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Paper Aim Method Material Conclusions

I Investigate if the condition of the 
glenohumeral joint and the rotator
cuff had deteriorated at a minimum 
of 21 years after an acromioplasty
without cuff repair, in patients with
partial and full-thickness tears.

Retrospective 21-25 
years follow-up with 
ultrasound, 
radiographs and 
clinical scores. 

69 patients Full-thickness tears: Yes

74% arthropathy

87% tear progression

Partial tears: No, with 
reservations

7% arthropathy

42% tear progression
II Investigate the frequency of 

contralateral full-thickness rotator 
cuff tears and cuff tear arthropathy 
in patients with an arthroscopically 
documented cuff tear in one 
shoulder.

Descriptive 
epidemiology study. 

61 patients 50.8% overall

From 13.6 to 90%,    
depending on status of index 
shoulder.

Strong correlation between 
shoulders.

III Investigate if a bridging rotator cuff 
repair with a synthetic interposition 
graft had prevented cuff tear 
arthropathy and preserved shoulder 
function in a long-term perspective.

Retrospective 17-20 
years follow-up with 
ultrasound, 
radiographs and 
clinical scores.

12 patients No

75% Cuff tear arthropathy

No difference compared to 
nonoperated contralateral 
shoulder

Functional scores low 
IV Investigate if operative repair of an 

acute traumatic full-thickness cuff
tear involving mainly supraspinatus 
was superior to physiotherapy 
without repair in a one year 
perspective.

Prospective 
randomised trial.

58 patients No

But tear progression noted in 
29% of unrepaired patients
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“Since I have been able clinically to diagnose cases of supraspinatus rup-

ture with only a small percentage of error, and have in more than 40 cases 
sutured the ruptured tendon, my own conviction is naturally in favor of a 
traumatic cause. Yet I am by no means convinced that there is not an un-
derlying degenerative process in the tendon which makes it prone to rup-
ture. The frequency of finding that this is a bilateral condition, together 
with the fact that the lesion seldom occurs in young men, makes it highly 
probable that there is some general cause, which, with the trauma, pro-
duces the condition which we are studying.” 

– Earnest Codman, 1931 
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ABSTRACT 

Rotator cuff tear is a common disorder and there is a lack of knowledge of 
appropriate treatment and consequences of different treatment modali-
ties. The overall aim of this thesis was to examine short- and long-term 
results of rotator cuff tear treatment. 

In Paper I we did a retrospective 21 to 25-year follow-up of a consec-
utive series of patients with partial and full-thickness rotator cuff tears, 
treated with acromioplasty without cuff repair. The cuff status had been 
documented in a specific perioperative protocol in all patients at the index 
operation. We did x-ray, ultrasonography and clinical scores with Con-
stant score and Western Ontario Rotator Cuff index (WORC) at follow-up. 
We identified 111 patients with either a partial or a full-thickness tear, but 
at follow-up 21 were deceased and 11 were too ill from medical conditions 
unrelated to their shoulder. Out of the remaining 78 eligible patients, 69 
were examined (follow-up rate 88 %) and they had a mean age at the in-
dex operation of 49 years (range 19-69 years). Forty-five had a partial tear 
and 24 a full-thickness tear at the index operation. At follow-up, 74% of 
patients with full-thickness tear had cuff tear arthropathy grade 2 or more 
according to the arthropathy classification of Hamada (grade 1 to 5) and 
87% had developed tear progression (i.e. a larger tear). Corresponding 
numbers in those with a partial tear was 7 % arthropathy and 42 % tear 
progression, and the differences between the full-thickness group and the 
partial tear group was significant for both outcome measures (P<0.001 
for both analyses). In those with arthropathy, the mean Constant score 
was 47 (standard deviation [SD], 23), the mean age and gender-adjusted 
Constant score 62 (SD, 27) and the mean WORC 58 % (SD, 26). Patients 
with a partial tear at follow-up had mean Constant score and WORC with-
in the normal range. In multivariable analysis with logistic regression, 
having a full-thickness tear at the index operation was a risk factor for ar-
thropathy (odds ratio [OR] 37.8; 95% confidence interval [CI], 8.2-175.0) 
and for tear progression (OR 6.09; 95% CI, 1.41-26.29). 

In Paper II we examined the contralateral shoulder in the same pa-
tients as in paper I and with the same methodology. Sixty-one patients 
were examined and 38 had had a partial tear at the index operation 21-25 
years ago and 23 a full-thickness tear. The overall rate of contralateral 
full-thickness tears was 50.8 %, which is higher than the 16-35 % rate 
found in previous studies of newly diagnosed cuff patients. The rate of 
contralateral full-thickness tear ranged from 13.6 % in patients with a par-
tial tear in the index shoulder at follow-up, to 90 % in patients with a full-
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thickness tear and arthropathy in the index shoulder. There was a signifi-
cant correlation regarding conditions between shoulders in the same pa-
tient, with a Spearman coefficient of 0.72 for the number of tendons with 
a full-thickness tear, 0.31 for Hamada grade of arthropathy and 0.65 for 
Constant score. The number of tendons with a full-thickness tear in the 
index shoulder at follow-up was a risk factor for a contralateral full-
thickness tear (OR 3.28; 95% CI, 1.67-6.44) in a multivariable logistic re-
gression model. We also found that cuff tear arthropathy was significantly 
more common in patients who had undergone an acromioplasty 
(P<0.001), a finding which is not confirmatory but may generate a hy-
pothesis. 

Paper III addressed 17 to 20-year results after operation with a syn-
thetic interposition graft for irreparable cuff tears. We used X-ray, ultra-
sonography and clinical scores at follow-up. We identified a consecutive 
series of 13 patients, one of whom was deceased at follow-up. Ten of the 
remaining 12 participated in a complete follow-up and 2 did only x-ray 
examination. Nine out of 12 (75 %; 95% CI, 43-95 %) had cuff tear ar-
thropathy Hamada grade 2 or more in the index shoulder at follow-up. 
The mean Constant score was 46 (SD, 26) and the mean WORC 59 % (SD, 
20). Seven out of 12 had contralateral cuff tear arthropathy, and the dif-
ference in frequency of arthropathy between shoulders was not statistical-
ly significant (P=0.667).  

In Paper IV we tested whether early repair of small cuff tears, involv-
ing mainly supraspinatus, would give a superior clinical result compared 
to physiotherapy without repair in a prospective randomised trial with 12 
months follow-up. We used Constant score as the primary outcome, and 
WORC, EQ-VAS and Numerical Rating Scale for pain (NRS) as secondary 
outcomes. We also aimed at assessing the rate of tear progression in un-
repaired shoulders and the healing rate in repaired shoulders by Magnetic 
Resonance Imaging (MRI) performed at 12 months. With a high grade of 
follow-up (100 % for 12 months Constant score and 95 % for 12 months 
MRI), the repair group had a 12 months median Constant score of 83 
(Quartile range [QR], 25) and the conservative group 78 (QR, 22). This 
between-group difference in medians of 4.5 (95% CI,-5 to 9; P=0.68) was 
not statistically significant and we did not detect any significant differ-
ences in the secondary outcomes at 12 months. The retear rate was 6.5 % 
in repaired patients and 29 % of unrepaired patients had a tear enlarge-
ment >5 mm. 

The results in this thesis indicate that patients with small, traumatic, 
full-thickness tears of mainly supraspinatus have no clinical benefit of 
early surgical repair compared to physiotherapy alone, but in the long-
term, patients with full-thickness tears have an increased risk of tear pro-
gression, cuff tear arthropathy and low clinical scores. These results are 
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especially important in the treatment decision of repair or not in younger 
patients. Having a full-thickness tear is also a risk factor for having a con-
tralateral cuff tear, a phenomenon that underlines the importance of en-
dogenous factors in the development of rotator cuff tears. If a cuff tear is 
not repairable to bone, the addition of a synthetic interposition graft does 
not seem to prevent cuff tear arthropathy. 
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SVENSK SAMMANFATTNING 

 
Denna avhandling undersöker senskador i axlar (kuffrupturer), och de 
lång- och kortsiktiga utfallen av olika sätt att behandla dessa skador när 
det gäller symptom och strukturella förändringar. Rotatorkuffen utgörs av 
4 senor som omger ledhuvudet och kuffruptur är en vanlig orsak till 
smärta och nedsatt funktion hos både personer i arbetsför ålder och efter 
pensionering och både när det gäller enkla vardagsaktiviteter och mer ax-
elbelastande aktiviteter. Kuffruptur ses i stigande förekomst med ökad 
ålder, och det är även vanligt att ha en mindre kuffruptur utan symptom, 
men kuffruptur ses också som förmodad följd av ett större eller mindre 
trauma. Inom professionen finns det olika uppfattning om hur en kuff-
ruptur ska behandlas, exempelvis om den bör lagas eller om det räcker 
med strukturerad sjukgymnastik. Det råder också osäkerhet om hur rup-
turen utvecklas på sikt, framför allt när det gäller små rupturer. Vid större 
kuffrupturer finns mycket som talar för att en sekundär förslitning av led-
kulan kan ske, men det finns inga långtidsstudier med röntgenundersök-
ning gjorda på oreparerade fall. Ibland hävdas att också de med en parti-
ell kuffruptur (dvs. det finns inget hål rakt igenom hela senans tjocklek) 
också löper risk att få större ruptur och sekundära ledförändringar, men 
det saknas studier angående detta.  

I studie 1 undersöktes patienter som genomgått en s.k. acromi-
oplastik, en operation där en slemsäck tas bort och undersidan av benta-
ket över rotatorkuffen reduceras med en benfräs, men där man inte sam-
tidigt gjort en lagning av senskadan. Förekomst och typ av kuffruptur 
fanns registrerade i operationsprotokoll från indexoperationen hos 111 
patienter.  Av dessa 111 hade 21 avlidit och 11 var för medicinskt sjuka för 
undersökning. Av resterande 78 patienter undersöktes 69, varav 24 hade 
en genomgående ruptur och 45 en partiell ruptur vid indexoperation. 
Undersökning gjordes efter 21-25 år med röntgen, ultraljud och av symp-
tom, rörlighet och styrka. Vi fann att hos patienter som vid första operat-
ionen hade en genomgående senskada, hade i 3 av 4 fall sekundära led-
förändringar utvecklats, medan detta skett hos bara 7 % av de med parti-
ell kuffruptur. Andelen som fått en större kuffruptur efter mer än 20 år 
var 87 % i gruppen med genomgående senskada och 42 % i gruppen med 
partiell senskada. Att ha en genomgående kuffruptur var också en signifi-
kant riskfaktor för att få både större ruptur och sekundära ledförändring-
ar, när analysen korrigerade för andra faktorer. 
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I studie 2 undersöktes den andra axeln (kontralaterala axeln) hos 
samma patienter som i studie 1. Tidigare studier har hittat förekomst av 
kontralateral kuffruptur hos mellan 16-35 % av patienter med nydiagnos-
tiserad kuffruptur i en axel. Vår hypotes var att kontralateral ruptur skulle 
vara ännu vanligare hos patienter som haft en känd ruptur i en axel i 
många år. Vi kunde vid uppföljning 21-25 år efter kuffruptur, verifierad 
vid titthålsoperation, påvisa att drygt hälften hade en kontralateral ge-
nomgående ruptur. Det var dessutom en stark korrelation mellan de två 
axlarna, således att de som fortfarande hade en partiell kuffruptur i in-
dexaxeln, efter mer än 20 år, hade en frekvens av kontralateral ruptur på 
13,6 % och de med stor kuffruptur och sekundära ledförändringar hade 
kontralateral ruptur i 90 % av fallen. I gruppen med sekundära ledföränd-
ringar i indexaxeln, hade 20 % sekundära ledförändringar även i kontrala-
terala axeln. Även här var förekomst av genomgående ruptur en riskfaktor 
för att ha en kontralateral ruptur, när vi justerade för andra faktorer. 

I studie 3 efterundersöktes patienter som p.g.a. icke reparabel kuff-
ruptur hade opererats med en syntetisk graft (av polyesterväv). I dessa fall 
hade defekten mellan senstumpen och överarmsbenet överbryggats med 
graft med förhoppning att detta skulle hålla och därmed bidra till att 
minska risken för sekundära ledförändringar. Tretton patienter hade ope-
rerats och 12 av dessa kunde undersökas med röntgen efter 17-20 år. Vi 
fann emellertid att hos 9 av de 12 så hade sekundära ledförändringar ut-
vecklats och att 7 av 12 hade sådana förändringar även i kontralaterala 
axeln, en skillnad som inte var signifikant. Vid ultraljudsundersökning 
fann vi att graften hos 7 av 10 inte var intakt och många hade också fått 
påverkan på fler senor än de hade vid första operationen. 

I studie 4 lottades patienter med liten traumatisk genomgående kuff-
ruptur till antingen senlagning (kuffsutur) eller sjukgymnastik utan lag-
ning. Symptom och funktion jämfördes sedan vid 3, 6 och 12 månader och 
vid 12 månader gjordes också magnetkameraundersökning. Vid 12 måna-
der var operationsgruppen 4,5 poäng bättre i det primära utfallsmåttet 
(Constant score, som mäter symtom, styrka och rörlighet), en skillnad 
som emellertid inte är vare sig statistiskt säkerställd eller kliniskt betydel-
sefull. Det förelåg heller inga statistiskt säkra skillnader när det gällde öv-
riga utfallsmått (axelsymtom, smärta och livskvalitet). Vid magnetkame-
raundersökning sågs att 6,5 % inte hade läkt sin reparerade senskada och 
att 29 % av de icke reparerade senskadorna hade ökat i storlek med mer 
än 5 mm. 

 
Sammanfattningsvis visar denna avhandling att patienter med liten 

traumatisk genomgående kuffruptur, som genomgår operativ behandling 
med lagning av senskadan, inte får någon betydande förbättring vid 12 
månader utöver den man får av axelspecifik träning. I ett 20-årigt per-
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spektiv riskerar dock patienter med genomgående kuffruptur, av både de-
generativt eller förmodat traumatiskt ursprung, att utveckla större kuff-
ruptur och sekundära ledförändringar. Personer med partiell kuffruptur 
löper betydligt mindre risk för större senskada och mycket liten risk för 
sekundära ledförändringar. Risken att ha eller få en kuffruptur i sin andra 
axel är ökad om man har en påvisad genomgående kuffruptur i en axel 
och det finns en stark korrelation mellan tillstånden i båda axlarna. Fyn-
den stödjer hypoteser om att systemiska faktorer (snarare än faktorer 
specifika för en axel) är viktiga för utvecklingen av kuffruptur. Om en 
kuffruptur inte kan lagas, så verkar inte en syntetisk graft insatt mellan 
senstump och ben, skydda mot utveckling av större ruptur och sekundära 
ledförändringar. 
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INTRODUCTION 

 
Rotator cuff tear is, according to some, the most common reason for 
shoulder pain37, 236 and shoulder pain in itself is among the most frequent 
musculoskeletal disorders226, 228. There are annually 250.000 rotator cuff 
repairs performed in the US182, and around 3000 performed in Sweden in 
2017 (Swedish Board of Health and Welfare). Even if this probably is a 
cost-effective procedure from a societal point of view182, there is contro-
versy over appropriate treatment70 and we need to know more when mak-
ing clinical decisions.  

Perthes (1906) and Codman (1911) described the very first rotator cuff 
repairs more than 100 years ago230, but the most frequent treatment 
strategy for a symptomatic cuff tear has probably been non-operative up 
until recent decades. With the advents of better imaging techniques and 
refined surgical techniques, the rates of cuff repairs have increased. The 
technical development of arthroscopic techniques may have boosted this 
increase, and in Sweden there has been a threefold increase from 2009 to 
2014 (Swedish Board of Health and Welfare). Evolving arthroscopic tech-
niques and newer methods of anaesthesia, like interscalene nerve block, 
have made it possible to perform a cuff repair as an outpatient procedure, 
making it easier to increase the number of repairs. The problem with easi-
ly accessible new medical techniques, that have appealing features both to 
clinicians and patients, is that it may be used indiscriminately and hence 
inflict unnecessary risks and costs before we have knowledge of the true 
effect of the procedure. Medical history is full of examples of how the ac-
tual effect of a surgical procedure is not shown until after the procedure 
has been in routine use for several years, and very often the effect is not 
present at all or is smaller than previously thought255.  

