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In 2 previous publications we have demonstrated that a spe-
cifi c exercise program was more effective than an unspecifi c 
control exercise program in reducing the need for surgery 
in subacromial pain patients at 3- and 12-month follow-ups 
(Holmgren et al. 2012b, Hallgren et al. 2014). The patients 
treated with specifi c exercises responded with reduced pain 
and improved shoulder function despite long-standing symp-
toms and previous physiotherapy in primary care. Patients 
were continuously offered arthroscopic subacromial decom-
pression (ASD) until the fi nal follow-up. After 1 year 41 of 95 
chose ASD because of persistent symptoms, 12 of 50 in the 
specifi c exercise group and 29 of 45 in the unspecifi c exercise 
group. These results are in line with other studies conclud-
ing that specifi c exercises should be the fi rst-line treatment for 
patients with subacromial pain (Brox et al. 1999, Haahr and 
Andersen 2006, Coghlan et al. 2008, Ketola et al. 2013). 

The present study is a 5-year follow-up of the original 
cohort. We investigated whether the previous results were 
maintained and compared the outcomes of surgery and non-
surgical treatment. We also included a structural assessment 
of the rotator cuff. 

Patients and methods 

Participants, previous interventions, and outcome measures 
In the original, single-assessor blinded, controlled trial, 97 
patients recruited from the waiting list for ASD were random-
ized to either a specifi c exercise program or to an unspecifi c 
exercise program (control) (Holmgren et al. 2012b, Hallgren 
et al. 2014). All patients had long-standing subacromial pain 
and no clinical signs of major rotator cuff dysfunction defi ned 

Background and purpose — We have previously shown that spe-
cifi c exercises reduced the need for surgery in subacromial pain 
patients at 1-year follow-up. We have now investigated whether 
this result was maintained after 5 years and compared the out-
comes of surgery and non-surgical treatment.

Patients and methods — 97 patients were included in the previ-
ously reported randomized study of patients on a waiting list for 
surgery. These patients were randomized to specifi c or unspecifi c 
exercises. After 3 months of exercises the patients were asked if 
they still wanted surgery and this was also assessed at the pres-
ent 5-year follow-up. The 1-year assessment included Constant–
Murley score, DASH, VAS at night, rest and activity, EQ-5D, and 
EQ-VAS. All these outcome assessments were repeated after 5 
years in 91 of the patients.

Results — At the 5-year follow-up more patients in the specifi c 
exercise group had declined surgery, 33 of 47 as compared with 
16 of 44 (p = 0.001) in the unspecifi c exercise group. The mean 
Constant–Murley score continued to improve between the 1- and 
5-year follow-ups in both surgically and non-surgically treated 
groups. On a group level there was no clinically relevant change 
between 1 and 5 years in any of the other outcome measures 
regardless of treatment. 

Interpretation — This 5-year follow-up of a previously pub-
lished randomized controlled trial found that specifi c exercises 
reduced the need for surgery in patients with subacromial pain. 
Patients not responding to specifi c exercises may achieve similar 
good results with surgery. These fi ndings emphasize that a specifi c 
exercise program may serve as a selection tool for surgery.

■
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as weakness in external and internal rotation and pathologic 
infraspinatus and subscapularis tests. All had undergone pre-
vious exercise therapy in primary care with an unsatisfactory 
result. Inclusion and exclusion criteria are listed in Table 1 (see 
Supplementary data). The specifi c exercise program focused 
on eccentric exercises for the rotator cuff and both eccentric 
and concentric exercises for the scapula-stabilizing muscula-
ture. The control exercise program included unloaded range of 
motion exercises for neck and shoulder without progression. 
The programs are described in detail in previous publications 
(Holmgren et al. 2012b, Hallgren et al. 2014). At the 3-month 
follow-up a shoulder surgeon blinded to the type of exercises 
asked the patients if they wanted to go through with surgery and 
in that case an ASD was performed as soon as possible. Sur-
gery was performed by 1 of 2 experienced shoulder surgeons 
not involved in the study and included arthroscopic inspection 
of the glenohumeral joint and subacromial space, bursal and 
acromion resection. A supervised exercise program commonly 
used after ASD was performed postoperatively (Holmgren et 
al. 2012a). The patient’s choice of surgery or not resulted in 
4 groups of patients after the 3-month assessment: specifi c 
non-operated, specifi c operated, control non-operated and con-
trol operated (Table 2, Figures 2, 3). A second follow-up was 
performed 1 year after inclusion. At all follow-ups (3 months, 
1 and 5 years) the same shoulder surgeon, blinded to group 
assignment, recorded the Constant–Murley (C–M) score, Dis-
ability of the Arm Shoulder and Hand questionnaire (DASH) 
Score (Swedish version), Visual Analogue Scale (VAS) (0–100 
mm) assessing pain intensity at rest, at night and at arm activity 
during the last 24 hours, EQ-5D, and EQ-VAS. 

