

Findings from this study emphasise the negative role of pain on life satisfaction and
QOL. Stakeholders involved in SCI rehabilitation can consider including comprehen-
sive pain management within the interprofessional model of care.

Introduction

Pain is a commonly prevalent and significant health problem in both the general

and spinal cord injury (SCI) population. Up to 94% of people with spinal cord injury
(PWSCI) experience nociceptive and/or neuropathic pain, and at least one-third will
have severe pain [1-3]. Pain after SCI tends to be chronic, occurring for more than
three months, and associated with emotional distress and depression, and the higher
the severity of pain, the worse the negative impact on an individual [1]. People with
SCI who report severe pain levels may refrain from fully engaging in their community
due to the pain levels, leading to diminished enjoyment, productivity, and strained
relationships, which negatively impact their quality of life (QOL) [4,5]. The presence
of pain has been shown to interfere with mobility functioning and ADLs, and in addi-
tion, directly contributes to further functional disability as it reduces the affected indi-
vidual’s capacity to return to work, and subsequently plays a pivotal role in creating
financial problems [3]. It is understandable how the pain experience then cascades
into a worsened cognitive and emotional function (such as mood and sleep disorders,
emotional distress, and depression); leading to a significant impact on self-perception
of health and QOL [1,6]. This may lead to an increased risk of developing secondary
health conditions (SHCs) and increasing healthcare costs associated with general
SHC management and hospital readmission [7].

The dynamic interaction between demographic information, SCI profile, psycho-
logical status, and social factors highlights the multidimensionality of pain, making
the pain experience unique and individualized [8]. For manual wheelchair users,
scapula performance is crucial in effective shoulder stability, position, movement, and
muscle performance during wheelchair activities [9]. A decreased pectoralis minor
muscle (PMm) length due to scapular dyskinesis (which is altered scapular motion)
or adaptive muscle shortening has been identified to play a role in shoulder dys-
function [10]. People with SCI spend an estimated 8.3 hours per day seated in their
wheelchair performing manual daily tasks in 30° of forward flexion and performing
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14—18 transfers a day [11]. This may explain why manual wheelchair users generally present with a round-shoulder
posture, which is characterised by a protracted, downwardly rotated, and anteriorly tipped scapular position together with
an increased lordosis and upper thoracic kyphosis [12]. This posture brings the origin and insertion of the PMm closer
together, creating an environment for a shortened PMm length, which may ultimately result in shoulder impingement
[12,13]. Recent local literature has determined pain as one of the problematic SHCs after SCI [2,14—16], however, there is
a dearth of literature on the influence of pain in people with SCI in the South African context. This study, to the knowledge
of the authors, is the first in South Africa to determine the dynamic interaction of the physical and contextual factors within
a pain construct, particularly the interaction between pain, shoulder function, wheelchair functioning, and QOL in PWSCI.

Research methods and design
Study design, setting, and population

This study used a quantitative approach and a correlational design. Databases of four consenting rehabilitation hospitals
(one private and three government) that admit PWSCI were perused to identify potential manual wheelchair users with
paraplegia for participation in the study. To be included in the study, the participants needed to have intact innervation

to the shoulder girdle to have an active function of the pectoralis minor muscle and scapular movements, hence limiting

to people with paraplegia. Eligible participants needed to be at least six months post-discharge from rehabilitation to be
invited to participate. The six-month minimum post-discharge period was chosen as it allowed for potential participants to
possibly achieve an optimum level of independence post-discharge from the hospital and for soft tissue changes, such as
muscle shortening, to possibly occur with prolonged wheelchair use. A consecutive sampling method was employed and
the events per variable (EPV) approach was used to determine the sample size (where EPV>5) [17]. Vittinghoff & McCull-
och [18] support the decision not to discount significant results from 5 EPV and we have corrected for optimism by using
bootstrapping in the inferential statistical analyses in this study to derive bias-corrected confidence intervals. A minimum of
35% of manual wheelchair users were anticipated to report pain, with a function of no more than eight variables namely;
age, gender, type of occupation, years living with SCI, neurological level of injury, completeness of injury, PMm length,
and the presence of scapular dyskinesis. At least 115 participants were required following the sample calculation where
EPV>5, that is, number of events >5x8=40, and 40/0.35. We excluded consenting participants if they were readmitted to
the hospital or moved residences beyond the driving range of a 500 km radius from their discharging hospital at the time
of data collection.

Data collection procedure

Databases of the consenting rehabilitation hospitals were perused from May 2018 to December 2018, and potential
participants who were identified were then contacted via telephone to invite them to participate in the study. Those who
gave verbal consent were visited by the lead author from February 2019 to March 2020 and an informed consent form
was signed on the day of the visit. The lead author is fluent in Sepedi, IsiZulu, and English, and there were no language
barriers experienced during data collection.

Data collection tools

A socio-demographic and injury profile capture sheet was used to document the participants’ demographic and SCI pro-
files. The painful areas were coded from the most painful to the least painful, namely, the first painful area (P1), until the
fifth painful area (P5). Pain severity was determined using the Numeric Rating Scale (NRS), which measures the subjec-
tive intensity of pain on an 11-point Likert scale (zero to 10). The NRS has adequate construct and content validity in the
SCI population [19]. The Wheelchair Skills Test questionnaire (WST-Q) was used to determine the participants’ wheelchair
skills in their daily environment. The WST-Q has high internal consistency reliability a=0.90, test-retest reliability 0.91
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(ICC=0.84-0.94) high inter-rater reliability 0.86 (ICC=0.92—-0.95), and intra-rater reliability 0.95 [20]. The physical health
domain (seven items) and overall QOL items (two items) of the World Health Organization Quality of Life Brief Version
(WHOQOL-BREF) questionnaire were used to determine the participant’'s QOL and raw total scores were transformed

and used to determine the overall QOL score [21]. The WHOQOL-BREF showed high reliability at a=0.74-0.87, an item-
domain validity of r=0.41-0.77, and correlated with the SF-36 at r=0.33-0.78. It also showed excellent inter-rater reliability
(ICC=0.84-0.93) [21]. To determine the presence of pain, the Wheelchair User’s Shoulder Pain Index (WUSPI) was used
where the participant answered 15 questions relating to their shoulder pain during activities on a 10cm visual analogue
scale. The total score is summed up from all the item scores (0—150) and higher scores show greater interference of the
shoulder pain. The WUSPI has high internal consistency (Cronbach alpha=0.97) and high test-retest reliability (intraclass
correlation coefficient=0.99) [22]. The WST-Q and the WUSPI are yet to be validated in the South African context.