Rotator cuff tear is not an easy condition to work with, neither in a 
clinical setting nor in research. The rotator cuff is a complex anatomical 
structure, with 4 distinct muscles all giving their unique contribution to 
shoulder function, and a defect in the cuff can sometimes be well tolerated 
and sometimes give rise to major problems with pain and dysfunction. In 
a clinical setting this is seen when two patients with seemingly identical 
shoulder pathology have very different symptoms.  

This thesis uses various commonly accepted descriptions of a rotator 
cuff tear. In scientific literature, and in clinical praxis, the term partial 

tear (or partial thickness tear, abbreviated PTT) refers to a tear not ex-



Rotator cuff tears-short and long-term aspects on treatment outcome 

14 
 

tending through the whole thickness of the tendon. The defect can be lo-
cated on the undersurface of the tendon, an articular side tear, or on 
the superior surface of the tendon, a bursal side tear. A partial tear may 
involve more than one tendon, for example both supra- and infraspinatus. 
A full-thickness tear (FTT) is a defect involving the whole thickness of 
the tendon and hence a communication between the bursal side and the 
joint side. Most commonly, there is an avulsion of tendon fibres from its 
footprint on the greater tuberosity, but sometimes a defect more medially 
in the tendon may occur. A full-thickness tear may also involve more than 
one tendon. In large and massive cuff tears that have stood for a long 
time, a secondary osteoarthritis called cuff tear arthropathy (CTA) 

may develop.  
The wording “tear” may give rise to confusion, since it implies a trau-

matic origin of the structural defect in the cuff, even though many pa-
tients encountered in clinical praxis have no trauma at all in their history. 
A non-traumatic tear is often referred to as a degenerative tear. If there 
is a significant traumatic event before the onset of symptoms, the tear is 
often referred to as a traumatic tear or a trauma-related tear176. These 
are not two totally separated entities and there is probably a continuum 
from very degenerative tendons with spontaneous rupture to healthy ten-
dons only avulsed due to trauma, with the majority of patients belonging 
to the first category. 

Semantics is important, since words guide our thinking. Encountering 
the word tear implies that something is torn and need to be fixed. On the 
other hand sometimes a patient with a defect in the rotator cuff may be 
asymptomatic, implying that continuity in the rotator cuff may not always 
be necessary for a well-functioning shoulder. At the other end of the dis-
ease spectrum, shoulder surgeons regularly meet patients with a massive 
irreparable cuff tear and a painful pseudo-paralytic shoulder, sometimes 
with no cartilage left in the joint. That is an end stage, cuff tear arthropa-
thy (CTA), where only major surgery such as arthroplasty is left in our 
toolbox.  

Rotator cuff disease has often been described as a condition progress-
ing from tendinosis to a partial tear and further on to a full-thickness tear 
and finally cuff tear arthropathy4, 209. How do we avoid this problem and 
how do we know which patient will end up in that situation? And do all 
patients pass each disease stage and do they all eventually end up the 
same way? Can we prevent this? Lack of knowledge of the true nature of a 
condition, and especially of its natural course, will hamper our decision-
making. 

The studies included have focused on two main areas, retrospective 
long-term results and prospective short-term results after various rotator 
cuff treatments. The first studies contain long-term results in patients 
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treated with acromioplasty without cuff repair (paper I) and assessment 
of the contralateral shoulder in the same patients (paper II).  Paper III 
uses the same methodology in examining long-term results after a syn-
thetic interposition graft in irreparable cuff tears.  In a prospective ran-
domised trial, rotator cuff repair was compared to physiotherapy without 
repair in patients with traumatic tears and no previous shoulder com-
plaints (paper IV).  
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BACKGROUND 

Anatomy 

Osseous anatomy of the shoulder 

 
The shoulder joint is a ball-in-socket joint, where the socket is the pear 
shaped glenoid (Figure 1) and the ball is the much larger humeral head 
(Figure 2). The glenoid has its base on the scapula, which, in the resting 
position, is angulated 30-40° anterior in relation to the frontal plane on 
the back of the thorax, covering costae II to VII. The anterior surface of 
the scapula, the subscapular fossa, forms the origin of the subscapular 
muscle.  The coracoid process is situated between the upper rim of the 
scapula and the glenoid and constitutes a fundament for the origin of both 
the short head of the biceps muscle and the coracobrachialis muscle. On 
the backside of the scapula, the scapular spine divides the supraspinatus 
fossa from the infraspinatus fossa, origins of the supraspinatus and in-
fraspinatus muscles.  

The acromion is the bony roof over the rotator cuff, serving as an 
origin of the large deltoid muscle (Figure 1). Bigliani described three dif-
ferent forms of the acromion212. From a lateral view, type I is flat, type II 
slightly hooked downwards and type III markedly hooked. The clinical 
significance of a hooked acromion has been a matter of debate though220.  
The critical shoulder angle (CSA angle), which encompasses both the lat-
eral extension of acromion and the tilt of the glenoid, has further been 
suggested to be of importance for the development of both primary osteo-
arthritis and rotator cuff tears194. The anteromedial aspect of the acromi-
on is part of the articulation with the lateral clavicle, forming the acromi-
oclavicular joint (abbreviated the AC-joint). 

The hemispheric joint surface of the proximal humerus is angulated 
27° (+/- 12°) posterior relative to the plane of the joint surface of the dis-
tal humerus69. The collum anatomicum divides the proximal joint surface 
from the greater and lesser tuberosity. In the anterior part of the humeral 
head, the lesser tuberosity holds the insertion of the subscapularis, and it 
is divided from the laterally placed greater tuberosity by the intertubercu-
lar sulcus, containing the long head of the biceps. The greater tuberosity is 
the large insertion of the posterosuperior rotator cuff tendons of the su-
praspinatus, infraspinatus and teres minor. The collum chirurgicum di-
vides the proximal humerus from the shaft. 
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Figure 2. The bony anatomy of the anterior parts of the shoulder 
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Figure 1.The bony anatomy of the scapula as seen from a lateral 

view. 
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The ligaments of the shoulder joint 

 
The relatively small glenoid articulates with the much larger humeral 
head, allowing a large range of motion. This potentially unstable osseous 
arrangement is supported by a strong capsule, reinforced by capsular 
thickenings, referred to as glenohumeral ligaments. The glenoid joint sur-
face is also surrounded by the fibrocartilaginous labrum. The glenoid la-
brum enlarges the small joint surface and harbours the insertion of the 
glenohumeral ligaments, an arrangement which is fundamental to shoul-
der stability. The stability of the glenohumeral joint is, however, not only 
due to the glenohumeral ligaments, but also depends on neuromuscular 
control and proprioception.  

 The inferior glenohumeral ligament is the largest of the 3 gleno-
humeral ligaments. It has an anterior band, of importance in anterior sta-
bility, and a posterior band, and this inferior glenohumeral ligament co-
vers the whole inferior part of the capsule supporting the humeral head 
from beneath. The middle glenohumeral ligament runs diagonally across 
the subscapularis, when seen from an intraarticular view. The superior 
glenohumeral ligament originates from the superior anterior part of the 
glenoid and runs spirally around the long head of the biceps to its inser-
tion on the tendinous slip of the most superior part of the subscapular 
tendon11. The superior glenohumeral ligament and the uppermost part of 
the subscapularis insertion supports the long head of the biceps, prevent-
ing its medial dislocation11.  

The coracohumeral ligament extends from the lateral part of the cora-
coid process medially to the supraspinatus tendon laterally with fibers 
both to the greater and lesser tuberosity. This ligament limits inferior 
translation and external rotation when the arm is adducted. A release of 
this ligament has been suggested to aid reduction of a retracted suprasp-
inatus tendon during repair and maybe also prevent some postoperative 
stiffness222, although studies are too few to make conclusions.  

The area between the anterior edge of the supraspinatus tendon and 
the superior edge of the subscapularis tendon is often referred to as the 
rotator interval. This interval contains the coracohumeral and superior 
glenohumeral ligaments and capsular tissue and it plays an important 
role for glenohumeral stability, biceps tendon stability and glenohumeral 
stiffness (for example in adhesive capsulitis). 
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The rotator cuff 

 
The rotator cuff consists of 4 different muscles: the subscapularis, the su-
praspinatus, the infraspinatus and the teres minor. They all converge into 
an intricate interdigitation of tendon fibres, surrounding the humeral 
head (Figure 3). This structure is sometimes referred to as a fibrous endo-
skeleton4, 89.  
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Figure 3. The rotator cuff as seen from a lateral view 
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The subscapularis 

 
The largest muscle in the rotator cuff is the subscapularis, which has a 
very wide origin on the anterior surface of the scapular body (Figure 5). 
This muscle is innervated by the 2 subscapular nerves (upper and lower), 
coming from the posterior cord of the brachial nerve plexus64. In the lat-
eral part, several distinct fascicles of tendon can be discerned before 
blending into one solid tendon in the upper part, inserting broadly on the 
upper part of the lesser tuberosity. Mean superior to inferior length of this 
tendinous insertion is 2,5 cm and mean medial to lateral width is 1,8 
cm126. Below this tendinous insertion, the lower parts remain muscular to 
a large extent before inserting in a narrower band on the inferior lesser 
tuberosity. The upper part of the subscapular insertion makes up a tendi-
nous wall in continuity with the osseous wall of the intertubercular 
groove, thereby contributing to biceps tendon stability11. The subscapu-
laris functions as an internal rotator and it also aids in stability and con-
gruence by compressing the humeral head to the glenoid, and in addition, 
prevents anterior displacement during elevation132. 
 
 

The infraspinatus 

The teres minor 

Figure 4.The posterior parts of the rotator cuff 
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The supraspinatus 

 
The supraspinatus muscle originates from the supraspinatus fossa, be-
tween the scapular spine posteriorly and the upper scapular margin ante-
riorly. The muscle and its tendon courses anterolateral, beneath the 
acromioclavicular joint and the coracoacromial arch, along the plane of 
the scapula to its insertion on the anterior and most superior part of the 
greater tuberosity (Figure 3, 4 and 5). The anterior part of supraspinatus 
has a thicker muscle belly which is bipennate, as opposed to the unipen-
nate thinner posterior muscle belly, and the anterior part has an intra-
muscular tendinous core, which is readily discernible on MRI235. Corre-
spondingly, the anterior part of the tendon is more robust, thicker and 
longer than the posterior part192, 235.  

The whole supraspinatus insertion is shaped in a triangular fashion192. 
The widest medial to lateral distance of this insertion has been measured 
to 6.9 mm (+/- 1.4 mm SD), and the anterior to posterior width medially 
to 12.6 mm (+/-2.0 mm SD) and laterally to 1.3 mm (+/- 1.4 mm SD) 192. 
In a cadaver dissection of 113 shoulders, the supraspinatus fibres also in-
serted on the uppermost part of the lesser tuberosity in 21 % of the shoul-

The subscapularis 

Figure 5.The anterior parts of the rotator cuff 

The supraspinatus 
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ders192. In the posterior parts of the supraspinatus tendon insertion, the 
fusion of fibres from the neighbouring infraspinatus makes it difficult to 
appreciate a distinction between these tendons, in a clinical setting49. 

Looking at the cross sectional fibre anatomy of the supraspinatus and 
the underlying capsule, the fibres are aligned in a multi-layered fashion, 
with the superficial fibres running more longitudinally and more parallel 
and the deeper fibres more obliquely and in a more nonlinear fashion 
(Figure 6)100. This explains the less echogenic nature of the supraspinatus 
on ultrasound, compared to tendons with longitudinal fibres, like the long 
head of the biceps. In a histological analysis of cross-sections, the rotator 
cuff is composed of five layers, where the deepest 1.5-2 mm is the capsule. 
The gleno-humeral capsule is a continuous sheet of collagen attached to 
the greater tuberosity laterally, through Sharpey fibres, and medially to 
the glenoid labrum49. Between the different layers of the cuff there are 
vessels49. Vascular studies show some variable results, with cadaver stud-
ies indicating a critical area of hypovascularity just proximal to the tendon 
insertion41, 171, 232 and in-vivo measurements showing hypovascularity at 
the very tendon insertion20, 139. 

The innervation of the supraspinatus is supplied by the suprascapular 
nerve, which originates from the C5 and C6 cervical roots, through the 
superior and lateral part of the upper trunk of the brachial plexus. The 
suprascapular nerve enters the supraspinatus fossa through the su-
prascapular notch, a potential point of nerve compression, and then 
courses the fossa underneath the supraspinatus muscle before making a 
turn around the spinoglenoid notch into the infraspinatus fossa180. This 
spinoglenoid turn is also a potential compression point with some ana-
tomical variation180. The distance to the nerve from the upper glenoid rim 
is on average 31 mm (range 21-44 mm) and from the posterior rim 17 mm 
(range 11-25 mm)105. 

The supraspinatus contributes to flexion and abduction of the hu-
meral head and stabilises the humeral head by aiding in compression 
against the glenoid. 
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The infraspinatus 

 
The infraspinatus originates from an area inferior to the scapular spine 
and above the teres minor (Figure 4). The upper muscle fibres, coming 
from the undersurface of the scapular spine, run in a horizontal direction 
towards the posterior parts of the tendon, while the inferior muscle fibres 
from the infraspinatus fossa crosses diagonally to the upper and anterior 
tendon fibers140, 192. The tendon itself is also divided in 2 portions, the su-
perior part being longer and thicker and the inferior part shorter and 
thinner192. The infraspinatus footprint covers a trapezoidal area on the 
upper and posterior part of the greater tuberosity just behind the foot-
print of supraspinatus, with a mean maximal medial to lateral length of 
10.2 mm and a mean maximal anterior to posterior length of 32.7 mm192. 
The innervation is supplied by the suprascapular nerve, through 2-4 mo-
tor branches just after the nerve has passed around the spinoglenoid 

The coracohumeral ligament 

The Supraspinatus 
The Infraspinatus 

Figure 6. The multilayered structure of the supraspinatus and the infrasp-

inatus. Adapted from Clark et al.49 
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notch into the infraspinatus fossa180. The infraspinatus is an important 
external rotator, contributing approximately 60% to the total external ro-
tation force and it also contributes greatly to the concavity compres-
sion126. 

The teres minor 

 
The teres minor originates from the dorsal area of the lateral edge of the 
scapula and its insertion is on the inferior and posterior area of the great-
er tuberosity (Figure 4). It has recently been shown that the muscle has 
two seemingly independent portions, each innervated by separate nerve 
branches originating from the axillary nerve111. The teres minor functions 
as an external rotator, providing approximately 40% of the external rota-
tion force in a normal shoulder, and it also aids in concavity compression 
and downwards pull of the humeral head. In the face of massive pos-
terosuperior cuff tears, the function of the teres minor is of utmost im-
portance for results regarding both conservative treatment, tendon trans-
fers and reverse arthroplasty54. 

Long head of the biceps 

 
The long-head of the biceps, in shoulder literature and in this thesis simp-
ly referred to as the biceps tendon, originates from the supraglenoid tu-
bercle, where it is in continuity with the upper part of the labrum. This 
area of the upper labrum is often referred to as SLAP-area (Superior La-
brum Anterior to Posterior)7. The biceps runs on the undersurface of the 
anterior part of supraspinatus into the intertubercular sulcus (Figure 3), 
held in place by the biceps pulley, an intricate system of fibres with con-
tributions from the subscapularis, the supraspinatus, the superior gleno-
humeral ligament and the coracohumeral ligament11. The importance of 
the biceps for shoulder function is still not well understood and its sug-
gested role as a humeral head depressor has not been supported by stud-
ies using electromyography246, or biomechanical in-vivo studies using 
flouroscopy99. A proprioceptive role has also been suggested, supported 
by findings of afferent nerve fibres in biceps tendon tissue5, 253. 

The rotator cable 

 
A thickening in the deep parts of the capsule, going in a transverse direc-
tion, has been called the rotator cable31, 49. The anatomical name of this 
structure is Ligamentum Semicirculare Humeri and it has an insertion 
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point on the anterior-superior greater tuberosity, just posterior to the bi-
ceps tendon, and sometimes one insertion point on the superior part of 
lesser tubercle. Posteriorly it inserts in the area of the inferior part of the 
infraspinatus and the superior border of teres minor. The rotator cable 
has been proposed to have a stress-shielding effect, protecting the area 
lateral to the rotator cable (the crescent area) and to be a mechanical link 
between the posterior and anterior rotator cuff (termed a “suspension-
bridge mechanism”)31. This concept has some support in biomechanical 
studies109, 186, but these studies have often sectioned tendon tissue along 
with the cable tissue making it hard to conclude that the cable tissue itself 
has this effect10. Arai and Matsuda have noted that the cable is located at 
the medial edge of the contact area between the cuff and the humeral 
head, filling out the space between the flat cuff and the head, and suggest-
ing a function similar to the menisci in the knee10. The rotator cable could 
thus be the result of compression forces and it also seems as if not all 
shoulders have a distinct cable structure10. 