5-year follow-up
All 95 patients who participated in the 1-year follow-up were 
invited to a 5-year follow-up performed by a shoulder surgeon 
blinded to the initial group randomization. The data collection 
was identical to the 1-year follow-up including the patient’s 
choice of surgery or not and the clinical outcome measure-
ments described above (Hallgren et al. 2014). The patients 
also fi lled in a questionnaire asking for use of health care, 
present shoulder symptoms, recurrence, and shoulder exer-
cise habits during the past 4 years. Ultrasound examinations 

of the rotator cuff were performed by an experienced asses-
sor, blinded to the fi ndings at inclusion. A Siemens Acuson 
Sequoia 512 (Acuson, Mountain View, CA, USA) with a vari-
able 8–10 MHz linear array transducer was used at all exami-
nations. The status of the rotator cuff was divided into: intact, 
partial-thickness tear (PTT), or full-thickness tear (FTT) refer-
ring to the depth of the tendon (Bjornsson et al. 2011). Tear 
size in mm was not measured. Tear progression was defi ned as 
progression from intact tendons at baseline to a partial- or full-
thickness tear or from an initial partial- to a full-thickness tear 
at the 5-year follow-up. A full-thickness tear at inclusion that 
had enlarged to affect an adjacent, previously intact, tendon 
was also considered a progression.  

Statistics
Pearson’s chi-square test was used to compare the propor-
tion of patients choosing surgery in the originally randomized 
group, and also for the proportions of patients with progres-
sion of a cuff tear. Since some patients during this period 
needed surgery in addition to exercises, group comparison at 
the 5-year follow-up was performed using a paired t-test. p < 
0.05 was considered signifi cant. 

Ethics, registration, funding, and potential confl icts 
of interest
Ethical approval was obtained for the 5-year follow-up from 
the regional committee for medical ethics in Linköping 2016-
10-27 (dnr:2016/444-32). Written consent to participate in the 
study was collected from all patients after verbal and written 
information. The original trial was registered at Clinical trials: 
NCT01037673. The study was funded by the Linköping Uni-
versity Hospital and Linköping University but no other sup-
port, fi nancial or other, was received for this study. No com-
peting interests declared. 

Results
5-year follow-up 
At the 5-year follow-up 91 of the 95 invited patients could be 
reassessed (Figure 1). Any patient operated or re-operated had 
had this procedure performed at least 1 year prior to the 5-year 
follow-up. The proportion of patients not wanting surgery, 
who were satisfi ed with the exercise treatment, was still after 
5 years larger (p = 0.001) among those originally randomized 
to the specifi c exercise group (33/47) compared with the con-
trol group (16/44). Between the 1-year and 5-year follow-ups 
2 patients had chosen ASD, both initially randomized to the 
specifi c exercise group (Figure 1). All patients in the 4 differ-
ent groups continued to improve in mean C–M score between 
the 1- and 5-year follow-ups (Table 3, see Supplementary 
data, Figure 2). There were no clinically relevant changes in 
the mean DASH scores between the 1- and 5-year follow-ups 
(Table 3, see Supplementary data, Figure 3). 

Table 2. Patients participating in the 5-year follow-up

  Total Non-operated  Operated

Patients 91 49 42
Specifi c/Control exercises a 47/44 33/16 14/28
Sex: Men/Women 60/31 31/18 29/13
Age at follow-up, mean (range) 58 (38–69) 57 (38–69) 58 (39–69)
Patients lost between
  1-year and the present
  5-year follow-up   4   3   1

a Previous randomization
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When dividing the cohort into non-operated and operated 
patients from both exercise groups, the non-operated group 
had reached a signifi cantly higher mean C–M score of 90 
points (95% CI 82–90) compared with the operated group at 
81 points (95% CI 77–85) (p  = 0.002) at the 5-year follow 
up (Table 4). At the 5-year follow-up non-operated patients 
scored better in pain at rest (p  = 0.05) and at night (p  = 0.02).