To measure PMm length, landmarks were identified in the supine position where the coracoid process and the inferior
medial aspect of the fourth rib were identified, and the landmarks have an intraclass correlation coefficient (ICC) of 0.96
[23]. Similar to Komati et al. [24], the relaxed, active, and stretched PMm lengths were measured in a supine position with
the elbows bent and the hands resting on the abdomen to eliminate the influences of gravity and the passive insufficiency
of the biceps brachii muscle on PMm length [9]. The lead author performed all the measurements using a Vernier® cali-
per and a research assistant recorded the values. A Vernier® caliper was used to minimise the influence of anterior chest
wall soft tissue and measurements were done following exhalation to avoid measuring an expanded chest due to inhala-
tion [10,23]. The use of a Vernier® caliper has been shown to have an ICC of 0.83—0.87 [23]. Three measurements were
performed and recorded for each position and an average was calculated for a final PMm length. For the resting PMm
length, participants were in a relaxed natural posture. The active PMm length was measured with participants performing
an active scapula retraction to the point of lumbar extension and the retracted position was sustained during the mea-
surement. The research assistant performed a passive scapular retraction for the stretched PMm length, which was also
sustained during the measurement. The participant’s height was measured in a supine position using a retractable mea-
suring tape and the PMm length was expressed using the pectoralis minor index (PMI), calculated as (PMm length(cm)/
height(cm) x 100) [10]. There is no determined threshold of PM shortening as yet, so we followed the recommendation by
the literature to rather calculate and express PMI for the sample in each study [10,25]. Lewis and Valentine [26] found the
PM muscle length measure to have excellent intra-rater reliability however lacked diagnostic accuracy in the manner in
which they tested (using a rigid standard plastic transparent right angle).

To observe a visible alteration in the position of the scapula and scapular motion and determine the presence of scapu-
lar dyskinesis, the scapular dyskinesis test (SDT) was used where the participants performed bilateral and active weighted
shoulder flexion and abduction for five repetitions each. The SDT classifies the scapular motion as normal, subtle dys-
kinesis, or obvious dyskinesis [27]. Participants simultaneously elevated their shoulders overhead as far as possible to
a three-second count using a ‘thumbs up’ position then lowered their shoulders to a three-second count. The scapular
motion was video recorded and 1.4 kg dumbbell weights were used and the weight is determined by the participant’s body
weight. We included the use of the dumbbells as an abnormal scapular movement is often visible with resisted active
movements than non-resisted movement [27]. McClure et al. [27] confirmed the validity of the SDT with a Kappa reliability
of 0.8544 (p<0.001).

Data analysis

Microsoft Excel (version 2016) was used to manage all collected data and the SPSS v29 was used to analyse the data.
Frequencies, percentages, means, standard deviations, and 95% confidence intervals are used to report the descriptive
statistics. We performed bootstrap during inferential analyses where the bootstrap results were based on 1000 samples at
95% confidence intervals. Pearson r tests were used to analyse correlations and Fisher’s exact tests to provide informa-
tion on associations between the variables. Independent t-tests were used to compare two groups (those with and without
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pain) and one-way analysis of variance (ANOVA) tests were used to examine differences between more than two groups
in the case of sleep satisfaction. Testing was done at the 0.05 level of significance and 95% confidence intervals.

Ethical considerations

This study is registered with the South African National Health Research Database (reference number GP201806005)
and was approved by the Faculty of Health Sciences Research Ethics Committee, University of Pretoria (approval number
125/2018). Furthermore, permission has been granted by the participating rehabilitation hospitals, and written informed
consent was obtained from all the participants in this study. There were no financial costs or financial compensation
involved for the participants in this study. All data from this study is stored at the University of Pretoria’s Physiotherapy
Department for no less than fifteen years as per the data safekeeping requirements of the research ethics committee.

Control of bias

To reduce the risks of recall bias, the researcher limited recall to four weeks, as per the guidelines of the WHOQOL-BREF
[21]. To minimize selection bias, all eligible participants from the four databases were contacted to invite them to participate
and the study included all those who consented. To reduce the Hawthorne Effect [28], participants were told that there is no
wrong or right answer and that the study aimed to determine how their pain may or may not influence their general health
satisfaction and how they use their wheelchairs. Although all questionnaires used in this study are self-reported, the lead
author administered them to ensure consistency in the way the questions were understood and to minimise measurement
errors. The lead author also undertook sessions with the second author to ensure that the correct PMm landmarks were
identified and measured, as well as sessions with an external expert to undergo the correct identification of scapular motion.

Results

Socio-demographic and injury profile

A total of 122 PWSCI participated in the study and the mean age of participants in this study was 39.7 years (SD 11.1)
and the mean age when injured was 32.6 years (SD 10.7), while the mean years living with SCIl was 7.1 years (SD 7.1).
Most of the participants were male (68.0%); resided with their family (50.8%); were unemployed (59.0%); were on the
government disability grant (47.5%); and did not have other health problems (80.3%). The aetiology of SCI was mostly
traumatic SCI (85.2%), with motor vehicle accidents as the most common cause of SCI (41.0%). Complete SCI was more
common (76.2%) and most of the participants had neurological levels of injury between T6-T12 (73.8%).

Overall pain presentation

The majority of the participants experienced current pain (85%) which was experienced mainly in one area of the body
(48.4%), 27.9% in two areas, 5.7% in three areas, 2.5% in four areas, and 0.8% in five areas. The mean pain severity

for the most intense pain (P1) was 6.7 (SD 2.3), 2.4 for P2 (SD 3.0), 0.6 for P3 (SD 1.7), and 0.2 for P4 (SD 0.9). The
higher standard deviations more than their means for P2, P3, and P4 respectively, suggest a large variability and analysis
confirmed the skewness of P3 (2.98) and P4 (6.92). Only one participant (1%) reported P5 as muscular aches located in
the hands, with a severity of 3.5 out of 10. Pain occurred throughout the body, however, the lower limbs below the injury
level were the most common location of pain experienced (39.4%). The most common behaviour of pain was described as
burning (32.7%).