The subacromial bursa 

 

The subacromial bursa, being the largest bursa in humans, provide a glid-
ing surface between the coracoacromial arch and the deltoid muscle fascia 
superiorly and the cuff tendons and the greater tuberosity inferiorly146. 
The innervation of the subacromial bursa comes from one medial and one 
lateral branch of the suprascapular nerve161. The bursa is usually removed 
in both subacromial decompression and during rotator cuff repair. Even 
though an increase in inflammatory cytokines in patients with rotator cuff 
disease compared to normal controls have been described28, it is worth 
noting that the bursa also seems to contain pluripotent stem cells that 
have superior proliferative and differentiation capabilities, compared to 
cells from bone marrow in the proximal humerus201. Preserving bursal 
tissue during repair may thus be an advantage205, but further studies are 
needed in this area. 

Rotator cuff function 
 
The combined effect of the rotator cuff muscles and the fibrous endo-
skeleton is an embracement of the humeral head and a compression 
against the glenoid, a concept referred to as concavity compression. Con-
cavity compression adds stability to the humeral head. With rotator cuff 
muscles and tendons fully functional, allowing tension and shortening, 
this compression can be effectuated with any degree of elevation as op-
posed to the function of the ligaments, which only are under tension at 
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the outer range of the movement arc126. In addition, the rotator cuff con-
tributes with 90% of the rotational force and 45% of the abduction 
force126. Halder et al. showed in a biomechanical study on cadavers, that 
detaching 2/3 of the supraspinatus from its insertion (without retraction) 
resulted in only 5% decrease of the force transmission109. Simulating mus-
cle retraction by creating a defect, similar to conditions in larger tears 
where the connection between the anterior and posterior cuff may be bro-
ken, resulted in loss of torque of up to 58%109. 

With impaired rotator cuff function, the unopposed massive pull of 
the deltoid muscle will result in superior translation of the humeral head, 
and this is often associated with pain and dysfunction144, 215, 262. This in-
stability is probably dynamic in its early stages, but in larger and chronic 
cuff tears, the acromio-humeral interval may be permanently reduced243. 
This process gives rise to secondary cartilage wear (osteoarthritis) 238. 

Cuff tear anatomy and classification 
 
A typical cuff tear initially involves the supraspinatus. With larger tears an 
additional involvement of the infraspinatus is most common and some-
times the subscapularis is also involved. There are also traumatic tears 
that involve only, or mainly, the subscapularis and the rotator interval. 
There are numerous ways of characterizing a cuff tear, and many classifi-
cations, but a generally accepted classification, that is based in high quali-
ty prospective data and that reliably can guide treatment decisions, does 
not exist. One of the early attempts was in 1944 by McLaughlin, who de-
scribed transverse ruptures, vertical splits and retracted tears185. DeOrio 
and Cofield classified cuff tears into small (<1 cm), medium (1-3 cm), 
large (3-5 cm) and massive (> 5 cm), based on the length of the largest 
diameter65. Several authors have instead classified cuff tears according to 
the number of tendons torn93, 114. Both of these methods are used regular-
ly, even though precise measurement of tear size on MRI is not easy. At-
tempts to classify tears into zones or segments in the sagittal plane225 have 
not come into routine use in research or clinical practice. 

With arthroscopic or open examination, the morphologic and geomet-
ric appearance of tears in the cuff can be described as U-shaped, crescent-
shaped, L- or reverse-L shaped76. It is often necessary to make this as-
sessment after clearance of bursal tissue and adhesions and by pulling the 
tendon in various directions. Davidson and Burkhart have tried to trans-
late this to a geometric classification for MRI and suggested surgical 
treatment guidelines for each tear type, even though these treatment rec-
ommendations are based mainly on case-series and low-level evidence60. 
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More specific tear patterns have also attracted attention recently. One 
such tear feature is disruption of the anterior tendinous portion of the su-
praspinatus. Cadaver studies indicate, that the most anterior 8-12 mm of 
the supraspinatus (i.e. the area immediately posterior to the biceps ten-
don) is the primary load-bearing tissue for force transmission within this 
tendon186. Clinical studies have also shown larger tear size and more de-
generative muscle changes in cuff tears with complete disruption of this 
part of the supraspinatus tendon206, and retear rates after repair may be 
higher in such tears45.  

For very large tears, the number of tendons and specific combinations 
of tendon involvement have been linked to the risk of causing pseuodpa-
ralysis52. In this classification, described by Collin et al., the upper and 
lower parts of the subscapularis are considered as 2 separate tendons with 
each having its own nerve supply and the upper being more tendinous 
and the lower more muscular in their respective insertions52. Having a 
full-thickness supraspinatus tear and a tear of the whole subscapularis, or 
a full-thickness tear involving 3 tendons, were risk factors for pseudo-
paralysis (defined as inability to actively elevate beyond 90°)52. 

A classification of subscapularis tears based on the arthroscopic ap-
pearance together with the CT-appearance has been suggested159. A grade 
1 is in this classification a partial tear of the superior one-third, grade 2 a 
full-thickness tear of the superior one-third, grade 3 a full-thickness tear 
of the upper two-thirds, grade 4 a complete tear but with centred humeral 
head and no fatty infiltration more than stage 3 on CT and grade 5 is a 
complete tear with decentralized humeral head and fatty infiltration. A 
weakness with this classification is that it does not allow treatment deci-
sion based on the grade until an arthroscopic examination has been per-
formed. 

Prevalence and predisposing factors for rotator cuff 
tear 
 
Trauma is far from being the only etiologic factor behind a defect in the 
rotator cuff. Age is perhaps the most important risk factor251, 261, 264. 
Teunis et al.251 did a pooled estimate of prevalence of rotator cuff abnor-
malities (partial and full-thickness tears) in different age groups, includ-
ing 30 studies based on cadaver dissections or ultrasound/MRI of both 
asymptomatic and symptomatic patients. In these 6112 patients and spec-
imens, rotator cuff abnormalities ranged from 9.7 % in individuals in their 
20s to 62 % in patients from 80 years and above251. Looking only at 
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asymptomatic patients, people in their 20s had a prevalence of 6.7 % and 
people in their 80s and above a prevalence of 56 %251.  

Age is thus an important risk factor, but numerous other factors have 
also been shown to influence the occurrence of cuff tears. The two main 
areas where risk factors are found, are metabolic and genetic. Park et al. 
did a multivariable analysis of 634 shoulders in 634 rural South Korean 
patients and identified diabetes, hypertension, high BMI, and hypo-high-
density lipoproteinemia (hypo-HDLemia) as significant risk factors for 
having either a partial or a full-thickness degenerative cuff tear221. If these 
risk factors are grouped together as a metabolic syndrome, this risk factor 
was significant with an odds ratio (OR) of 1.98, together with age (OR, 
1.85), dominant-side involvement (OR, 1.83) and manual labour (OR, 
7.71)221. Additional studies have results supporting cardiovascular dis-
ease9, 67, smoking24, 67, dyslipidemia34, 266, diabetes46, 129, hypertension106 
and obesity107 as risk factors.  

Genetics also seems to influence the occurrence of cuff tears59. Harvie 
et al. found a more than doubled risk of full thickness tear in siblings in a 
case-control study, comparing siblings and spouses for patients with full-
thickness tears116. In a 5-year follow-up of the same study participants, the 
relative risk of tear progression was 2.08 and the relative risk of painful 
cuff tears was 1.44108. Tashijan et al. also described a significantly in-
creased relatedness in subjects with rotator cuff disease, even as distant as 
third cousin250. In patients diagnosed before the age of 40, the relative 
risk of rotator cuff tear in second degree relatives was 3.66 and in third 
degree relatives 1.81250. The precise genetic pathways, linking genetic 
changes to rotator cuff tears, are not known, but seem to include gene 
changes that relate to apoptosis, metabolism, angiogenesis and the extra-
cellular matrix43.  

Several other studies have highlighted the importance of a set of me-
chanically related factors. Manual labor191, 221, 236, overhead work 
activity249, overhead sports245 and dominant-side involvement143, 221, 264, 
seem to have an association with rotator cuff tears212. This implies that 
attritional and mechanical mechanisms somehow play a role in cuff tear 
development, but a detailed pathway is not known.  

Bony variants of the acromion and the humeral head have been sug-
gested to be risk factors for cuff tears, and this may thus also support an 
extrinsic attritional pathway. Biglianis classification of the acromion as 
flat, curved or hooked212, as seen on a lateral scapular radiograph, has 
been used extensively both in justification of the diagnosis of the im-
pingement syndrome and in justifying the surgical alteration of the prob-
lem (acromioplasty)220. The impingement syndrome, a concept proposed 
by Neer208, suggest that the tendons of the rotator cuff impinges under the 
anterior third of the acromion and the coracoacromial ligament during 
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elevation and that this generates subacromial pain and perhaps also cuff 
tears. The scientific basis for the fundamental components of the im-
pingement syndrome has, however, been questioned220. Increasing high-
level evidence, including placebo surgery trials, has also failed to show 
any clinically significant effect of the classical anterior acromioplasty 
above the effect seen with structured physiotherapy, both as treatment for 
subacromial pain15, 147, 219 and as an adjunct to cuff repair36. In recent years 
the lateral extension of the acromion has come into focus instead216. There 
are several ways of measuring this lateral extension. The most common 
way is called the Critical Shoulder Angle (CSA), and measures the angle 
between the glenoid and the most lateral part of the acromion194. Larger 
CSA has been found to be associated with an increased risk of rotator cuff 
disease in some studies166, 194, but not all studies have support for this as-
sociation25. There are also other measures of the bony anatomy that may 
indicate an increased risk of rotator cuff tear, such as the greater tuberosi-
ty angle58 and the Y-, G- and R-angles233. 

Intrinsic changes in torn rotator cuff tendons 
 
The histopathological changes of a typical cuff tear are characterized by 
thinner and less organized fibres of collagen, as well as hyaline and myx-
oid degeneration and chondroid metaplasia117. In the normal cuff tendon, 
the majority of collagen is of type I and less than 5 % is of type III, while 
the weaker type III is present in a larger proportion in degenerative and 
torn rotator cuff tendons172. These histopathological features may in part 
explain the susceptibility of the degenerative cuff to atraumatic defects or 
avulsions after very minor trauma. The main causative factors, and their 
pathways to a full-thickness cuff tear, are not known in detail and are like-
ly multifactorial, involving extracellular matrix, cellular metabolism and 
vascularity43.  

Tendon homeostasis is dependent on cells that synthesize collagen 
(tenocytes). Apoptosis, which is another term for controlled cell death, is 
needed in tendon homeostasis to remove damaged and no longer useful 
cells18. Several studies, with animal models and torn human rotator cuffs, 
have shown increased apoptosis43, 190. Overload12, oxidative stress, hypox-
ia and genetic susceptibility are possible causative factors43. 

The appropriate tendon fibre alignment and endurance needed in a 
well-functioning rotator cuff rely on the extracellular matrix being able to 
maintain its collagen structure. Matrix metalloproteinases (MMPs) are 
proteolytic zinc dependent enzymes that can degrade collagen and, to 
maintain equilibrium, there are also tissue inhibitors of MMPs, called Tis-
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sue Inhibitors of Metalloproteinases (TIMPs)23. Alterations in both MMPs 
and TIMPs have been found in tissue biopsies of torn rotator cuff ten-
dons169 and in plasma from patients with rotator cuff tears110. A recent re-
view of immonuhistochemical studies describes findings of alterations, 
not only in MMPs (especially MMP-1, 2 3, 9 and 13), but also in inflam-
matory cytokines, vascular endothelial growth factors and hypoxia induc-
ible factors48. There is, however, uncertainty of whether all these changes 
are causative or are produced as an effect of a cuff tear and overall the ev-
idence is still limited.  

Treatment of rotator cuff tears 
 
Rotator cuff tears, including arthropathy, have been described in ancient 
Egyptian mummies in a computer tomography study of whole bodies of 
45 mummies86. The first description of a rotator cuff tear was by Monro in 
1788 and the first repair was performed by Karl Hüter in 1870230. A land-
mark publication, describing open cuff repair in some detail, was by 
Codman in 191151. Codman sutured the avulsed tendon to the tendon 
stump, but in the following years transosseous sutures became the pre-
ferred method, if patients were operated on at all230. The majority of pa-
tients with cuff tears have, until recent decades, probably been treated 
entirely nonoperatively, some with physiotherapy and many probably 
without specific treatment. 

Physiotherapy 

 
Physiotherapy is in many cases the first line of treatment for symptoms 
associated with a rotator cuff tear. The rationale is to strengthen the re-
maining intact rotator cuff to compensate for the loss of torn rotator cuff 
fibres. In addition, correction of posture, strengthening of scapular mus-
cles and addressing tightness of the posterior capsule are also considered 
important17, 187. Studies on treatment effect of physiotherapy have often 
included subacromial pain patients, with or without knowledge of the 
precise cuff pathology2, 17, 124, 152, 187. If the cuff status is known, a variety of 
cuff pathologies from intact tendon (with presumed tendinosis) to mas-
sive tears have been included and the treatment protocols also differ be-
tween studies. Several prospective randomised trials have compared 
physiotherapy with surgical repair in patients with mainly small full-
thickness tears, without finding substantial differences154, 160, 197.  

Different treatment protocols have also been tested in prospective 
randomised trials on patients with subacromial pain, some of whom have 



Rotator cuff tears-short and long-term aspects on treatment outcome 

32 
 

had cuff tears17, 124. Bennel et al. could not find a difference in outcome, 
when comparing an active programme (with manual therapy and home-
exercises) to a placebo programme, with randomisation after all partici-
pants had received 10 sessions of individualized and standardized treat-
ment17. Holmgren et al. included subacromial pain patients on the waiting 
list for acromioplasty and found that a specific exercise programme was 
superior to a non-specific programme after 3 months and that it could 
reduce the need for acromioplasty124. Re-examining the same patients af-
ter 5 years showed that significantly fewer patients had chosen surgery in 
the specific group26.  

Kuhn et al. gave an evidence-based exercise programme to a cohort of 
452 patients with atraumatic cuff tears (of whom 70% had only a suprasp-
inatus tear) and found significant improvements in clinical scores at 6 and 
12 weeks with less than 25% of patients electing to undergo surgery153. 
When dichotomizing patients into those who did or did not follow the re-
habilitation programme, and adjusting for covariates, thereby getting an 
approximation of a natural course group, those who did undergo physio-
therapy had significantly better SPADI-score66. Boorman et al. have also 
shown that approximately 75% of patients with a chronic cuff tear, treated 
with physiotherapy without repair, had not elected to undergo surgery at 
a 5 year follow-up29. The CSAW study15 included patients with the diagno-
sis of impingement syndrome, with some patients having a partial tear 
(full-thickness tears were excluded). Patients were randomised to acromi-
oplasty, placebo surgery (arthroscopy only) or only follow-up without ac-
tive treatment. The no-treatment group, receiving no physiotherapy at all, 
had a result that was almost at the level of the acromioplasty group and 
the arthroscopy group, and the difference was below what was considered 
as clinical significant15. 

Patients with massive tears have also been included in physiotherapy 
studies. Levy et al.165 reported on a prospective cohort of patients aged 70-
96 years with 3-tendon tears and pain with pseudoparalysis. All had cuff 
tear arthropathy (Hamada grade 2-4). After a physiotherapy programme, 
including dedicated deltoid exercises, the Constant score improved from a 
mean 26 to a mean of 60 after 9 months of training. Yian et al.267 tried to 
replicate these findings in a similar patient cohort, and extended the fol-
low-up to 24 months, with only 40% having a successful result, defined as 
not abandoning the physiotherapy programme, no request for surgery 
and at least 20 point improvement of the ASES-score.  
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Surgical repair 

 

Open cuff repair 

 

Golden standard for surgical repair of cuff tears has for a long time 
been the open cuff repair. This method includes detachment of the anter-
olateral deltoid from the acromion, to access the subacromial space, with 
subsequent reattachment through drill-holes in the acromion at the end 
of the procedure. Apart from the actual cuff repair, open acromioplasty, 
bursal resection, debridement of cuff tendon adhesions and tenotomy or 
tenodesis of the biceps, can be achieved through this approach. The actual 
reinsertion is, with this method, performed with osteosutures. Open tech-
nique is still in use today, especially for revision surgery where bone de-
fects and anchor problems may be dealt with and augmentations more 
easily performed. Soon after arthroscopy had been introduced, a modified 
mini-open technique was described in 1990164. In this technique a diag-
nostic arthroscopy is performed first, including biceps tenotomy, acromi-
oplasty and release of adhesions if needed. The anterolateral portal inci-
sion is then extended by a few centimetres and a deltoid split is per-
formed, without detachment from the acromion. The reinsertion of the 
tendon is, with this technique, most frequently performed with suture an-
chors. 

