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Abstract  Treatment with painful eccentric muscle training has been demonstrated to give good clinical results in patients with 
chronic Achilles tendinosis. The pain mechanisms in chronic painful shoulder impingement syndrome have not been 
scientifically clarified, but the histological changes found in the supraspinatus tendon have similarities with the findings in 
Achilles tendinosis. In this pilot study, nine patients (five females and four males, mean age 54 years) with a long duration of 
shoulder pain (mean 41 months), diagnosed as having shoulder impingement syndrome and on the waiting list for surgical 
treatment (mean 13 months), were included. Patients with arthrosis in the acromio-clavicular joint or with large calcifications 
causing mechanical impingement during horizontal shoulder abduction were not included. We prospectively studied the effects 
of a specially designed painful eccentric training programme for the supraspintus and deltoideus muscles (3×15 reps, 2 times/
day, 7 days/week, for 12 weeks). The patients evaluated the amount of shoulder pain during horizontal shoulder activity on a 
visual analogue scale (VAS), and satisfaction with treatment. Constant score was assessed. After 12 weeks of treatment, five 
patients were satisfied with treatment, their mean VAS had decreased (62–18, P<0.05), and their mean Constant score had 
increased (65–80, P<0.05). At 52-week follow-up, the same five patients were still satisfied (had withdrawn from the waiting 
list for surgery), and their mean VAS and Constant score were 31 and 81, respectively. Among the satisfied patients, two had a 
partial suprasinatus tendon rupture, and three had a Type 3 shaped acromion. In conclusion, the material in this study is small 
and the follow-up is short, but it seems that although there is a long duration of pain, together with bone and tendon 
abnormalities, painful eccentric supraspinatus and deltoideus training might be effective. The findings motivate further studies.
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Introduction
The chronic painful shoulder is well known to be difficult to treat [10]. Subacromial impingement syndrome is commonly 
associated with a painful condition in the shoulder, not seldom involving chronic pain-symptoms [8, 16, 26]. Neer defined 
subacromial impingement as a painful contact between the rotator cuff, subacromial bursa, and the undersurface of the anterior 
acromion [25]. He defined three stages (I–III) of the condition. Stage III is charaterized by mechanical disruption (partial or full 
thickness) of the rotator cuff tendon, and changes in the coracoacromial arch (like osteophytes along the anterior acromion) 
[26]. In the chronic stage, surgical treatment (acromioplasty) is often employed, but the long-term clinical results are not always 
encouraging [17].There are many theories about the pain in this condition, but it has still not been scientifically clarified where 
the pain comes from in this condition [7, 9, 12, 31]. Is it from the subacromial bursa, the rotatorcuff tendons, the acromion, or is 
it from a combination of pathology in these different tissues? [13, 15, 19, 31].
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There is a common opinion that painful shoulder exercises should be avoided in the treatment of painful impingement syndrome 
in the shoulder [3, 6, 23, 24]. However, there is no scientific background to these opinions, and appropriate studies are missing. 
Histological examinations of the rotatorcuff (supraspinatus tendon) in patients with impingement syndrome have shown tendon 
changes described as tendinosis, similar to what have been found in chronic painful Achilles and patellar tendinosis [13, 19]. 
Interestingly, painful eccentric calf muscle training has been demonstrated to give good clinical results in patients with chronic 
painful mid-portion Achilles tendinosis [1].

The aim of this pilot study was to investigate if treatment with painful eccentric supraspinatus and deltoideus muscle training 
was effective in patients with a long duration of pain-symptoms related to subacromial impingement syndrome in the shoulder.

Material and methods
Nine patients (five males and four females, mean 54, range 35–72 years) with chronic painful impingement syndrome, where 
included in the study. All patients had a long duration of pain symptoms (mean 41 months, range 23–72), and were on the 
waiting list for surgical treatment (mean 13 months, range 4–30 months). All patients had tried different treatment regimens like 
rest, cortisone injections, NSAID, and different types of shoulder rehabilitation exercises. Basic characteristics are shown in 
Table 1. 

Table 1  Basic data on the nine patients with chronic shoulder pain 

Variable No. of patients 9 (9 shoulders)

Duration of symptoms (mean) 41 (range 23–72) months

Previous treatment

 NSAID 9

 Rest>3 months 9

 Subacromial cortisone injections 8

 Shoulder rehabilitation programme 6

Body characteristics

 Age (mean) 54 years (range 35–76)

 Height (mean) 173 cm (range 155–181)

 Weight (mean) 76 kg (range 58–101)

NSAID non-steroidal anti-inflammatory drug

The diagnosis was based on clinical examination, ultrasound and X-ray. The clinical examination included a positive Neers and 
Hawkins test. The Constant score was assesed, and Isobex isometric dynamometer (MDS Medical divice Solution A.G, 
Switzerland) was used to measure isometric muscle strength in 30° of horizontal abduction. The Isobex isometric dynamometer 
has been shown to have a good reliability for the measurment of shoulder muscle strength [14]. The same orthopaedic surgeon 
(P.W) performed all clinical examinations and tests.