Shoulder pain

Only 18 participants (14.8%) reported shoulder pain and all of them experienced pain in their dominant shoulder. Two
participants with shoulder pain reported previous shoulder operations, namely, an internal fixation following a shoulder
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dislocation; and a rotator cuff repair. The WUSPI mean score was 63.27 (SD 35.11), with pushing a wheelchair up inclines
being the most painful (Table 1) and a 42.5% shoulder pain interference.

Shoulder biomechanics

a) Pectoralis minor muscle lengths

Our participants had a mean resting PM muscle length of 17.72cm (SD 2.36) on the dominant side and 19.18cm (SD
14.11) on the non-dominant side. The PMm length means, expressed as PMI, are included in Table 2.

We found no significant differences in PMI between those with and without pain, irrespective of whether the PM muscle
was in its relaxed, active, or stretched positions. We also did not find any significant association between shoulder pain
and PMI.

b) Scapular motion

Five participants, who did not report any shoulder pain, did not consent to the video recording required for the SDT to
determine the scapular motion. Four participants with shoulder pain and 17 without shoulder pain were unable to maintain

Table 1. WUSPI descriptive statistics (n=18).

WUSPI items Mean Std. Deviation
Transfer from bed to wheelchair 3.94 2.920
Transfer from wheelchair to car 4.31 3.295
Transfer from a wheelchair to tub or shower 5.20 3.084
Loading your wheelchair into car 4.00 2.366
Pushing your chair for ten minutes or more 4.81 2.750
Pushing up ramps or inclines outdoors 6.06 3.269
Lifting objects down from an overhead shelf 5.29 3.405
Putting on pants 3.00 3.678
Putting on a t-shirt or pullover 3.00 3.926
Putting on a button down shirt 1.29 2.592
Washing your back 4.40 2.694
Usual daily activities at work or school 4.83 3.382
Driving 3.38 3.623
Performing household chores 413 3.096
Sleeping 4.94 3.796
Total 63.72 35.11

https://doi.org/10.1371/journal.pone.0324850.t001

Table 2. Pectoralis minor index descriptive statistics.

Pectoralis minor muscle position Those with shoulder pain (n=18) Those without shoulder pain
(n=86)
Mean Std. Dev. Mean Std. Dev.
Dominant shoulder Relaxed 10.80 0.93 10.51 1.49
Active 11.13 0.85 10.79 1.52
Stretched 11.93 1.06 11.74 1.64
Non-dominant shoulder Relaxed 10.93 0.90 10.65 1.48
Active 11.31 0.77 11.01 1.54
Stretched 12.16 1.01 11.88 1.65

https://doi.org/10.1371/journal.pone.0324850.t002
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Table 3. The proportion of participants with and without shoulder pain when testing their scapular motion.

Description of the SDT Those without shoulder pain (n=82) Those with shoulder pain (n=14) Total
Normal scapular motion 5 1 6
(Proportion in %) 83.3% 16.7%

Subtle scapular 3 0 3
dyskinesis 100.0% 0.0%

(Proportion in %)

Obvious scapular 74 13 87
dyskinesis 85.1% 14.9%

(Proportion in %)

https://doi.org/10.1371/journal.pone.0324850.t003

the necessary balance required for the SDT. Table 3 illustrates the proportions of the participants with and without pain
against the SDT results. We found no significant association between scapular dyskinesis and shoulder pain (Fisher’s
exact=1.15, p=0.944).

Pain and wheelchair function

Four participants only used their manual wheelchairs in new areas or for long distances and mainly used walking frames
or crutches for indoor mobility, of these, two had reported overall pain. The total number of participants assessed for
wheelchair function is therefore 118, with 18 reporting specific shoulder pain and 16 without any pain. We found an overall
WST-Q score of 48.28% (SD 10.25), and 48.76 (SD 10.32) for those with pain (n=102) (Table 4). Table 4 also depicts the
different responses of those with shoulder pain (n=18). There was no difference in wheelchair function found between
participants with and without pain (t=-1.034, df=116, p=0.195), irrespective of whether the pain was nociceptive or neu-
ropathic (t=0.451, df=100, p=0.653).

When investigating wheelchair function and shoulder pain, we found no significant differences between those with and
without shoulder pain. However, there was a negative correlation between shoulder pain and wheelchair function in those
who reported shoulder pain (r=-0.606, p=0.008).

Wheelchair function yielded no significant correlation to pain severity in participants who experienced pain (r=- 0.104,
p=0.299). We, however, found a generally low and negative correlation between age and the total WST-Q score (r=-
0.331, p<0.001), which may suggest that the ability to perform wheelchair skills decreases as age increases. Overall
WST-Q scores yielded low correlations with overall QOL scores (r=0.298, p=0.002), which may suggest that PWSCI
have good QOL when they have good wheelchair skills. When analysing wheelchair function with specific QOL items, we
did not find any significant difference between participants with and without pain and the ability to get around using their
wheelchair, nor with their satisfaction with the way they executed their ADLs. This lack of difference was confirmed with a
one-way ANOVA test [F (5,112) = 1.294, p=0.272 and F (4,113) = 1.791, p=0.135 respectively].

Overall pain and quality of life

The overall mean QOL score was 62.3% (SD 17.93), with a mean of 61.23 (SD 17.42) for those with pain and 68.67
(SD 19.98) for those without pain. There was no difference in QOL between participants with and without pain (t=1.636,
p=0.105), irrespective of whether the pain was nociceptive or neuropathic (t=1.383, p=0.170).

Despite pain not impacting overall QOL, a large proportion of participants (72%) who experienced pain reported
that the pain ‘extremely’ prevented them from doing what they needed to do (Fisher’s exact=11.227, p=0.013). The
Fisher’s exact test also showed a significant association between the presence of pain and health satisfaction (Fish-
er’'s exact=11.786, p=0.021). Ninety-seven percent of participants were neither satisfied nor dissatisfied with their
health.
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Table 4. Wheelchair Skills Test Questionnaire descriptive statistics between those with and without pain only.