From baseline to 5-year follow-up the change in mean C–M 
score was 38 points in the non-operated group and 42 points 
in the operated group. A similar improvement was seen in the 
mean DASH score in operated (24 points) and non-operated 
patients (19 points) (Table 3, see Supplementary data, Figure 

3). No clinically relevant changes were seen in the VAS, 
EQ-5D, and EQ-VAS recordings during the same time period 
(Table 3, see Supplementary data). 

The 5-year follow-up questionnaire revealed that 7 of 49 
individuals in the non-operated group had had further treat-
ment after the 1-year follow-up, 5 a subacromial corticoste-
roid injection and 2 had further physiotherapy instructions. In 
the operated group 4 of 42 patients had received further treat-
ment, 3 were re-operated and 1 had had osteopathy treatment. 
All 3 reoperations included acromioplasty, biceps tenotomy, 
and lateral clavicle resection. These re-operated patients had 
a similar 5-year outcome in all of the outcome measures as 

Figure 1. Flowchart of patients from inclusion to 5-year follow-up according to Consort statement.

Allocation
n = 97

Surgical intervention after 5
years in total cohort (n = 42):
– control exercise, 28
– specific exercise, 14

Surgical intervention after 1
year in total cohort (n = 41):
– control exercise, 29
– specific exercise, 12

Nonsurgical intervention after 
5 years in total cohort (n = 49):
– control exercise, 16
– specific exercise, 33

Specific exercise group:
Recieved allocated intervention (n = 51)

3-month follow-up (n = 46)
Chose surgical intervention (n = 29)
Lost to follow-up (n = 0)

1-year follow-up (n = 45)
Chose surgical intervention (n = 0)
Lost to follow-up (n = 1):
– medical reason, not shoulder 
   related, 1

5-year follow-up (n = 44)
Chose surgical intervention (n = 0)
Lost to follow-up (n = 1):
– emigrated, 1 (after surgery)

5-year follow-up (n = 47)
Chose surgical intervention (n = 2):
– recurrent pain and dysfunction, 2
Lost to follow-up (n = 3):
– died, 1
– new trauma and new surgery, 2

1-year follow-up (n = 50)
Chose surgical intervention (n = 2):
– recurrent pain and dysfunction, 2
Lost to follow-up (n = 1):
– medical reason, not shoulder 
   related, 1

3-month follow-up (n = 51)
Chose surgical intervention (n = 10)
Lost to follow-up (n = 0)

Control exercise group:
Recieved allocated intervention (n = 46)

Figure 2. Mean Constant-Murley score values at the previous 3-month 
and 1-year follow-up and in addition the 5-year follow-up in the 4 
groups of patients; specifi c non-operated, control non-operated, spe-
cifi c operated and control operated. These groups were created after 
the choice of surgery or not at the 3-month assessment.

Figure 3. Mean Disability of the Arm, Shoulder and Hand score values 
at 3-month, 1-year and 5-year follow-up in the 4 groups of patients; 
specifi c non-operated, control non-operated, specifi c operated and 
control operated. These groups were created after the choice of sur-
gery or not at the 3-month assessment. 
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compared with the rest of the cohort. 44 of the patients in the 
non-operated group reported that they had no or slight shoul-
der dysfunction compared with 31 in the operated group 5 
years after inclusion. None of the patients in the non-operated 
group was worse compared with the 1-year assessment but 4 
patients rated that they had the same symptoms ongoing. In 
the operated group 1 person rated that he was worse and 3 
persons that they still had the same symptoms as at the 1-year 
follow-up. In the non-operated group 28 patients had contin-
ued to perform exercises involving the shoulder compared 
with 17 in the operated group. 

The ultrasound examination at 5 years showed that there 
were 38 rotator-cuff tears, including both partial- and full-

thickness tears, in the cohort as compared with 26 tears at 
baseline. Signifi cantly more patients (n = 16) in the operated 
group had progression of the tendon affection or a new tendon 
lesion as compared with (n = 9) the non-operated group (p  = 
0.002) (Table 5).