Dynamic ultrasound examination was performed with a linear transducer (Acuson Sequoia 8L5, with 5–8 MHz frequency). The 
rotator cuff tendons and acromion were examined. The ultrasound examination was done to determine whether there were signs 
of substantial mechanical impingement between calcifications in the rotator cuff tendons and the acromion. An X-ray was 
performed to classify the shape of the acromion, to detect bone spurs and calcifications, and to determine whether there were 
signs of arthrosis in the acromio-clavicular joint. Patients with signs of arthrosis in the acromio-clavicular joint, or with large 
calcifications in the rotator cuff causing severe mechanical impingement during horizontal abduction, were not included in the 
study.
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Eccentric training regimen
All patients were given practical and written instructions by the same physiotherapist (P.J) before the start of the study. A 
special eccentric muscle training model, mainly activating the supraspinatus and deltoideus muscles, was designed by the 
physiotherapist (P.J). A device called Ulla-sling, was attached to the roof or door and used to elevate the arm to a starting 
position (Fig. 1). The eccentric training programme was executed by having the patient to slowly lower the arm from the start 
position (30° of horizontal abduction with thumb pointing towards the ground Fig. 2a, b) and Fig. 3. This was done by 3×15 
repetitions, twice a day, 7 days/week, for 12 weeks. When there was no pain during the excercise, the load was gradually 
increased by adding weights, to reach a new level of painful  training (Fig. 4). Two weeks after the treatment, the patients 
were contacted by the physiotherapist (over telephone) to make sure that they did their exercises correctly. If there were any 
doubts about compliance or problems with performing the exercises, the patients were immediatly followed-up at the clinic. 
After 6 weeks, the patients were followed-up by the physiotherapist at the clinic, to answer questions, and to make sure that 
they were doing the exercises correctly. After 12 weeks of eccentric training, the patients were recommended to continue their 
exercises for at least 2 times/week. 

Fig. 1  A special devise called Ulla-sling was used to elevate the arm to the starting position (by pulling a string with the other arm) 

Fig. 2  The arm was kept at 30° of horizontal abduction with the tumb pointing downwards.The eccentric training programme was done by 
slowly lowering the arm from the start position. a Frontal view, b lateral view 
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Fig. 3  End position for eccentric exercise 

Fig. 4  When no pain was noted during the exercise, the load was gradually increased by adding weights to reach a new level of painful  
training 

Outcome measures

Constant score was used to assess shoulder function [9], before and after 12 weeks and 52 weeks of training. The patients 
estimated the amount of pain in the shoulder during horizontal shoulder activity on a 100-mm long visual analogue scale (VAS) 
before treatment, and 12 weeks and 52 weeks after treatment. The amount of pain was recorded from 0–100 mm, where no pain 
was recorded as 0 and severe pain as 100.

Patients satisfaction with treatment was assessed, (patients who said no  indicated not satisfied  and they remained on the 
wating list for surgery, and those who said yes  indicated satisfied and they withdrew from the waiting list). Data are 
presented as mean and range values.

Ethics

The study was approved by the ethical committee of the Medical Faculty at the University of Umeå. All patients gave their 
written consent to participate.

Statistics

Wilcoxon Signed Rank Test was used to compare the results from the Constant score and VAS evaluations, before and after 
12 weeks and 52 weeks of treatment. A P value <0.05 was considered significant.

Results
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Specific data for each patient is presented in Table 2. 

Table 2  Painful eccentric training in nine patients with chronic painful impingement syndrome 

Gender/age

Constant score VAS 1 VAS 2 VAS 3

Bone 
spurs

Shape 
acromion

Supraspinatus 
rupture

Satisfied
Before

After 
12/
weeks

After 52/
weeks

Before
After 
12/
weeks

After 52/
weeks

Male/62 58 74 86 71 47 28 No Type-1 No Yes

Male/56 59 79 79 70 13 62 Yesa Type-3 Yesb Yes

Male/60 70 84 79 63 17 43 No Type-3 No Yes

Male/76 68 80 76 34 8 7 Yesa Type-2 Yesb Yes

Female/35 64 56 61 100 66 69 No Type-1 No No

Female/48 28 33 Surgery 89 85 Surgery Yesa Type-2 Yesb No

Female/39 57 70 Surgery 89 46 Surgery No Type-2 No No

Male/63 27 39 49 50 70 48 Yesa Type-1 Yesc No

Female/52 68 84 84 70 7 15 No Type-3 No Yes

Constant score and VAS (mm) evaluation, before 12 weeks and 52 weeks after treatment. Radiological and sonographic findings. Patient 
satisfaction with treatment (yes satisfied, no not satisfied)
aUndersurface of acromion
bPartial rupture on the joint side
cTotal rupture

Before treatment, the mean Constant score was 51 (range 27–70), and the mean VAS was 71 (range 34–100).

After 12 weeks of eccentric training, five patients were satisfied with the treatment. Their mean Constant score was 80, and 
their mean VAS was 18. Mean Constant score and mean VAS for the not satisfied  patients were 50 and 67, respectively. For 
the satisfied  patients, there was a significant increase in the Constant score, (from 65–80 P<0.043), and a significant decrease 
in the VAS (from 62–18 P<0.043). At the 52-week follow-up, the five satisfied  patients were still satisfied with the results of 
treatment. Their mean Constant score was 81, and their mean VAS was 31.