Arthroscopic cuff repair 

 

An arthroscopic cuff repair is performed via 3-5 small stab incisions, 
into which arthroscopic instruments can be inserted to perform debride-
ment, bony resection, tendon passage of sutures and insertion of suture 
anchors, amongst other things. The joint and the subacromial space is 
filled with isotonic fluid through an arthroscopic pump. The very first 
joint arthroscopy was performed by Nordentoft in Denmark, who used a 
laparoscope in a knee in 1912230. Burman tried to use arthroscopy in the 
shoulder in cadavers in 193132, but it was not until the late 80s that shoul-
der arthroscopy came into more widespread use. In the beginning it was 
primarily a diagnostic procedure1, 230, but in 1985 Andrews used arthros-
copy for debridement of partial supraspinatus tears and in 1987 Ellman 
published 1-3 year results of arthroscopic acromioplasty for impingement 
syndrome8, 74. In the early 90s, techniques for arthroscopic cuff repair 
were developed, as suture anchors came into more widespread use81, 252.  
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Proponents of arthroscopic cuff repair often highlight better visualisa-
tion, less deltoid damage, quicker postoperative recovery, better cosmesis 
and less risk of infection as possible advantages. A meta-analysis in 2016 
of 18 studies on cuff repair, amongst them 4 randomised trials, concluded 
that there was no overall difference in outcome between mini-open and 
all-arthroscopic techniques128. The large UKUFF-study, published in 
2017, with 273 randomised participants from 19 hospitals, did not show a 
clinically relevant difference between the two techniques in a 2-year fol-
low-up35. In clinical praxis, concern with open surgery regarding infec-
tions and post-operative deltoid deficiency have been raised, but this does 
not have support in comparative studies or in large case-series of both 
methods13, 35, 137. 

Modern tendon fixation techniques 

 
Regardless of mini-open or arthroscopic approach, great efforts have been 
made in recent years to improve both the mechanical strength and the 
biologic healing capacity of cuff repairs. The classic, and probably most 
frequently used type of repair, is the single-row repair, in which the suture 
anchors are placed in the middle or lateral part of the foot print and the 
tendon stitch uses a locking configuration. A locking configuration, such 
as the Mason-Allen suture179, has been shown to have greater ultimate 
tensile strength96. Most suture threads are non-resorbable or partially re-
sorbable and the knot can be a non-sliding or sliding knot, depending on 
surgeon preference. Published single-row series have highly variable clin-
ical and structural results90, 121 and even though it is difficult to draw con-
clusions regarding repair technique based on different study cohorts, the 
potentially high retear rate has triggered attempts to improve the me-
chanical strength. 

In order to achieve a more stable compression and wider contact area 
of the tendon against bone, a double row of suture anchors has been pro-
posed by Lo and Burkhart168. Double-row repair may have a lower retear 
rate compared to single-row repair119, but for small and medium sized 
tears there seem to be no difference in clinical outcome247. Knotless an-
chor is an alternative, where the thread is fixed to bone after having been 
passed through the tendon. This makes it possible to perform a suture-
bridge repair, with or without tying knots medially. The construct aims to 
give a compression similar to osteosutures used in the classic open an-
chor-less method223, 224. Arthroscopic bone tunnels for tendon fixation is a 
recent attempt at achieving the same fixation as in the open techniques85, 

202. 
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Bone marrow stimulation through microfracturing of the foot print, 
before tendon reinsertion, is a simple way of trying to add cells and fac-
tors to promote healing. In a meta-analysis of 4 randomised trials (365 
patients) a decrease in retear rates were found with bone marrow stimula-
tion (OR 0.42; 95% CI, 0.25-0.73), but no difference in Constant score, 
DASH or UCLA-score3. Platelet-rich plasma, a way of adding some of the 
more than 1400 cytokines that may play a role, has also been tried as a 
healing adjunct, but results are not distinctly conclusive271. Comparison of 
cuff repair with or without extensive bursal resection has been made re-
cently, and the extensive bursectomy group had more bursal thickenings 
at 6 months and less external rotation at 6 and 12 months follow-up, but 
there were no differences in pain or retear rates205.  

Surgical alternatives other than a complete cuff repair 

 

Acromioplasty and other minor surgical alternatives 

 
Minor surgical interventions are alternatives, if a complete repair is not 
possible and often the immediate postoperative discomfort, the complica-
tions and the costs are substantially lower. When arthroscopic shoulder 
surgery was newly introduced, an arthroscopic acromioplasty in the set-
ting of a rotator cuff tear was an accepted method74, 75, 123, 145, and it is still 
used today. In an acromioplasty, the subacromial bursa is resected, the 
coracoacromial ligament released from acromion and a bony resection is 
performed of the antero-inferior part of the acromion. Acceptable clinical 
results for acromioplasty for partial tears and smaller full-thickness tears 
have been published80 145, 213, but often additional procedures like biceps 
tenotomy or ac-joint resection have been performed as well, making it dif-
ficult to discern the procedure that is primarily responsible for the treat-
ment results. Interpretation is also hampered by lack of control groups 
and poor knowledge of the natural course. An acromioplasty will include a 
disruption of the coracoacromial arch, something which may cause supe-
rior glenohumeral instability248 and this is potentially negative for a 
shoulder with a pre-existing cuff tear. Long-term studies including struc-
tural results after acromioplasty without cuff repair, are completely lack-
ing (apart from the recently published Paper I in this thesis). Matsen et 
al., and others, have instead of acromioplasty advocated a smooth-and-
move procedure (also called tuberoplasty or reverse acromioplasty) in pa-
tients with irreparable tears and retained elevation, simply smoothing the 
greater tuberosity without disruption of the coracoacromial arch83, 183, 257. 



Rotator cuff tears-short and long-term aspects on treatment outcome 

36 
 

Procedures adjunctive to repair 

 
The long head of the biceps has nociceptive nerve fibres and is thought to 
be a possible pain generator in conjunction with a rotator cuff tear5. The 
biceps tendon is surrounded by supraspinatus and subscapularis and even 
minor or partial cuff tears that are adjacent to the biceps sulcus, probably 
have the potential of generating biceps instability and, secondary to that, 
tendinopathy259. There are three possible ways of addressing biceps pa-
thology in this setting: a tenotomy, a tenodesis or doing nothing. In a re-
cent meta-analysis of 12 studies (565 patients) of cuff repair with biceps 
tenodesis or tenotomy, it was concluded that the small but statistically 
significant difference in Constant score (2.2 points better in tenodesis 
group; P<0.01) was not clinically significant and that the rates of patient 
satisfaction or cramping are not different between methods162. There is, 
however, a difference in deformity of the biceps muscle and some advo-
cate tenodesis in younger patients with manual labor259. 

The acromioclavicular joint, which is often osteoarthritic in the age 
groups in which cuff tears are common, is also a possible source of pain. 
The surgical treatment is an excision of the distal part of the clavicle to 
eliminate bony contact with the acromion, a procedure that can be per-
formed open or arthroscopically. A clinical problem is selecting the pa-
tient who may benefit from the procedure. Some predictive clinical factors 
found in multivariable regression analysis are local tenderness to palpa-
tion, female sex and dominant shoulder38 and when comparing MRI find-
ings of symptomatic and asymptomatic patients, bone marrow oedema 
was found only in symptomatic shoulders256. Both lateral clavicle resec-
tion (open and arthroscopic) and corticosteroid injection can relieve 
symptoms, but directly comparative studies are lacking42. 

Partial repair 

 
In large cuff tears, which may be impossible to repair completely, it is of-
ten possible to repair some parts of the cuff (usually the infraspinatus 
and/or the subscapularis). The rationale behind this is to restore the force 
couple on the front and back to regain concavity compression and relieve 
symptoms. A systematic review of 11 studies, with in all 643 patients and a 
low to moderate methodological quality, showed that patients improve 
significantly with regards to pain, strength and range of motion with low 
rates of complications174. The lack of control groups, and the limited 
knowledge of the natural course, however, make it difficult to ascertain 
the specific effect of a partial repair. Nevertheless, other surgical alterna-
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tives, like tendon transfers and reverse arthroplasty, are much more inva-
sive and prone to complications. 

Grafts and patches in rotator cuff surgery 

 
Grafts and patches are mainly used for bridging a defect caused by an ir-
reparable cuff tear (interposition grafts) or for augmentation, in which the 
tendon is repaired and the graft is put on top of the repair to reinforce and 
protect the repair site14. Tissue grafts can be autologous (for example fas-
cia lata or long head of biceps), allografts (for example fascia lata, human 
dermal tissue, periosteum) and xenografts (for example porcine dermal or 
intestinal submucosal grafts). Synthetic grafts and patches include nonre-
sorbable material like Dacron®, Teflon®, Gore-Tex® and Mersilene® and 
resorbable materials like PLLA (Poly L-Lactic Acid). 

The rationale behind bridging grafts is to allow the torn tendon to 
contribute to force transmission and improve the subacromial gliding sur-
face between the greater tuberosity and the acromion. The first published 
results was by Nevasier et al. in 1978211, who used freeze dried allograft of 
rotator cuff tendon and showed good or excellent results in 14 out of 16 
patients. In 1986 the first series with a synthetic graft was presented, with 
satisfying results in 23 out of 25 patients218. No validated outcome scores 
or imaging were used in these early short term studies, making it hard to 
compare with modern results. Thirteen more modern case series with 
short to medium term results all show an increase in Constant score from 
a mean of 42 preoperatively to a mean of 77 postoperatively with a large 
variability in the percentage of intact grafts163. Apart from these case-
series there are 2 comparative nonrandomised studies, both comparing 
against partial repair. Cho et al.47, using autologous biceps graft, reported 
Constant score just above 80 in both groups at 20 months of follow-up, 
without significant between group differences, and Mori et al.200, using 
autologous fascia lata graft, showed a difference of 11 points in Constant 
score in favour of the patch group after 35 months of follow-up and a re-
tear rate for infraspinatus of 8,3 % in the patch group and 41,7 % in the 
non-patch group (P=0.015).  

 A theoretical weakness with interposition grafts is that the muscle is 
shortened, due to tendon retraction, which changes the pennate angle of 
the muscle fibres in the muscle belly of a torn cuff272, making it harder for 
the muscle to contract and generate force. Another problem is that in or-
der to have longevity of this graft, it will probably have to be thoroughly 
incorporated into an often severely degenerated tendon and into bone in 
the greater tuberosity. The apoptotic index (indicating a loss of tenocytes) 
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has been shown to be high in degenerative tendons18, theoretically affect-
ing medial graft healing negatively. 

The rates of retears after cuff repair are highly variable, with rates 
ranging from 11 %158 to 94 %90 in the literature. The rationale for using 
grafts and patches as augmentation is to reinforce a cuff repair, adding 
mechanical strength and a more protective environment14. In a clinical 
setting the most common scenario for patch augmentation is probably in 
revision cases where a new repair is possible, but the surgeon feels the 
need to add something more than what was done in the previous opera-
tion. In a meta-analysis, summarizing the results from 5 studies regarding 
retear rates, a 61 % lower odds of a retear was found when pooling the re-
sults for augmentation grafts14. A better effect of augmentation on the 
ASES score was also shown, but not for the UCLA-score or pain14. Overall, 
the level of evidence is low and there are too few studies to make solid 
conclusions in this area. 

Tendon transfer 

 

In the setting of an irreparable cuff tear and no osteoarthritis in younger 
patients, tendon transfers may improve shoulder function6, 50, 94. For pos-
terosuperior tears, transfer of the latissimus dorsi97 is the most common 
procedure. Careful patient selection is required and patients with pseudo-
paralysis and insufficient subscapularis function probably have much less 
gain from this procedure6, 94, 214. The variability of results, and the fact that 
the transferred latissimus tendon provides a quite vertical pull, have led 
to the development of the lower trapezius transfer72, in which the trans-
ferred lower trapezius, and the allograft that is required, provide a line of 
pull that is nearly identical to that of infraspinatus50. Results in selected 
patients have shown significant improvements in pain, function and range 
of motion73, but comparative studies and medium-term results are lack-
ing. In irreparable anterior-superior cuff tears, both pectoralis major and 
latissimus dorsi have been used, with the latter having a better line of 
pull, but published series are few so far50. 

Newer surgical treatment alternatives 

 

In the last 7 years, both reconstruction of the superior capsule71, 188 and 
installing a resorbable subacromial balloon193, have emerged as alterna-
tives for patients with irreparable cuff tears. Both treatments are in early 
phases of development, with promising results reported, but the level of 
evidence is low and length of follow-up short. 
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In a superior capsule reconstruction, the irreparable tendon stump is 
ignored and instead a graft is attached to the superior glenoid medially 
and to the greater tuberosity laterally189, with an open or arthroscopic 
technique. Often a repair of adjacent cuff tendons and a tenotomy or te-
nodesis of biceps is performed at the same time188. A recent review found 
12 studies reporting on clinical and radiographic results after superior 
capsule reconstruction. Pooling and weighting the results at a mean of 42 
months, there was an increase by over 40 points in mean ASES score 
(American Shoulder and Elbow Society score 0-100) from pre- to post-
operative conditions71.  The increase in ASES-scores, increase in range of 
motion and decrease in pain scores, were all significant and above values 
for Minimal Clinical Important Difference (MCID) for each score71. The 
level of evidence was in 95% of cases 4 or 5 (no level 1 evidence), the me-
dian sample size was 19 patients and the total number of reported unique 
cases was 304. 

The In-space Balloon (OrthoSpace, Kfar, Saba, Israel) is a biode-
gradable inflatable balloon that is intended to be introduced in the sub-
acromial space via arthroscopic244 or fluoroscopic assistance98. Published 
results of this procedure come from 7 studies of, in all, 200 patients, with 
6 of those studies being case-series193. The mean Constant scores from 
these studies increased from 30-40 preoperatively to just above 60 post-
operatively. In a few studies with longer follow-up (up to 5 years), the 
clinical results have been durable and comparable to early results, despite 
the fact that this time point is way beyond the degradation time193. Con-
traindications have included Hamada grade 3 (which has abrasion of the 
undersurface of the acromion) and subscapularis tears. Complications 
described, are spacer migration and synovitis without clinical signifi-
cance. 

When considering results from both of these methods, it has to be 
noted that often additional procedures have been performed (debride-
ment, biceps tenotomy etc.), as well as dedicated rehabilitation, making it 
hard to determine the specific therapeutic effect. And as always, effects 
that are due to natural course, regression to the mean and placebo effects 
are not accounted for in studies like this. 

Reverse arthroplasty 

 
In a reverse shoulder arthroplasty, the convex glenosphere is fixed on the 
glenoid and the concave cup on the humerus. This gives a semi-
constrained prosthesis with a medialized centre of rotation, leading to 
stability despite the absence of a rotator cuff, allowing the deltoid to gen-
erate force238. If there are an irreparable cuff tear and an osteoarthritic 
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glenohumeral joint, significant improvements for this difficult patient 
category have been shown, but complication rates as high as 39% have 
also been reported77. Deteriorating long-term results have been reported 
as well and these include glenoid component loosening, which is challeng-
ing to treat238. Favard et al reported 10 year results for reverse arthroplas-
ty for cuff tear arthropathy. Survival rate was 89% for the end point of re-
vision, but only 72% for the end point of having a Constant score under 
3082. Reverse arthroplasty is sometimes advocated in patients with mas-
sive tears and pseudoparalysis, but no osteoarthritis. On the other hand, 
first doing a repair, and a reverse arthroplasty only in those who have a 
failed repair, may be more cost-effective68, 173. 
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Rationale for this thesis 
 

The multitude of treatment alternatives for a rotator cuff tear have 
been elaborated on in previous sections of this thesis, and they include a 
wide range of treatments, from non-operative treatment to major surgery. 
The numbers of rotator cuff repair have increased substantially in recent 
decades, with an increase from 41/100 000 person years in 1996 to 
96/100 000 person years in 2006 in the US (an increase of 141%)55. It 
may seem obvious to repair larger tears, despite a complete lack of ran-
domised studies in patients with large cuff tears, but do we really need to 
operate all tears we encounter regardless of tear size? In choosing the 
right treatment for our patients, we need to know more about specific 
treatment effects and hence compare treatment to no treatment.  

