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To my family

“Ο βίος βραχύς, 
η δε τέχνη μακρή, 
ο δε καιρός οξύς, 
η δε πείρα σφαλερή, 
η δε κρίσης χαλεπή.”
Ιπποκράτης

“Life is short,
art long,

opportunity fleeting,
experiment dangerous,

judgment difficult.”
Hippocrates
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This thesis had two main purposes: on the 
one hand, to assess and evaluate the clinical 
outcome of different treatment strategies 
for subacromial impingement syndrome 
(SAIS), in both the short and the long 
term and, on the other hand, to investigate 
and illuminate the pathophysiology of the 
syndrome in terms of the radiographic, his-
tological, ultrastructural and biochemical 
appearance.

In Study I, the clinical outcome was as-
sessed two to three years after intervention, 
in patients with SAIS who underwent ei-
ther surgical (subacromial decompression 
using the open or arthroscopic technique) 
or non-surgical treatment. Eighty-seven 
patients with SAIS were randomised to 
three groups: open acromioplasty (OSG), 
arthroscopic acromioplasty (ASG) or phys-
ical treatment (PTG). The main outcome 
measurement, the Constant Score, showed 
no significant difference when comparing 
the three groups before intervention and at 
follow-up. However, when comparing each 
group separately over time, the two surgi-
cal groups had improved significantly at 
follow-up. The Watson & Sonnabend score 
had improved significantly for more param-
eters in the OSG, compared with both the 
ASG and PTG. Furthermore, the OSG 
revealed a better outcome for strength mea-
surement at follow-up. In Study II, the same 
group of patients was assessed, a minimum 
of 10 years after intervention, for the same 
clinical outcomes. In addition, the devel-
opment of osteoarthritis (OA) and rotator 
cuff tears was assessed. In the long term, the 
surgical groups revealed a better outcome. 
The Constant Score increased significantly 
more over time (baseline vs follow-up), for 

both the OSG and the ASG compared with 
the PTG. Moreover, the OSG had a sig-
nificantly better Constant Score compared 
with the PTG, when comparing the three 
groups. Both surgical groups also revealed 
better strength and better active elevation. 
Radiographically, no differences in OA or 
rotator cuff tears were found between the 
three treatment groups.

In Study III, the histological and ultrastruc-
tural appearance of tissue samples from the 
subscapularis tendon and joint capsule were 
assessed. Male patients with SAIS were 
compared with male patients with recurrent 
shoulder dislocations, in terms of degenera-
tive signs. The fibril diameter and the Total 
Degeneration Score (TDS) were assessed. 
The SAIS group was significantly older 
than the instability group, but the correla-
tion coefficient between age and fibril di-
ameter was r = -0.20 for the subscapularis 
tendon and r = -0.25 for the capsule. The 
instability group had significantly “thicker” 
fibrils compared with the SAIS group and a 
better TDS. This indicates the presence of a 
degenerative process in patients with SAIS. 
In Study IV, the expression of different in-
flammatory markers in the same population 
was assessed. The analysis of the samples 
revealed a significantly larger amount of 
interleukin-6 (IL-6) and tumour necrosis 
factor-α (TNF-α) in the subscapularis ten-
don of patients with SAIS. In the capsu-
lar samples, a significantly higher TNF-α 
and cluster of differentiation 72 (CD 72), 
a marker of B-cell activity, was found. This 
indicates that an inflammatory process is 
present in patients with SAIS, both in the 
subscapularis tendon and in the adjacent 
joint capsule.

I. ABSTRACT
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Denna avhandling hade två huvudsyften. 
Det första var att utforska och utvärdera det 
kliniska utfallet av olika behandlingsalter-
nativ för subakromiell inklämningssmärta 
(SAIS) på kort- och lång sikt. Det andra var 
att undersöka patofysiologin hos patienter 
med SAIS avseende såväl radiologiska som 
histologiska, ultrastrukturella och bioke-
miska förändringar.

I Studie I, en kliniskt randomiserad studie, 
analyserades det kliniska utfallet hos patien-
ter med SAIS 2 till 3 år efter behandlingen. 
Patienterna behandlades med akromioplas-
tik (antingen öppet eller artroskopiskt) eller 
med fysioterapi. Åttiosju patienter med 
SAIS randomiserades i tre grupper; öppen 
akromioplastik (OSG), artroskopisk akro-
mioplastik (ASG) eller fysioterapi (PTG). 
Det primära utfallsmåttet, Constant score, 
uppvisade ingen signifikant skillnad mellan 
de tre grupperna både före behandling och 
vid uppföljning. Däremot, när man analy-
serade varje grupp separat över tid, visade 
det sig att båda kirurgiska grupperna sig-
nifikant förbättrat sin Constant score. Av-
seende Watson & Sonnabend score hade 
OSG signifikant förbättrats i flera para-
metrar jämfört med både ASG och PTG. 
Dessutom hade OSG bättre utfall avseende 
styrkemätningar vid uppföljningen jäm-
fört med de andra två grupperna. I Studie 
II analyserades samma grupp av patienter 
för samma utfallsmått, minimum 10 år efter 
behandlingen. Dessutom undersöktes före-
komsten av artros och rotatorkuff rupturer. 
Constant score var signifikant högre över-
tid, för OSG och ASG men inte för PTG. 

OSG hade även signifikant bättre Constant 
score jämfört PTG när resultat mellan 
grupperna analyserades. Dessutom hade de 
två kirurgiska grupperna bättre styrka och 
aktiv elevation vid uppföljningen. Däremot 
förelåg ingen skillnad vad gäller utveckling 
av artros och rotatorkuff rupturer mellan de 
tre grupperna.

I Studie III undersöktes biopsier från 
subskapularissenan och ledkapseln histolo-
giskt och ultrastrukturellt. Enbart manliga 
individer inkluderades i denna studie. Pa-
tienter med SAIS jämfördes med patienter 
med recidiverande axelluxationer avseende 
tecken till degeneration. Fibrilldiameter 
och Total Degeneration Score (TDS) anal-
yserades. Patienterna i SAIS gruppen var 
signifikant äldre. Korrelationscoefficienten 
mellan ålder och fibrilldiameter var dock 
låg, (r= -0,20 för subscapularis senan och r= 
-0,25 för ledkapsel). Patienter med recidi-
verande axelluxation hade signifikant grövre 
fibriller jämfört med SAIS patienter och 
även bättre TDS. I Studie IV undersöktes 
samma grupp av patienter avseende olika 
inflammatoriska markörer i subscapularis 
senan och ledkapseln. Signifikant högre 
Interleukin-6 (IL-6) och tumor necrosis 
factor-α (TNF-α) förelåg i subscapularis 
senan hos patienter med SAIS. I ledkapseln 
förelåg signifikant mer TNF-α och Cluster 
of Differentiation 72 (CD 72), som är en 
specifik markör för B-cells aktivitet. Detta 
indikerar att det finns en inflammatorisk 
process hos patienter med SAIS både i sub-
scapularis senan och i ledkapseln.

II. SAMMANFATTNING PÅ SVENSKA
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Η παρούσα διατριβή είχε δύο κύριους 
σκοπούς. Απ΄ τη μια μεριά να αναλύσει και να 
εκτιμήσει το κλινικό αποτέλεσμα διαφόρων 
μεθόδων θεραπείας για το σύνδρομο 
υπακρωμιακής προστριβής (SAIS), 
βραχυπρόθεσμα και μακροπρόθεσμα. Απ΄ 
την άλλη να διερευνήσει και να διαφωτίσει 
τους παθοφυσιολογικούς μηχανισμούς 
που εμπλέκονται στη δημιουργία του 
συνδρόμου, τόσο σε μικροσκοπικό 
(ιστολογικό, δομικό, βιοχημικό) όσο και 
σε μακροσκοπικό επίπεδο (εμφάνιση 
οστεοαρθρίτιδας και ρήξεων του τενοντίου 
πετάλου των στροφέων του ώμου).
Στη Μελέτη Ι διερευνήθηκε το κλινικό 
αποτέλεσμα 2-3 χρόνια μετά την έναρξη 
της θεραπείας, σε ασθενείς με σύνδρομο 
υπακρωμιακής προστριβής, οι οποίοι 
έλαβαν είτε χειρουργική θεραπεία 
(ακρωμιοπλαστική, είτε με ανοιχτή 
μέθοδο είτε αρθροσκοπικά), είτε μη-
χειρουργική θεραπεία. Ογδόντα-εφτά 
ασθενείς με σύνδρομο υπακρωμιακής 
προστριβής συμπεριλήφθηκαν σε τυφλή 
τυχαιοποιημένη μελέτη και χωρίστηκαν 
σε τρεις ομάδες: ομάδα ανοιχτής 
ακρωμιοπλαστικής (OSG), ομάδα 
αρθροσκοπικής ακρομιοπλαστικής  (ASG) 
και ομάδα φυσιοθεραπείας (PTG). Κατά 
τη μέτρηση του κύριου μέτρου έκβασης, 
του Constant score, δε βρέθηκε καμία 
στατιστικά σημαντική διαφορά ανάμεσα 
στις 3 ομάδες θεραπείας, συγκρίνοντάς 
τες κατά την έναρξη της μελέτης και 
κατά τον επανέλεγχο. Κατά τη σύγκριση 
όμως κάθε μιας ομάδας χωριστά και οι 
δύο χειρουργικές ομάδες εμφάνισαν κατά 
τον επανέλεγχο (follow-up) στατιστικώς 
σημαντική βελτίωση στο Constant score, 
γεγονός που δεν παρατηρήθηκε για την 
ομάδα της φυσιοθεραπείας. Επιπλέον, 

το Watson & Sonnabend score ήταν 
στατιστικώς σημαντικά αυξημένο για 
περισσότερες ερωτήσεις στην ομάδα της 
ανοιχτής ακρωμιοπλαστικής. Παρομοίως, 
η ομάδα της ανοιχτής ακρωμιοπλαστικής 
είχε καλύτερες μετρήσεις, όσον αφορά τη 
δύναμη, κατά τον επανέλεγχο. Στη Μελέτη 
ΙΙ οι ίδιες ομάδες ασθενών ελέγθηκαν 
κατ΄ελάχιστον 10 χρόνια μετά την έναρξη 
της θεραπείας για τις ίδιες παραμέτρους 
όπως και στη Μελέτη Ι. Στη Μελέτη ΙΙ 
ερευνήθηκε επιπλέον και η πιθανότητα 
εμφάνισης οστεοαρθρίτιδας και ρήξης 
του τενοντίου πετάλου των στροφέων 
του ώμου. Όπως και στην πρώτη μελέτη 
έτσι και στη δεύτερη οι δύο χειρουργικές 
ομάδες εμφάνισαν καλύτερο κλινικό 
αποτέλεσμα. Το Constant score ήταν 
σημαντικά καλύτερο στατιστικά στις 
ομάδες ανοιχτής και αρθροσκοπικής 
ακρωμιοπλαστικής, κατά τη σύγκριση 
κάθε ομάδας στην αρχή της θεραπείας και 
κατά τον επανέλεγχο. Επιπλέον κατά τη 
σύγκριση των 3 ομάδων στην έναρξη της 
μελέτης και στον επανέλεγχο, η ομάδα 
ανοιχτής ακρομιοπλαστικής είχε σημαντικά 
καλύτερο Constant score σε σύγκριση με 
την ομάδα της φυσιοθεραπείας. Επίσης οι 
δύο χειρουργικές ομάδες είχαν καλύτερη 
δύναμη και κάμψη του ώμου. Όμως, όσον 
αφορά την εμφάνιση οστεοαρθρίτιδας 
και ρήξης του τενοντίου πετάλου των 
στροφέων του ώμου, δε βρέθηκε καμία 
διαφορά.
Στη Μελέτη ΙΙΙ εξετάστηκε η μικροσκοπική 
δομή βιοψιών από τον τένοντα του 
υποπλατίου μυός και από τον αρθρικό 
θύλακο του ώμου, για την ανεύρεση 
εκφυλιστικών αλλαγών. Άρρενες ασθενείς 
με σύνδρομο υπακρωμιακής προστριβής 
συκρίθηκαν με άρρενες ασθενείς που 

III. ΠΕΡΙΛΗΨΗ ΣΤΑ ΕΛΛΗΝΙΚΑ
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υπέφεραν από υποτροπιάζον εξάρθρημα 
του ώμου. Αναλύθηκαν η διάμετρος των 
ινιδίων αυτών των ιστών καθώς και ένας 
δείκτης εκφύλισης ιστών, το Total Degen-
eration Score (TDS). Ανάμεσα στα δύο 
γκρουπ υπήρχε σημαντική διαφορά ηλικίας. 
Το γκρουπ της υπακρωμιακής προστριβής 
ήταν σημαντικά πιο ηλικιωμένο. Η ανάλυση 
όμως του συντελεστή συσχέτισης (correla-
tion coefficient) ανάμεσα στην ηλικία των 
ασθενών και τη διάμετρο των ινιδίων ήταν 
r= -0.20 για τον τένοντα του υποπλατίου 
μυός και r= -0.25 για τον αρθρικό θύλακο. 
Το γκρουπ των ασθενών με υποτροπιάζον 
εξάρθρημα ώμου είχε ινίδια με σαφώς 
μεγαλύτερη διάμετρο καθώς και σημαντικά 
καλύτερο Total Degeneration Score (TDS) 
σκορ. Αυτά τα αποτελέσματα υποδεικνύουν 
μια αυξημένη εκφυλιστική διαδικασία 
σε ασθενείς με σύνδρομο υπακρωμιακής 
προστριβής. Υπάρχουν ενδείξεις ότι αυτή η 
εκφυλιστική διαδικασία δεν αναπτύσσεται 
λόγω της γήρανσης, καθόσον ο 
συντελεστής συσχέτισης για τη ηλικία και 
τη διάμετρο των ινιδίων ήταν χαμηλός, 
οπότε θα πρέπει να συσχετιστεί με την 
ανάπτυξη του συνδρόμου υπακρωμιακής 
προστριβής. Στη Μελέτη ΙV εξετάστηκε 

