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Abstract

Background and aims: People with shoulder pain often 
present with abnormal shoulder muscle function. It is not 
known whether shoulder pain causes or is the result of 
muscle dysfunction. If pain leads to muscle dysfunction, 
therapeutic interventions that produce shoulder pain 
may be contraindicated. Experimentally induced noci-
ception can be used to investigate a causal relationship 
between shoulder pain and muscle dysfunction. However, 
the validity of current experimental shoulder pain proto-
cols has not been established. The aim of this study was 
to determine whether current experimental shoulder 
pain protocols validly replicate the clinical experience of 
shoulder pain with respect to pain distribution, quality 
and behaviour.
Methods: Nine pain free participants received two injec-
tions of hypertonic saline, one into the subacromial 
space and one into supraspinatus, in random order, at 
least 1 week apart. Investigators blind to the injection site 
assessed pain distribution, pain response to clinical tests 
which provoke shoulder pain and pain quality assessed 
using the McGill Pain Questionnaire.
Results: Following hypertonic saline injection into both 
the subacromial space and supraspinatus: pain was most 
commonly reported in the deltoid region and did not 
extend beyond the elbow; the most common response to 

clinical tests which provoke shoulder pain was a decrease 
in pain; and the highest rating of pain quality was in the 
sensory domain with very few responses in the affective 
domain.
Conclusions: Experimental shoulder pain induced by 
injection of hypertonic saline into either the subacro-
mial space or supraspinatus produced a pain distribu-
tion similar to that observed in clinical shoulder pain, but 
neither experimental pain protocol could reproduce the 
increases in pain intensity following shoulder provoca-
tion tests or the emotional distress commonly observed in 
people with clinical shoulder pain.
Implications: Pain induced by local shoulder nociception 
produced by hypertonic saline injection into shoulder 
structures has significant limitations as a model of clinical 
shoulder pain. While it is perhaps unsurprising that short 
duration, chemically-induced experimental pain does not 
replicate the quality of the clinical experience of shoulder 
pain, the validity of experimental shoulder pain models 
which produce the opposite response to provocation test-
ing to clinical shoulder pain must be questioned.

Keywords: experimental pain; hypertonic saline; shoul-
der; pain models.

1  �Introduction
People with shoulder pain often demonstrate impaired 
shoulder movement patterns, muscle activity and muscle 
strength [1, 2]. It is not known whether shoulder pain 
causes changes in muscle function, or whether impaired 
shoulder muscle function causes shoulder pain. Without 
knowing the causal direction, clinicians cannot make 
effective decisions to manage and rehabilitate patients 
with shoulder pain. For example, clinicians do not know 
whether performing rehabilitation exercises with pain is 
potentially detrimental to patients.

Pain induced under experimental conditions in  
asymptomatic participants is a common method used to 
investigate the effect of pain on muscle function and local 
nociception induced by the injection of hypertonic saline 
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is commonly used. Previous studies on the shoulder have 
induced pain by injecting hypertonic saline into the sub-
acromial space [3–5] or into the supraspinatus muscle [3]. 
However, it is not known whether either of these models 
validly reproduces the clinical experience of shoulder 
pain.

Current literature suggests that people experience 
pain from nociception in the shoulder in the lateral proxi-
mal arm, which is aggravated during shoulder movements, 
passive shoulder impingement tests and isometric shoul-
der strength tests [6, 7]. People with clinical shoulder pain 
also describe the quality of pain across all domains of the 
McGill Pain Questionnaire [8]. An ideal model of experi-
mental shoulder pain should reproduce the clinical expe-
rience in terms of the distribution, quality and behaviour 
of pain. The aim of this study was to determine whether 
injection of hypertonic saline into the subacromial space 
or supraspinatus constitutes such a model.

2  �Materials and methods

2.1  �Participants

Nine participants (five men) were recruited from staff and 
students of the University of Sydney and from professional 
colleagues. Subjects were excluded if they had current pain 

or pain in the previous 2 years which required treatment 
in the shoulder to be tested, if pain was produced during 
maximal isometric shoulder rotation strength testing, or if 
they were on immuno-suppressive medication. The study 
was approved by the Human Research Ethics Committee 
of The University of Sydney (Project No: 2014/857). Partici-
pants provided written informed consent.