Discussion 

Our main fi ndings are that after 5 years more patients in the 
specifi c exercise group could still avoid surgery as compared 
with the unspecifi c exercise group and that patients who had 
not benefi ted from exercise treatment had a good outcome 
after surgery. Supervised exercise as the fi rst line of treatment 
for subacromial pain is supported by results from other ran-
domized trials and this study adds further evidence to the cur-
rent recommendations (Brox et al. 1999, Haahr and Ander-
sen 2006, Ketola et al. 2013, Haik et al. 2016). Our exercise 
program included both eccentric and concentric exercises for 
the rotator cuff and the scapula-stabilizing muscles. Pain was 
allowed to a certain limit and progression of load was guided 
by a pain-monitoring model (Thomee 1997). The rationale 
was that an increased range of motion, strength, and endur-
ance would help to normalize the scapulohumeral kinematics 
and centralize the humeral head in the glenoid fossa during 
movement (Kromer et al. 2013, Maenhout et al. 2013, Struyf 
et al. 2013). Exercises are also hypothesized to have an inhib-
itory effect on central sensitization that may occur in many 
of the unilateral subacromial pain patients’ symptoms (San-
chis et al. 2015). Since subacromial pain has a multifactorial 
origin it is impossible to know which one of the components, 
or a combination of them, could explain the positive outcome 
after our specifi c exercise strategy (Lewis 2016). Reasons 
for the remaining effect in the current study, 5 years after a 
3-month specifi c exercise intervention, are unclear. Patients 
may have learned to correct their shoulder kinematics to use 
their shoulder more functionally over the years (Curry et al. 
2015). Also, a likely positive effect of the program was the 
“vocal treatment”, including information on their shoulder 
disorder, ergonomics, and posture correction (Adolfsson 
2015, Lewis 2016). The mean age in the cohort was 58 (38–
69) (see Table 1). The mean C–M score of the cohort was 
86 which corresponds well with age and sex-adjusted C–M 
scores in the healthy population (Katolik et al. 2005). This 
refl ects that the patients in the present study, on a group-level, 
reached a very good outcome. 

Brox et al. (1999) compared surgery, supervised exercises, 
and placebo, and found that 25% of the patients in the placebo 
group reported a satisfactory result and contributed this to the 
natural course of the disease. In our study 16 of the 44 patients 
in the control exercise group chose not to be operated despite 
previous long-standing symptoms and an unsatisfactory result 
of physiotherapy in primary care. The positive result in this 
third of the group might be explained by multiple factors, the 

Table 4. Mean Constant-Murley score (C-M) and standard devia-
tion (SD) in operated (n = 42) and non-operated (n = 48) patients 
at 3-month, 1-year and 5-year follow-ups for the 90 patients with 
5-year C–M score

C–M score at Group Mean  SD  
              
3 months Non-operated 79 12 
 Operated 45 20
 Total 63 24
1 year Non-operated 86 12
 Operated 74 18
 Total 80 16 
5 years Non-operated 90 11
 Operated 81 15
 Total 86 14

C-M score = Constant- Murley Shoulder Assessment Score 0–100 
points (100 points= maximum shoulder function).
1 patient of the total cohort was not assessed at 5-year follow-up 
with C-M score.

Table 5. Rotator cuff status, assessed with ultrasound. Findings 
from baseline in the original RCT and from the 5-year follow-up 
divided into those treated with surgery and those without surgery 
up until the 5-year follow-up

 
 Total Operated a  Non-operated
Rotatorcuff status n = 90 b n = 42 n = 48

Baseline    
 Intact 64  26  38 
 Partial thickness tear 17    9   8 
 Full-thickness tear   9     7   2 
5-year follow-up
 Intact 52 19 33
 Partial thickness tear 18 11   7
    Full-thickness tear 20  12   8 
Progression c 26 16   9 d

a Arthroscopic subacromial decompression. 
b One patient of the total cohort was not assessed with ultrasound 
c Tear progression was defi ned as progression from intact tendons 

at baseline to partial thickness tearing or to full-thickness tearing or 
from partial tearing to full-thickness tearing at the 5-year follow-up. 
Additional full-thickness tearing in a previous intact tendon was 
also considered a progression of tearing. 

d p = 0.002  
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natural course being one (Arroll and Goodyear-Smith 2005, 
Crawshaw et al. 2010).