η τοπική έκφραση διαφόρων παραμέτρων 
φλεγμονής στον ίδιο πληθυσμό. Η 
ανάλυση των βιοψιών έδειξε σημαντικά 
αυξημένα επίπεδα Ιντερλευκίνης-6 (IL-
6) και του παράγοντα νέκρωσης όγκων-α 
(TNF-α) στον τένοντα του υποπλάτιου 
μυός. Όσον αφορά τον αρθρικό θύλακο, 
βρέθηκαν επίσης αυξημένα επίπεδα του 
TNF-α καθώς και του Cluster of Differen-
tiation 72 (CD 72), το οποίο είναι δείκτης 
δραστηριότητας των Β-λεμφοκυττάρων. 
Αυτά τα αποτελέσματα υποδεικνύουν πως 
μια φλεγμονώδης διαδικασία είναι παρούσα 
τόσο στον τένοντα του υποπλάτιου μύος, 
όσο και στον αρθρικό θύλακο του ώμου, 
σε ασθενείς με σύνδρομο υπακρωμιακής 
προστριβής. Με άλλα λόγια, υπάρχουν 
ενδείξεις ότι μια διάχυτη φλεγμονώδης 
διαδικασία, που δεν περιορίζεται στον 
υπακρωμιακό χώρο αλλά επεκτείνεται σε 
όλη την ωμική ζώνη, αναπτύσσεται στους 
ασθενείς αυτούς. Συμπερασματικά, οι 
Μελέτες ΙΙΙ και IV παρέχουν στοιχεία ότι 
υπάρχει μια χρόνια εκφυλιστική διαδικασία 
και φλεγμονώδης αντίδραση, τόσο 
υπακρωμιακά όσο και στους περιβάλλοντες 
ιστούς.
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AC joint  Acromio-clavicular joint
ACL  Anterior cruciate ligament
ADL  Activities of daily living
ASG  Arthroscopic surgery group
BP  Bodily pain
CT  Computed tomography
DJD  Degenerative joint disease
GAGs  Glycosaminoglycans
GH  General health
HPF  High power field
H&E  Haematoxylin and eosin
MH  Mental health
MRI  Magnetic resonance imaging
N  Newton
n  Number of subjects
NSAIDs  Non-steroidal anti-inflammatory drugs
n.s.  Non-significant
OA  Osteoarthritis
OSG  Open surgery group
PF  Physical functioning
PROM  Patient-reported outcome measurement
PTG  Physiotherapy group
PBS  Phosphate-buffered saline
QoL  Quality of life
RCT  Randomised controlled trial
RE  Role emotional
ROM  Range of motion
RP  Role physical
SAIS  Subacromial impingement syndrome
SD  Standard deviation
SF  Social functioning
SF-36  36-item short form survey
TDS  Total degeneration score
TEM  Transmission electron microscopy
VT  Vitality

V. ABBREVIATIONS
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A surgical procedure in which the under surface of 
the acromion is removed, together with the coraco-
acromial ligament

Impaction fracture of the glenoid margin (usually the 
anterior part of the rim) in association with a labral 
injury, after shoulder dislocation

Small immunoactive proteins released by cells. 
They play a role in intra-cellular communication, cell 
signalling and regulation

Polysaccharides, highly negatively charged, a major 
component of the extracellular matrix

A dense fibrous connective tissue, attached to the 
bones. It is vital to the function of the synovial joints, 
as it seals the joint space and provides passive and 
active stability. It plays an important role in diseases 
such as rheumatoid arthritis and degenerative 
osteoarthritis 

The type of hypothesis used in statistics that proposes 
that no statistical significance exists in a set of given 
observations

The probability, under the null hypothesis, of obtaining 
a result equal to or more extreme than what was 
actually observed

The probability of finding a significant association 
when one truly exists

Percentage of patients with a condition who are 
classified as having positive results

A dislocation of the humeral head from the glenoid 
cavity, usual traumatic

Percentage of patients without a condition who are 
classified as having negative results

Acromioplasty

Bankart injury (bony)

Cytokines

Glucosaminoglycans

Joint capsule

Null hypothesis

P-value

Power

Sensitivity

Shoulder dislocation

Specificity

VI. BRIEF DEFINITIONS
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A shoulder syndrome involving pain in abduction or 
elevation of the shoulder, usually above the horizontal 
level

The part of tissue that muscles insert to the bone. 
They consist of collagen (mostly type I collagen) and 
elastin and are composed of tenocytes and tenoblasts

The basic unit of a tendon. Several bundles of fibres 
form the tendon

Electron microscopically clearly visible units. A bunch 
of collagen fibrils form a collagen fibre

Elongated fibrocytes and fibroblasts which produce 
the collagen fibres and the elastin of the tendons

Incorrect rejection of a true null hypothesis (“false 
positive”)

Incorrect acceptance of a false null hypothesis 
(“false negative”), often because of a lack of power, 
frequently due to too few studied patients

Subacromial
impingement

Tendon

Tendon fibres

Tendon fibrils

Tenocytes and
tenoblasts

Type I error

Type II error
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INTRODUCTION01
Subacromial impingement syndrome 
(SAIS) is a common cause of persisting 
and invalidating shoulder pain (1, 2). It 
can change a person’s behaviour and lead 
to long-lasting sick-leave periods. The syn-
drome may affect people in all age catego-
ries. This emphasises the need for broad and 

effective treatment algorithms. Many dif-
ferent treatment alternatives, both surgical 
and non-surgical, with varying results, have 
been proposed and reported in the litera-
ture. However, a true consensus on which 
treatment to propose has yet not been es-
tablished. 

The anatomy of the shoulder joint is ex-
tremely advanced (3-8). It consists of three 
bones (the clavicle, the scapula and the hu-
merus) and four joints (sterno-clavicular, 
acromio-clavicular, gleno-humeral and sca-
pulo-thoracic joint, which is in fact a “false” 
joint), as demonstrated in Figure 1. The 
most important joint is the gleno-humeral 
joint. It is formed between the scapula gle-
noid and the caput humeri. The joint is sur-
rounded by the joint capsule, a dense fibrous 
connective tissue, attached to the bones. It is 
vital to the function of the synovial joints, as 
it seals the joint space and provides passive 
and active stability. It plays an important 
role in diseases such as rheumatoid arthri-
tis and degenerative osteoarthritis (9). The 
gleno-humeral joint has an extremely wide 
range of motion in different directions. 
Practically, in combination with the move-
ment in the scapulo-thoracic “joint”, it has 
an almost hemispherical range of motion: 
0-180° in elevation and abduction from 
the vertical position, 0-90° of internal and 
external rotation from the horizontal posi-
tion and approximately 0-45° in extension, 
as well as 0-360° circumduction (10). The 

acromio-clavicular joint also participates, 
to a minor extent, in the movement of the 
humerus, while the sterno-clavicular joint is 
practically the only bony connection of the 
arm to the torso (Figure 1).
The glenoid fossa is small compared with 
the caput humeri and, as a result, they do 
not fit one another exactly (4-8). There is 
therefore a discrepancy between the artic-
ular surfaces of the gleno-humeral joint. 
The concavity of the fossa glenoidale covers 
a minimal area of the corresponding caput 
humeri surface, in order to avoid any bony 
constraint by the caput humeri. This results 
in an inherent anatomic instability. The gle-
no-humeral joint is a ball-socket joint and 
has been described as a golf ball on its base 
(Figure 2). To achieve the stabilisation and 
centring of the caput humeri in the fossa 
glenoidale and thus permit a vast range of 
motion in the joint and the development 
of strength vectors in different directions, 
without dislocating the humerus, a complex 
system of passive and dynamic stabilisers 
is present. The passive stabilisation of the 
joint is achieved by numerous ligaments 
around the joint (superior glenohumeral 

1.1  SUMMARY

1.2  ANATOMY OF THE SHOULDER
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Figure 1. The shoulder joint and its four articulations: the sterno-clavicular, 
the acromio-clavicular, the gleno-humeral and the scapulo-thoracic joint.

Figure 2. The caput humeri and the glenoid fossa illustrated as a “golf ball on a peg”.
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Figure 3. The ligaments of the gleno-humeral joint. LCA=ligamentum coracoacromiale, 
SGHL=superior glenohumeral ligament, LCH=ligamentum coracohumerale,
MGHL= middle glenohumeral ligament, IGHLa= inferior glenohumeral ligament 
(anterior part), IGHLp= inferior glenohumeral ligament (posterior part).

ligament-SGHL, middle glenohumeral 
ligament-MGHL, inferior glenohumer-
al ligament-IGHL) (3-8, 10), (Figure 3). 
Furthermore, there are ancillary ligaments 
above the joint, the coraco-acromial and the 
coraco-humeral ligaments, which preserve 
the caput humeri from cranial translation. 
Adjacent ligaments, which play a role in 
joint function, are the acromio-clavicular 
and the coraco-clavicular ligaments. The 
latter consists of two parts, the trapezoid 
and the conoid ligaments. In addition to 
the stabilising function of the ligaments, 
the gleno-humeral joint is deepened by 
the presence of a circumferential tissue, the 
glenoidale labrum, in the periphery of the 
glenoid fossa (Figure 4). The passive stabi-
lisation is reinforced by dynamic stabilisa-
tion factors, the voluminous and numerous 

muscles of the scapular girdle (4-8). These 
muscles include the rotator cuff (supraspi-
natus, infraspinatus, subscapularis and teres 
minor muscles), the deltoid muscle and the 
teres major (Figure 5). The most import-
ant of these muscles is the supraspinatus, 
which practically maintains the caput hu-
meri centred in the glenoid, in connection 
with different positions of the arm. The 
infraspinatus is responsible for the outward 
rotation of the arm, but it also has an auxil-
iary stabilising function. Auxiliary function 
in the centring of the humerus is also pro-
vided by the pectoralis major and latissimus 
dorsi. These two muscles play an important 
part in decreasing the position of the caput 
humeri in the glenoid during elevation and 
abduction.
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Figure 4. The labrum of the gleno-humeral joint (yellow colour).

Figure 5. The muscles of the shoulder .TR=trapezius m., 
LSC=sternocleidomastoid m., SSP=supraspinatus m., ISP=infraspinatus 
m., SCL=subscapularis m., PMI=pectoralis minor m., TM=teres minor m., 
PMA= pectoralis major m., DLT=deltoid m., BBCL=biceps brachialis long 
head m, BBCB=biceps brachialis short head m., COB=coracobrachialis m., 
LAT=latissimus dorsi m., SERa=serratus anterior m.
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One of the most common reasons for con-
sulting a physician is pain in the shoulder 
girdle. This pain may involve different con-
ditions, such as rotator cuff disease and rup-
tures, subacromial impingement syndrome, 
primary or secondary shoulder instability 
and adhesive capsulitis. Sometimes, the 
clinical picture may contain a mixture of 
two or more conditions simultaneously, 
for example, subacromial impingement 
and rotator cuff rupture (11-14), shoulder 
instability with secondary subacromial im-
pingement or rotator cuff arthropathy with 
cranial caput humeri migration (15-19), 
eventually resulting in subacromial friction 
and pain. It appears that superior glenoid 
inclination is a critical factor in developing 
superior caput humeri migration (20, 21).
SAIS accounts for the most of these cases. 
In the general population, the prevalence 
of shoulder pain may be as high as six to 

11% under the age of 50 years, increasing 
to 16-25% in the elderly (22-24). Estimates 
of the annual incidence of shoulder disorder 
encountered in general practice varies from 
seven to 25 per 1,000 registered patients 
per year (25). Inability to work and carry 
out household activities, in addition to loss 
of productivity, can become a considerable 
burden for the patient as well as to society 
(26). A study from the late 1980s reported a 
prevalence of 14% for shoulder pain in the 
Swedish population (27). SAIS is there-
fore one of the most common reasons for 
shoulder problem consultations (1, 2). Risk 
factors for the appearance of the symptoms 
are hobbies and/or working with lifts and 
movements above the head, sports includ-
ing overhead activities, working with hand 
tools, especially vibrating tools, and work-
ing in industry (24, 27-32).

Even though its prevalence is high in the 
population, the aetiology of the syndrome 
is not well known. In the past, many au-
thors described abnormal conditions in 
the subacromial space, but the real reason 
why impingement syndrome develops re-
mains unclear (33-38). In 1931, Meyer 
suggested that, because of the friction be-
tween the rotator cuff and the under surface 
of the acromion, tears to the rotator cuff 
could develop secondary to attrition (39). 
He also described tears close to the great-
er tuberosity, but he did not explain their 
aetiology. In 1934, Codman focused on a 
specific, vulnerable location on the rotator 
cuff, situated one centimetre medial to the 
insertion of the supraspinatus on the great-
er tuberosity, where most of the degen-
erative changes were found (38). In 1972, 
Neer described shoulder impingement as 
a mechanical phenomenon corresponding 
to impingement of the rotator cuff tendon 

beneath the anterior-inferior acromion (35), 
(Figure 6a, 6b). This condition occurs when 
the shoulder is placed in forward flexion 
and internal rotation. He hypothesised that 
the rotator cuff is impinged by the anterior 
one-third of the acromion, the coraco-ac-
romial ligament and the acromioclavicular 
joint. Neer also proposed that the insertion 
of the supraspinatus tendon on the greater 
tuberosity is involved in impingement con-
ditions. In addition, he suggested that these 
tears could be caused by bony spurs in the 
coraco-acromial ligament.
In 1983, Neer characterised three stages of 
impingement. Stage I is described as oede-
ma and haemorrhage of the bursa and the 
rotator cuff, a common disorder among pa-
tients who are less than 25 years old (36). 
Stage II represents permanent changes, 
such as fibrosis and tendinitis of the rotator 
cuff, and is normally found in patients who 
are 25-40 years old. Stage III corresponds 

1.3  EPIDEMIOLOGY

1.4  CLASSIFICATION AND PATHOPHYSIOLOGY
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to more chronic changes, such as partial or 
complete tears of the rotator cuff. It is usu-
ally seen in patients who are more than 40 
years old.
Although the more advanced stages of 
this process, including rotator cuff tears, 
are more common in older individuals, 

impingement and rotator cuff pathology 
are also frequently seen in younger, athletic 
individuals, who are engaged in repetitive 
overhead activities, or in young workers, 
who expose their rotator cuff to similar con-
ditions (29-31, 40).

Figure 6b.

The subacromial space in the neutral position (a) and in 
abduction (b) illustrating impingement.