2.2  �Study design

The study design is illustrated in Fig. 1. Outcome data were 
collected on three separate testing sessions in all partici-
pants, with at least a 1-week rest period between sessions 
to “wash out” any residual effects of testing. Using a com-
puter generated (Excel) randomised sequence, partici-
pants were randomly allocated to receive an injection of 
hypertonic saline either into the subacromial space or into 
the supraspinatus muscle. Subsequently, participants 
received two further injections in random order: an injec-
tion into the same site of isotonic saline that was matched 
in volume to the preceding injection of hypertonic saline; 
and an injection of hypertonic saline into the site that 
was not previously tested. The injection of isotonic saline 
served as the control condition to identify whether pain 
was due to chemical irritation from the hypertonic saline or 
to mechanical effects of the injection. Note that there were 
four test conditions but each participant only received 

Fig. 1: Study design.
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three injections: all nine participants received hypertonic 
saline injection to each site, but isotonic saline injections 
were only given to a subset of participants for each site. 
This was done to minimise the total number of injections 
participants received. An investigator not involved in data 
collection performed all injections.

2.3  �Outcome measures

The distribution, quality, intensity and duration of 
pain, as well as the pain response to provocation tests, 
were assessed following hypertonic and isotonic saline 
injection.

2.3.1  �Distribution of pain

Participants were asked to indicate the region of the body 
in which they experienced pain at five time points in the 
initial 7  min after injection (Table 1). This was recorded 
on a body chart by an investigator who was blind to the 
injection site, and participants visually confirmed that the 
region of pain recorded was accurate.

2.3.2  �Pain response to provocation tests

The response of experimental shoulder pain to provoca-
tion tests was examined using the empty can test [9], the 
Hawkins-Kennedy test [10] and active shoulder abduc-
tion. The tests were conducted in random order by an 
experienced physiotherapist with the participant seated. 
Pain intensity was measured using an 11-point Numeri-
cal Rating Scale (NRS) [11] with 0 representing “no pain” 
and 10 representing “worst possible pain”. The NRS is a 
valid [12, 13], responsive [14] and reliable [13] measure of 

pain. Participants were asked to verbally indicate their 
level of pain during and following each test. The empty 
can test was chosen as it is typically one of the most 
painful manual tests in patients with shoulder pain [15] 
and maximally activates nine muscles around the shoul-
der joint [16]. The empty can test was performed with the 
shoulder at 90 degrees abduction in full internal rota-
tion with the arm in the scapular plane and the elbow 
extended. The assessor placed a hand on the participant’s 
distal forearm to resist a maximal effort abduction force 
[17]. The Hawkins-Kennedy test was chosen as it is the 
most commonly used manual test in the examination of 
subacromial pain [18] despite its low diagnostic sensitiv-
ity [19]. This test was performed with the shoulder at 90 
degrees of flexion, elbow at 90 degrees flexion and the 
hand facing the ground. The assessor supported the arm 
to allow for maximal relaxation by the participant, sta-
bilized the scapula with one hand and passively moved 
the shoulder into maximal internal rotation [10]. Active 
abduction was used at it is often painful [20] and is one 
of the cluster of tests commonly used in the examination 
of patients with shoulder pain [19]. Active abduction was 
performed by asking the participant to move the shoulder 
actively through full range abduction in the coronal plane 
with the elbow extended.

2.3.3  �Quality of pain

The quality of pain was assessed using the McGill Pain 
Questionnaire (MPQ). The MPQ is sensitive to changes in 
pain [21] and is a valid [22] and reliable [13] measure of 
pain quality.

2.4  �Procedure

2.4.1  �Pre-pain induction

Betadine was applied to the skin over the injection site 
to minimise infection risk. A small amount of lignocaine 
(<0.5  mL, Xylocaine 2%) was then injected to minimise 
skin sensation during subsequent injections.

2.4.2  �Pain induction session 1

Participants received an injection of sterile 6% hyper-
tonic saline (MucoClear, 6% Sodium Chloride) either into 
the subacromial space or into the supraspinatus muscle 
belly, using a 25-gauge needle (Fig. 1). The subacromial 

Table 1: Timeline of outcome measures.