In the existing prospective randomised studies comparing rotator cuff 
repair to a treatment without repair, 89 % of included patients have had 
degenerative non-traumatic tears154, 160, 197, 217. A traumatic tear could be 
regarded as an avulsion of a healthy tendon, due to the energy in a trau-
ma, and it should therefore have a good healing capacity and yield a good 
clinical result if repaired. When something is torn, fix it! We do not know 
however, whether patients with a presumed traumatic tear gain more 
from early repair than a patient treated without repair. 

 If no cuff repair were a viable option in the short-term, we still need 
to know how such patients do in a long-term perspective. Because, as 
health care providers, we all see rotator cuff patients with arthropathy and 
question is, how did they end up in that state? Did they progress to ar-
thropathy from starting up with a small cuff tear that was not repaired?  

Patients with irreparable tears, but no arthropathy, are also a treat-
ment dilemma. This is shown by the large amount of different patches 
and grafts, which all have one common feature: we do not know anything 
at all about the long term results! Can these devices prevent an enlarge-
ment of the irreparable tear and subsequent arthropathy? 



Rotator cuff tears-short and long-term aspects on treatment outcome 

42 
 



Aims of this thesis 

43 
 

AIMS OF THIS THESIS 

 
The overall aim of this thesis was to increase the knowledge of both long-
term and short-term results for several specific treatments for rotator cuff 
tears. 
 
Specific aims in each study was: 
  

Paper I 

 To investigate if the condition of the glenohumeral joint 
and rotator cuff had deteriorated at a minimum of 21 years 
after an acromioplasty without cuff repair, in patients with 
partial and full-thickness tears. 

 To examine the clinical results in the same patients 
 

Paper II 

 To investigate the frequency of full-thickness tear and cuff 
tear arthropathy in the contralateral shoulder at a mini-
mum of 21 years after an arthroscopically documented tear 
in the other shoulder. 

 To assess risk factors for having a contralateral cuff tear as 
well as symptoms and function of the contralateral shoul-
der. 

Paper III 

 To investigate the clinical and radiological results 17-20 
years after repair with a bridging synthetic interposition 
graft for an irreparable cuff tear. We were specifically in-
terested in whether this graft had prevented cuff tear ar-
thropathy. 

Paper IV 

 To investigate if operative repair, of a fresh traumatic 
small full-thickness cuff tear involving mainly supraspina-
tus, was superior to physiotherapy without repair in a one 
year perspective. 

 To assess healing rates in repaired patients and tear pro-
gression in unrepaired patients.
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MATERIALS & METHODS 

Overview of papers and their design  
 
The thesis is based on four papers: 
 

Paper I – A study of treatment results 21-25 years after of acromio-
plasty without cuff repair in a case-series of 69 patients with partial 
and full-thickness rotator cuff tears. Baseline findings on x-ray and 
arthroscopically documented cuff tears were compared to findings on 
x-ray and ultrasound in a retrospective long-term follow-up. Clinical 
scores were also assessed at follow-up and risk factors were analysed.  
 

Paper II – A descriptive epidemiology study of the same study par-
ticipants as in paper I, in which participants were assessed for contra-
lateral cuff tear with ultrasound and x-ray. Clinical scores were col-
lected and risk factors analysed as well. 
 

Paper III –Patients with irreparable cuff tears treated with a syn-
thetic interposition graft were examined with x-ray, ultrasound and 
clinical scores after 17-20 years. 
 

Paper IV – A prospective randomised trial. Patients with small 
trauma-related cuff tears were randomly allocated to cuff repair or 
non-operative treatment with only physiotherapy. Follow-up was with 
clinical scores at 3, 6 and 12 months and with MRI at 12 months. 
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Study participants 
 

Papers I and II 

 
Participants were identified through operative protocols. These protocols 
were mandatory to fill out after having performed a shoulder arthroscopy 
in the Orthopaedic Department at Linköping University Hospital. This 
system was adopted after introduction of this operation in the late 1980s. 
In 1989, the system was fully working and the design of the protocols had 
settled for a layout that was then used in the forthcoming years. The oper-
ating surgeon had to fill-out the operative findings regarding joint surfac-
es, labrum, biceps tendon and rotator cuff tendons. For each rotator cuff 
tendon, the surgeon had to make a marking if the tendon was intact, had a 
partial tear or a full-thickness tear. It was also possible, but not mandato-
ry, to indicate location and size on a drawing of the rotator cuff. 

After review of every single protocol from 1989-1993, all patients with 
an operative finding of a partial or a full-thickness tear were identified 
and a review of medical charts was undertaken. One-hundred eleven pa-
tients were identified with a cuff tear. Twenty-one of these were deceased 
and 11 were considered too medically ill to be contacted. One patient 
could not, despite great efforts, be reached. Nine patients declined to par-
ticipate, resulting in a study cohort consisting of 69 patients. A flow-chart 
of the inclusion process is shown in Figure 7. 
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Figure 7. Flow-chart of the inclusion process in paper I. 

Paper III 
 

The orthopaedic surgeon who had performed all operations with a syn-
thetic Dacron graft at the Orthopaedic Department in Linköping Universi-
ty hospital provided the names and personal identification numbers of all 
patients who had undergone the operation. All operations with this graft 
had been performed in 1992-1996. Thirteen patients were identified and 
one patient was deceased. We could get an x-ray and medical charts in 2 
patients that lived too far away for examination and ultrasound, and in 1 
patient, also living far away, we arranged for an examination with bilat-
eral MRI and clinical scores recorded by an experienced orthopaedic sur-
geon. The remaining 10 patients did bilateral shoulder x-ray, bilateral ul-
trasound and CM-scores on both shoulders. In summary, all 12 living pa-
tients were examined (follow-up rate 92 %) and 10 patients had a com-
plete follow-up (follow-up rate 77 %). Mean age at follow-up was 76 years 
(range 64-90 years). 

Paper IV 
 

Eligible participants were recruited among patients who had been sub-
jected to a shoulder trauma and who were seeking medical attention at 
emergency departments in Linköping or Kalmar. Referrals to these or-
thopaedic departments were also screened for possible participants. In-
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clusion criteria were shoulder pain and decreased elevation after a shoul-
der trauma and an MRI showing a full-thickness tear involving suprasp-
inatus. The tear had to be within the 2 upper segments of a 12-segment 
division of a sagittal image of the humeral head. Exclusion criteria were 
previous shoulder complaints, a delay of more than 3 months between 
trauma and operation, glenohumeral osteoarthritis, symptomatic AC-
joint arthritis, shoulder fracture or dislocation, previous shoulder opera-
tions, systemic joint disease, malignancy, fibromyalgia, shoulder instabil-
ity, frozen shoulder, neurological disease affecting arm function, inability 
to understand Swedish, drug abuse and cognitive impairment. One-
hundred sixty four patients were screened and 58 included. A flow-chart 
of the enrollment in paper IV is shown in Figure 8. 
 
 

 

Figure 8.Flow-chart of the inclusion process paper IV 
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Methods 
 

Surgical treatments 

 

Acromioplasty 

   

In paper I and II, the operations were performed by one of 4 well experi-
enced shoulder surgeons, as part of routine care in 1989-1993. The ar-
throscopic procedure was performed in lateral decubitus and began with 
an intraarticular diagnostic part, where all intraarticular structures were 
identified for later documentation in the operative protocols. The status of 
each rotator cuff tendon was documented, but not precise tear size in mil-
limetres. The arthroscope was then withdrawn from the joint and intro-
duced into the subacromial space, where a bursectomy, release of the cor-
acoacromial ligament and an acromioplasty was performed with a shaver. 
The bony resection aimed at a distance of twice the diameter of the 6 mm 
shaver blade. If there were osteophytes of the AC-joint protruding inferi-
orly, they were also resected.  

Interposition graft 

 
In paper III, all operations had been performed by the same experienced 
shoulder surgeon from 1992-1996. The operation was done through a su-
perolateral skin incision with detachment of the anterolateral deltoid 
from the acromion. The non-reparability of the tear was ascertained and 
the tip of the greater tuberosity resected. The Dacron graft was medially 
sutured to the tendon edge and laterally fixed with a screw and washer, 
without any partial repairs. After completion of the construct, the deltoid 
was reattached to the acromion with osteosutures. The repair was pro-
tected with an abduction brace for 5 weeks and the brace was removed 
gradually over several days with the help of a physiotherapist. 

Rotator cuff repair 

 
Arthroscopically assisted mini-open repair was done by 5 different shoul-
der surgeons. There are no substantial differences in clinical results be-
tween mini-open and arthroscopic techniques35, 254 and we chose mini-
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open technique to avoid effects from learning curves or lack of experience.  
The arthroscopic part was diagnostic, with the addition of a subacromial 
bursectomy and a small acromioplasty according to surgeon preference. 
The approach was a superolateral incision and a split between the anteri-
or and middle portions of the deltoid. The footprint was then prepared 
and the torn tendon assessed for most appropriate way of suturing. The 
fixation used double loaded metallic suture anchors with Orthocord® su-
ture threads (Fast-in RC® or Super QUICKANCHOR Plus®), in one case 
supplemented with osteosutures. A sling was used post-operatively for 4 
weeks. 

Physiotherapy 

 
The rehabilitation programme was based on specific exercises, that in a 
previous randomised trial had been shown to be more effective than un-
specific exercises124. The rehabilitation programme was delayed 4 weeks 
in the operative group, due to the sling and the post-operative re-
strictions, but was otherwise the same for both groups. The programme 
contained 3 phases, each with a set of recommended exercises that the 
physiotherapist could choose from. The first phase emphasized infor-
mation, good posture and scapula stabilizers. Active and assisted exercis-
es that unload the rotator cuff, like the wall slide and flexion on a table 
using a ball92, was also used in this phase. Phase 2 used active unloaded 
exercises in full can elevation and external and internal rotation, as well 
as isometric strengthening exercises124, 153. Phase 3 introduced dynamic 
strengthening exercises for the rotator cuff and scapula stabilisers124.  

Imaging modalities 

Radiographic imaging 

 
In all papers, plain radiographs including a standard frontal and a lateral 
projection of the shoulder were used, in papers I, II and III for arthropa-
thy classification of follow-up images and in paper IV at inclusion, screen-
ing for exclusion criteria. 

In papers I, II and III, the original preoperative images from 1989-
1993 were not available (destroyed and no longer in storage). The radiog-
raphy report in the medical charts was used to ascertain that there were 
no pre-operative osteoarthritis changes.  The follow-up images of both the 
index shoulder and the contralateral shoulder were classified according to 
the Hamada classification112. Two orthopaedic shoulder surgeons and one 
experienced radiologist independently classified the images and consen-
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sus discussion was used for final classification. Kappa statistics was used 
for quantification of assessor agreement. 

The Hamada classification 

 
The Hamada classification112 is intended to be used for classifying cuff 
tear arthropathy. It takes into account the superior migration and the ac-
companying bony changes of the humeral head seen in later stages in 
shoulders with long-standing rotator cuff tears. Incorporating these pre-
sumed temporal changes, that seem to be specific to the secondary osteo-
arthritis seen in cuff tear arthropathy, makes the classification theoreti-
cally appropriate. The Hamada classification is described as having fair to 
moderate intra- and interrater agreement, with kappa values ranging 
from 0.407 to 1.030, 130, 138. Limitations include inability to specifically de-
scribe anterosuperior escape and morphologic changes of the glenoid. 
When compared to 3 other osteoarthritis classifications, it fared well and 
has been recommended for use in research and everyday practice138. The 
different stages are displayed in Figure 9. 

The acromio-humeral interval is essential for distinguishing between 
grade 1 and 2. This interval is measured from the most superior part of 
the subchondral bone of the humeral head to the undersurface of the 
acromion. Grade 1 is defined by an acromiohumeral interval of 6 mm or 
more and grade 2 by 5 mm or less. An acromio-humeral distance of 7 mm 
or less has been strongly associated with the presence of a full-thickness 
tear and tear size and fatty infiltration of infraspinatus correlate to a re-
duced acromio-humeral distance243. In Grade 3 there is a concavity de-
formity of the undersurface of the acromion (called acetabulization), in-
dicative of frequent and severe contact between the major tuberosity and 
acromion. In grade 4 the joint surface is also reduced and in grade 5 there 
is, in addition, a deformity of the humeral head (a head collapse). 
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Figure 9. The Hamada classification 
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Ultrasound 

 

Shoulder ultrasound is well established as an easily accessible and cheap 
method of assessing the rotator cuff16, 178. Ultrasound was used in papers 
I-III to assess rotator cuff status and we used the technique described and 
recommended by the European Society for Musculoskeletal Radiology178. 
In using this standardized technique, the examiner positions the arm in 
several specific positions and each tendon of the rotator cuff is scanned 
longitudinally and transverse to the tendon fibres. Intact tendon fibres are 
hyperechoic and a defect and fluid is hypoechoic. We diagnosed a full-
thickness tear when there was a hypoechoic defect through the whole 
thickness of the tendon, visible in both planes. Similarly, a partial tear was 
diagnosed when there was a defect on the bursal or articular side, not ex-
tending through the entire thickness of the tendon. We used a BK Medical 
Flex focus 500 (BK Medical, Peabody, MA, USA) with a 6-18 MHz linear 
transducer. 

It has been shown that orthopaedic surgeons, that are not previously 
familiar with the technique, can achieve a high degree of accuracy on de-
tection of full-thickness tears using ultrasound, after a short formal train-
ing course203. In a meta-analysis of 65 studies, ultrasound was found to 
have a sensitivity of 92.1 % and a specificity of 92.9 % in diagnosing a full-
thickness cuff tear61.  

The accuracy is lower for partial tears, with a sensitivity of 66.7 % and 
a specificity of 93.5 %, but there are no significant differences in accuracy 
for partial tears (or for full-thickness tears) between ultrasound and 
MRI61. The sensitivity for detecting subscapularis tears is also considera-
bly lower (39.5 %), especially for the smaller articular side tears, but the 
specificity is 93.1 %207.  

In paper I, tear progression (increased tear size) was defined as either 
having a partial tear at index operation and a full-thickness tear at follow-
up or having a full-thickness tear at index operation and a full-thickness 
tear in an additional tendon at follow-up. 

Magnetic Resonance Imaging (MRI) 

 

MRI was used at baseline in study 4 to diagnose full-thickness tears com-
pliant with the inclusion and exclusion criteria. We also used MRI at fol-
low-up to assess tear size increase in non-operated patients and retear in 
operated patients. In both groups we also looked at atrophy and fatty in-
filtration. Three orthopaedic shoulder surgeons assessed the MRI-images 
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independently and consensus discussion was used to definitely classify 
the tear regarding tear size, atrophy and fatty infiltration. 

MRI of the shoulder is by many regarded as the primary tool for imag-
ing shoulder disorders131. It has the advantage of visualizing both bone 
and soft tissues and the deeper structures, like cartilage, labrum, muscle 
bellies etc., are visualized more easily than with ultrasound. It is also an 
advantage in a multicentre study to be able to send images between cen-
tres. All MRI images were taken according to local routine at each radiol-
ogy department, without any study specific alterations. The majority of 
images were taken with a 3.0 Tesla MRI, but in a smaller proportion of 
cases a 1.5 Tesla machine was used. 

We wanted to include cuff tears which mainly involved the suprasp-
inatus tendon, i.e. the superior rotator cuff. Since the precise anatomy is 
very intricate, especially the overlapping of fibres from supra- and in-
fraspinatus192, there are difficulties in relying on tendon nomenclature for 
inclusion. Instead we used a custom made digital 12-segment template 
called the Cuff Clock (Figure 10).  

 
 

 
The Cuff Clock was designed with the help of Sectra and constructed with 
the same technique as used for preoperative planning with templates and 
measurement tools in PACS. The sagittal oblique image in which the tear 
is at its widest is used for application of the template, which can then be 
rotated, so that the long 6 o´clock line is in line with the humeral shaft. In 
paper IV the tear had to be within the 2 upper segments (from 11 o´clock 
to 1 o´clock). 
We also measured tear size at inclusion and at 12-month follow-up in pa-
per IV. Tear size was measured in two planes. In the longitudinal plane 

Figure 10. Sagittal oblique MRI with Cuff Clock 
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(medial to lateral), we measured from middle of tendon edge to middle of 
footprint and in the transverse plane (anterior to posterior) from tendon 
edge to tendon edge or, if the whole tendon was avulsed, to the posterior 
edge of the biceps sulcus.  