Figure 6a.
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As mentioned above, according to Neer, the 
impingement area is located between the 
frontal part of the acromion, the coraco-ac-
romial ligament and the acromioclavicu-
lar joint (35, 36). This chronic mechanical 
conflict results in inflammation of the sub-
acromial bursa. The inflammation and the 
associated “swelling” of the bursa result in 
a vicious circle which increases the pres-
sure on the upper surface of the rotator 
cuff and may cause secondary rotator cuff 
injury, as the acromion acts as a hypomo-
chlion and develops pressure on the supra-
spinatus tendon. Neer’s theory to explain 
SAIS presupposes an anatomic irregular-
ity of the acromion. This theory is known 
as the “extrinsic” theory (35, 36). Bigliani 
et al. described three frequently observed 
variations in the morphology of the acro-
mion based on cadaveric dissections and 
radiographs (41). In 139 shoulders from 
71 cadavers, they identified three types of 
morphology. Twenty-four (17%) were fair-
ly flat, 60 (43%) were described as curved 
and 55 (40%) as hooked. Recently, another 
type of acromion, type 4, has been described 
by Gagey et al., in which the acromion is 
convex in its middle third (42). The four 
acromion types are illustrated in Figure 
7. Natsis et al. analysed 423 scapulae and 
found the following prevalence of acromion 
types: type I (flat) 12.1%, type II (curved) 
56.5%, type III (hooked) 28.8% and type 
IV (convex) 2.6% (43). Neer suggested that 
differences in the shape and slope of the an-
terior portion of the acromion could explain 
subacromial impingement and associated 
tears of the rotator cuff. These conclusions 
were based on his own clinical remarks as 
well as the dissection of more than 100 
cadaveric scapulae (35). These results are 
supported by other authors (14, 44, 45). In 
addition, a spur on the coraco-acromial lig-
ament was often found distally directed into 
the subacromial area. A higher prevalence 
of full-thickness tears of the rotator cuff 
was noted in association with the hooked 
or type III acromion. This observation was 

confirmed by Morrison et al. in 1987 when 
they studied 200 consecutive patients with 
supra outlet radiographs (46). Sixty-six 
(80%) of the 82 patients who had rotator 
cuff tears according to arthrography had a 
hooked acromion.
Nicholsson et al. studied 420 specimens 
and noted that the prevalence of spur for-
mation at the anterior part of the acromion 
increased after 50 years of age, whereas the 
morphology of the acromion did not appear 
to change with age (47). In the large study 
by Natsis et al., the prevalence of enthe-
sophytes was 15.6% and all of them were 
located at the site of the coraco-acromial 
ligament insertion on the acromion (43).
The hypothesis that the anterior part of the 
acromion is associated with the pathogene-
sis of tears in the rotator cuff was supported 
by Zuckerman et al. (48). They studied 140 
cadaveric shoulders and found that the su-
praspinatus outlet was 22.5% smaller and the 
anterior projection of the acromion was larg-
er in the specimens with a rotator cuff tear.
Furthermore, it is reported that changes in 
the acromio-clavicular joint (AC joint) can 
provoke the impingement of the rotator 
cuff. In advanced AC degeneration, large 
spurs can appear on the under surface of the 
AC joint and result in direct conflict with 
the supraspinatus tendon (49).
Several researchers have described the 
subacromial contact areas as consisting of 
critical zones for the supraspinatus tendon, 
the long biceps tendon, bone impingement 
between the tuberculum majus and the ac-
romion and seldom between the rotator cuff 
and the processus coracoideus (37, 50, 51).
Bigliani and Morisson have demonstrated 
a correlation between acromion morpholo-
gy and the incidence of rotator cuff inju-
ries in clinical and cadaver studies (41, 46). 
Moreover, Nasca et al. found that subacro-
mial contact with the supraspinatus tendon 
correlates with associated areas with ten-
don injuries in the subacromial space (51). 
This finding does not explain the aetiology 
of the syndrome but provides evidence of 
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disturbances in the subacromial space which 
may result in friction due to the swelling of 
the subacromial soft tissue and bursa.
The “extrinsic” theory dominated the patho-
physiology of the syndrome for decades. The 
friction and pressure in the narrow subacro-
mial space is possibly caused by a curved or 
hook-shaped acromion and results in micro 
trauma to, and sometimes even inflamma-
tion in, the rotator cuff, thereby provoking 
the pain. Subacromial decompression in 
patients not responding to conservative 
treatment has therefore been the treatment 
of choice for about four decades.
The friction and pressure theory does not 
explain the appearance of SAIS in individ-
uals with a normal, flat acromion configu-
ration. Another theory, the intrinsic theory, 
has therefore been proposed. This theory is 
that subacromial pain is multifactorial, due, 
among other factors, to the chronic inflam-
mation and degeneration of the rotator cuff 
and the subacromial bursa (52-58). With 
time, its thickening causes conflict and pain 

between the acromion and the rotator cuff. 
The pathophysiology of shoulder impinge-
ment, according to this theory, is similar to 
the tendinopathy in other joints of the body, 
such as Achilles tendinopathy and tendino-
sis-like changes in the patellar tendon (59-
61). Studies of torn rotator cuff tendons 
have revealed that degenerative changes 
also appear medially from the tear, indicat-
ing the presence of degeneration before the 
tear occurs (62-64). Other factors leading 
to a manifest subacromial syndrome are 
rotator cuff weakening, tendinitis and bur-
sitis (65-67). The degeneration and chronic 
inflammation of the subacromial structures 
(subacromial bursa, rotator cuff tendons, 
coraco-acromial ligament) and joint cap-
sule lead to a change in the function and 
kinematics of the shoulder in abduction and 
elevation (66, 68, 69). Secondary to this, os-
teophytes and spurs in the acromion may 
occur, changing its anatomy (49).

Figure 7. The four types of acromion morphology.
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A critical zone of the rotator cuff is local-
ised approximately 1 cm medially to the 
supraspinatus insertion in the tuberculum 
majus, as shown in Figure 8. This zone is 
believed to have decreased vascularisation 
(70, 71). This fact, in association with in-
creased local pressure, which occurs in ab-
duction and elevation, results in decreased 
blood flow, which in its turn leads to the 
local degeneration of collagen. Factors that 
may be associated with this degeneration 
and chronic inflammation procedure are: 
a) the proximal translation of caput humeri 
due to weakness in the external rotators of 
the shoulder, b) constant pressure in the 
critical area, due to anatomical changes or 
secondary alterations (osteophytes, spurs, 
ligament calcifications), and c) hypovascu-
larisation (29, 72-76).
Rathburn and Macnab showed less vascu-
larity in the insertion of the supraspinatus 
tendon and the intra-articular portion of the 
long biceps tendon, compared with adjacent 
areas of the rotator cuff (76). The decrease 
in vascularity became more profound in 
active abduction of the humerus. Järvholm 

found significantly higher intramuscular 
pressure in the supraspinatus and infraspi-
natus muscles compared with the trapezius 
and deltoideus (77, 78). Furthermore, when 
the intramuscular pressure exceeds 30mm 
Hg, the intramuscular blood flow may be 
impaired. Järvholm reported a pressure over 
50 mmHg in the supraspinatus in just 30o 
of abduction.
The chronic inflammation and degener-
ation of several structures subacromially 
and in the adjacent tissues reinforces the 
vicious circle of inflammation-degenera-
tion-swelling-friction-inflammation. There 
is evidence that an inflammation occurs in 
the subacromial bursa, due to pro-inflam-
matory cytokine activation (57, 79-82). 
Cytokines are proteins, small in size, which 
are secreted by different cells and play a role 
in communication and interaction between 
the cells (83). However, poor evidence ex-
ists as to whether or not an inflammatory 
process is present in the subacromial space 
or whether it also is present in the adjacent 
humeroscapular joint.

Figure 8. The critical area near the supraspinatus insertion 
on the tuberculum majus.
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Traditionally, subacromial impingement 
has been assessed with non-invasive treat-
ment, such as NSAIDs per os, local in-
jections in the subacromial space (with 
corticosteroids, sometimes prolotherapy or 
PRP (84-86)) and physiotherapy. Various 
protocols for physiotherapy have been re-
ported in the literature with varying results 
(87-93). One such protocol is Böhmer’s 
supervised exercise programme for patients 
with subacromial pain. It was developed at 
Oslo University Hospital, Ulleval (91, 94). 
It includes two sixty-minute sessions under 
supervision twice a week and home exer-
cises in five sessions on the remaining days 
of the week. When non-surgical treatment 
is unsuccessful, acromioplasty is proposed. 
This procedure involves the widening of the 
subacromial space by removing the frontal 
and lateral part of the under surface of the 
acromion, the dissection of the coraco-ac-
romial ligament, a partial bursectomy of the 
subacromial bursa and the removal of any 
concomitant spurs. In some cases, it may 
be accompanied by AC-joint resection, in 
the event of concomitant AC osteoarthritis 
(OA) and spurring (15, 35, 36, 95).
The acromioplasty was proposed by Neer as 
an open procedure, with the concomitant 
resection of the coraco-acromial ligament 
(35, 36, 95). It was regarded as the gold 
standard procedure for SAIS not respond-
ing to non-surgical treatment. Rockwood 
and Lyons emphasised the importance of 
the anterior prominence of the acromion 
in impingement syndrome (96). They sug-
gested a two-step acromionectomy, the re-
section of the anterior part of the acromion 
at the level of the clavicle and the removal 
of bone from the inferior aspect of the ac-
romion.
Another problem that has to be addressed 
is impingement by the coraco-acromial 
ligament. The “snapping shoulder,” a con-
dition starting with shoulder pain, is be-
lieved to be caused by the inflammation and 

swelling of the subacromial bursa, which 
becomes squeezed under the edge of the 
coraco-acromial ligament, was described 
by McLaughlin and Asherman (97). At a 
later stage, Neer incorporated the resection 
of the coraco-acromial ligament as an es-
sential part of the anterior acromioplasty 
procedure (35, 36). This procedure has also 
been recommended by others and especial-
ly in athletes engaged in overhead activities 
(40, 72, 98, 99). 
In a cadaveric study, Burns and Whipple 
noted that the supraspinatus and biceps 
tendons were stabbed against the later-
al edge of the coraco-acromial ligament 
as the arm was flexed forward to 90° and 
then forcibly rotated internally (100). 
Soslowsky proposed that the enlargement 
of the coraco-acromial ligament could re-
sult in subacromial impingement (101). 
However, this hypothesis is questioned 
by Sarkar and Uthoff who, in histological 
studies, only found degenerative changes 
without any swelling of this ligament (102, 
103). Furthermore, the degeneration of the 
AC joint is often present in these patients. 
Degenerative changes in the AC joint are 
a widely accepted reason for subacromi-
al impingement (35, 36, 104-106). When 
the cuff passes underneath the joint, osteo-
phytes from the lateral end of the clavicle or 
from the medial part of the acromion in the 
AC joint extend beyond the AC joint and 
interfere with the rotator cuff.
Kessel and Watson found that the pain dis-
appeared in about 2/3 of 97 patients with 
“painful arch” syndrome after the local in-
jection of anaesthetics and a steroid or after 
the division of the coraco-acromial liga-
ment (104). These patients had lacerations 
to either the anterior or posterior part of 
the rotator cuff. In the remaining patients 
with degenerative changes in the AC joint, 
the excision of the distal part (1 cm) of the 
clavicle resulted in pain relief for patients. 

1.5  TREATMENT ALTERNATIVES
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OA of the AC joint may be one reason for 
the unsuccessful surgical treatment of sub-
acromial impingement. However, resection 
of the lateral clavicle should only be per-
formed if the patient has symptoms local-
ised to the AC joint, in combination with 
radiographic changes in this region (107).
Since Ellman performed the procedure 
arthroscopically (108) in the 1990s, the 
arthroscopic procedure has attracted more 
attention in clinical practice and currently 
dominates among orthopaedic surgeons 
(109, 110), as studies have shown good re-
sults after the arthroscopic technique (108, 
111, 112). There are also a large number 
of studies comparing acromioplasty with 
physical treatment protocols with varying 
results (11, 92, 113-120). In some cases, the 
physiotherapy appears to be as good as the 
surgical treatment, whereas, in some other 
studies, subacromial decompression appears 
to be more advantageous. As the different 
physiotherapy protocols vary in terms of the 
duration of the programme and the exer-
cises involved (87, 88, 121), it is difficult to 
evaluate and compare these two treatments. 
Likewise, several studies have compared the 
clinical outcome after open and arthroscop-
ic acromioplasty (122, 123). In some of 
them, the open technique appears to pro-
duce a better functional outcome, whereas 
in others the arthroscopic technique ap-
pears more beneficial, mostly in terms of a 
shorter surgical time, a better aesthetic re-
sult, less wound morbidity postoperatively 
and a shorter period of sick leave (122, 124).

While the clinical outcome of different 
treatments has been thoroughly investigat-
ed, especially in the short term, few studies 
of the development of rotator cuff tears and 
OA, secondary to SAIS, have been pub-
lished. A rotator cuff evaluation is easy to 
perform using an ultrasound examination 
or magnetic resonance imaging (MRI). 
Ultrasound is a relatively inexpensive ex-
amination. It has the advantage of enabling 
a dynamic evaluation of the rotator cuff 
during motion and estimation of the im-
pingement area. On the other hand, it is 
strictly examiner dependent and requires a 
well-trained radiologist. MRI has the ad-
vantage of reproducibility, re-evaluation/
cross-evaluation from different radiologists, 
but the disadvantages are its high cost and 
the fact that it is time consuming. OA de-
velopment can easily be investigated with 
plain X-rays, an inexpensive and effective 
examination. Although the assessment of 
rotator cuff rupture and OA development 
is relatively easy, little evidence exists as to 
whether or not subacromial acromioplas-
ty renders a prophylactic effect in patients 
with SAIS in the long term. Ketola et al. 
studied patients with SAIS in the mid-
term (five years of follow-up) (125) and 
found no significant difference in develop-
ing secondary rotator cuff tears, in patients 
treated surgically and non-surgically. To the 
knowledge of the author, no evidence exists 
on whether the risk of rotator cuff tears and 
OA after subacromial decompression de-
creases in the long term.
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Study I
The aim of this prospective randomised 
study was to compare the clinical and sub-
jective results two to three years after the 
interventions, using either surgical (ar-
throscopic or open subacromial decom-
pression) or non-surgical (physiotherapy ad 
modum Böhmer) treatment (91, 94). 
The hypothesis was that patients with SAIS 
examined two to three years after inter-
vention would do better after arthroscop-
ic subacromial decompression compared 
with open acromioplasty and physiotherapy 
treatment, in terms of the clinical outcome.