Time Outcome measure

1 min NRS + body chart
2 min NRS + body chart
3 min NRS + pain provocation testing
4 min NRS + body chart
5 min NRS + body chart
6 min NRS
7 min NRS + body chart
Each minute thereafter NRS
Conclusion McGill Pain Questionnaire

NRS = 11-point Numerical Rating Scale for pain.
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injection was performed by an experienced rheumatolo-
gist using an anterolateral approach; the injection site 
was located approximately 2 cm distal to the lateral edge 
of the acromion and 1 cm posterior to the anterior edge of 
the acromion. Needle insertion was directly in line with 
the axial plane. The intramuscular supraspinatus injec-
tion was performed by injecting into the medial third of 
the muscle belly immediately superior to the scapular 
spine. Needle insertion was perpendicular to surface of 
the skin.

The volume of hypertonic saline was progressively 
increased until the participant indicated that they expe-
rienced a moderately high level of pain (at least 7/10 on 
the NRS). The needle was withdrawn and the injection 
site was covered with an adhesive bandage. An adhesive 
bandage was also applied to the second potential injection 
site to keep assessors blind to the location of the injection.

2.4.3  �Pain induction session 2

Participants received either an injection of sterile 6% 
hypertonic saline into the site not injected during session 
1, or an injection of isotonic saline (0.9% Sodium Chlo-
ride) into the same site as session 1 (Fig. 1). The procedure 
for injection of the 6% hypertonic saline into the alterna-
tive site was identical to session 1. The volume of isotonic 
saline injected was matched to the hypertonic saline used 
for that site. Again, adhesive bandages were applied to 
both sites to maintain assessor blinding.

2.4.4  �Pain induction session 3

Participants either received an injection of 6% hypertonic 
saline into the site that was not injected in session 1, or an 
injection of isotonic saline into the site that was injected 
in session 1 (Fig. 1). The testing procedure was identical to 
sessions 1 and 2.

2.4.5  �Post pain-induction

Outcome measures were recorded according to the sched-
ule summarised in Table 1 to document the time course 
of pain. Pain intensity was measured with the participant 
sitting at rest every minute after injection and during pain 
provocation tests. This was done until two consecutive 
scores of 0/10 were obtained. Participants were asked to 
indicate the location of their pain at 1  min intervals for 
7 min, except at minute 3 when pain provocation testing 

took place and at minute 6. Participants completed the 
MPQ when the induced pain had resolved.

2.5  �Statistical analysis

The pain data was tested for normality using the 
Kolmogorov-Smirnov test and found not to be nor-
mally distributed. Therefore, the Wilcoxon’s paired 
non-parametric test was used to compare the pain 
levels from the hypertonic saline between subacromial 
and supraspinatus sites at each time point (IBM SPSS 
Statistics Version 24). A significance level of 0.05  was 
used. Descriptive statistics were used to compare response 
to pain provocation tests and distribution of pain. Pain 
rating indices based on rank values of the descriptors 
were calculated using the MPQ [21] and the most common 
words for each condition were recorded.

3  �Results
The mean (SD, range) volume of 6% hypertonic saline 
required to obtain an NRS score of 7 was 2.4 mL (0.7 mL, 
1.7–4.0 mL) for subacromial injections and 2.2 mL (0.5 mL, 
1.5–3.0 mL) for supraspinatus injections.

The distribution of pain is summarised in Fig. 2 and 
Table 2. All hypertonic subacromial injections produced 
pain in the anterolateral shoulder region. Hypertonic 
supraspinatus injections produced pain in the ante-
rolateral region of the shoulder in eight out of nine par-
ticipants. Hypertonic subacromial injections produced 
pain across a wider area compared with hypertonic 
supraspinatus injections. No participant experienced 
pain outside the areas shown in Fig. 2. Pain experienced 
during isotonic injections was localised to the site of the 
injection.

Following hypertonic saline injection into both the 
subacromial space and supraspinatus the most common 
response to pain provocation testing was a decrease in 
pain levels (Table 3). After each provocation test, the 
reported level of shoulder pain was substantially less than 
7/10 in most participants.

The results of the MPQ are summarised in Table 4. 
There was no difference in the quality of pain reported from 
subacromial or supraspinatus hypertonic saline injections. 
The most common descriptor used for both conditions was 
“aching” (six for each condition) while five participants 
described the subacromial injection as “throbbing” com-
pared with two for supraspinatus injection.
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Min 1

Subacromial
injection

Supraspinatus
injection

Min 2 Min 4 Min 5 Min 7

Fig. 2: Composite body charts representing changes in pain distribution following injection of hypertonic saline. Coloured regions were 
formed by overlaying regions of pain for each participant. Darker colours indicate more participants reported pain in that area.