We used the Tangent sign268 to determine if atrophy was present or 
not. In a shoulder with atrophy of the supraspinatus (a positive Tangent 
sign), the muscle belly does not extend superior to a line drawn between 
the superior borders of the scapular spine and the coracoid process. The 
Tangent sign has been shown to have a good intraobserver and interob-
server reliability and it seems to be a good predictor of repairability151. 
Sensitivity is 93.3 % and specificity 95.3 %, and if pre-test prevalence of 
irreparable tears is 18.9 %, the positive predictive value is 82.4 % and 
negative predictive value 98.4 %151. 

Fatty infiltration is another factor that has an impact on reparability 
and healing102. The very commonly used Goutallier classification101, was 
developed for CT, but has been adapted to MRI by Fuchs et al.88. The 
Goutallier classification grades the fatty streaks within the muscle belly as 
seen on the most lateral parasagittal image, where the scapular body is in 
contact with the scapular spine101. The stages are: normal (stage 0), some 
fatty streaks (stage 1), still more muscle than fat (stage 2), equal amounts 
of fat and muscle (stage 3) and more muscle than fat (stage 4). Tradition-
ally, it has been stated that fatty infiltration occurs mainly as a result of a 
full-thickness tear or denervation, and this holds true for the more ad-
vanced stages of fatty infiltration. For low-grade fatty infiltration howev-
er, both age104 and obesity184 may be associated with fatty infiltration up 
to stage 2. 
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Clinical outcome measures 

 

Constant-Murley score (CM) 

 

The Constant-Murley score56 was used in all studies to assess shoulder 
symptoms and function and is probably the most widely used shoulder 
specific outcome score. It is recommended by the European Society of 
Shoulder and Elbow Surgery (ESSSE). It combines a patient assessed 
part, which accounts for 35 points of the total score of 100 points, and an 
objective part in which an assessor measures range of motion and 
strength. A possible reason for the popularity and recommendations is 
probably the inclusion of range of motion and strength, which adds clini-
cally relevant information compared to purely patient reported outcome 
scores. Like many other shoulder outcome scores, the Constant-Murley 
score lacks evidence for many of its measurement properties127. It has 
moderate evidence for reliability57, 127 and limited evidence for respon-
siveness62, 127. In papers I-III, the age- and gender adjusted Constant score 
(called relative Constant score) was also calculated56. 

The Constant scores in paper IV were collected by an independent 
physiotherapist, who was not otherwise involved in the care of the pa-
tients in the study. Clothing covering the scar area was used in all patients 
to keep the assessor blinded as far as possible, but we did not evaluate if 
this blinding was successful. 

Western Ontario Rotator Cuff index (WORC) 

 

WORC is a patient reported outcome score designed specifically for pa-
tients with rotator cuff disorders and contains 21 questions in 5 subdo-
mains150. Each question is answered on a visual analogue scale 0-100 mm 
and relates to symptoms as perceived during the last week. The subdo-
mains are Physical symptoms (6 questions), Sports/Recreation (4 ques-
tions), Work (4 questions), Lifestyle (4 questions) and Emotions (3 ques-
tions). The millimetre-measurements are recalculated to points (total 
scale 0-2100 points) and a percentage, and this can be done for the whole 
score and for each subdomain. Compared to 16 other outcome scores for 
shoulder disorders, WORC has been ascribed the best overall psychomet-
ric properties127, even though quality of studies in this area is generally 
low. There are evidence for good or acceptable responsiveness, internal 
consistency, reliability, content validity and hypothesis testing127. 
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Numerical Rating Scale (NRS) 

 

NRS is a measure of pain intensity, in which the respondent chooses the 
whole number that gives the most accurate reflection of his or her pain. 
The 11-point scale goes from 0 (“no pain”) to 10 (“worst pain imagina-
ble”). NRS is thus similar to the well-known pain VAS scale and they are 
highly correlated when tested together118. An advantage is its simplicity. It 
does, for example, not require administration of a blinded VAS ruler and 
it can be delivered verbally or in writing. In paper IV, we used NRS asking 
for pain at rest, during activity and at night, as perceived during the last 
week. The NRS has been found to have a high test-retest reliability and a 
high acceptability118. NRS has also been validated for acute pain and may 
be more responsive than VAS84. 

EQ-VAS 

 

We used the EQ-VAS as a measure of overall health in paper IV. This 
score gives a self-reported value of 0-100 mm of overall health. Quality-
of-life measures contribute with an important aspect of medical treat-
ments, but the responsiveness (the ability to capture clinically meaningful 
change over time) in shoulder surgery can be questioned for EQ-5D78, 127. 
The EQ-5D-3L has also been noted to have a ceiling effect of 46%78, and 
an acceptable ceiling effect is considered to be 15% of scores at the highest 
levels of functioning. In a test of external responsiveness against Oxford 
Shoulder score in rotator cuff patients, EQ-VAS showed a weak but signif-
icant external responsiveness, while the EQ-5D-3L showed no respon-
siveness78. 

Hospital Anxiety and Depression score (HAD) 

 

Comorbidities such as anxiety and depression have been shown to be pre-
sent in patients scheduled for rotator cuff repair and to have a significant 
correlation with post-operative clinical scores and pain scores44. The Hos-
pital Anxiety and Depression score (HAD score)269 has a depression sub-
scale and an anxiety subscale, with 7 questions each. There are 4 alterna-
tives (0 to 3) to each question, rendering up to 21 points for each subscale. 
A value of 0-7 is considered normal, 8-10 a mild case, 11-15 a moderate 
case and 16-21 a severe case44. HAD has good psychometric properties 
and has been recommended for screening patients with musculoskeletal 
disorders115. We screened the participants in paper IV with the HAD score 
to have a better baseline characteristic of these potentially influential fac-
tors, but we did not use a high HAD score as exclusion criterion. 
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Statistical methods 

 

Paper I: We used both mean values with standard deviation (SD) and 
median values with quartile range (QR), even though distribution in some 
cases was non-parametric. The mean and standard deviation were includ-
ed anyway in such cases (even if it is less correct from a statistical stand-
point) to allow comparison with other published studies, where mean val-
ues are most frequently used. Frequencies are given as percentage of pa-
tients with available data. We used Fischer´s test for comparison of cate-
gorical data and Mann-Whitney U-test for numerical data and considered 
P>0.05 as significant. All tests were 2-sided, when applicable. 

We also analysed risk factors for having cuff tear arthropathy and tear 
progression with logistic regression, a method well suited for a binary 
outcome such as having or not having a disease. Stepwise forward and 
backward selection methods were used when performing logistic regres-
sion. Data in paper I was analysed with Statistica 12.0 (Statsoft, Tulsa, 
OK, USA). 
 

Paper II: The same statistical methods were used as in paper I, but in 
addition, analysis of 3 groups was performed with one-way analysis of 
variance (ANOVA), with Duncan’s test for post-hoc analysis. We used 
Spearman’s rank correlation, a non-parametric method, to assess correla-
tion between the index shoulder and the contralateral shoulder regarding 
structural changes and clinical scores. The risk factor analysis for having a 
contralateral cuff tear was performed with logistic regression, with for-
ward and backward selection of variables. Statistica 12.0 was used for 
analyses. 
 
Paper III: We used descriptive statistics with mean values and standard 
deviation and Fischer’s test for group comparisons. We also calculated the 
confidence intervals for proportions, which gives the reader an indication 
that with 95 % probability the results will be at least at the lower level of 
the interval (if the same method was used on the same kind of patients).  
Both Statistica 12.0 and Excel were used for analyses.  
 
Paper IV: The basis for calculations of sample size used results from a 
previous study of traumatic tears, in which the difference between those 
with a healed repair and a retear was 18 points in Constant score and the 
standard deviations was 21 and 2027. Using the conventional power of 
80% and significance level 5 %, the required sample size would be 42 pa-
tients. At the time of planning the study, only a few suggestions of Mini-
mal Clinical Important Difference (MCID) for Constant score had been 
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published and interpretation and use of such values are still under debate 
and without consensus in the literature. MCID values of 10, 17 and 24 had 
been published for the Constant score125, 156. We took this into account, as 
well as the possibility of losses to follow-up, and decided to include at 
least 56 patients. 

The analysis was based on testing the null hypothesis that there was 
no difference in primary or secondary outcomes between the groups at 
the 12-month follow-up. One patient crossed over from the physiotherapy 
group to the repair group and the results from this patient were analysed 
in the physiotherapy group, i.e. an intention-to-treat analysis was per-
formed.  

The continuous data at baseline and at follow-up were checked for 
normality with visual inspection of histograms, normal quantile-quantile 
plots (Q-Q plots), the Kolmogorov-Smirnov test and the Shapiro-Wilks 
test. In the baseline variables, mean with SD or min-max range was used 
in case of parametric distribution and medians with interquartile range or 
min-max range for non-parametric distribution. The corresponding com-
parisons were made with the independent T-test or Mann-Whitney U-test 
for continuous variables. For categorical variables we used Fischer’s test 
or Chi2-test. 

Considering the non-parametric distribution, the median value was 
the most correct measure of the central tendency, but to allow comparison 
with other studies (which predominantly have used mean values), the 
means were shown as well. We chose to display the 12-month results in 
great detail, including mean, standard deviation, min-max range, median 
and interquartile range for the absolute scores of all primary and second-
ary outcomes.  

The same principle was used for differences between the groups, 
where the median values were used, but the differences in mean values 
were also accounted for, in order to facilitate comparison with other stud-
ies. The confidence interval for difference between means is readily avail-
able in SPSS, when performing independent t-test, but not the confidence 
interval for the difference in medians. For this calculation, we instead 
used Excel with add-ins containing formulas for this calculation, down-
loaded from www.real-statistics.com.  The effect size allows comparison 
with other interventions and was calculated as the standardized test sta-
tistic (from the Mann-Whitney analysis)/√N (where N is number of par-

ticipants). 
The amount of results with several follow-up time points is potentially 

very large. We therefore chose to display the remaining results from the 3 
and 6 month time-points as line graphs of the median values and corre-
sponding 95% confidence intervals. 
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All analyses in paper IV were performed with SPSS 24.0 (IBM, Ar-
monk, NY, USA), except as already described. 



   Results 

 

61 
 

RESULTS 

Paper I: Long-term results of unrepaired cuff tears. 
 
After 21-25 years we had a follow-up rate of 88 % for patients who were 
possible to examine (Figure 7). Out of the 69 patients examined, 45 had 
had a partial tear at the index operation and 24 a full-thickness tear. The 
mean age at index operation was 49 years (range 19-69) and the mean age 
at follow-up 72 years (range 43-92). Patient characteristics are shown in 
Table 1. At follow-up, patients with partial tears (mean age 69 years) were 
significantly younger than those with a full-thickness tear (mean age 77 
years; P=0.003). 

We found very different conditions in patients who had a full-
thickness tear at the index operation compared to those who had a partial 
tear. The rate of tear progression was 87 % in the full-thickness group and 
42 % in the partial tear group (P<0.001). Tear progression according to 
tendon status at index operation is shown in Table 2.  

The frequency of cuff tear arthropathy (CTA) was also markedly dif-
ferent between the groups. In the full-thickness tear group 74% had ar-
thropathy (Hamada grade≥2), with 30 % having Hamada grade 4, while 
in the partial tear group, 7% had arthropathy (P<0.001). The numbers 
and frequencies of cuff tear arthropathy according to tendon status at the 
index operation are shown in Table 3. In 2 patients the follow-up x-ray 
showed decreased joint space and inferior osteophytes but no acetabuliza-
tion or decrease of the acromiohumeral interval. These images were in-
terpreted as Hamada stage 1. The Hamada classification showed kappa 
values of 0.83, 0.76 and 0.75 for the 3 assessors. 
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Table 1. Patient characteristics in paper I 

 

PTT  FTT All cases Missing  

  n=45  n=24  n=69 info  

At surgery: 

    Mean age in years (range) 46 (19-66) 54 (37-69) 49 (19-69) - 

Gender (n; %) 

    Male 31 (69 %) 21 (88 %) 52 (75 %) - 

Female 14 (31 %) 3 (13 %) 17 (25 %) - 

Dominant shoulder op (n; %) 36 (80 %) 20 (83 %) 56 (81 %) - 

Manual labourer (n; %) 27 (60 %) 16 (67 %) 43 (62 %) 8 

Trauma (n; %) 18 (40 %) 14 (58 %) 32 (46 %) 2 

Tendon status at surgery (n): 

    SS only 

    Partial articular side tear 36* 

  

- 

Partial bursal side tear 1 

  

- 

Full-thickness tear 

 

20† 

 

- 

SS + IS 

    Partial articular side tear 8 

  

- 

Full-thickness tear 

 

4 

 

- 

Proximal biceps tear (n; %) 1 (2 %) 4 (17 %) 5 (7 %) 1 

Follow-up data available (n) 

    Complete  
  

61 

 X-ray and WORC 2 2 4 

 Unilateral x-ray and WORC 1 1 

 WORC only 2 1 3   

*1 patient also had a partial articular side tear of the subscapularis. † 3 patients also had 

partial articular side tear of subscapularis.  

Abbreviations:  FTT, Full-thickness tear; PTT, Partial thickness tear; SS, Supraspinatus; 
IS, Infraspinatus; US, Ultrasound; CM, Constant-Murley score; WORC, Western Ontario 
Rotator cuff index; ASD, Arthroscopic subacromial decompression; RC, Rotator Cuff; AC, 
acromioclavicular joint; Index op, the first acromioplasty. 
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Table 3. Comparison of number of cases in each Hamada category be-
tween patients with partial and full-thickness tears at the index operation. 
   
Radiographic cuff tear ar-
thropathy classification* 

Tendon status at index operation 
 

 
 

 
PTT FTT P-value 

 n=45 n=24   
 No. (%)† No. (%)†  
Hamada 1 40 (93) 6 (26) <0.001 
Hamada 2 2 (5) 7 (30) 0.007 
Hamada 3 0 3 (13) 0.039 
Hamada 4 b 1 (2) 7 (30) 0.002 
Missing x-ray 2 1 

 Hamada ≥ 2 3 (7) 17 (74) <0,001 
Hamada ≥ 3 1 (2) 10 (43) <0,001 
FTT, full-thickness tear; PTT, partial-thickness tear. 
*Hamada: radiographic cuff tear arthropathy according to Hamada classification. There 
were no Hamada grade 4a or 5.  
†The number in parenthesis indicates the percentage of patients with available x-ray in each 
group. 

 
There were differences in clinical scores according to severity of structural 
changes in the shoulder. Patients with full-thickness tear and Hamada 
grade 2 or more had the lowest clinical scores, with a mean absolute CM-
score of 47 (standard deviation [SD], 23), a mean relative CM-score of 62 
(SD, 27) and a mean WORC of 58 % (SD, 26). Sixty percent of these pa-
tients had shoulder pain.  

The full-thickness tear patients who did not have arthropathy, had a 
mean absolute CM-score of 65 (SD, 28), a mean relative CM-score of 88 
(SD, 38) and a mean WORC of 72 % (SD, 26). Fifty percent of these pa-
tients had shoulder pain. 

In the patients who still had a partial tear at follow-up, after a mean of 
22 years, no one had arthropathy and the mean absolute CM-score was 80 
(SD, 17), the mean relative CM-score 101 (SD, 22) and mean WORC 81 % 
(SD, 20). The detailed clinical scores, including mean and median values 
and separate pain assessments, are shown in Table 4. 

A reoperation had been performed in a total of 15 cases (22 %). In the 
full-thickness group, 2 acromioplasties, 2 cuff repairs and 3 interposition 
grafts had been performed. Neither the cuff repairs nor the interposition 
grafts were intact at follow-up. In the partial tear group, 5 acromioplas-
ties, 1 AC-resection, 1 diagnostic arthroscopy and 1 open capsular shift 
had been performed. 

In the long follow-up period, 4 patients with a full-thickness tear at 
the index operation had sustained a trauma and 3 of those had tear pro-
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gression. Corresponding numbers in the partial tear group was 5 patients, 
3 of whom had tear progression at follow-up. 