Study II
The aim of this prospective randomised study 
was to compare the long-term outcomes af-
ter the interventions, using either surgical 
(arthroscopic or open subacromial decom-
pression) or non-surgical (physiotherapy ad 
modum Böhmer) treatment (91, 94). 
The hypothesis was that, at a minimum 
of 10 years after the initial treatment, pa-
tients who had undergone acromioplasty 
would have a better clinical outcome and 
run a lower risk of developing rotator cuff 
ruptures and OA as compared with those 
treated with physical therapy.

Study III
The aim of this study was to analyse biopsy 
samples from the subscapularis tendon and 
from the joint capsule (i.e. not directly ad-
jacent to the subacromial space) from male 
patients with SAIS and compare them with 
samples from male patients with post-trau-
matic recurrent shoulder instability, to detect 
degenerative changes that might be present. 
The hypothesis was that patients with SAIS 
would have more histological and ultra-
structural degenerative changes in their 
subscapularis tendon and joint capsule 
than patients with post-traumatic recurrent 
shoulder instability.

Study IV
The aim of this study was to analyse biopsy 
samples from the subscapularis tendon and 
from the joint capsule (i.e. not directly ad-
jacent to the subacromial space) from male 
patients with SAIS and compare them with 
samples from male patients with post-trau-
matic recurrent shoulder instability, to detect 
increased inflammatory activity that might 
be present inside the humeroscapular joint.
The hypothesis was that patients with SAIS 
would have an increase in inflammatory 
mediator expression in their subscapularis 
tendon and joint capsule compared with 
patients with post-traumatic recurrent 
shoulder instability.

AIMS02
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PATIENTS03

Studies I & II
Between November 1998 and January 
2002, 95 consecutive patients with SAIS 
were asked to participate in the study. The 
patients were referred to the orthopaedic 
department at the NU-Hospital Group 
from the region’s primary care units. The 
patients had subacromial pain persisting 
after conservative therapy (non-structured 
physiotherapy, NSAID drugs and local cor-
ticosteroid injections). They tested positive 
for impingement (Neer sign and Hawkins 
test). After the initial assessment, 87 met 
the inclusion criteria for subacromial pain 
for at least six months and gave their written 
consent. The patients were randomised to 
the open surgery group (OSG), arthroscop-
ic surgery group (ASG), or non-surgical 
treatment group (PTG). The duration of 

symptoms from the shoulder suffering from 
SAIS is presented in Tables 1 and 2. The 
exclusion criteria were diabetes mellitus, as 
it is well known that diabetes mellitus may 
cause loss of motion, as well as any neuro-
logical or spinal disorder, radiographic OA, 
the presence of chronic joint disorders, such 
as rheumatoid arthritis, full-thickness ro-
tator cuff rupture, and SAIS stage III. The 
presence of comorbidities and a careful 
medical history were assessed. All patients 
underwent an ultrasound examination of 
their shoulder to identify total rotator cuff 
ruptures, as well as a standard radiographic 
examination to identify OA. The mean fol-
low-up was 30.8 (SD 6.0) and 166.1 (SD 
17.9) months after intervention in Study I 
and Study II respectively.

The allocation of patients to the studies

Total number
Age at operation/interventions 

(years)
Mean (SD)

Female/male

Study I
Group OSG n=15
Group ASG n=19
Group PTG n=21

Group OSG 52.4 (9.5)
Group ASG 48.9 (8.9)
Group PTG 49.9 (9.3)

Group OSG 8/7
Group ASG 12/7
Group PTG 8/13

Study II
Group OSG n=23
Group ASG n=23
Group PTG n=31

Group OSG 52.1 (8.4)
Group ASG 47.0 (9.1)
Group PTG 49.1 (9.7)

Group OSG 12/11
Group ASG 13/10
Group PTG 14/17

Study III
Group SAIS n=8
Group shoulder instability n=12

Group SAIS 57.5 (10.7)
Group shoulder Instability 30.4 (8.0)

Group SAIS 0/8
Group shoulder Instability 0/12

Study IV
Group SAIS n=8
Group shoulder instability n=12

Group SAIS 57.5 (10.7)
Group shoulder Instability 30.4 (8.0)

Group SAIS 0/8
Group shoulder Instability 0/12
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Randomisation procedure
As age and gender were regarded as confound-
ing factors, the randomisation process was de-
signed to adjust for this (120). One hundred 
and twenty envelopes were placed in four box-
es: males < 55 years, males ≥ 55 years, females 

< 55 years and females ≥ 55 years. Each box 
contained 30 envelopes, 10 for each treatment 
group. The patients were asked to choose one 
envelope from the box corresponding to their 
age and gender. The randomisation process is 
shown in Figures 9 and 10.

Table 1 Duration of symptoms Study I
Duration of symptoms OSG (n=15) ASG group (n=19) PTG (n=21) p-value between groups

6-12 months 2 2 0

n.s. (0.24)13-36 months 7 8 7

> 36 months 6 9 14

Table 2 Duration of symptoms Study II
Duration of symptoms OSG (n=23) ASG group (n=23) PTG (n=31) p-value between groups

6-12 months 2 2 0

n.s. (0.24)
13-36 months 13 9 10

> 36 months 8 11 17

Missing values 0 1 4

95 patients asked to participate

87 patients randomised

24 OSG 29 ASG 34 PTG

15 OSG 19 ASG 21 PTG

Excluded:
4 rotator cuff ruptures
1 frozen shoulder
1 rheumatoid arthritis
2 cerebrovascular lesions

1 with missing values
6 declined operation
1 died
1 no follow-up

2 with missing values
5 declined operation
1 died
2 no follow-up

6 with missing values
3 operated
4 no follow-up

Figure 9. Flow chart of patients included in Study I.
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95 patients asked to participate

87 patients randomised

24 OSG 29 ASG 34 PTG

20 OSG 18 ASG 28 PTG

Excluded:
4 rotator cuff ruptures
1 frozen shoulder
1 rheumatoid arthritis
2 cerebrovascular lesions

1 died
3 no follow-up

5 declined operation
1 died 
5 no follow-up

3 operated
3 no follow-up

Figure 10. Flow chart of patients included in Study II.

Studies III & IV 
To reduce one cause of bias, such as cyclic 
variations in hormones and their metabo-
lites in pre-menstrual women, only male 
patients referred from primary care units 
and scheduled for surgery, with either sub-
acromial decompression or Bankart recon-
struction, were eligible to participate in 
these studies. The exclusion criteria were 
female gender, age < 18 years, full-thick-
ness supra- and/or infraspinatus tendon 
tears and/or macroscopic intra-articular 
subscapularis tendon tears for the acromio-
plasty group and a glenoid fracture larger 
than a bony Bankart lesion for the patients 
planned for Bankart repair. Twenty patients 
were recruited to the study. The enrolment 
of the patients started in April 2012 and 
finished in June 2013. Group A consisted of 
eight consecutive patients with SAIS, who 
were scheduled for arthroscopic subacromi-
al decompression, after having been treat-
ed conservatively for at least three months 
with NSAIDs, subacromial corticosteroid 

injections and/or physiotherapy. The diag-
nosis was determined with history and clin-
ical tests with a positive painful arc test and 
positive impingement tests (40, 126-129). 
None of the patients had a full-thickness 
rotator cuff tear, as determined preopera-
tively with MRI or ultrasound examina-
tion and confirmed macroscopically during 
arthroscopy. Group B, the control group, 
consisted of 12 consecutive patients with 
post-traumatic recurrent shoulder insta-
bility. These patients were the subject of 
surgical stabilisation due to recurrent dislo-
cations. All the subjects had dislocated their 
shoulder at least three times before referral 
to the orthopaedic specialist. None of the 
control patients had macroscopic rotator 
cuff tears. In both groups, none of the pa-
tients had diabetes or rheumatoid arthritis 
or OA as co-morbidities. The patients in 
the instability group were inevitably sig-
nificantly younger (p < 0.0001) (page 82 in 
publication III, Table 1).
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METHODS04
Intervention (Studies I & II)
All surgery was performed on an outpatient 
basis. At discharge, the patients received a 
prescription for pain medication and an ice 
pack in a sling to be used during the first 
post-operative weeks to reduce pain and 

swelling. The post-operative rehabilitation 
supervised by five local physiotherapists 
was the same as in the PTG (91, 94). The 
rehabilitation started as soon as the pain 
permitted.

Open surgery
The procedure was performed according 
to Rockwood and Lyons with the patient 
in the beach chair position (96). The ac-
romioplasty technique according to Neer 
and modified by Rockwood is illustrated 
in Figure 11a, 11b. The procedure started 
with an anterior, lateral 5-cm skin incision. 
The deltoid muscle was split and detached 
from the anterior third of the acromion and 
the acromioclavicular joint capsule. After 
exposing the anterior edge of the acro-
mion, the tendinous anterior third of the 
acromion was elevated dorsally prior to re-
moving bone. This manoeuvre exposed the 
coraco-acromial ligament. An osteotome 
was used to remove the anterior edge and 
the lateral portion of the under surface of 

the acromion. The removed bone includ-
ed the attachment of the coraco-acromial 
ligament. The piece of bone was about 6-9 
mm wide and 20 mm long. Proximal to the 
coracoid, the coraco-acromial ligament was 
cut. Palpation of the under surface of the 
acromion was performed to detect any frag-
ments of bone or prominences. The under 
surface of the acromioclavicular joint was 
palpated and inspected. If osteophytes were 
present, they were excised. No acromio-
clavicular joint resections were performed. 
Finally, the medial flap of the deltoid was 
sutured to the capsule of the acromioclavic-
ular joint and the lateral flap was sutured 
to the origin of the deltoid before closing 
the wound.

4.1  CLINICAL EVALUATION OF DIFFERENT TREATMENTS
       (STUDIES I & II)

4.2  SURGICAL TECHNIQUES (STUDIES I & II)
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Arthroscopic surgery
The arthroscopic subacromial decompres-
sion was performed according to Ellman 
with the patient in the lateral decubitus po-
sition (108). Ellman’s arthroscopic proce-
dure is shown in Figures 12-14. A traction 
device was applied to the arm and a tension 
to the arm corresponding to 40 N was ap-
plied. The shoulder was in 10° of flexion and 
40° of abduction. The bony landmarks of 
the shoulder (the acromion, the clavicle, the 
acromioclavicular joint, the coracoid and 
the coraco-acromial ligament) were marked 
with a pen.
A portal for the arthroscope was created on 
the dorsal side of the shoulder. The gleno-
humeral joint was first evaluated for carti-
lage changes, disorder of the biceps tendon, 
labrum and the rotator cuff. Using the same 
arthroscopic portal, the subacromial space 
was visualised and a bursectomy was per-
formed with a shaver introduced from a lat-
eral portal. A resection of the anterior edge 
of the acromion of about 5-8 mm was then 
carried out, followed by a resection of about 
5-8 mm of the anterior-inferior third of the 

under surface of the acromion all the way to 
the acromioclavicular joint.

Non-surgical treatment
The physiotherapy group (PTG) received 
treatment according to the method de-
scribed by Böhmer (91, 94). The purpose 
of the treatment is to enable the patients to 
find their normal kinematics of the shoul-
der, without experiencing pain. The gravi-
tational forces on the arm were removed 
by suspending the arm in a sling fixed to 
the ceiling (Figure 15). The training pro-
gramme started with rotational move-
ments of the arm. As soon as the patient 
was able to perform these motions without 
pain, flexion/extension movements were 
added, followed by abduction/adduction 
exercises. The training programme propos-
es everyday practice of at least 60 min. The 
load was gradually increased in order to 
strengthen the rotator cuff and the scapu-
la-stabilising muscles. In the final stage of 
the programme, the patients replaced some 
exercises with corresponding leisure activi-
ties. The programme was performed twice 

Figure 11a. Figure 11b.
The open acromioplasty procedure according to Neer and modified by Rockwood.
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Figure 12. Arthroscopic view of the 
acromioplasty, using the “bone cutter”.

Figure 14. The arthroscopic procedure 
for acromioplasty according to Ellman 
(schematic).

Figure 15. The Böhmer program for 
eliminating the gravitational forces.

Figure 13. Arthroscopic view of the 
result of an arthroscopic acromioplasty.

a week under the supervision of a physio-
therapist and the rest of the days at home 
for a period of three to six months. In order 
to ensure similar treatment, all the patients 

were trained at five local physiotherapy 
centres by physiotherapists using the same 
standardised protocol.

© Stefanos Farfaras

© Stefanos Farfaras© Stefanos Farfaras



Stefanos Farfaras32

For the range of motion (ROM), a trans-
parent handheld universal goniometer was 
used (Figure 16). Active ROM in flexion 
and abduction was measured while stand-
ing during the enrolment of the patients 
and sitting at follow-up (Figure 17), due to 
the different methods used by each physio-
therapist (130).
For the measurement of functional internal 
rotation, the level of the vertebra reached 
with the thumb of the hand on the ipsilat-
eral side was used (Figure 18).

For the Constant Score, the measurement 
of strength was made with the patient in a 
standing position at enrolment and at sit-
ting position at follow-up, also due to the 
different preferences of each physiother-
apist (131, 132). A dynamometer which 
was adapted to the patient’s foot was used 
(Figure 19). The individual performed three 
attempts by lifting his/her arm in the plane 
of the scapula and the mean value was reg-
istered in Newtons (N).

Questionnaires
The Constant Score is a shoulder-specif-
ic score from 0 (minimum/worst) to 100 
(maximum/best) (131, 132). Thirty-five 
points are allocated to subjective (pa-
tient-determined) assessments of pain and 
activities of daily living, while 65 points are 
allocated to objective (observer-dependent) 
measurements of movement and strength.
The SF-36 is a questionnaire to assess the 
general health of individuals in daily activ-
ities in eight domains: physical functioning 

(PF), role physical (RF), bodily pain (BP), 
general health (GH), vitality (VT), social 
functioning (SF), role emotional (RE) and 
mental health (MH) (133, 134).
The Watson and Sonnabend score is a 
shoulder-specific questionnaire that eval-
uates the outcome after open rotator cuff 
repair. It is composed of 14 questions grad-
ed from 0 to 3 (135). The present results 
include a summary of the number of ques-
tions that improved per treatment group.