Table 2: Distribution and time course of pain in participants.

  Minute 1   Minute 2   Minute 4   Minute 5   Minute 7

Subacromial injection
 Proximal upper arm (n)  9  9  9  8  7
 Distal upper arm (n)   2  3  3  0  0
 Neck (n)   2  2  1  0  0

Supraspinatus injection
 Proximal upper arm (n)  8  8  7  6  4
 Distal upper arm (n)   0  1  1  1  0
 Neck (n)   5  4  3  3  3

This is a numerical representation of information provided in Fig. 2.

Table 3: Response to pain provocation testing showing pain change scores for those who reported an increase in pain, no change in pain, 
or a decrease in pain on the NRS.

 
 

Hypertonic subacromial injection  
 

Hypertonic supraspinatus injection

Increase   No change   Decrease Increase   No change   Decrease

Hawkins-Kennedy test
 n   1   2   6   0   3   6
 Mean (SD) change in pain  1 (NA)   –   2.7 (1.3)   NA   –   3.8 (2.1)

Empty can test
 n   1   3   5   2   3   4
 Mean (SD) change in pain  1 (NA)   –   3.6 (2.1)   1 (0)   –   3.5 (2.5)

Active abduction
 n   0   2   7   1   2   6
 Mean (SD) change in pain  NA   –   2.9 (1.8)   1 (NA)   –   2.7 (1.4)
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All participants experienced pain following hyper-
tonic saline injection into the supraspinatus muscle and 
into the subacromial space. Pain scores over time are 
shown in Fig. 3. There were no significant differences 
between the amount of pain experienced from subacro-
mial or supraspinatus hypertonic saline injections at any 
time point (p = 0.157–0.916). Following hypertonic saline 
subacromial injection, all participants were pain-free by 
10  min post injection. Following supraspinatus hyper-
tonic saline injection, two out of the nine participants had 
an NRS score of 1 at 10 min post-injection.

Isotonic saline injections produced a mean (SD) peak 
NRS of 1.4 (1.1) at the supraspinatus site and 0.3 (0.5) at the 
subacromial space site. Isotonic saline injections at either 
site produced a shorter duration of pain than hypertonic 
saline injections.

4  �Discussion
The results of this study indicate no difference between the 
experimental shoulder pain protocols investigated. Injec-
tion of hypertonic saline into the subacromial space and 
into supraspinatus muscle consistently reproduced the 
location of clinical shoulder pain i.e. in the lateral shoul-
der and proximal upper arm. However, both protocols 
failed to replicate the quality of the clinical experience 
and the behaviour of clinical shoulder pain in response 
to provocation tests. Indeed, pain provocation tests gener-
ally alleviated rather than provoked experimental shoul-
der pain. These results indicate that pain induced by 
local shoulder nociception produced by hypertonic saline 
injection has significant limitations as a model of clinical 
shoulder pain.

The pattern of experimental shoulder pain induced 
in the current study is consistent with the distribution of 
clinical shoulder pain. An investigation of 285 patients 
who had posterosuperior rotator cuff tear found that the 
majority (86%) reported pain in the anterolateral region 
of the shoulder and upper arm which rarely extended past 
the elbow [23]. In patients with various structural deficits 
at the shoulder, the most common location of pain was the 
anterolateral shoulder and upper arm [24, 25]. The pattern 
of pain induced in the current study is broadly consistent 
with these clinical findings.

The results of this study support the findings of previ-
ous research reporting pain distribution following hyper-
tonic saline injection into the subacromial space [4, 26], 
where all participants experienced pain over the lateral 
proximal arm. However, in these previous studies a small 
proportion of participants also reported pain distal to 
the elbow. No previous studies have described pain dis-
tribution following injection of hypertonic saline into the 
supraspinatus muscle.

The provocation tests performed in the current study 
represent a typical range of tests used to elicit clini-
cal shoulder pain. To validly reflect the clinical experi-
ence, an experimental model should be associated with 
increased induced shoulder pain during provocation 
testing. However, following injection of hypertonic saline, 
the most common experience reported by participants 
in the current study was a decrease in shoulder pain 

Fig. 3: Time-course of pain following injection of either hypertonic 
or isotonic saline in both supraspinatus and the subacromial space. 
Group median (error bars: interquartile range) are shown with larger 
markers. Individual data for the nine participants are shown with 
smaller markers.