Those with pain (n=102)

Only those with shoulder

Those without any

pain (n=18) pain (n=16)
Capacity Capacity Capacity

# Individual Skill 0 1 2 0 1 2 0 1 2
1 Rolls forwards short distance 0 0 102 0 0 18 0 0 16
2 Rolls backwards short distance 0 0 102 0 0 18 0 0 16
3 Turns while moving forwards 0 1 101 0 1 17 0 0 16
4 Turns while moving backwards 0 0 102 0 0 18 0 0 16
5 Turns in place 0 1 101 0 1 17 0 0 16
6 Maneuvers sideways 1 3 98 0 1 17 1 0 15
7 Gets through hinged door 2 3 97 0 2 16 1 1 14
8 Reaches high object 3 9 90 0 4 14 3 1 12
9 Picks object from floor 3 4 95 1 1 16 1 1 14
10 Relieves weight from buttocks 1 2 99 0 0 7 1 0 15
11 Transfers to and from bench 2 2 98 0 2 16 3 0 13
12 Folds and unfolds wheelchair 33 19 50 8 3 7 7 2 7
13 Rolls longer distance 3 12 87 0 3 15 2 2 12
14 Avoids moving obstacles 2 0 100 0 0 18 0 0 16
15 Ascends slight incline 3 12 87 0 5 13 1 2 13
16 Descends slight incline 3 11 88 0 4 14 1 2 13
17 Ascends steep incline 17 44 41 3 10 5 3 5 8
18 Descends steep incline 18 41 43 3 9 6 3 4 9
19 Rolls across side-slope 16 30 56 4 8 6 4 2 10
20 Rolls on soft surface 6 21 75 1 6 11 1 2 13
21 Gets over gap 4 6 92 1 2 15 2 1 13
22 Gets over threshold 2 4 96 0 0 18 0 1 15
23 Ascends low curb 17 12 73 7 2 9 4 4 8
24 Descends low curb 17 12 73 7 2 9 4 3 9
25 Ascends high curb 43 47 12 13 4 1 10 5 1
26 Descends high curb 43 44 15 13 4 1 10 5 1
27 Performs stationary wheelie 56 2 44 10 0 8 11 0 5
28 Turns in place in wheelie position 75 0 27 13 0 5 14 0 2
29 Descends steep incline in wheelie position 78 1 23 13 0 5 14 1 1
30 Descends high curb in wheelie position 82 2 18 13 1 4 14 1 1
31 Gets from ground into wheelchair 71 8 23 15 0 3 13 1 2
32 Descends stairs 98 2 2 16 1 1 15 1 0
Total 48.76 (SD 10.31) 45.89 (SD 0.89) 45.18 (SD 9.49)

https://doi.org/10.1371/journal.pone.0324850.t004

Participants with increased pain levels were less satisfied with their sleep [F (4,99) = 3.328, p=0.013]. Post-hoc least

significant difference (LSD) tests revealed pain severity was statistically significantly lower in participants who were
satisfied with their sleep (M=5.94, SD=2.2 with a mean difference of 1.98 points on the NRS) and very satisfied with

their sleep (M=6.19, SD=2.37 with a mean difference of 1.73) compared to those who were dissatisfied with their sleep

(M=7.92, SD=2.02).

(r=-0.411, p<0.001), suggesting that QOL decreases as pain severity increases.

We also found a moderate and negative correlation between the severity of pain and QOL in people who reported pain
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Discussion

The high presence of overall pain in our study is unsurprising, given that pain after SCl is common [1,3,29], and PWSCI
who experience pain are at an increased risk of poorer functioning as compared to those without pain [29]. Our find-
ings of burning type of pain below the level of injury being more common is similar to the literature [30]. However, our
shoulder pain rates are low as compared to the literature. For example, Rafiullah et al. [31] and Bossuyt et al. [32] found
34.7% and 35.8% of shoulder pain in their SCI populations respectively. Nociceptive pain after SCI is commonly a result
of musculoskeletal overuse injuries during activities [33] and our population was mainly unemployed, suggesting that
they may have not been participating in strenuous and over-exertive daily activities beyond the minimal wheelchair pro-
pulsion and transfers. There are many possible causes of shoulder pain over and above over-exertion from wheelchair
use, and a thorough assessment is necessary to determine the root cause of the shoulder pain. Musculoskeletal pain
may also be due to muscle imbalances, sustained abnormal postures, or movements associated with muscle weakness
in the upper limbs [33]. People with tetraplegia have poorer shoulder musculoskeletal integrity when compared to those
with paraplegia due to muscle imbalances and limited range of movement in the shoulder joint owing to the partial loss
of motor function in the shoulder girdle [34]. Furthermore, people with tetraplegia have up to 1.82 higher odds of shoul-
der pain than those with paraplegia [32], which may explain our low shoulder pain rates in this population of people with
paraplegia.

The high pain severity for the most intense pain is consistent with available literature and underpins the seriousness
of pain as a problem after SCI [35]. Similar to the literature, we found that pain intensity is associated with interference
in activities, and the more severe the pain, the more substantial the negative impact on very basic activities such as
sleep, and ultimately QOL [1]. We found a moderate level of QOL in our study for those with and without pain, similar
to reports by Khazaeipour et al. [6]. Pain is reported to negatively affect general well-being [36] and we found a high
number of participants who were indifferent about their health and reported to be neither satisfied nor dissatisfied with
their health.

The low scores of wheelchair functioning found in our study from people who use manual wheelchairs are concerning.
Wheelchair propulsion is not easy, and Vincent et al. [37] reported the activity as challenging, and worse when advanced
wheelchair skills such as uneven terrains, prolonged propulsion, and inclines are considered. This does not bode well
together with the negative relationship we found between wheelchair function, QOL, and age. Our findings suggest that
PWSCI have good QOL when they have good wheelchair skills, but that the ability to perform wheelchair skills decreases
as a person with SCI ages. Wheelchair mobility is not only fundamental in life after SCI, it is necessary for independence
and has been shown to have a positive impact on social well-being, physical fithess, and overall QOL [38]. Wheelchair
skills may be quickly improved with minimal training and practice following proper education [38] and should be consid-
ered to ultimately improve QOL and maintain the skill across the lifespan of PWSCI. Pain after SCl is a burdensome SHC
and one must note the predisposition of shoulder pain with prolonged wheelchair use, either due to overuse or misuse
injuries [3,13].