4.3  CLINICAL ASSESSMENTS (STUDIES I & II)

Figure 16. Measurement of the external rota-
tion of the shoulder using a transparent handheld 
universal goniometer.

Figure 17. Measurement of active elevation.
© Stefanos Farfaras© Stefanos Farfaras
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Imaging assessments (Study II)
Patients from all three groups underwent 
ultrasound and radiographic examinations 
at baseline and follow-up. 
The purpose of the ultrasound examination 
at baseline was to identify rotator cuff rup-
tures, while the purpose at follow-up was to 
evaluate impingement dichotomously (yes/

no), i.e. if the bursa and/or the rotator cuff 
was in conflict with the acromion during 
the impingement manoeuvre while the pa-
tient experienced pain, to identify rotator 
cuff ruptures and biceps tendinitis, to mea-
sure the acromion caput humerus distance 
at 60° of elevation and to detect subacromi-
al bursitis (Figures 20 and 21).

Figure 18. Measurement of internal rotation.

Figure 20. Ultrasound examination of a patient at 
the long term follow-up.

Figure 19. Measurement of strength in the 
sitting position, using a “hand-held”
dynamometer.

© Stefanos Farfaras
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Figure 21. Bilateral ultrasound image of a patient. To the right a full thickness supraspinatus 
tear is visualized (left shoulder, index side). To the left (contralateral side) an intact supraspinatus 
tendon is visualized.

Standard radiographic examination
The radiographic examination performed 
at baseline aimed to identify the presence 
of OA or other joint disorders (Figures 22 
and 23). At follow-up, the aim was to detect 
arthrosis in the acromio-clavicular joint, 
classify the configuration of the acromion, 
measure the distance between the acromion 
and the caput humerus, assess the proximal 
migration of the caput humerus and classify 
glenohumeral OA according to Rosenberg 
et al. (136). 

Contralateral side 
The contralateral side was also examined 
with ultrasound and radiographs as a control.

Examiners (Studies I & II)
In Study I, the same independent phys-
iotherapist performed all measurements 
pre-operatively and at follow-up and was 
not involved in the rehabilitation. In Study 
II, one physiotherapist (the same as in Study 
I) made the measurements at baseline and 
another at follow-up. All the patients wore 
a t-shirt during the follow-up examination, 
to conceal surgical scars from the examiner.
An experienced radiologist performed all 
radiographic and ultrasound examinations 
at baseline. A different radiologist exam-
ined all the patients with radiographs and 
ultrasound at follow-up. It was not possible 
to utilise the first radiologist at follow-up, as 
he had retired. 

© Stefanos Farfaras
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Figure 22. X-ray of a shoulder at the long term 
follow-up with no signs of osteoarthritis.

Figure 23. X-ray of a shoulder at long term 
follow-up with severe osteoarthritis according to 
Rosenberg classification.

© Stefanos Farfaras
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Intervention
Before the arthroscopic intervention (sub-
acromial decompression for Group A and 
Bankart reconstruction for Group B), a 
complete diagnostic arthroscopy was per-
formed on each subject (Figures 14, 24 and 
25). After the diagnostic arthroscopy, four 
full-thickness biopsies were obtained from 

the cranial part of the mid-portion of the 
subscapularis tendon and four from the joint 
capsule just below the caudal part of the 
subscapularis tendon. The biopsy samples 
for Studies III and IV were harvested with 
an arthroscopic punch (Figures 26 and 27). 
Their size was approximately 1-2 × 1-2 mm. 

4.4  PATHOPHYSIOLOGY OF SAIS (HISTOLOGY, ULTRASTRUCTURE 
AND BIOCHEMISTRY) (STUDIES III & IV)

Figure 24. The Bankart operation, step 1, 
mobilization of the capsulolabral complex

Figure 25. The Bankart operation, step 2, 
proximal and lateral shift of the capsulolabral 
complex
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Figure 26. Biopsies were obtained from the subscapularis tendon.

*Capsule=joint capsule
Figure 27. Biopsies were obtained from the joint capsule.

*SCP=subscapularis tendon

© Stefanos Farfaras
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Ultrastructural evaluation using transmission 
electron microscopy (Study III)
Specimens were collected and immediately 
fixed in 2% glutaraldehyde and 1% para-
formaldehyde in 0.1 M sodium cacodylate 
buffer containing 0.1 M sucrose and 3 mM 
CaCl2 (pH 7.4) at room temperature for 
30 min, followed by 24 h at 4°C. They were 
then rinsed in 0.1 M sodium cacodylate 
buffer containing 3 mM CaCl2 (pH 7.4) 
and post-fixed in 2% osmium tetroxide in 
0.1 M sodium cacodylate buffer contain-
ing 1.5 mM CaCl2 (pH 7.4) at 4°C for 2 h 
and then dehydrated in ethanol followed by 
acetone and embedded in LX-112 (Ladd, 
Burlington, Vt), for transverse sectioning. 
Ultra-thin sections (approximately 40-50 
nm) were cut and contrasted with uranyl ac-
etate followed by lead citrate and examined 
in a Tecnai 10 microscope (Fei Company, 
Eindhoven, the Netherlands) at 80 kV. 
From transverse-oriented specimens, two 
to four randomly selected areas were taken 
and the fibril diameter was measured, with 
an accuracy of 1 nm, on digital images using 
a semi-automatic measuring program at a 
magnification of ×101,000 (Soft Imaging 
System GmbH, Münster, Germany). The 
fibrils were grouped in intervals of 10 nm 
and presented as the relative distribution. 
One hundred fibrils were analysed in each 
specimen and the mean value was calculated 
with an accuracy of 1/10th of a nanometre. 
Two biopsy specimens from each patient 
were scanned; however, the fibril diameters 
were only measured in the biopsy with the 
best transverse orientation, while the other 
biopsy was left unmeasured.

Histological evaluation using the light  
microscope (Study III)
The samples were fixed in 10% neutral-buff-
ered formalin, embedded in paraffin and 

sectioned at 4-5 μm, according to routine 
procedures. The sections were stained with 
haematoxylin and eosin (H&E) to evaluate 
fibre structure, cellularity and vascularity 
and with Alcian blue (pH 2.5)-Periodic 
Acid-Schiff (AB/PAS) for the detection 
of glycosaminoglycan (GAG)-rich areas. 
A pathologist and an orthopaedic surgeon 
examined the tendon specimens together 
using a light microscope (Leica DMRBE, 
Wetzlar, Germany). The examiners were 
blinded in terms of both the group of the 
patient and the location from which the bi-
opsy was obtained. This procedure and this 
evaluation system have been performed in 
multiple previous studies (60, 61, 137-139). 
Fibre structure, cellularity, vascularity and 
the level of GAGs were graded after exam-
ining the whole section. The number of cells 
was estimated in a high-power field (HPF) 
representative of the section. The results of 
the light-microscopic analysis were classi-
fied according to a semi-quantitative, four-
point scoring system (0-3) and the total 
degeneration score (TDS). In each patient, 
two biopsies from the tendon and two bi-
opsies from the capsule were graded. The 
TDS is similar to a scoring concept pre-
viously described by Movin et al. and used 
in a biopsy analysis of the Achilles tendon 
(59). It consists of four different elements, 
such as the fibre structure, cellularity, vascu-
larity and GAGs. Each element can obtain 
between 0 and 3 points, depending on the 
degree of degeneration observed in the light 
microscope. For each sub-score, no signs of 
degeneration render 0 points and strong 
signs of degeneration 3 points. The score 
can result in values between 0 (no degener-
ation at all) and 12 points (extremely high 
degeneration), Fig 28.
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Multiplex fluorescence
immunohistochemistry (Study IV)
Each specimen was cut using a sliding mi-
crotome and mounted on SuperFrost slides 
(Histolab Products AB, Sweden). Two identi-
cal slides were sectioned and mounted from the 
most representative sample from each patient. 
Each specimen was analysed for TNF-α, 
IL-6, CD-3 and CD-72. TNF-α and IL-6 
are pro-inflammatory cytokines which are 
expressed early and play a central role in the 
inflammatory process (140). CD-3 and CD-
72 are cell surface molecules (Clusters of 
Differentiation-CD) aiming at T-cells and 
B-cells respectively (141, 142). T-cells are im-
portant in the initial stages of inflammation 
by activating B-cells, through the expression 
of various cytokines, or killing infected cells by 
transformation into killer T-cells (natural kill-
er cells). The B-cells are activated and produce 
various antibodies in the inflammation process.
Multiplex fluorescence immunohistochemistry 
was performed on histological sections from 
capsule and tendon sections to demonstrate 
the level of inflammatory markers. All the 
sections were initially treated on an automated 
Leica Biosystems (Worldwide) Bond RX sys-
tem as follows. Briefly, sections were deparaf-
finised (Bond Dewax solution AR9222, Leica 
Biosystems, Worldwide), rehydrated and treat-
ed for 40 min in an ethylenediaminetetraacetic 
acid (EDTA)-based pH 9.0 solution (Bond 
Epitope Retrieval solution 2 AR9640, Leica 

Biosystems, Worldwide) to unmask the an-
tigens. Slides were subsequently incubated in 
normal donkey serum for 30 min. Two iden-
tical slides from each patient were treated 
separately using different primary antibodies 
in two experiments. The slides were incubated 
overnight at 4°C. The primary antibodies used 
in experiment 1 were the T-cell marker CD3E 
(HPA043955, Atlas Antibodies, Sweden), 
B-cell marker CD72 (HPA044658, Atlas 
Antibodies, Sweden) and IL-6 (HPA060030, 
Atlas Antibodies, Sweden). In experiment 
2, endothelial cell marker CD31 (sc-1506, 
Santa Cruz Biotechnology, Dallas, USA), 
TNF-alpha (TNF-α) (HPA064998, Atlas 
Antibodies, Sweden) and collagen I (AB6308, 
Abcam, Worldwide) diluted (1:600, 1:600, 
1:800, 1:70, 1:2000 and 1:200 respectively) 
in Bond Primary antibody diluent (AR9352, 
Leica Biosystems, Worldwide). After incuba-
tion with primary antibodies, the redundant 
antibodies were washed for 3 x 15 min in 
phosphate-buffered saline (PBS) and incu-
bated for 90 min at room temperature with 
an appropriate secondary antibody tagged 
with different fluorophores [anti-mouse, 
-rabbit or -goat, Fluorescein IsoThioCyanate 
(FITC)-, Cyanine 3.5 (Cy3.5) or Cyanine 
5 (Cy5) conjugated] diluted 1:200 in Tris/
HCL, NaCl Blocking Buffer (TNB) (Perkin 
Elmer, Poland). After incubation with sec-
ondary antibodies, the slides were washed for 
3 x 15 min in PBS. Furthermore, slides were 

Figure 28. The four-point scoring system (TDS)
Grade 0 Grade 1 Grade 2 Grade 3

Fibre structure Straight parallel, 
packed fibres, with 

slight waviness

Slight separation 
of fibres, increased 

waviness

Separation of fi-
bres, deterioration 

of fibres

Complete loss of 
fibre structure and 

hyalinisation

Cellularity < 100 cells/
high-power field 

(HPF)

100-199 cells/HPF 200-299 cells/HPF > 300 cells/HPF

Vascularity Vessels run parallel 
to the collagen fibre 
bundles in the septa

Slight increase in 
vessels, including 
transverse vessels 
in the tendon tissue

Moderate increase 
in vessels within 
the tendon tissue

Markedly 
increased vascu-
larity with clusters 

of vessels

Glycosaminoglycans No alcianophilia Slight alcianophilia 
between the

collagen fibers

Moderate increase 
in alcianophilia

Markedly
increased

alcianophilia
forming blue lakes
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incubated for 10 min in 1% Sudan Black solu-
tion (Sigma/Merck, Germany) in 70% ethanol 
to quench auto fluorescence and mounted in 
4′, 6-diamidino-2-phenylindole (DAPI)-
containing mounting medium (P-36931, Life 
Technologies, Massachusetts, USA).

Slide scanning microscopy and image analysis 
(Study IV)
Fluorescence microscope images were acquired 
on an automated scanning system (VSlide 
Scanning Platform, MetaSystems GmbH, 
Alltlussheim, Germany) equipped with a 
CoolCube 2 camera (MetaSystems GmbH, 
Alltlussheim, Germany), 2.5x, 5x, 10x and 20x 
objectives and filter sets for DAPI (to visualise 
the cell nuclei in both experiments), FITC (to 
visualise collagen I and CD3E in experiments 
1 and 2 respectively), Cy3.5 (to visualise CD3 
and CD72 in experiments 1 and 2 respective-
ly) and Cy5 (to visualise TNF-α and IL-6 in 
experiments 1 and 2 respectively). Whole mi-
croscope slides were scanned at 2.5x and tissue 
was detected based on the DAPI signal. After 
generating a position map, all the tissue-cov-
ered areas were scanned using a 10x primary 

objective (when the signal intensity was not 
strong enough, 20x was the primary objective 
chosen). Individual fields of view images were 
stitched to generate a large four-channel flu-
orescence image of the entire specimen with 
microscopic resolution. Fluorescence intensity 
and the distribution of proteins around different 
parts of the tendon structure were analysed us-
ing ImageJ (ImageJ National Institute of Health 
Software). The various tissue areas were seg-
mented based on staining patterns of collagen 
and endothelial cells and information available 
in the literature (143). However, the evalua-
tion of the tendon biopsies involved each slide 
that was made, taking account of all the parts 
of the tendon (epitenon, paratenon and endo-
tenon) as a whole. No separate analyses for each 
of the different parts of the tendon were made. 
The size, intensity and distribution of proteins 
were determined using particle analysis, where 
the cut-off size and circularity were adjusted ac-
cordingly. On each slide, the number of pixels 
was registered and used in the analyses. All the 
analyses were made at SciLifeLab (a national 
centre for molecular biosciences) at Karolinska 
Institutet in Stockholm, by two experts.

Studies I & II
Mean (range) values are presented when 
applicable. For comparisons of dichoto-
mous variables between groups, the chi-
square test was used. To compare the three 
groups in terms of both continuous and 
non-continuous variables, the Kruskal-
Wallis test was used and, if significant, 
the Mann-Whitney U test was used pair-
wise. Wilcoxon’s signed-rank test was used 
for comparisons of the pre-operative and 
post-operative data within the study groups. 
A p value of < 0.05 was considered statisti-
cally significant. All p values are two-tailed.