When considering the other objective of this study, to com-
pare surgical and non-surgical treatment, we found that the 
change over time in mean C–M score was well above the 
level for clinical relevance, reported to be between 17 and 24 
points, in both operated and non-operated groups (Holmgren 
et al. 2014). These results are also in line with the clinically 
relevant pain reduction displayed in the VAS recordings and 
the overall patient satisfaction in both groups (Tashjian et al. 
2009). The operated group showed a similar clinical improve-
ment but this occurred after the surgical intervention. 

The presence and progression of cuff tears was more often 
found in the operated group, a result that is in line with our 
previous study, where we found that patients with full-thick-
ness tears and the lowest baseline scores were more prone 
to choose surgery (Hallgren et al. 2014). A structural cuff 
pathology may in part explain the inferior result in the oper-
ated group as rotator cuff disease may be the leading cause 
of prolonged shoulder pain and disability (Adler et al. 2008). 
Also the non-operated group included patients with progres-
sion of structural lesions that may be the result of natural 
aging, despite which they had an excellent 5-year result mea-
sured with several different outcomes. Multiple factors not 
related to pathoanatomy, such as mental health, age, genet-
ics, comorbidities, and female sex, are found to infl uence 
outcome after treatment of subacromial pain with or without 
cuff tears (Curry et al. 2015, Lewis 2016). The multifacto-
rial cause of symptoms may explain why a specifi c exercise 
strategy addressing several mechanisms is successful for the 
majority of patients. 

As a result of the growing body of evidence supporting 
structured exercises as treatment of subacromial pain, ASD 
has become questioned (Brox et al. 1999, Haahr and Andersen 
2006, Ketola et al. 2013, Haik et al. 2016). Ketola et al. (2013, 
2015) concluded that patients without satisfactory symptom 
relief after non-operative treatment did not do any better after 
surgery. These conclusions are in confl ict with our fi ndings that 
patients treated with ASD improved substantially and with the 
same magnitude as the non-operated. Comparison between 
previous controlled studies is, however, diffi cult because of 
difference in inclusion criteria and baseline scores. The cohort 
in the study by Ketola et al. (2013) may have included patients 
with other disorders not responsive to any of the treatments 
used. We used strict inclusion criteria and we believe that our 
study group was homogeneous in terms of symptoms and all 
patients rated low baseline values on the Hospital Anxiety and 
Depression scale (HAD), a screening tool for depression and 
anxiety (Zigmond and Snaith 1983, Holmgren et al. 2012b). 
Understanding of the individual pathomechanisms is diffi cult 
but the results from other and our studies appear to confi rm 
that a specifi c exercise strategy should be the initial treatment 
for subacromial pain with or without small rotator cuff tears 
(Holmgren et al. 2012b, Ketola et al. 2013, Hallgren et al. 

2014). Acromioplasty can be recommended for patients with-
out clinical signs of major cuff dysfunction and with unsatis-
factory relief from specifi c exercise treatment. 

A limitation of our study is the lack of an observational 
group to follow the natural course, but since all patients had 
been recommended some kind of exercises in primary care 
before inclusion in the original randomized trial we could not 
study the natural course. Since the investigation is based on 
a sample of patients with similar symptoms and radiological 
fi ndings, performed at 1 hospital in a trial setting, the general-
izability to all subacromial pain patients may be limited. Fur-
ther, ultrasound is reportedly more accurate in detecting full-
thickness tears than partial thickness tears (Cole et al. 2016). 
To handle this potential insecurity, we used experienced ultra-
sound assessors and the same equipment at all assessments. 
Strengths are the 5-year longitudinal data, both clinically 
and structural, on 91 of the 97 patients in the original cohort, 
making this study unique. 

In summary, this 5-year follow-up supports the hypothesis 
that a specifi c exercise strategy should be the initial treatment 
of patients with subacromial pain. Patients not responding to 
specifi c exercises and those with more pronounced pathology 
may need surgery to reach a similar good result and the specifi c 
exercise program may serve as a selection tool for surgery.

Supplementary data
Tables 1 and 3 are available as supplementary data in the online 
version of this article, http://dx.doi.org/ 10.1080/17453674. 
2017.1364069
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