Although this study found that pain prevents PWSCI from doing what they need to do, this does not seem to include
wheelchair functioning as no relationship was found between decreased wheelchair function and pain. This is not sur-
prising, as PWSCI are known not to rest their shoulders even in the presence of shoulder pain [2]. This may also explain
why we found no difference in wheelchair function between those with and without pain. People with SCI depend on their
upper limbs for mobility and transfers and resting their shoulders may prove a challenge as supported by Eriks-Hoogland
et al. [39]. Dependency on wheelchair use is known to predispose PWSCI to shoulder pain due to the repetitive loading of
the shoulder joint [31,40]. Although increased wheelchair use has been linked with shortened PMm length and shoulder
pain from overuse injuries, we did not find the pain to be associated with PMm muscle length nor the presence of scapular
dyskinesis, similar to findings by Finley and Ebaugh [13]. Our findings suggest that biomechanical changes in the shoulder
are habitual following SCI, not due to the presence of pain. Despite common expectations, from the above literature, this
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study also did not find any associations between PMm length and the presence of scapular dyskinesis with wheelchair
function. The majority of the participants in the current study had shortened PMm length and obvious scapular dyskinesis
even without pain, which is understandable due to the shoulder and scapular demands that come with wheelchair use.
Wheelchair propulsion causes some muscles to work more than others (such as the shoulder flexors, internal rotators,
and adductors) causing muscle imbalances or changes in the muscle activations, and ultimately resulting in scapular dys-
kinesis [27]. Our findings therefore suggest that scapular dyskinesis in manual wheelchair users may need further assess-
ment for causative factors, as supported by Sciascia and Kibler [41].

This study did not find a significant difference in QOL between people with and without pain, suggesting that overall
QOL in this population was related to the SCl itself and not exclusively to pain, similar to findings by Rivers et al. [42].
Furthermore, the presence of pain extremely prevented PWSCI from doing what they needed to do and they were
neutral with regards to their health satisfaction. Even though pain (whether nociceptive or neuropathic) did not impact
wheelchair function in this study, a concerning finding was that wheelchair function decreases with age, especially as
it was also found that good wheelchair function was positively associated with increased QOL. This suggests that as
PWSCI age, their wheelchair skills will diminish — owing to old age — and their QOL will subsequently decrease as a
result. The upper limbs absorb increased load during wheelchair activities such as transfers, and the persistent stress
on the acromioclavicular joint may lead to joint degeneration, which has been found in 28.5% of people with paraplegia
[43]. The natural aging process may further exacerbate the joint degeneration in PWSCI. Modifications to reduce wear
and tear on the shoulders (such as using a transfer board to transfer in and out of bed or the car) are therefore nec-
essary to preserve the shoulder joint and prevent premature degeneration of the already vulnerable shoulder joints of
PWSCI.

Strengths and limitations

This is the first study to the knowledge of the authors that determined the correlation between pain, wheelchair function-
ing, quality of life, and shoulder biomechanics in the South African context. Community-dwelling manual wheelchair users
across four provinces were visited. By delimiting the study to those with paraplegia only, the authors could determine
musculoskeletal shoulder pain that is not related to loss of innervation to the upper extremities because of cervical SCls in
the case of those with tetraplegia. However, only including those with paraplegia limits generalisation to those with tetra-
plegia. Furthermore, our study participants were recruited from rehabilitation units in Gauteng, and generalisation should
be done under consideration. This study was not able to measure the participant’s body weight to determine the dumbbell
weight as specialised equipment, which is not suitable for traveling, would be required. Unlike McClure et al. [27] who
used a 1.4kg dumbbell weight for able-bodied participants who weighed less than 68.1kg and 2.3 kg for those weighing
68.1kg or more, we rather used 1.4 kg weights for all our participants due to the dynamic sitting balance challenges that
are present after a SCI. Furthermore, this study did not classify the participants according to the American Spinal Injury
Association (ASIA) Impairment scale, which may have influenced the reporting of the below-level pain that was reported.
The location of the neuropathic pain may have been at-level, and not below-level. This study also did not explore the inter-
action between the completeness of injury and the below-level pain that was reported, which may have been beneficial in
understanding the interaction of pain and functioning.

Conclusion

This study underscores available findings that pain is a problematic SHC in PWSCI. Pain prevents PWSCI from doing
what they need to do and they are not optimally satisfied with their health. Increased severity of pain not only reduces
sleep satisfaction but is negatively correlated with QOL. Future studies are necessary to reduce the severity of pain and
improve overall wheelchair function to increase the potential of an improved QOL in a person with SCI.

PLOS One | https://doi.org/10.1371/journal.pone.0324850 May 29, 2025 10/13




PLO\Sﬁ\\.- One

Acknowledgments

We thank all the PWSCI who participated in this study and the research assistants who were involved in the data collec-
tion process (Ms Mokgaetsi Makgotla and Ms Metse Maleka). Thank you to Dr Steve Olorunju, the biostatistician who
assisted in analysing the data. This manuscript was part of the first phase of the lead author’s doctoral research and con-
tributed to the completion of the doctoral degree in physiotherapy.

Author contributions

Conceptualization: Mokgadi Kholofelo Mashola.

Formal analysis: Mokgadi Kholofelo Mashola.

Funding acquisition: Mokgadi Kholofelo Mashola.

Methodology: Mokgadi Kholofelo Mashola, Elzette Korkie, Diphale Joyce Mothabeng.
Project administration: Mokgadi Kholofelo Mashola.

Resources: Mokgadi Kholofelo Mashola.

Supervision: Elzette Korkie, Diphale Joyce Mothabeng.

Writing — original draft: Mokgadi Kholofelo Mashola.

Writing — review & editing: Mokgadi Kholofelo Mashola.