The primary variable in Studies I & II was 
the Constant Score. In the power analyses, 
it was estimated that a 10-point difference 
in the Constant Score was considered to be 
of clinical importance. A standard deviation 
of 15, significance level at p < 0.05 and a 
power level of 80% give an estimated sam-
ple size of 36 per group. The study design 
was planned to include 40 patients in each 
treatment group. However, since the rando-
misation process took substantially longer 
than expected, the study was closed after 
recruiting 87 patients (OSG n = 24, ASG 
n = 29 and PTG n = 34).

4.5  STATISTICAL METHODS
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Studies I & II
The study plan was approved by the region-
al ethical review board in Gothenburg, Dnr 
475-95 and Dnr 1077-11.
All patients gave their written consent.

Studies III & IV
The study protocol was approved by the re-
gional ethical review board in Gothenburg, 
Dnr 076-12.
All patients gave their written consent.

4.6  ETHICS

Study III
Mean (SD) or median (range) values are pre-
sented when applicable. For comparisons of 
the fibril diameter and the TDS, the Mann-
Whitney U test was used. A p value of < 0.05 
was considered statistically significant. For 
the correlation analyses, the Pearson test was 
used. All p values are two-tailed.
The primary variable in the study was the 
fibril diameter. In the power analyses, it was 
estimated that a difference of 10 nm in fi-
bril diameter between groups would be of 
interest to detect. To be on the safe side, it 
was estimated that the standard deviation 
would be up to four times the difference be-
tween groups. To reach a power of 80%, 252 
fibril measurements from each group and 
from each location were required. To in-
crease the power of the study, 2,000 (800 in 
the SAIS group and 1,200 in the instability 
group) fibril diameter measurements were 
made from each location. This means that 
a total of 4,000 measurements were made.

Study IV
Mean (SD) or median (range) values are 
presented when applicable. A p value of < 
0.05 was considered statistically significant. 
All p values are two-tailed. For the com-
parison of the number of pixels and other 
parametric variables, the unpaired t-test 
was used.
The primary variable in the study was the 
number of pixels for the different inflam-
matory markers in the biopsies. In the pow-
er analyses, it was estimated that it would 
be of interest to detect a difference of one 
pixel in mean intensity between the groups. 
It was estimated that the standard deviation 
would be up to eight times the difference 
between groups. To reach a power of 80%, 
about 1,000 counts from each group were 
required for each comparison.
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RESULTS05
Range of motion
Pre-operatively and at follow-up, there 
were no significant differences in elevation 
either between the three groups or within 
the three groups (page 2185 in publication 
I, Table 4).
The internal rotation increased over time in 
all three groups, with no significant differ-
ence between groups (page 2185 in publica-
tion I, Table 5). The improvement over time 
within all three groups was significant.

Muscle strength measurement
The active elevation strength revealed no 
significant difference between the three 
groups, but within groups it had increased 
significantly in the OSG but not in the 
ASG and PTG (page 2185 in publication 
I, Table 6).

Functional questionnaires
In terms of the Constant Score, there were 
no significant differences between the 
groups at follow-up, but within the OSG 

and ASG there was a significant increase in 
the Constant Score (page 2184 in publica-
tion I, Table 3).
In terms of the SF-36, no significant differ-
ences were found between the three groups 
before and after intervention. In the OSG, 
PF, RP and BP had improved significantly 
at follow-up (page 2186-2187 in publica-
tion I, Tables 7-8). In the ASG, BP, VT, SF, 
RE and MH had improved significantly at 
follow-up (page 2186-2187 in publication 
I, Tables 7-8). In the PTG, RP and BP had 
improved significantly at follow-up (page 
2186-2187 in publication I, Tables 7-8).
The Watson and Sonnabend score improved 
significantly for 12 of 14 questions at fol-
low-up compared with pre-operatively in 
the OSG (page 2188 in publication I, Table 
9). In the ASG, a significant improvement 
was found for five of 14 questions and, in 
the PTG, six of 14 questions had improved 
significantly (p < 0.02 OSG vs. ASG, p < 
0.05 OSG vs. PTG and n.s. ASG vs. PTG).

Range of motion
Active elevation is presented on page 1401 
in publication II, Table 3. At baseline, the 
groups were comparable, but, at follow-up, 
patients who underwent surgical treatment 
were significantly better than the PTG 
(ASG vs PTG, p = 0.046; OSG vs PTG, 
p = 0.009). Patients in the ASG preserved 
their range of motion over time, while the 
OSG (p = 0.05) and PTG (p = 0.001) had 

significantly less active elevation at fol-
low-up as compared with pre-intervention. 
When it came to internal rotation, all three 
groups had significantly better function at 
follow-up versus baseline (page 1401 in 
publication II, Table 4).

Muscle strength measurement
The muscle strength measurement in eleva-
tion is presented on page 1402 in publication 

5.1  STUDY I

5.2  STUDY II
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I, Table 5. Both surgical treatment groups 
improved over time, but the improvement 
was only statistically significant in the OSG 
(P = 0.003). No statistically significant dif-
ference over time was seen in the PTG.

Functional questionnaires
The Constant Score before and after interven-
tion is presented on page 1402 in publication 
II, Table 6. Both surgical groups improved 
significantly (OSD, p = 0.003; ASG, p = 
0.011). This was not seen in the PTG.
Health status, as measured with the SF-36 
for each treatment group before and af-
ter the intervention, is presented on pages 
1403-1404 in publication II, Tables 7 and 
8 respectively. All groups showed an im-
provement in role physical and bodily pain. 
Furthermore, the OSG improved in terms 
of physical functioning; the ASG, for men-
tal health and the PTG, for vitality.

In terms of the Watson and Sonnabend 
score, no significant difference was found 
between the groups (p = 0.14). The OSG 
improved significantly in 13 of 14 ques-
tions, the ASG in nine and the PTG in 
nine.

Ultrasound and radiographic evaluation
At follow-up, ultrasound evaluation re-
vealed no significant differences between 
the three groups and within the groups be-
tween the index and contralateral sides re-
garding full-thickness rotator cuff ruptures, 
subacromial bursitis and acromion-caput 
humerus distance (page 1405 in publication 
II, Table 9).
Likewise, the radiographic examination at 
follow-up revealed no significant differences 
in the presence of OA between and within 
the groups (index side vs contralateral side) 
(page 1406 in publication II, Table 10).

The correlation coefficient between age and 
fibril diameter was r = −0.20 for the sub-
scapularis tendon and r = −0.25 for the cap-
sule (page 82 in publication III, Figs. 2, 3).
The ultrastructural evaluation revealed that 
the instability patients had more fibrils of 
large diameter in both the subscapularis 
tendon and the capsule compared with 
the SAIS patients (p < 0.0001) (page 82 in 

publication III, Figs. 4, 5 and page 83, Table 
2). Cellularity was significantly higher in 
the capsule (p = 0.016) and the TDS of the 
capsule was significantly higher (p = 0.014) 
in patients with SAIS compared with the 
instability patients. The corresponding find-
ing was not made for the subscapularis ten-
don (page 83 in publication III, Figs. 6, 7 
and page 84 Table 3).

The amount of IL-6 and TNF-α was sig-
nificantly higher in the subscapularis ten-
don of the patients with SAIS compared 

with the instability patients. No significant 
difference was found regarding CD 3 and 
CD 72 (Table 3).

5.3  STUDY III

5.4  STUDY IV
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In the capsular samples, significantly higher 
TNF-α and CD 72 were found in patients 
with SAIS compared with instability pa-
tients, as is shown in Table 4. On the other 

hand, CD 3 was significantly higher in the 
instability group. No significant difference 
was found for IL-6.

Table 4. The mean concentration expressed in pixels of CD 3, CD 72, IL-6 and TNF-α
in the capsule.

CD 3 CD 72 IL-6 TNF-α

Mean SD Mean SD Mean SD Mean SD

SAIS (pixels)
Counts

5.8
n=3812

11.4 4.2
n=3812

3.5 4.0
n=3812

6.8 7.9
n=7421

12.9

Shoulder instability (pixels)
Counts

6.7
n=5767

15.6 3.5
n=5767

3.7 4.3
n=5767

9.3 5.4
n=18908

8.8

p value p=0.0013 p<0.0001 n.s. (p=0.0992) p<0.0001

*n.s. = non-significant

Table 3. The mean concentration expressed in pixels of CD 3, CD 72, IL-6 and TNF-α
in the subscapularis tendon.

CD 3 CD 72 IL-6 TNF-α

Mean SD Mean SD Mean SD Mean SD

SAIS (pixels)
Counts

5.7
n=932

6.0 3.3
n=889

2.8 5.8
n=889

13.2 8.5
n=2943

17.4

Shoulder instability (pixels)
Counts

5.7
n=2532

16.5 3.1
n=2532

2.6 4.6
n=2532

8.3 7.4
n=5654

12.0

p value n.s. (p=0.94) n.s. (p=0.08) p=0.0015 p=0.0008

*n.s. = non-significant
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Figure 29 illustrates the protein expression 
differences between the instability and the 

SAIS group patients in the joint capsule 
and the subscapularis tendon.

Figure 29. The figure depicts protein expression in capsule and tendon tissue samples from two  
patients, one from the instability group (P18512/2012) and one from the pain group (P19561/2012). 
Representative staining is shown for inflammatory molecules TNF-  and IL6, together with T-cell 
marker CD3E, B-cell marker CD72, endothelial marker CD31 and Collagen I. CD31 and Collagen 
I were used for orientation purposes and thus not further used in the analyses. A general trend  
towards more robust signalling for TNF- , IL6 and CD72 is evident in cells from the “pain” patient  
(compared with the “instability” patient).  Scale bar 5μm (yellow bar) and 20μm (white bar).
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DISCUSSION06
The principal finding in Study I was that all 
three groups (ASG, OSG and PTG) had 
a similar improvement in terms of clinical 
assessments, for the Constant Score, the 
range of motion and the strength evalua-
tion. In addition, no significant difference 
was found between the three groups, in 
the short-term follow-up. In this study, 
Böhmer’s physiotherapy programme was 
used (91, 94). At the time when the study 
was designed, the treatment algorithm of 
Böhmer was well established in the catch-
ment area where the study was performed, 
for the non-surgical rehabilitation of pa-
tients with SAIS. However, to our knowl-
edge, the method had not been evaluated 
in terms of validity and reliability. A dis-
cussion about whether or not subacromial 
decompression is effective, compared with 
physiotherapy alone, has been going on for 
many years (11, 87, 92, 113-119). There are 
contradictory data in the literature; some of 
the studies show a benefit from subacromi-
al decompression, often with concomitant 
AC-joint resection, while others show no 
difference between structured training pro-
grammes and surgery, followed by the same 
training programmes (11, 33, 41, 58, 87, 92, 
113-119). This fact raises the question of 
whether or not the contradictory results in 
these studies are due to the different study 
protocols used (different physiotherapy 
protocols, different follow-up periods etc), 
which may be a source of bias, or are due 
to the concomitant AC resection performed 
in some patients in combination with the 
acromioplasty. These studies have not 

investigated or reported the percentage of 
concomitant AC resections and it is there-
fore difficult to interpret these questions 
with the available data (11, 92, 113-119). 
Unfortunately, in neither Study I nor Study 
II was this taken into account.
It is reported that there is an inherent diffi-
culty when using data from different stud-
ies. Angst et al. suggested caution when 
comparing data from different studies, as 
different versions of scores and different 
measurement methodologies may lead to 
problems (144). Furthermore, differences in 
the studied populations may involve selec-
tion bias. This is in line with Kirkley et al., 
who suggested the use of modern evalua-
tion instruments, which are tested for va-
lidity and reliability (145). As a result, it is 
reasonable to say that the risk of bias is high 
when comparing the results of different 
studies and these results should therefore 
be interpreted with caution.
In Study I, the OSG group had a lower 
Constant Score compared with the other 
two groups at baseline, but this difference 
was not significant. At the follow-up, the 
Constant Score had increased significant-
ly in the OSG, but the difference between 
groups was not significant. An increase of 
15-24 points in the Constant Score has 
been found in other studies. However, these 
studies involved different study groups, such 
as a specific physiotherapy protocol versus 
non-specific physiotherapy, arthroscop-
ic versus physiotherapy treatment versus 
placebo, as well as different follow-up pe-
riods (87, 88, 116, 146, 147). Lunsjö et al. 

6.1  CLINICAL OUTCOME IN THE SHORT TERM
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The most important finding in Study II 
was that patients undergoing subacromial 
decompression for SAIS maintain a good 
result, regarding the primary outcome vari-
able of the study, the Constant Score. This 
was not the case for patients treated with 
physiotherapy 14 years after intervention.
The median value of the Constant Score 
was maintained at a remarkably high lev-
el for both surgical groups and had even 
improved slightly over time, compared 
with the findings in the same population 
2.5 years after intervention, despite the 
long follow-up period (117). This was not 
found for the PTG. This finding suggests 
that subacromial decompression helps to 
maintain good shoulder function over time. 
It is important to underline that, in the 
short-term follow-up of the patients in the 
present study, the follow-up rate was very 
low and a potential source of bias should 

therefore be considered. These results are in 
line with other studies, with a substantially 
shorter follow-up period (112, 148).
It is well known that ageing affects the 
strength and range of motion in the human 
body and more particularly in the shoulder 
(132, 149). A worsening of the Constant 
Score would therefore be expected when pa-
tients get older. The mean age at follow-up 
in the three groups was between 60 and 66 
years. Despite increasing age, the Constant 
Score was significantly better 14 years af-
ter intervention than pre-operatively. One 
possible explanation could be that patients 
progressively limit their activity level when 
ageing and thus prevent their shoulder from 
affecting their ADL to a greater extent. 
Both Lunsjö et al. and Biberthaler et al. 
showed that the Constant Score continues 
to improve six and five years respectively af-
ter subacromial decompression (112, 120). 