Table 4: McGill Pain Questionnaire rating values for hypertonic 
supraspinatus and subacromial injection conditions.

Component (maximum score)   Hypertonic 
supraspinatus 

injection

  Hypertonic 
subacromial 

injection

Sensory (out of 42)
 Mean (SD)   7.9 (4.1)  7.9 (2.2)
 Percentage of maximum score   18.8  18.8

Affective (out of 14)
 Mean (SD)   0.3 (0.7)  0.1 (0.3)
 Percentage of maximum score   2.1  0.7

Evaluative (out of 5)
 Mean (SD)   1.1 (1.6)  1.2 (1.9)
 Percentage of maximum score   22.0  24.0

Miscellaneous (out of 17)
 Mean (SD)   1.4 (2.0)  1.2 (1.8)
 Percentage of maximum score   8.2  7.1

Total score (out of 78)   10.8 (5.0)  10.4 (4.1)
 Percentage of maximum score   13.8  13.3
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intensity regardless of whether the provocation test was 
performed passively, dynamically, or isometrically. A total 
of 54 provocation tests were performed and an increase in 
experimental shoulder pain intensity occurred in only five 
of these tests (two following hypertonic saline injection 
into the subacromial space and three following injection 
into supraspinatus). These results indicate that neither of 
the experimental models in the current study validly repli-
cated the clinical experience of shoulder pain with respect 
to pain behaviour.

This is the only study to investigate the experimental 
pain response to typically provocative manoeuvres follow-
ing hypertonic saline injection into the subacromial space 
and supraspinatus. However, our finding that there was 
no change or, more commonly, a decrease in experimental 
pain intensity following typical tests known to increase 
shoulder pain in patients is consistent with a previous 
study at the shoulder investigating the experimental pain 
response to provocation following hypertonic saline injec-
tion into the acromioclavicular joint [26]. In this previous 
study, provocation testing did not change experimental 
pain intensity in the majority of subjects.

There were no differences in the quality of pain expe-
rienced following hypertonic saline injection into either 
the subacromial space or supraspinatus. The score on the 
evaluative component of the MPQ, considered a measure 
of the intensity of the pain experience [21], was approxi-
mately 23% of the highest possible score for both experi-
mental shoulder pain conditions. Most words chosen were 
in the sensory component of the MPQ with a rating of 
approximately 19% of the highest possible value for both 
conditions. Low pain descriptor scores were recorded in 
the miscellaneous (approximately 8% of the highest pos-
sible score) and affective components (less than 3% of the 
highest possible score) of the MPQ for both the conditions.

Quality of pain reported during clinical shoulder 
pain has been investigated in one study [8], which found 
higher ratings in the affective component of the MPQ 
(35.5% of total MPQ score) compared with the current 
study (supraspinatus injection site 2.1% of total MPQ 
score; subacromial injection site 0.7% of total MPQ score). 
As affective descriptors of pain are a measure of emotional 
distress [21] it is not surprising that short duration, chemi-
cally-induced experimental pain is unable to replicate the 
emotional state associated with clinical shoulder pain.

Isotonic saline injections produced either no pain or 
very mild pain. When participants did report mild pain, it 
was located in the immediate vicinity of the injection site 
with no pain referral. These results indicate that the pain 
felt during the experimental pain protocols is more likely 
due to the chemical irritation from the hypertonic saline 

rather than the mechanical effects of the volume of saline 
injected.

In the current study highly consistent results were 
demonstrated in our sample of nine participants. Both 
experimental shoulder pain protocols investigated con-
sistently reproduced the most common location of clini-
cal shoulder pain, scored similarly on the MPQ and, in 
over 90% of tests designed to provoke clinical shoulder 
pain, did not result in an increase in experimental pain 
intensity. As stated above, it is probably unsurprising 
that these commonly used experimental shoulder pain 
models are unable to replicate the quality of the clinical 
pain experience. However, it is concerning that they do 
not replicate clinical pain behaviour. Not only did experi-
mental shoulder pain not increase following provocation 
testing, the majority of participants in this study reported 
a decrease in shoulder pain. The validity of experimen-
tal pain models which produce the opposite response to 
provocation testing to clinical pain must be questioned. 
It has to be concluded, therefore, that pain induced by 
local shoulder nociception produced by hypertonic saline 
injection has significant limitations as a model of clinical 
shoulder pain.
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