References

1. Ataoglu E, Tiftik T, Kara M, Tun¢ H, Ers6z M, Akkus S. Effects of chronic pain on quality of life and depression in patients with spinal cord injury.
Spinal Cord. 2013;51(1):23-6. https://doi.org/10.1038/sc.2012.51 PMID: 22547044

2. Mashola MK, Mothabeng DJ. Associations between health behaviour, secondary health conditions and quality of life in people with spinal cord
injury. Afr J Disabil. 2019;8:463. https://doi.org/10.4102/ajod.v8i0.463 PMID: 31309047

3. Miller R, Brinkhof MWG, Arnet U, Hinrichs T, Landmann G, Jordan X, et al. Prevalence and associated factors of pain in the Swiss spinal cord
injury population. Spinal Cord. 2017;55(4):346—54. https://doi.org/10.1038/sc.2016.157 PMID: 27845355

4. Hassanijirdehi M, Khak M, Afshari-Mirak S, Holakouie-Naieni K, Saadat 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. https://doi.org/10.3344/kjp.2015.28.2.129 PMID: 25852835

5. Piatt JA, Nagata S, Zahl M, Li J, Rosenbluth JP. Problematic secondary health conditions among adults with spinal cord injury and its impact on
social participation and daily life. J Spinal Cord Med. 2016;39(6):693-8. https://doi.org/10.1080/10790268.2015.1123845 PMID: 26833021

6. Khazaeipour Z, Ahmadipour E, Rahimi-Movaghar V, Ahmadipour F, Vaccaro AR, Babakhani B. Association of pain, social support and socioeco-
nomic indicators in patients with spinal cord injury in Iran. Spinal Cord. 2017;55(2):180-6. https://doi.org/10.1038/sc.2016.160 PMID: 27922624

7. Mashola MK, Olorunju SAS, Mothabeng J. Factors related to hospital readmissions in people with spinal cord injury in South Africa. S Afr Med J.
2019;109(2):107—11. https://doi.org/10.7196/SAMJ.2019.v109i2.13344 PMID: 30834861

8. Widerstrom-Noga E, Biering-Sgrensen F, Bryce TN, Cardenas DD, Finnerup NB, Jensen MP, et al. The International Spinal Cord Injury Pain
Extended Data Set (Version 1.0). Spinal Cord. 2016;54(11):1036—46. https://doi.org/10.1038/sc.2016.51 PMID: 27067653

9. Kibler WB, Ludewig PM, McClure PW, Michener LA, Bak K, Sciascia AD. Clinical implications of scapular dyskinesis in shoulder injury: the 2013
consensus statement from the “Scapular Summit”. Br J Sports Med. 2013;47(14):877-85. https://doi.org/10.1136/bjsports-2013-092425 PMID:
23580420

10. Rosa DP, Borstad JD, Pogetti LS, Camargo PR. Effects of a stretching protocol for the pectoralis minor on muscle length, function, and scapular
kinematics in individuals with and without shoulder pain. J Hand Ther. 2017;30(1):20-9. https://doi/10.1016/}.jht.2016.06.006

11. Tolerico ML, Ding D, Cooper RA, Spaeth DM, Fitzgerald SG, Cooper R, et al. Assessing mobility characteristics and activity levels of manual
wheelchair users. J Rehabil Res Dev. 2007;44(4):561-71. https://doi.org/10.1682/jrrd.2006.02.0017 PMID: 18247253

12. Lee J, Cynn H, Yoon T, Ko C, Choi W, Choi S, et al. The effect of scapular posterior tilt exercise, pectoralis minor stretching, and shoulder brace
on scapular alignment and muscles activity in subjects with round-shoulder posture. J Electromyogr Kinesiol. 2015;25(1):107—-14. https://doi.
org/10.1016/j.jelekin.2014.10.010 PMID: 25467545

13. Finley MA, Ebaugh D. Association of Pectoralis Minor Muscle Extensibility, Shoulder Mobility, and Duration of Manual Wheelchair Use. Arch Phys
Med Rehabil. 2017;98(10):2028-33. https://doi.org/10.1016/j.apmr.2017.03.029 PMID: 28465225

14. Madasa V, Boggenpoel B, Phillips J, Joseph C. Mortality and secondary complications four years after traumatic spinal cord injury in Cape Town,
South Africa. Spinal Cord Ser Cases. 2020;6(1):84. https://doi.org/10.1038/s41394-020-00334-w PMID: 32887870

PLOS One | https://doi.org/10.1371/journal.pone.0324850 May 29, 2025 11713



https://doi.org/10.1038/sc.2012.51
http://www.ncbi.nlm.nih.gov/pubmed/22547044
https://doi.org/10.4102/ajod.v8i0.463
http://www.ncbi.nlm.nih.gov/pubmed/31309047
https://doi.org/10.1038/sc.2016.157
http://www.ncbi.nlm.nih.gov/pubmed/27845355
https://doi.org/10.3344/kjp.2015.28.2.129
http://www.ncbi.nlm.nih.gov/pubmed/25852835
https://doi.org/10.1080/10790268.2015.1123845
http://www.ncbi.nlm.nih.gov/pubmed/26833021
https://doi.org/10.1038/sc.2016.160
http://www.ncbi.nlm.nih.gov/pubmed/27922624
https://doi.org/10.7196/SAMJ.2019.v109i2.13344
http://www.ncbi.nlm.nih.gov/pubmed/30834861
https://doi.org/10.1038/sc.2016.51
http://www.ncbi.nlm.nih.gov/pubmed/27067653
https://doi.org/10.1136/bjsports-2013-092425
http://www.ncbi.nlm.nih.gov/pubmed/23580420
https://doi/10.1016/j.jht.2016.06.006
https://doi.org/10.1682/jrrd.2006.02.0017
http://www.ncbi.nlm.nih.gov/pubmed/18247253
https://doi.org/10.1016/j.jelekin.2014.10.010
https://doi.org/10.1016/j.jelekin.2014.10.010
http://www.ncbi.nlm.nih.gov/pubmed/25467545
https://doi.org/10.1016/j.apmr.2017.03.029
http://www.ncbi.nlm.nih.gov/pubmed/28465225
https://doi.org/10.1038/s41394-020-00334-w
http://www.ncbi.nlm.nih.gov/pubmed/32887870