6.2  CLINICAL OUTCOME IN THE LONG TERM

showed that the Constant Score continues 
to improve up to six years after surgery 
(112). Biberthaler et al. reported a signifi-
cant increase of Constant Score in patients 
older than 57 years compared with younger 
patients five years after arthroscopic de-
compression (120). In the same study, this 
difference was not seen in the PTG. In 
Study I, age was considered in the randomi-
sation process, but age-dependent subgroup 
analyses were not possible, due to the small 
study groups. Dickens et al. compared phys-
iotherapy with a control group waiting for 
surgery and found that the PTG increased 
their Constant Score by 20 points after six 
months (146). Eleven of 45 patients did not 
require surgery after rehabilitation. This is 
in line with the results of Study I, where 
some of the patients randomised to sur-
gery subsequently declined surgery due to 
the improvement of their symptoms while 
waiting for surgery. The opportunity to im-
prove shoulder function without surgery is 
further stressed in a pilot study by Jonsson 

et al. who reported a substantial increase 
in the Constant Score one year after a 12-
week eccentric training programme (88).
The Constant Score is the most commonly 
used shoulder score and it has been test-
ed for validity and reliability (132). Even 
though it is regarded as a universal shoul-
der score, there are contradictory results 
in the literature relating to the efficacy of 
subacromial decompression versus phys-
iotherapy alone (92, 113-116). It appears 
that the natural course of the syndrome 
may include a spontaneous improvement in 
symptoms (119). This raises the question of 
whether or not this improvement is due to 
therapy, surgical or non-surgical, or to the 
body’s self-healing ability and whether the 
subjective improvement may be due to the 
“adaptation” of the patient’s activities and 
expectations. According to Brox et al., this 
is not the case, as they found a better out-
come in both the surgical and physiothera-
py groups compared with placebo, 2.5 years 
after intervention (113).
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These findings are in line with the results 
in our study and provide evidence that 
subacromial decompression has a positive 

effect, in terms of shoulder function, in pa-
tients with SAIS.

The Watson and Sonnabend scale is adapt-
ed from the Simple Shoulder Test and eval-
uates 14 common functions of daily activity 
(135). In their study evaluating open rota-
tor cuff repair, the majority of the patients 
were better six months after surgery and, in 
patients older than 55 years, an even better 
result was found. In Study I, more of the 
activities improved in the OSG than in the 
other two groups, perhaps because the pa-
tients in this group were somewhat worse 
before intervention. For the last two ques-
tions on performing usual work and sports 
activities, about a third to a half of all the 
patients in the present study replied that 
these activities were not difficult to perform. 
Even though an improvement was seen, it is 
evident that many patients did not return 
fully to work or their previous sporting ac-
tivity. This means that, even two to three 
years after initial treatment, full recovery is 

difficult to achieve in patients with SAIS.
Östor el al. analysed patients with shoulder 
pain visiting primary care units and found 
that 74% were diagnosed as SAIS (150). In 
their study, all the patients obtained lower 
scores on the SF-36 in all eight scales, com-
pared with age-matched normative data. 
However, there were no differences between 
SAIS and other diagnoses. Comparing the 
SF-36 values in Study I with Swedish nor-
mative data, lower values, especially for the 
physical scales, were generally found (133). 
The score for Bodily Pain was, however, 
significantly higher (e.g. better) in all three 
groups at follow-up compared with the val-
ues before intervention. Chipchase et al. an-
alysed pre-operative health status using the 
SF-36 in patients with chronic SAIS and 
presented results similar to those in Study I 
in terms of the physical scales (151).

For the Watson and Sonnabend score, the 
OSG improved in almost all questions, but 
this was not seen in the ASG and PTG. In 
their initial study, Watson and Sonnabend 
reported that patients older than 55 years 
demonstrated a better outcome six months 
after surgery (135). In Study II, the mean 
age of the population at follow-up was well 
above 60 years of age. The fact that peo-
ple over 55 years of age appear to have a 
better outcome after surgery is difficult to 
interpret. It may also be due to decreased 
expectations in terms of shoulder function 
and adaptation in daily activities over time.
In terms of the SF-36, results comparable 
to those in the 2.5-year study were seen. 
However, in the long-term follow-up, it 
appears that patients in all groups failed to 

maintain the improvement seen shortly af-
ter intervention in some aspects of the SF-
36. Ostor et al. have reported that patients 
with SAIS have poorer results in terms of 
the SF-36 compared with age-matched in-
dividuals. In a survey from 1998, Sullivan et 
al. reported the normative data for the SF-
36 in a normal Swedish population (133). 
Comparing the results of Study II with 
Swedish normative data, lower values were 
obtained, especially for the physical scales. 
Furthermore, Ostor et al. reported that 
there was no difference in SF-36 results 
between SAIS and patients suffering from 
other shoulder diseases (150). These studies 
suggest that a ceiling effect might be pres-
ent for the lower SF-36 results, especially 
for the physical scales.

6.3  PROMs IN THE SHORT TERM

6.4  PROMs IN THE LONG TERM
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The ultrasound evaluation did not reveal 
any differences between the groups at the 
long-term follow-up. In an RCT compar-
ing patients with SAIS treated with either 
subacromial decompression or physiothera-
py, Ketola et al. found no difference in su-
praspinatus tendon tear prevalence between 
the groups, two and five years after inter-
vention (118, 119). This is in line with the 

findings in Study II. Subacromial decom-
pression cannot therefore be suggested as a 
prophylactic procedure for rotator cuff tears, 
even in the long term. This is also in line 
with the results of Kartus et al. (12), who 
reported that 35% of patients with a partial 
rotator cuff tear proceed to a full-thickness 
tear a minimum of five years after subacro-
mial decompression.  

On the radiographs, no differences between 
or within the groups were observed regard-
ing the development of OA, a minimum 
of 10 years after the initial treatment. It is 
well known that shoulder pathologies and 
specifically OA are related to increasing age 
(152-154). Despite the expected increase in 

OA in ageing individuals, the prevalence 
of OA in the glenohumeral joint was low 
in the long-term follow-up in both the PT 
group and the surgical groups. It therefore 
appears that acromioplasty is not indicated 
to minimise the risk of OA in the future.

In Study III, the ultrastructural evaluation 
revealed significantly larger fibril diame-
ters, indicating less degeneration, in sam-
ples from both the subscapularis tendon 
and the joint capsule in male patients with 
post-traumatic recurrent shoulder instabili-
ty compared with male patients with SAIS. 
Correspondingly, the histological evalua-
tion revealed significantly more degenera-
tive changes in the capsule in male patients 
with SAIS.
A similar pattern has been reported in ten-
dons with tendinopathy, from other parts of 
the body, such as the Achilles tendon and 
the patellar tendon. Pingel and al. showed 
that fibrils with a small diameter (<50 nm) 
are significantly increased in Achilles tendi-
nopathy compared with healthy individuals 
(155). This finding is in line with the results 
of Study III, indicating that degenerative 
changes in the form of fibrils with smaller 
diameters are present in the subscapularis 
tendon of patients with SAIS. Likewise, 
Lidén et al. found that fibrils with sizes 

from 31 to 90 nm represented up to 90% 
of fibrils in regenerated patellar tendon, 10 
years after reharvesting the patellar tendon 
for anterior cruciate ligament (ACL) revi-
sion reconstruction, whereas only 50% of fi-
brils of the same size were found in healthy 
control samples (156). Similar findings in 
biopsies from the patellar tendon were also 
reported by Svensson et al. six years after 
primary harvest (60, 61). They only found 
fibrils of small diameter (up to 60 nm) in 
the central part of the previously harvest-
ed patellar tendon. A change in the loading 
capacity of the regenerated tendon is impli-
cated as the reason for this. 
It appears that smaller fibrils are more sus-
ceptible to failure. Proctor et al. found that 
the repair tissue in patellar tendons in goats 
was composed primarily of fibrils with di-
ameters ranging from 50 to 100 nm (157). 
Furthermore, fibrils with smaller diam-
eters (mostly between 40 and 60 nm) are 
found, after spontaneous rupture, in human 
tendons, as shown by Jozsa et al. (158). 

6.5  ROTATOR CUFF TEARS IN THE LONG TERM

6.6  OSTEOARTHRITIS DEVELOPMENT IN THE LONG TERM

6.7  SOFT-TISSUE DEGENERATION
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Moreover, Magnusson et al. found signifi-
cantly fewer fibrils with diameters above 60 
nm in spontaneously ruptured Achilles ten-
dons in humans (159). These studies indi-
cate that fibrils with smaller diameters may 
be of poorer quality and less tolerant of load 
and stress. In line with this, Pingel et al. 
found increased numbers in cells and small-
er collagen fibrils in patients with Achilles 
tendinopathy (155).
One possible explanation for the findings 
could be that patients with subacromial im-
pingement experience a chronic process of 
micro trauma and regeneration, but the pro-
cedure fails to rebuild a tendon of the same 
quality, leading to chronic degeneration and 
eventually to secondary ruptures in the rota-
tor cuff. Both Svensson et al. and Lidén et al. 
had long follow-up periods, six and 10 years 
respectively, in their studies of the patellar 
tendon (60, 61, 156). However, both inves-
tigated tendon alterations after a significant, 
acute trauma (tendon harvesting per-opera-
tively), which is not the case in patients with 
a chronic degenerative process, such as pa-
tients with SAIS in the present study.
The group with SAIS also had a significantly 
smaller number of fibrils with large diam-
eters, compared with the instability group, 
in their capsule samples when analysed in 
the electron microscope. It is known that a 
traumatic rupture of the joint capsule occurs 
when the shoulder dislocates. A change in 
the appearance of the joint capsule of pa-
tients with shoulder instability could there-
fore be expected, due to repetitive trauma. 
Although the joint capsule in patients with 
recurrent shoulder dislocation is strained 
due to previous trauma, it appears to be in 
better condition compared with the capsule 
of patients with SAIS. All patients with 
shoulder instability were operated on after 
at least three dislocations. It is therefore rea-
sonable to expect, to some degree, degenera-
tive changes in their capsule compared with 
healthy individuals.
The light-microscopic analysis revealed in-
creased cellularity and increased TDS in 

the capsule of patients with SAIS. Findings 
similar to those in the present study have 
been reported in patients with rotator cuff 
tears. Longo et al. found that the thinning 
and disorientation of the collagen fibres was 
more pronounced in biopsies from rotator 
cuff tears compared with cadaveric samples 
and that the pathological score for ruptured 
tendons was poorer in comparison to that of 
the control cadaver samples (13, 160). Pauly 
et al. found decreased cell growth and a re-
duced amount of collagen type I in patients 
scheduled for rotator cuff repair (161). In 
this case, however, the examined tendon was 
already injured. The extent to which the in-
jury itself may have caused these alterations 
is not known.
Both human and animal studies have 
demonstrated collagen cell alteration in 
Achilles tendinopathy. Cho et al. examined 
an overuse model of the Achilles tendon in 
rats. The protocol included exercising the 
right leg for two, four and six weeks. The 
left leg was used as a control. They found in-
creased cellularity of fibrocytes in the right 
leg after four and six weeks of exercise (162). 
This suggests the development of degenera-
tion in a tendon due to overuse activity. 
Furthermore, the light microscope revealed 
an alteration in fibre structure in the capsule 
in the SAIS group compared with the insta-
bility group. These patients tended to have a 
change in the orientation and shape of their 
fibres compared with patients with shoul-
der instability, but it was still not significant. 
In terms of vascularity and the content of 
GAGs, both the capsule and the tendon had 
similar appearances in both groups. The ab-
sence of neo-vascularisation and the almost 
normal alcianophilia indicate no excessive 
inflammatory activity in these areas. This im-
plies that, even if a significant difference was 
found in the TDS, this was mostly due to the 
significant difference in cellularity.
Remarkably enough, the joint capsule ap-
pears to be in a better condition in patients 
with recurrent shoulder dislocation, de-
spite the anticipated strain after shoulder 



Shoulder impingement; evaluation of the clinical outcome, radiographic findings, histology, ultrastructure and biochemistry 51

dislocation. It would therefore have been 
interesting to compare the joint capsule in 
patients with dislocations with the capsule 
in healthy individuals. 
As it is impossible for ethical reasons to as-
sign healthy persons to an unnecessary oper-
ation and to harvest normal control samples, 
the use of samples from patients with re-
current shoulder instability appeared to be 
the most attractive way to study and com-
pare intra-articular degenerative soft-tissue 
changes. An alternative control group could 
have comprised patients planned for total 
shoulder arthroplasty for degenerative joint 
disease (DJD). A control group of this kind 
would also have been “matched” in age with 
the SAIS group, as it is well known that 
DJD is common in patients above the fifth 
decade of life (163). However, in a control 
group like this, probably both the tendon 
and the capsule would have revealed de-
generative changes in the soft tissue as well. 
In addition, even though the subscapularis 
tendon and the capsule in the control group 
(instability patients) can be regarded as af-
fected samples compared with healthy ten-
don, significantly more degeneration was 
found in the SAIS group. This implies that a 
theoretical comparison between tendon and 
capsule samples from patients with SAIS 
and completely healthy individuals would 
have shown at least the same difference as 
in Study III.
Using MRI, Gyftopoulos et al. reported sig-
nificant tendinosis changes in the subscapu-
laris mid-portion and caudal portion of 
patients with shoulder instability compared 
with controls with other shoulder pathology 
(164). Moreover, the use of specimens from 
the subscapularis muscle as controls has pre-
viously been reported in the literature (165, 
166). Furthermore, Yuan J et al. have report-
ed that there are no alterations in the sub-
scapularis tendon, immunohistochemically, 
in specimens harvested from patients with 
recurrent shoulder dislocation (167).
It might be that age itself causes more de-
generation. There is limited information 