In risk factor analyses with multivariate logistic regression, and ar-
thropathy and tear progression as dependent variables, the following fac-
tors were tested: age, gender, reoperation, tendon status at the index op-
eration, biceps status at index operation, traumatic tear and manual la-
bour. Only having a full-thickness tear at index operation was a signifi-
cant factor in both analyses, and odds ratio for arthropathy was 37.8 (95% 
CI, 8.2-175.0; P<0.001) and for tear progression 6.09 (95% CI, 1.41-
26.09; P=0.016). Age was also a significant factor for tear progression 
with an odds ratio of 1.07 (95% CI, 1.00-1.15; P=0.043).  
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Table 4.Clinical scores including pain domains of WORC at follow-up in 
relation to tear type and radiographic outcome at follow-up 

 

 

PTT at 
follow-up 

 
FTT at follow-up  

 

Hamada  
1 

 

Hamada 
1 

Hamada 
2 

Hamada 
3 

Hamada 
4b 

Hamada 
≥2 

Clinical scores  n=21*   n=18* n=9 n=3 n=8 n=20 

CM absolute 
       Mean (SD) 80 (17) 

 
65 (28) 53 (29) 58 (13) 36 (14) 47 (23) 

Median (QR) 83 (18) 
 

72 (46) 63 (52) 62 (26) 37 (17) 42 (39) 

CM relative 
       Mean (SD) 101 (22) 

 
88 (38) 70 (34) 71 (13) 51 (20) 62 (27) 

Median (QR) 103 (24) 
 

102 (72) 84 (56) 62 (26) 47 (21) 57 (49) 

WORC (%) 
       Mean (SD) 81 (20) 

 
72 (26) 65 (32) 62 (19) 48 (19) 58 (26) 

Median (QR) 88 (20) 
 

79 (47) 72 (34) 71 (36) 45 (35) 63 (39) 

WORC pain † 
       Question nr. 1   13 (18) 

 
18 (26) 32 (39) 41 (45) 31 (39) 33 (38) 

Question nr. 2  12 (17) 
 

15 (25) 27 (35) 28 (38) 25 (29) 26 (31) 

Question 1 ‡ § 
       No pain, No. (%) 11 (52) 

 
9 (50) 4 (44) 1 (33) 4 (50) 9 (45) 

Any pain, No. (%) 10 (48) 
 

9 (50) 5 (56) 2 (67) 4 (50) 11 (55) 

Mild pain  7 (33) 
 

7 (39) 2 (22) 1 (33) 1 (13) 4 (20) 

Moderate pain  3 (14) 
 

1 (6) 1 (11) - 1 (13) 2 (10) 

Severe pain - 
 

1 (6) 2 (22) 1 (33) 2 (25) 5 (25) 

Question 2 ‡ § 
       No pain, No. (%) 12 (57) 

 
10 (56) 4 (44) 1 (33) 3 (38) 8 (40) 

Any pain No. (%) 9 (43) 
 

8 (44) 5 (56) 2 (67) 5 (63) 12 (60) 

Mild pain 7 (33) 
 

6 (33) 2 (22) 1 (33) 3 (38) 6 (30) 

Moderate pain 2 (10) 
 

1 (6) 2 (22) 1 (33) 2 (25) 5 (25) 

Severe pain -   1 (6) 1 (11) - - 1 (5) 
Note: WORC question nr. 1: "How much sharp pain do you experience in your shoulder (in the 
last week)?". WORC question nr. 2: "How much constant nagging pain do you experience in your 
shoulder (in the last week)?".*1 patient with primary osteoarthritis is not included.† mean VAS 
0-100 mm (Standard deviation).‡Number of patients (percentage per column).§ Pain scores di-
vided according to Jensen136: no pain=0-4 mm VAS, mild pain 5-44 mm, moderate pain 45-74 
mm, severe pain 75-100 mm. Abbreviations: SD, Standard deviation; QR, quartile range;  FTT, 
Full-thickness tear; PTT, Partial-thickness tear; Hamada, radiographic cuff tear arthropathy 
according to Hamada classification 1-5112; CM abs, absolute Constant score; CM rel, age- and 
gender adjusted Constant-Murley score; VAS, Visual Analog Scale. 
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Paper II: The status of the contralateral shoulder in 
patients with long-standing cuff tears 
 
Patients from paper I were also examined in the contralateral shoulder at 
a mean of 22 years after the first operation on the other shoulder. Eight 
patients out of 69 did not have an ultrasound examination of the contrala-
teral shoulder, since they were unable to visit the clinic. The remaining 
cohort of 61 patients comprised 78% of patients possible to examine. The 
patient characteristics are shown in Table 5. 
 

Table 5. Demographic data of study population in paper II. 

 Mean age at follow-up (years; range) 72 (43-92) 
Gender  

 Male 45 (73.8%) 
Female 16 (26.2%) 

Dominant side operated 52 (85.2%) 
Manual labourer  43 (70.5%) 
Diabetes* 11 (18.0%) 
Smoking* 7 (11.5%) 
Trauma-related tear (index shoulder) 30 (49.2%) 
Rotator cuff tear in index shoulder† 

 Partial tear 38 (62.3%) 
Full-thickness tear 23 (37.7%) 

Operations in contralateral shoulder 
 Acromioplasty 9 (14.7%) 

Cuff repair 3 (4.9%) 
*at follow-up 
†at index operation.   

 

Tendon status in the contralateral shoulder 

 
In the contralateral shoulder, full-thickness tears were found in 50.8 % 
(31/61), with a group mean age of 76.4 years (SD, 8.2 years). The frequen-
cy of partial tears was 32.8 % (20/61) and the mean age in this group 67.8 
years (SD, 10.6). This age difference was significant (P=0.010). The total 
prevalence of some kind of rotator cuff abnormality on ultrasound was 
83.6 %. Remaining 10 patients with intact tendons had a mean age of 64.6 
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years (SD, 9.8 years), and the difference in age from patients with full-
thickness tears was significant (P=0.001), but not the difference in age 
from those with a partial tear (P=0.385). The detailed tendon status in the 
contralateral shoulder is shown in table 6. 

The frequency of contralateral full-thickness tear was very different 
depending on the conditions in the index shoulder at follow-up. The fre-
quency of contralateral full-thickness tear was 13.6 %, with the index 
shoulder having a partial tear, 71.8 % with a full-thickness tear in the in-
dex shoulder and 90 % with CTA in the index shoulder. 

 

Radiographic status in contralateral shoulder 

 

There were CTA changes (Hamada ≥2) in 8.2 % (5/61) of contralateral 
shoulders, all of whom had a concomitant contralateral full-thickness 
tear, and CTA in the contralateral shoulder was significantly more com-
mon if there was CTA in the index shoulder (P=0.036). Details of contra-
lateral radiographic outcome are shown in Table 7. 

As can be seen in Table 7, of 39 patients who had a full-thickness tear 
in the index shoulder, 20 also had CTA in the index shoulder (51.3 %) and 
they had all had an acromioplasty in this shoulder. Only 5 out of these 39 
(12.8 %) had CTA in the contralateral shoulder and 2 of those 5 had un-
dergone a previous acromioplasty. When comparing both shoulders, CTA 
was significantly more common if an acromioplasty had been performed 
(P<0.001). 

Clinical status in the contralateral shoulder 

 
The absolute and relative CM scores were a mean 43 (SD, 23) and 57 (SD, 
24) in patients with full-thickness tears and CTA, mean 64 (SD, 24) and 
87 (SD, 32) in patients with full-thickness tears without CTA and mean 88 
(SD, 13) and 114 (SD, 14) respectively, in patients with partial tears. The 
CM scores were significantly lower in patients with a full-thickness tear, 
compared to those with a partial or no tear (P=0.001). 

Pain was also different depending on the structural conditions. In the 
31 patients with contralateral full-thickness tear, 17 (54.8%) were painful 
and 10 (32.2 %) had moderate or severe pain, as compared to 3 out of 20 
(15 %) being mildly painful with a partial tear (P=0.033). 
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Table 6. 
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 Table 7. 
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Correlation between shoulders and risk factor analysis 
 
There was a significant correlation between the conditions in the index 
shoulder and the contralateral shoulder. Spearman’s correlation coeffi-
cient was 0.72 (P<0.001) for number of tendons with full-thickness tear, 
0.31 (P=0.016) for Hamada grade, 0.65 for absolute CM score (P<0.001) 
and 0.61 for relative CM score (P<0.001). 

Index shoulder variables were analysed with univariate and multivari-
ate logistic regression for risk factors of having a contralateral full-
thickness rotator cuff tear (Table 8). Only number of tendons with full-
thickness tear was a significant factor in the multivariate analysis (OR 
3.28; 95% CI, 1.67-6.44; P<0.001). 

 

Table 8. Multivariate logistic regression analysis of risk factors for having 
contralateral full-thickness rotator cuff tear (Paper II) 
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Paper III: Long-term results of synthetic interposition 
grafts for rotator cuff tear 
 

Clinical and structural results 

 
Cuff tear arthropathy (Hamada grade 2 or more) was found in 9 out of 12 
patients (75 %; 95%CI, 43-95 %), including 3 patients reoperated with ar-
throplasty. Kappa values for the 3 assessors were 0.76, 0.82 and 0.92. An 
example of an x-ray with Hamada grade 4 is shown in Figure 11. The graft 
was interpreted as not intact in 7 out of 10 patients (70 %) and all patients 
except 1 had either a partial or a full-thickness tear in subscapularis and a 
biceps tear. Mean absolute CM-score was 46 (SD, 26), mean relative CM-
score 61 (SD, 35) and mean WORC 59 % (SD, 20). Hamada grades, ultra-
sound findings and clinical scores of all patients are shown in Table 9. 

Complications and reoperations 

 

Four patients had had a transient fever, and patient nr 8 and 13 received 
antibiotics, but no infection could be detected in wound cultures. A loose 
screw was removed in patient 13 but perioperative cultures were negative. 
Three reoperations with arthroplasty were performed: patient 1 had a 
hemiarthroplasty after 13 years at another hospital, patient 8 an anatomic 
total arthroplasty after 2 years and patient 9 a reverse prosthesis at an-
other hospital after 16 years. According to medical charts from the last 
two operations, remnants of torn graft was removed. 
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Table 9 
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Contralateral shoulder at follow-up 

  
All patients, in whom tendon status was examined, had a full-thickness 
tear in at least one tendon and 9 out of 10 (90 %; 95%CI, 55-100 %) had 
full-thickness tears in 2 or more tendons. CTA (Hamada grade ≥2) was 
found in 7 out of 12 patients (58 %; 95%CI, 28-85 %). In addition, patient 
4 had signs of osteoarthritis but no decrease in the acromiohumeral dis-
tance and was thus classified as Hamada 1. The difference between shoul-
ders in proportion of patients with CTA was not significant (P=0.667). 
Structural conditions and clinical scores for the contralateral shoulder are 
shown in Table 10. 
 

Table 10. Status of contralateral shoulder at 17 to 20 years of follow-up 
after synthetic interposition graft operation of index shoulder (Paper III). 

 Case Full thickness tear Hamada CM abs CM rel 
    (grade 1-5)     

1 Ssp 1 80 96 
2 Ssp + Isp + Ssc 3 58 77 
3 Ssp + Isp + Ssc 1 44 69 
4 Ssp + Ssc 1 31 37 
5 Ssp + Isp 2 46 61 
6 Ssp + Isp + Ssc* 4 2 2 
7 Ssp + Isp + Ssc* 2 83 120 
8 Ssp + Isp + Ssc 4 18 27 
9‡ § 1 

  10 Ssp + Isp + Ssc 5 18 22 
11‡ § 1 

  12† § 

   13 Ssp + Isp 4 32 49 
All, mean (SD)   41 (27) 56 (36) 
Hamada, arthropathy classification grade 1-5 according to Hamada classifica-
tion; CM abs, Constant-Murley score absolute value; CM, Constant-Murley 
score age- and sex-adjusted value; Ssp, supraspinatus; Isp, Infraspinatus; Ssc, 
Subscapularis; SD, standard deviation. 
*Partial tear of subscapularis 

†Patient deceased 

‡ Only x-ray, no ultrasonography or clinical scores 
§ Missing data 
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Figure 11.Frontal projection of a left shoulder 17 years after operative repair with 

a synthetic interposition graft. The graft was fixed laterally on the greater tuber-

osity with a metal screw and washer (Paper III) 
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Paper IV: Randomised trial of acute traumatic cuff 
tears. 
 

There was an almost complete 12 month follow-up of the 58 patients, who 
had been randomised to surgical repair (n=32) or physiotherapy without 
repair (n=26). Exceptions were 3 patients, who did all the clinical 12- 
month scores but declined MRI, and 1 patient who had missing data for 
WORC and NRS at 12 months. Mean age was 59.7 years (range, 44-77). 
Baseline variables were well balanced between groups and patient charac-
teristics are shown in Table 11.  
The median sagittal tear size was 9.7 mm (range, 4-21) for the whole 
group and the tear size in categories are shown in Figure 12. 

 
 
 

 

Figure 12. Pie-chart of the sagittal tear size in categories for the whole cohort at 

inclusion (Paper IV) 
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Table 11. Patient characteristics at enrollment (Paper IV) 

 Variables Cuff repair Physiotherapy P value 
  (n=32) (n=26)   
Age, mean (min-max) 58 (44-77) 62 (46-77) 0.12 
Sex male, No. (%) 18 (56) 14 (54) 0.86 
Dominant side, No. (%) 15 (47) 17 (65) 0.16 
Manual labour, No. (%) 17 (53) 8 (31) 0.09 
Current smokers, No. (%) 2 (6) 0 (0) 0.30 
Hypertensive medication, No. (%) 7 (22) 6 (23) 1.00 
Diabetes mellitus, No. (%) 0 (0) 1 (4) 0.45 
Time to intervention, days (min-max) 58 (21-98) 53 (12-83) 0.42 
Flexion, median° (min-max) 90 (30-180) 90 (40-180) 0.93 
Abduction, median° (min-max) 85 (30-180) 65 (30-180) 0.67 
External rotation, median° (min-max) 60 (30-80) 70 (45-90) 0.06 
Internal rotation, median (min-max) * 5 (3-6) 4 (2-6) 0.66 
Sagittal tear size, median (min-max) 10.0 (5-21) 8.7 (4-15) 0.15 
Coronal tear size, median (min-max) 9.1 (4-24) 10.2 (3-20) 0.89 
Pain, NRS 0-10, median (QR) 

   Activity 8 (3) 8 (1) 0.68 
Rest 4 (6) 3 (4) 0.19 
At night 7 (4) 5 (5) 0.16 

HAD-score total points, median (QR) 5 (3) 5 (5) 0.85 
HAD-score anxiety 3 (3) 4 (3) 0.64 
HAD-score depression 1 (1) 1 (2) 0.81 

WORC total %, mean (SD) 36 (14) 39 (16) 0.44 
Physical symptoms 49 (16) 51 (13) 0.65 
Sport/recreation 27 (16) 27 (17) 0.97 
Work 21 (12) 24 (19) 0.95 
Lifestyle 39 (23) 40 (24) 0.96 
Emotions 53 (16) 60 (19) 0.14 

NRS, Numerical Rating Scale; HAD, Hospital Anxiety and Depression scale; QR, In-
terquartile range; SD, standard deviation 
* 1=Thigh, 2=Gluteus, 3= Lumbosacral level, 4=Lumbar process 3, 5=Thoracic pro-
cess 12, 6 Thoracic process 7. 

 

Clinical results 

 

The median Constant score at 12 months in the operative repair group 
was 83 (quartile range [QR], 25) and in the physiotherapy group 78 (QR, 
22), and the between group difference of 4.5 (95%CI, -5 to 9; P=0.68) was 
not significant. Corresponding values for the secondary outcome measure 
WORC was 91 % (QR, 24) vs. 86 % (QR, 24), with between group differ-
ence of 5.0 (95%CI, -4 to 9; P=0.62). There were no significant differences 
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for pain or EQ-VAS. The detailed scores for primary and secondary out-
come measures at 12 months are shown in Table 12. 

The proportion of patients having a CM-score of 70 or more at 12 
months, was 68.8 % in the operative repair group and 69.2 % in the phys-
iotherapy group (P=0.97). Corresponding numbers for CM-score 80 or 
more was 59.4 % and 46.2 % (P=0.43). 