At the 12-week follow-up, the five patients satisfied with the result of treatment withdrew from the waiting list for surgical 
treatment.

One of the patients who was not satisfied after 12 weeks of treatment, had been wrongly diagnosed. This patient had a labrum 
tear that was detected at surgery.

Discussion
In this small pilot study, we tried painful eccentric supraspinatus and deltoideus training as a treatment model for patients with 
chronic shoulder pain, diagnosed as an impingement syndrome, and were on the waiting list for surgical treatment. The results 
were interesting, five out of nine patients, all very poor cases with a long duration of disabling pain symptoms, were satisfied 
with the result of treatment and withdrew from the waiting list for surgical treatment.

Actually, five of seven patients did well since one patient had a labral lesion and another one had a full-thickness cuff tear. This 
also shows that to get a correct diagnosis, most often, an arthroscopic evaluation is needed.

How can these results be explained? Since the number of patients is small it could be considered as a co-incidence that five out 
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of seven patients were satisfied with the treatment. On the other hand, the treatment model was tested on a group of patients 
with a long duration of pain symptoms, and it is most likely that they were in a poor stage of the condition. In more painful 
conditions, it is well known that the longer the duration of symptom, the more difficult it is to treat the condition. Also, these 
patients were all on the waiting list for surgery, mentally prepared for surgical treatment, and therefore possibly less motivated 
to try a painful treatment regimen. Interestingly, although these five patients had been on the waiting list for surgery for a 
relatively long period of time, they decided to withdraw from the waiting list after only a 12-week follow-up. This possibly 
implies a dramatic change in their amount of shoulder pain, which is also indicated in their VAS evaluations.

An isometric muscle strength test was included in the Constant score evaluation, and when evaluating the results there were 
found to be no significant differences in isometric strength (performed in 30° of horizontal abduction) before and after 
treatment, in the five satisfied  patients. Consequently, the favourable result of treatment is unlikely to be due to an increased 
muscle strength, especially not isometric strength. However, we cannot exclude that the dynamic strength was affected. What 
could then be the reason for the good results? Unfortunately, there are many questions which arise due to the pain associated 
with this condition. Where the pain comes from has still not been scientifically clarified. Biopsies taken from the rotator cuff 
(supraspinatus) have shown grossly similar tendon changes as for other chronic painful tendons, possibly indicating large 
similarities between these conditions [2, 13, 19, 22, 31]. Gotoh et al. [15] has suggested the subacromial bursa as a site for pain, 
showing high amounts of substance-P nerve fibers localised around vessels. Interestingly, recent scientific studies on chronic 
painful Achilles tendinosis have demonstrated vasculo-neural ingrowth as being the most likely source of pain in that condition 
[2], and that good clinical results after treatment with eccentric calf-muscle training were associated with the lack of remaining 
neovessels [32]. Also, Chansky and Iannoti [7] found neovascularisation to be associated with symptomatic rotator cuff disease 
secondary to mechanical impingement. Mechanical factors, such as the shape of the acromion, have been considered to be of 
significant importance [4, 25]. From our study, it is interesting to note that in three shoulders, which had a hook-shaped 
acromion (Bigliani grade 3), the treatment had a good result. In our study, the two patients with partial ruptures in the 
supraspinatus tendon had good results with the treatment, but in one patient with a total supraspinatus rupture only poor results 
were observed. This supports the theory that residual cuff muscles and prime movers might compensate for deficiencies in the 
torn supraspinatus tendon [12].

In this pilot study, we used painful eccentric training on patients with chronic shoulder pain. Previous studies have emphasized 
pain-free training during shoulder rehabilitation [5, 21, 23] to strengthen the depressor muscles like the subscapularis, 
infraspinatus and teres minor muscle [23, 24]. Studies have also recommended that patients should avoid a position with a long 
lever-arm, as the supraspinatus muscle activity has been demonstrated to be high when the arm is straight in the scapular plane. 
Other studies have recommended that instead of using the empty can  (external rotation) position during supraspinatus 
training, full can  (internal rotation) position should be used, because that position increases the subacromial space as the 
greater tuberosity clears from the undersurface of the acromion [6, 16, 18, 20, 21, 29, 30]. In our test position, we chose to 
perform the eccentric training in a shoulder position that decreased the subacromial space and placed maximum load on the 
supraspinatus and deltoideus muscle. When the patients could do the exercise without pain, we gradually increased the load on 
the supraspinatus and deltoideus muscle to reach a new level of painful training. Previous studies have shown good and 
promising results with painful eccentric training on other chronic painful tendon conditions [11, 27, 28].

In conclusion, in this small pilot study, a specially designed painful eccentric training model for the supraspinatus and 
deltoideus muscles showed promising short-term clinical results on a small group of patients with severe pain from 
impingement of the shoulder. The findings are interesting and motivate further studies, including long-term follow-up of large 
groups, randomised studies and the comparison of this treatment model with other treatment models.
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