indicating that shoulder degeneration is 
connected to age. Chillemi et al. found a 
correlation between tendon chondral meta-
plasia, bursal neoangiogenesis and patient 
age (168). On the other hand, signs of 
greater degeneration in younger patients 
with different tendon pathologies have been 
reported. Maffulli et al. examined specimens 
from patients with a spontaneously ruptured 
quadriceps tendon and compared them with 
specimens from healthy individuals (169). 
They used a pathological score to evalu-
ate the tendon degeneration, similar to the 
score used in Study III. Even though the 
patients with a ruptured quadriceps tendon 
were significantly younger than the controls, 
the pathological score was significantly 
higher (poorer) in the group of younger pa-
tients with ruptured tendons. Similar results 
have been reported by Tallon et al. in a study 
examining patients undergoing surgery for 
Achilles tendon rupture, Achilles tendon 
tendinosis and individuals with no history 
of Achilles tendon disease (170). They also 
found fewer signs of degeneration in the 
control group, despite their significantly 
higher age. Taking account of the fact that 
only a weak negative correlation between 
age and fibril diameter was found in the 
present study, it appears to be the case that 
a chronic degenerative process occurs in pa-
tients with SAIS. Further support for the 
hypothesis that the syndrome itself is more 
responsible than age for the degeneration 
has been reported by Meknas et al., who 
found significantly more degeneration in 
the obturator internus tendon in the hip of 
patients with OA than in patients who had 
suffered a hip fracture, in spite of the latter 
being 20 years older (138).
All the patients in the SAIS group had 
subacromial corticosteroid injections ad-
ministered prior to referral to surgery. This 
was not the case for the shoulder instability 
group. It appears unlikely that these injec-
tions could have affected the intra-articular 
space, since no patients had full-thickness 
rotator cuff tears.
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The most important finding in Study IV is 
the presence of increased levels of pro-in-
flammatory cytokines both in the sub-
scapularis tendon and in the joint capsule in 
patients with SAIS compared with patients 
with shoulder instability. This finding sug-
gests that a more widespread inflammatory 
process is present in patients with SAIS, af-
fecting not just the subacromial bursa but 
even structures not directly adjacent to it 
(joint capsule and subscapularis tendon).
The role of pro-inflammatory cytokines has 
been demonstrated in the subacromial bur-
sa in patients with both rotator cuff disease 
and other shoulder conditions. Rahme et 
al. has demonstrated increased amount of 
inflammatory cells (mononuclear cells) in 
bursal biopsies in patients with SAIS (57). 
Increased levels or expression of TNF-α 
and IL-6 in the subacromial bursa have 
been found by Sakai et al. (81), Blaine et al. 
and Voloshin et al. in patients with rotator 
cuff tears compared with controls (79, 80, 
82). Kanbe et al. have shown an increase 
in the expression of IL-6 around vascular 
tissue in patients with frozen shoulder and 
concomitant SAIS (synovial proliferation 
during arthroscopy at the rotator interval) 
(171). It has also been reported by other 
authors that frozen shoulder may develop 
secondary to subacromial bursitis (172).
In Study IV, increased levels of pro-inflam-
matory cytokines (IL-6 and TNF-α) were 
found in the shoulder joint capsule and 
subscapularis tendon. This implies that the 
source of pain may be due to a diffuse in-
flammatory process which extends beyond 
the subacromial bursa. As the patients in-
cluded in this study had no perforating 
rotator cuff tears, it is unlikely that the 
increased expression of cytokines in the 
specimens was due to proliferation/affec-
tion from the inflamed subacromial bursa. 
This finding must therefore be regarded 
as a local inflammation. Gotoh et al. have 
demonstrated increased levels of IL-1β in 

the glenohumeral synovia in patients with 
rotator cuff disease and perforating rota-
tor cuff tears compared with those with 
non-perforating tears (173). This finding 
is in line with the results in Study IV, even 
though the increase in Gotoh’s study may 
be due to the proliferation of cytokines 
through the perforating tear. Furthermore, 
in Gotoh’s study, no control group with a 
healthy tendon was analysed.
The exact role of various pro-inflammatory 
cytokines in the human body is not as yet 
well investigated. It is known that IL-1β 
is expressed in early inflammation stag-
es together with TNF-α and induces the 
production of IL-6 (140). Furthermore, 
Tsuzaki et al. have demonstrated that IL-
1β induces IL-6, among other factors, in 
flexor digitorum profundus specimens in 
normal controls (174). These data support 
the findings in Study IV relating to the role 
of TNF-α and IL-6 in the inflammation of 
the subscapularis tendon and joint capsule 
in SAIS patients. It is possible that more 
cytokines, such as IL-1 or IL-8, may also be 
increased in SAIS patients. In Study IV, it 
was, however, decided to determine the cy-
tokines to be analysed in advance and limit 
the number of analyses made to TNF-α as a 
pro-inflammatory cytokine and IL-6 which 
is expressed later in the inflammation cas-
cade process (140) and not to screen for 
whichever cytokines might be present.
Another finding in the present thesis is the 
increased amount of CD-72 in the capsule 
of SAIS patients. CD-72 is a glycoprotein 
involved in B-cell proliferation and differ-
entiation (175). Furthermore, it is a B-cell 
receptor (176). This indicates an increase in 
the activity and proliferation of B-cells in 
the synovial tissue of the joint. The increased 
number of pro-inflammatory cytokines and 
B-cell activators in the subscapularis ten-
don and joint capsule in the SAIS patients 
suggests a more comprehensive inflamma-
tion than in the subacromial bursa alone. 

6.8  SOFT-TISSUE INFLAMMATION
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This may be due to the endocrine action 
of the cytokines in question or diffusion 
in the adjacent tissues. It can therefore be 
assumed that the inflammation that occurs 
in the subacromial bursa has a distal effect 
even on the joint capsule.  
Subacromial corticosteroid injections and 
NSAIDs have been used on a wide scale 
in the management of subacromial im-
pingement (84-86). As it appears that 
the inflammation is not localised to the 

subacromial bursa alone but also spreads 
to adjacent structures, it might be worth 
treating these structures as well. A selec-
tive and effective factor, such as a cytokine 
antagonist towards TNF-α and IL-6, may 
be of interest. This would offer target-spe-
cific therapy and would possibly avoid the 
side-effects of corticosteroid use. To the au-
thor’s knowledge, no treatment of this kind 
has so far been applied. 
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STRENGTHS AND
LIMITATIONS07

Study I
The strengths of Study I relate to its pro-
spective randomised design, the fact that 
the physiotherapist performing the assess-
ments before intervention and at follow-up 
was not involved in the rehabilitation and 
that all three groups were rehabilitated 
according to the same rehabilitation pro-
gramme. Furthermore, attempts were made 
to avoid bias at examination by getting the 
patients to wear a t-shirt during the exam-
ination procedure.
The limitations of the present study relate 
to the small number of participants. The re-
cruitment process was terminated before the 
full number of patients was included, due to 
the time factor and an unfortunate cross-
over between groups. The intention-to-treat 
principle was not considered because of its 
inherent weakness when comparing surgi-
cal treatments. This resulted in the exclu-
sion of patients in both surgical groups, 
who improved with physiotherapy while 
waiting for surgery and therefore declined 
surgery. On the other hand, patients in the 
PTG also had to be excluded because they 
were not satisfied and therefore underwent 
surgery. Taken together, there is a substan-
tial risk that the present study suffers from 
a type II error.

Study II
The strengths of Study II involve its pro-
spective randomised design and the long 
follow-up period.
The main limitation of the present study 
is that the follow-up rate was only 76%. 
A desirable follow-up rate in randomised 
controlled trials is < 80%. However, taking 

account of the long follow-up period and 
the increased morbidity at such an advanced 
age, the follow-up rate in the present study 
is acceptable. Furthermore, the size of the 
study group was lower than planned, which 
may involve a substantial risk of a type II 
error. In addition, the PTG had a slight-
ly higher but non-significant number of 
patients with a duration of symptoms 36 
months before the intervention, which 
may have accounted for the poorer results 
in this group. Another limitation is the risk 
of inter-rater bias, specifically, one physio-
therapist and one radiologist performed the 
baseline assessments, followed by a differ-
ent physiotherapist and a different radiolo-
gist at follow-up. However, the assessments 
were limited to one evaluator at each time 
point, thereby lessening the risk. The long 
rehabilitation period (six months) may also 
not be generally applicable, owing to low 
compliance. Further weaknesses involve the 
radiographic examination conducted be-
fore the intervention, which was performed 
only to exclude patients with OA; as a re-
sult, no acromion morphology measure-
ments and no anterior acromion spurring 
and coraco-acromial ligament ossification 
evaluations were performed. In line with 
this, the more comprehensive radiograph-
ic evaluation at follow-up also involved no 
evaluation of coraco-acromial ligament os-
sification.

Study III
The strength of Study III is that it was 
performed on living humans with macro-
scopically intact subscapularis tendons and 
intact capsules. Most other studies report 



Shoulder impingement; evaluation of the clinical outcome, radiographic findings, histology, ultrastructure and biochemistry 55

the findings in ruptured tendons, animals 
or in cadaver material (13, 52, 62, 63, 162, 
166, 168, 177).
The main limitation of Study III is that us-
ing samples from the subscapularis tendon 
and capsule from patients with recurrent 
shoulder dislocations as controls can be 
questioned, as previous injury to the mus-
cle/tendon complex and the joint capsule, 
due to recurrent dislocations, may exist. A 
further limitation is that the study was only 
power calculated for the difference in fibril 
diameter. Other limitations are that the 
two groups were small and had differences 
in terms of age and that female individu-
als were not examined. This was inevitable 
due to the instability prevalence (higher in 
males and younger active individuals).

Study IV
The strength of Study IV is that cytokines 
were measured in tissue specimens from the 
affected area and not in the bloodstream 
and that this was done in humans.
The main limitation of this study was that 
only male patients were included, due to 
the risk of bias, because of the fluctuation in 
cytokine levels in premenstrual females and 
the difficulty recruiting females with recur-
rent shoulder instability, as the prevalence 
in this population is low. The study groups 
were therefore relatively small. Another 
limitation is that the method used to deter-
mine the levels of cytokines in tissue sam-
ples has not yet been validated.
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CONCLUSIONS08
Study I
The primary variable, the Constant Score, 
as well as other clinical assessments and 
the subjective health-related quality of life, 
revealed no significant differences between 
the OSG, ASG and PTG two to three 
years after intervention in patients with 
SAIS. The OSG showed a generally greater 
improvement over time.

Study II
After a minimum 10-year follow-up, the 
surgical treatment of SAIS appears to ren-
der better clinical results than physiother-
apy alone. No significant differences were 
found between the groups in terms of the 

presence of full-thickness rotator cuff rup-
tures and OA.

Study III
Male patients with subacromial impinge-
ment have more histological and ultra-
structural degenerative changes in their 
shoulders compared with patients with 
post-traumatic recurrent shoulder instabil-
ity.

Study IV
An extended inflammatory process is pres-
ent, not just in the subacromial bursa but 
also in the glenohumeral joint, in male pa-
tients with SAIS.



Shoulder impingement; evaluation of the clinical outcome, radiographic findings, histology, ultrastructure and biochemistry 57

FINAL CONSIDERATIONS –
FUTURE PERSPECTIVES09

The pathophysiology of the syndrome
After the initial approach by Neer and the 
anatomical explanation of the syndrome, 
new data show that SAIS is a multifacto-
rial syndrome, which involves anatomical 
changes, structural changes in the soft tis-
sue around the subacromial bursa and the 
presence of chronic inflammation. This 
necessitates a modification of the SAIS 
approach for both the diagnostic approach 
and the treatment strategies.

Risk of secondary OA and rotator cuff tears
This thesis failed to show any increased risk 
of developing OA or rotator cuff tears in 
patients with SAIS treated non-surgically, 
in the long term. A prophylactic subacro-
mial decompression cannot therefore be 
suggested.

Optimal treatment for subacromial im-
pingement syndrome
The optimal treatment for SAIS is still ques-
tionable. Some of the patients do well with 
just physiotherapy, while others require 
surgical treatment. It seems, however, that 
subacromial decompression may have small 
advantages in terms of functional outcome 
and daily function compared with just phys-
ical treatment. At the same time, it is still a 
surgical procedure, with all the associated 
risks. The challenge when treating patients 
with SAIS is to identify in advance which 
of them may benefit from physical treatment 
and which of them will not. The present the-
sis failed to find any such guidelines for pa-
tient selection. It appears logical to perform 
studies to investigate subgroups of the pop-
ulation, such as stratified by age and gender.

Furthermore, is there a bias in the selec-
tion of patients when comparing surgical 
with non- surgical treatment? The common 
practice today is to treat patients with SAIS 
initially with physiotherapy and, in some 
cases, to add local injections. Does this 
mean that patients who are randomised to 
either surgery or structured physiotherapy, 
in most studies, are actually non-responders 
to therapy? Is this why some studies reveal 
no significant difference between surgery 
and structured physiotherapy, while others 
report a better clinical outcome after sur-
gery?

New perspectives in SAIS treatment
To date, the treatment has been directed to-
ward the subacromial space. Treatment efforts 
focus on widening the subacromial space by 
either surgical or non-surgical means.
This thesis provides evidence that there are 
also structural changes and degeneration 
in the rotator cuff and the capsule inside 
the shoulder joint. This indicates a need 
for a more global treatment approach to 
the shoulder girdle. The presence of tendi-
nous changes in the subscapularis tendon 
may indicate that similar changes are also 
present in other tendons in the rotator cuff. 
Additional studies are therefore required to 
assess this question, as this was not investi-
gated in the present thesis.
This thesis also provides evidence of a 
chronic inflammatory process relative-
ly far away from the subacromial space. It 
is common practice to apply injections of 
non-steroidal anti-inflammatory drugs in 
the subacromial space to relieve pain in pa-
tients. The increased number of cytokines in 
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the subscapularis tendon and the joint cap-
sule raises the question of whether or not 
the use of NSAID injections should also be 
tested intra-articularly. Moreover, the role 
of the increase in cytokine expression in the 
subscapularis tendon and the joint capsule 
has not been well investigated. Cytokine-
specific blockers may be beneficial in the 
treatment of the syndrome. Further studies 
to investigate this issue are therefore nec-
essary.

Taken as a whole
SAIS is a very common syndrome among 
the general population, especially in indi-
viduals after the sixth decade of their lives. 
Our understanding of the pathophysiology 

of the syndrome is increasing with time, but 
there is still a long way to go. Further stud-
ies aiming to investigate the chronic degen-
eration of the soft tissue and the chronic 
inflammation around the subacromial space 
are required. It appears that there is a great 
deal to learn about the role of local cyto-
kine expression, which may provide addi-
tional options in the treatment options for 
the syndrome. When it comes to the choice 
of surgical or non-surgical treatment, it 
appears that subacromial decompression is 
a well-established, effective alternative to 
physiotherapy for these patients. There is, 
however, no evidence that surgery will re-
duce the risk of OA and rotator cuff tears 
developing.
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