PLO\Sﬁ\\.- One

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Mashola MK, Korkie E, Mothabeng DJ. The presence of pain in community-dwelling South African manual wheelchair users with spinal cord injury.
S Afr J Physiother. 2022;78(1):1600. https://doi.org/10.4102/sajp.v78i1.1600 PMID: 35281780

Pilusa S, Myezwa H, Potterton J. Exploring prevention and management of secondary health conditions in people with spinal cord injury in South
Africa. International Journal of Therapy and Rehabilitation. 2021;28(12):1-10. https://doi.org/10.12968/ijtr.2021.0005

Peduzzi P, Concato J, Kemper E, Holford TR, Feinstein AR. A simulation study of the number of events per variable in logistic regression analysis.
J Clin Epidemiol. 1996;49(12):1373-9. https://doi.org/10.1016/s0895-4356(96)00236-3 PMID: 8970487

Vittinghoff E, McCulloch CE. Relaxing the rule of ten events per variable in logistic and Cox regression. Am J Epidemiol. 2007;165(6):710-8.
https://doi.org/10.1093/aje/kwk052 PMID: 17182981

Bryce TN, Budh CN, Cardenas DD, Dijkers M, Felix ER, Finnerup NB, et al. Pain after spinal cord injury: an evidence-based review for clinical
practice and research. Report of the National Institute on Disability and Rehabilitation Research Spinal Cord Injury Measures meeting. J Spinal
Cord Med. 2007;30(5):421—40. https://doi.org/10.1080/10790268.2007.11753405 PMID: 18092558

Kirby RL, Smith C, Parker K, McAllister M, Boyce J, Rushton PW, Routhier F, Best KL, Mackenzie D, Mortenson BP, Brant A. The wheelchair skills
program manual. Halifax, Nova Scotia, Canada: Dalhousie University. 2015 https://wheelchairskillsprogram.ca

Hill MR, Noonan VK, Sakakibara BM, Miller WC, SCIRE Research Team. Quality of life instruments and definitions in individuals with spinal cord
injury: a systematic review. Spinal Cord. 2010;48(6):438-50. https://doi.org/10.1038/sc.2009.164 PMID: 20029393

Curtis KA, Roach KE, Applegate EB, Amar T, Benbow CS, Genecco TD, et al. Development of the Wheelchair User’s Shoulder Pain Index
(WUSPI). Paraplegia. 1995;33(5):290-3. https://doi.org/10.1038/sc.1995.65 PMID: 7630657

Borstad JD. Measurement of pectoralis minor muscle length: validation and clinical application. J Orthop Sports Phys Ther. 2008;38(4):169—74.
https://doi.org/10.2519/jospt.2008.2723 PMID: 18434665

Komati MA, Korkie FE, Becker P. Pectoralis minor length measurements in three different scapula positions. S Afr J Physiother. 2020;76(1):1487.
https://doi.org/10.4102/sajp.v76i1.1487 PMID: 33241159

Borstad JD, Ludewig PM. The Effect of Long Versus Short Pectoralis Minor Resting Length on Scapular Kinematics in Healthy Individuals. J
Orthop Sports Phys Ther. 2005;35(4):227-38. https://doi.org/10.2519/jospt.2005.35.4.227

Lewis JS, Valentine RE. The pectoralis minor length test: a study of the intra-rater reliability and diagnostic accuracy in subjects with and without
shoulder symptoms. BMC Musculoskelet Disord. 2007;8:64. https://doi.org/10.1186/1471-2474-8-64 PMID: 17620136

McClure P, Tate AR, Kareha S, Irwin D, Zlupko E. A clinical method for identifying scapular dyskinesis, part 1: reliability. J Athl Train.
2009;44(2):160—4. https://doi.org/10.4085/1062-6050-44.2.160 PMID: 19295960

Pannucci CJ, Wilkins EG. Identifying and avoiding bias in research. Plast Reconstr Surg. 2010;126(2):619-25. https://doi.org/10.1097/
PRS.0b013e3181de24bc PMID: 20679844

Moon Y, Jayaraman C, Hsu IMK, Rice IM, Hsiao-Wecksler ET, Sosnoff JJ. Variability of peak shoulder force during wheelchair propulsion in manual
wheelchair users with and without shoulder pain. Clin Biomech (Bristol). 2013;28(9—10):967—-72. https://doi.org/10.1016/j.clinbiomech.2013.10.004
PMID: 24210512

Emami Razavi SZ, Kazemi S, Azadvari M, Ghajarzadeh M. Evaluation of Different Types of Pain in Patients with Spinal Cord Injury. Arch Neurosci.
2017;In Press(In Press). https://doi.org/10.5812/archneurosci. 13971

Rafiullah SZ, Mazhar S. The prevalence of shoulder pain in spinal cord injury patients using manual wheelchair in KPK (Khyber Pakhtunkhwa). J
Islamic Int Med Coll. 2017;12(2):101-5.

Bossuyt FM, Boninger ML, Cools A, Hogaboom N, Eriks-Hoogland |, Arnet U, et al. Changes in supraspinatus and biceps tendon thickness:
influence of fatiguing propulsion in wheelchair users with spinal cord injury. Spinal Cord. 2020;58(3):324-33. https://doi.org/10.1038/s41393-019-
0376-z PMID: 31745246

Siddall PJ, Middleton JW. Spinal cord injury-induced pain: mechanisms and treatments. Pain Manag. 2015;5(6):493-507. https://doi.org/10.2217/
pmt.15.47 PMID: 26402151

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. https://
doi.org/10.1038/sj.sc.3101908 PMID: 16505828

Rodrigues D, Tran Y, Wijesuriya N, Guest R, Middleton J, Craig A. Pain intensity and its association with negative mood States in patients with
spinal cord injury. Pain Ther. 2013;2(2):113-9. https://doi.org/10.1007/s40122-013-0017-8 PMID: 25135149

Tran J, Dorstyn DS, Burke ALJ. Psychosocial aspects of spinal cord injury pain: a meta-analysis. Spinal Cord. 2016;54(9):640-8. https://doi.
org/10.1038/sc.2016.66 PMID: 27163453

Vincent C, Gagnon DH, Dumont F, ADMI group. Pain, fatigue, function and participation among long-term manual wheelchair users partnered with
a mobility service dog. Disabil Rehabil Assist Technol. 2019;14(2):99-108. https://doi.org/10.1080/17483107.2017.1401127 PMID: 29157032

Schottler J, Graf A, Kelly E, Vogel L. Training Youth With SCI to Improve Efficiency and Biomechanics of Wheelchair Propulsion: A Pilot Study. Top
Spinal Cord Inj Rehabil. 2019;25(2):157—63. https://doi.org/10.1310/sci2502-157 PMID: 31068747

Eriks-Hoogland IE, Hoekstra T, de Groot S, Stucki G, Post MW, van der Woude LH. Trajectories of musculoskeletal shoulder pain after spinal cord
injury: Identification and predictors. J Spinal Cord Med. 2014;37(3):288-98. https://doi.org/10.1179/2045772313Y.0000000168 PMID: 24621031

PLOS One | https://doi.org/10.1371/journal.pone.0324850 May 29, 2025 12713



https://doi.org/10.4102/sajp.v78i1.1600
http://www.ncbi.nlm.nih.gov/pubmed/35281780
https://doi.org/10.12968/ijtr.2021.0005
https://doi.org/10.1016/s0895-4356(96)00236-3
http://www.ncbi.nlm.nih.gov/pubmed/8970487
https://doi.org/10.1093/aje/kwk052
http://www.ncbi.nlm.nih.gov/pubmed/17182981
https://doi.org/10.1080/10790268.2007.11753405
http://www.ncbi.nlm.nih.gov/pubmed/18092558
https://wheelchairskillsprogram.ca
https://doi.org/10.1038/sc.2009.164
http://www.ncbi.nlm.nih.gov/pubmed/20029393
https://doi.org/10.1038/sc.1995.65
http://www.ncbi.nlm.nih.gov/pubmed/7630657
https://doi.org/10.2519/jospt.2008.2723
http://www.ncbi.nlm.nih.gov/pubmed/18434665
https://doi.org/10.4102/sajp.v76i1.1487
http://www.ncbi.nlm.nih.gov/pubmed/33241159
https://doi.org/10.2519/jospt.2005.35.4.227
https://doi.org/10.1186/1471-2474-8-64
http://www.ncbi.nlm.nih.gov/pubmed/17620136
https://doi.org/10.4085/1062-6050-44.2.160
http://www.ncbi.nlm.nih.gov/pubmed/19295960
https://doi.org/10.1097/PRS.0b013e3181de24bc
https://doi.org/10.1097/PRS.0b013e3181de24bc
http://www.ncbi.nlm.nih.gov/pubmed/20679844
https://doi.org/10.1016/j.clinbiomech.2013.10.004
http://www.ncbi.nlm.nih.gov/pubmed/24210512
https://doi.org/10.5812/archneurosci.13971
https://doi.org/10.1038/s41393-019-0376-z
https://doi.org/10.1038/s41393-019-0376-z
http://www.ncbi.nlm.nih.gov/pubmed/31745246
https://doi.org/10.2217/pmt.15.47
https://doi.org/10.2217/pmt.15.47
http://www.ncbi.nlm.nih.gov/pubmed/26402151
https://doi.org/10.1038/sj.sc.3101908
https://doi.org/10.1038/sj.sc.3101908
http://www.ncbi.nlm.nih.gov/pubmed/16505828
https://doi.org/10.1007/s40122-013-0017-8
http://www.ncbi.nlm.nih.gov/pubmed/25135149
https://doi.org/10.1038/sc.2016.66
https://doi.org/10.1038/sc.2016.66
http://www.ncbi.nlm.nih.gov/pubmed/27163453
https://doi.org/10.1080/17483107.2017.1401127
http://www.ncbi.nlm.nih.gov/pubmed/29157032
https://doi.org/10.1310/sci2502-157
http://www.ncbi.nlm.nih.gov/pubmed/31068747
https://doi.org/10.1179/2045772313Y.0000000168
http://www.ncbi.nlm.nih.gov/pubmed/24621031

PLO\S\%- One

40.

41.

42.

43.

Lin Y-S, Boninger M, Worobey L, Farrokhi S, Koontz A. Effects of repetitive shoulder activity on the subacromial space in manual wheelchair users.
Biomed Res Int. 2014;2014:583951. https://doi.org/10.1155/2014/583951 PMID: 25215283

Sciascia A, Kibler WB. Current Views of Scapular Dyskinesis and its Possible Clinical Relevance. Int J Sports Phys Ther. 2022;17(2):117-30.
https://doi.org/10.26603/001¢.31727 PMID: 35136680

Rivers CS, Fallah N, Noonan VK, Whitehurst DG, Schwartz CE, Finkelstein JA, et al. Health Conditions: Effect on Function, Health-Related Quality
of Life, and Life Satisfaction After Traumatic Spinal Cord Injury. A Prospective Observational Registry Cohort Study. Arch Phys Med Rehabil.
2018;99(3):443-51. https://doi.org/10.1016/j.apmr.2017.06.012 PMID: 28732686

Alves AP, Terrabuio Junior AA, Pimenta CJ, Medina GIS, Rimkus C de M, Cliquet Junior A. Clinical assessment and magnetic resonance imaging
of the shoulder of patients with spinal cord injury. Acta Ortop Bras. 2012;20(5):291-6. https://doi.org/10.1590/S1413-78522012000500009 PMID:
24453620

PLOS One | https://doi.org/10.1371/journal.pone.0324850 May 29, 2025 13713



https://doi.org/10.1155/2014/583951
http://www.ncbi.nlm.nih.gov/pubmed/25215283
https://doi.org/10.26603/001c.31727
http://www.ncbi.nlm.nih.gov/pubmed/35136680
https://doi.org/10.1016/j.apmr.2017.06.012
http://www.ncbi.nlm.nih.gov/pubmed/28732686
https://doi.org/10.1590/S1413-78522012000500009
http://www.ncbi.nlm.nih.gov/pubmed/24453620