The 3, 6 and 12 months results of all outcome variables, including the 
between group differences in medians (with 95% confidence intervals), 
are shown in Figure 13. The difference in CM-score between the 2 groups 
was significant in favour of the physiotherapy group at 3 months, but dif-
ferences between the other outcome measures were not significant at 3 
months and there were no significant differences in any outcome score at 
6 or 12 months. 

Morphological results 

 

In the unrepaired group, an increase of more than 5 mm in any plane was 
found in 7 out of 24 patients (29.2 %) at 12 month MRI. Fatty infiltration 
to a grade 1 had developed in 8 out of 24 (33.0 %) and 4 patients had de-
veloped muscle atrophy with a positive Tangent sign in the unrepaired 
group. The healing rate was 93.5 %, with 2 patients out of 31 having a re-
tear (Sugaya 4 or 5). Details on the morphological results are shown in 
Table 13. 

Complications and unexpected events 

 

There were 2 post-operative wound infections.  
One 68 year old man was operated with open revision at 5 weeks post-

operatively, where 1 loose anchor was removed and 1 anchor and osteosu-
tures were left in situ. The infection resolved with antibiotics. MRI 
showed a healed tendon at 12 months and the CM-score was 89. 

A 64 year old woman randomised to physiotherapy decided to cross-
over to repair at 6 months. A suspected infection was diagnosed at 2.5 
months and was operated with 4 revisions and prolonged antibiotic 
treatment but the infection had not completely resolved at 12 months. The 
tendon appeared healed at 12 month MRI and at revision operations. CM-
score at 12 months was 74. 

A 49 year old man with manual labour randomised to repair had an 
extensive amount of scar tissue over the otherwise healed cuff at 12 
months and complained of impaired abduction. An open resection was 
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performed just after end of study but deep cultures did not show bacterial 
growth. The 12 month CM-score was 57. 

A 66 year old woman, randomised to physiotherapy, had a very com-
plicated femur fracture 1.5 months after start of the intervention. She did 
not hurt her study shoulder and performed her shoulder exercises as in-
structed. The 12 month CM-score was 88. 
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Table 12. 
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Table 13. MRI findings at 12 months (Paper IV) 

 Variables Cuff repair Physiotherapy  P-value 
  n=31 n=24   
Sagittal tear size, median (min-max) 0 (0-30.0) 11.3 (0-22.2)* <0.001 
Coronal tear size, median (min-max) 0 (0-25.3) 13 (0-32.5)* <0.001 

Tear progression > 5 mm, No. (%)† 
 

7 (29.2) 
 Tear progression > 10 mm, No. (%)† 

 
2 (8.3) 

 Retears (Sugaya 4-5), No. (%) 2 (6.5) 
  Tangent sign, No. (%) 2 (6.5) 4 (16.7) 0.39 

Fatty infiltration, No. (%)‡ 
   Grade 1 6 (19.4) 8 (33) 0.35 

Grade 2-4 0 0   
* Analysed by Intention-to-treat, and the minimum value of 0 at 12 month follow-up in the 
physiotherapy group represents the only cross-over patient 
 † An increase in tear size from baseline to 12 month follow-up in mediolateral or anteropos-
terior plane.  
‡ According to classification by Goutallier101 
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Figure 13.Line graphs displaying outcome scores at all follow-up points. Error 
bars indicate 95% confidence intervals. Missing data: Constant score, 1 patient at 
6 months; WORC, 1 patient at 6 months, 1 patient at 12 months; EQ-VAS, 2 pa-
tients at 3 months, 1 at 6 months and 1 at 12 months; Pain NRS, 2 patients at 3 
months, 1 patient at 6 months and 1 patient at 12 months. 
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DISCUSSION 

Treatment of rotator cuff tears has evolved immensely in recent years, but 
a multitude of questions remain to be answered. The spectrum of rotator 
cuff pathology is wide, from the intact but possibly painful tendon with 
tendinosis to the massive irreparable cuff tear with secondary osteoarthri-
tis (cuff tear arthropathy). A very large number of treatment alternatives 
have been described and used for these pathologies. This thesis has fo-
cused on a subset of tear types and treatment alternatives. 

The papers in this thesis have shown long-term consequences of 
adopting a non-repair strategy, such as acromioplasty without repair, to 
partial and full-thickness tears with both a traumatic and non-traumatic 
origin. We found that some patients do not fare well if treated with a non-
repair strategy. Having a full-thickness tear at presentation indicated a 
risk of a poorer outcome and the likelihood of a contralateral rotator cuff 
problem was high in these patients. We could not, however, in paper IV 
detect a significantly positive effect of an early repair of small traumatic 
cuff tears in patients with previously symptom-free shoulders. In patients 
with irreparable tears, bridging the defect with a synthetic interposition 
graft did not prevent arthropathy development. These findings raise ques-
tions and the findings and methodology used have both strengths and 
limitations. 

What are the long-term consequences regarding tear 
size enlargement and symptoms of not repairing a 
tear in the rotator cuff? 
 
Paper I showed that treating full-thickness tears with acromioplasty with-
out cuff repair resulted in a high frequency of tear progression (i.e. tear 
size enlargement), with 87 % of patients having a larger tear after 21-25 
years and 74 % having developed some degree of cuff tear arthropathy. 
The Constant and WORC-scores were low and 60 % of these patients had 
pain. In paper IV, in which follow-up is 12 months, around one third of 
the patients had an increase in size of the unrepaired tear. 

Tear progression can be defined with different levels of precision. 
Some studies have measured tear size in longitudinal studies with ultra-
sound141, 199, 241 or MRI177, comparing measurement at baseline with the 
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same measurement at follow-up, most often with the same examiner uti-
lizing the same technique and the same definitions at each measuring oc-
casion. This method has a high scientific value, when it comes to assessing 
the true and detailed rate of progression. A methodological drawback 
though, is the time needed prospectively in order to show the true impact 
of progression on clinically relevant measures. Our method of assessing 
tear progression at baseline in paper I, was to rely on the assessment done 
by the shoulder surgeon, who had filled out the pre-specified operative 
protocol. It is likely, that the definitions and ways of assessing tendon in-
volvement at baseline are the same as those used at follow-up with ultra-
sonography. Our method does not, however, allow the same precision and 
sensitivity to small changes as those used in recent prospective studies 
and it does not allow precise measurements in millimetres. We also used a 
conservative definition of tear progression (from partial tear to full-
thickness tear or from full-thickness tear to full-thickness tear of an addi-
tional tendon). This conservative definition is more appropriate, consider-
ing that different methods were used at baseline and at follow-up, and 
this definition should reduce the risk of over-diagnosing tear progression. 

Prospective studies with short to medium term follow-up of patients 
with full-thickness tears have shown that a there is a risk of tear progres-
sion. In a study by Maman et al. of 33 patients with full-thickness tears 
treated nonoperatively, 52 % had an increase in tear size on MRI at a 
mean of 24 months follow-up (24 % > 5 mm)177. In 51 patients under the 
age of 60 years, Safran et al. found a tear size increase >5 mm in 49 % af-
ter a mean of 29 months of follow-up after nonoperative treatment and of 
those who had pain at follow-up, 56 % had an increase in tear size as op-
posed to 25 % in the non-painful group (P=0.002)241. Moosmayer has in a 
prospective study examined a cohort of asymptomatic patients with cuff 
tears, and after 3 years, around one third of the patients had become 
symptomatic199. The mean tear size increased significantly more in symp-
tomatic compared to asymptomatic patients (10.6 mm vs 3.3 mm; 
P=0.02). In a subsequent 8.8 year follow-up, the majority of patients had 
an increase in tear size, with 32.6 % of all patients having an increase of 
>10 mm196. Kim et al. did MRI after 24 months (+/- 19 months) in symp-
tomatic cuff tear patients treated without repair and, similar to our find-
ings in paper I, 82 % of patients with full-thickness tears and 26 % of pa-
tients with partial tears had an increase in tear size149. 

 What amount of tear progression that is clinically relevant is not 
known in detail, but when comparing tear size between symptomatic and 
asymptomatic shoulders in patients with bilateral cuff tears, a tear size 
difference of 5.4 mm was found261. The true clinical significance of tear 
progression, including which tear size increase that is clinically relevant, 
remains to be better defined. It is also possible that the tear anatomy is 
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more important than pure tear size. An involvement of the anterior tendi-
nous portion of the supraspinatus has been linked to more advanced fatty 
infiltration148, but tears with or without anterior rotator cable disruption 
seem to have similar risks and magnitudes of tear progression142.  

Partial tears may also progress to full-thickness tears and this pro-
gression is associated with development of symptoms175. In paper I the 
rate of tear progression in patients with partial tears was low, despite the 
long follow-up period, and the rate of tear progression was lower when 
compared to patients with full-thickness tears (42 % vs. 87 %; P<0.001). 
Lower rates of tear progression for partial tears compared to full-
thickness tears, and full-thickness tear being a risk factor in multivariable 
analysis, have also been found in a retrospective 24 month follow-up of 
cuff patients treated nonoperatively149. This challenges the idea that a ma-
jority of patients with partial tears are at risk of tear progression. The ab-
solute numbers of patients with partial tears in paper I (and paper II and 
III) should, however, be interpreted with caution, considering the lower 
accuracy for detecting partial tears with ultrasound61. 

The results from paper I, and from previous studies evaluating tear 
progression in unrepaired patients, indicate that full-thickness tears in-
crease in size in some patients and that this increase is associated with 
development of symptoms. These results are of importance in deciding on 
repair or not, favouring repair in younger patients. The rate of progres-
sion seem however to be slow and require several years in many patients, 
and, estimated from 8 studies on asymptomatic and symptomatic pa-
tients, has been suggested to be 0.91 % per month157. Another estimate of 
progression rate is 2 mm/year for width and 3.8 mm/year for length265. 
Most studies have been performed on patients with small tears however, 
and the progression rate may differ depending on tear size204. The passing 
of several years may also allow coping strategies and age-related decrease 
in activities to have an effect on the symptomatic state of a patient. An 
informed decision on repair or not should thus take age and activity into 
account.  

It would aid clinical decision-making substantially, if the subgroup of 
patients with cuff tears who will progress to poorer shoulder conditions 
could be easily identified. In paper I, we identified age and having a full-
thickness tear as significant factors in multivariable logistic regression. 
Both age177 and full-thickness tear141, 177, 265, have been identified in other 
studies as well and additional factors identified include pain175, 199, 241, 
smoking265 and dominant side141. It is likely, but not convincingly shown 
as of yet in prospective studies, that identifying known risk factors for ro-
tator cuff tear may aid in identifying patients at risk for tear progression 
with non-operative treatment, but factors that are currently unknown or 
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unreachable to clinicians (like genetic factors) may be of greater im-
portance.   

Do patients with rotator cuff tears develop arthropa-
thy in the long term and which are the clinical impli-
cations? 
 
Cuff tear arthropathy, the degenerative osteoarthritic changes secondary 
to rotator cuff tears, is something that we, as shoulder clinicians, should 
try to prevent as far as possible. Some patients can achieve an acceptable 
function without much pain, as illustrated by the 40 % of patients who 
were pain free with Hamada grade 2 or more in paper I. On the other 
hand, for those who require surgery, the alternatives have a high degree of 
variability in clinical results, a risk of complications and a limited time 
before revisions are necessary. 

Paper I showed a frequency of 74 % Hamada grade 2 or more in pa-
tients who had been treated with acromioplasty without repair for a full-
thickness tear at a mean of 22 years earlier and a frequency of only 7 % in 
patients who had had a partial tear at index operation. Approximately one 
third of patients with a full-thickness tear at the index operation had 
Hamada grade 4. The mean absolute Constant score was 47 (relative Con-
stant score 62) among patients with Hamada grade 2 or more and 60% 
had a painful shoulder.  

One must bear in mind that the follow-up is very long in paper I and 
there has been a lack of studies with this length of radiographic follow-up. 
Studies with shorter follow-up have also found arthropathy progression. 
In a prospective median 8-year follow-up of patients with asymptomatic 
partial and full-thickness cuff tears of small sizes, these patients had a sta-
tistically significant progression of osteoarthritic changes, compared to 
normal controls, but the progression was limited in most40. Those results 
may be valid for asymptomatic patients with small tears, but it is not 
straightforward to compare with the patients in paper I, who were symp-
tomatic at baseline and perhaps had a more severe disease condition from 
the beginning. Zingg et al. did a 48 month follow-up of 19 patients, with 2 
or 3-tendon tears treated nonoperatively, and found significant progres-
sion of osteoarthritic changes and decrease of acromiohumeral distance 
on radiographs, with patients with 3-tendon tears having more progres-
sion270. Despite these changes the mean relative Constant score was 83 
and the mean Subjective Shoulder Value 68 %.  
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A tentative answer to the question above is that a substantial propor-
tion of patients with a full-thickness tear seem to develop arthropathy, 
even though not all of them have pain or severe dysfunction. The risk for a 
patient presenting with a partial tear to develop cuff tear arthropathy, 
seems to be very low according to paper I. One possible interpretation of 
these findings, is that progression to arthropathy may, in some cases, be a 
slow process that allows coping strategies and age related activity changes 
to keep symptoms at a reasonable level. When considering a non-repair 
treatment strategy for patients with full-thickness tear however, the age 
and anticipated number of active years are important factors for this deci-
sion.  

Assessment and classification of cuff tear arthropathy 
on radiographs and its clinical implications 
 

In paper I , II and III, we used the Hamada classification112 to grade 
the arthropathy (Figure 9). One major weakness with this classification is 
the difficulty in differentiating between grade 1 (no decrease of the acro-
mio-humeral interval) and 2 (an acromio-humeral interval of 5 mm or 
less).  Measurement accuracy of this interval has been shown to be ac-
ceptable when using standardized radiographs103, but variability between 
assessors increased when non-standardized images were used19. Difficul-
ties may depend on how the images have been taken, sometimes the un-
dersurface of the acromion appears less well defined. It is also possible 
that the acromio-humeral interval varies depending on the muscular tone 
and/or the position of the patient as the image is taken. When plain radi-
ographs have been compared to CT or MRI (where the patient usually is 
positioned supine), Werner et al. found that measurement of the acromio-
humeral interval appeared larger on radiographic images258. For practical 
reasons, we used images taken with the technique routinely used at the 
radiology departments in papers I, II and III. On one hand, this may have 
increased the variability, and some true grade 2 cases may thus have been 
diagnosed as grade 1. On the other hand the external validity may be bet-
ter, since images like the ones used are of the same kind as those used for 
decision making and follow-up in normal clinical routine.  We also used 3 
different assessors and showed good or acceptable agreement according 
to Kappa values in papers I-III.  

 The most frequently used classification of osteoarthritis in the shoul-
der is the Samilson-Prieto classification, which originally was designed to 
assess glenohumeral osteoarthritis after recurrent dislocations242. Here 
emphasis lies on measurement of inferior osteophytes and a reduced joint 
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space. Cuff tear arthropathy is in earlier stages more characterised by 
static superior translation and alterations of the coracoacromial arch238, 
while joint space narrowing and osteophytes occur much later112. This 
makes the Samilson-Prieto classification less appropriate for assessing 
cuff tear arthropathy. In a comparison of 4 different classification systems 
for cuff tear arthropathy138, the  Hamada classification  was recommended 
for use (along with the Visotsky-Seebauer classification260).  

The different grades of Hamada may have implications for the choice 
of treatment, but the evidence base for this is weak. In Hamada grade 2, a 
cuff repair seems to have an increased risk of a retear compared to 
Hamada grade 1113. Some have cautioned against using Latissimus-Dorsi 
transfer in Hamada grade 3 cases214, where bony contact between the 
greater tuberosity and the acromion (seen on x-ray as the acetabulization) 
may make the conditions challenging to the integrity of the transferred 
tendon. The same arguments can be used when it comes to using a sub-
acromial balloon or a superior capsule reconstruction in patients with 
Hamada grade 2 or 3. Better results with superior capsule reconstruction 
have been reported in patients with Hamada grade 1 and 2, compared to 
those with Hamada grade 3 or 463. In Hamada grade 4 or 5, if surgery is 
required, a reverse prosthesis is usually the method of choice238.  

The contralateral cuff tear 
 

The presence of a contralateral cuff tear may have clinical implications 
and it may tell us something about the nature of the rotator cuff syn-
drome. In paper II, the overall prevalence of a contralateral full thickness 
cuff tear was 50.8 % at a mean of 22 years after an arthroscopically veri-
fied partial or full-thickness tear in one shoulder.  There was also a sub-
stantial correlation in the conditions between shoulders in the same pa-
tient, with the prevalence of a contralateral tear ranging from 13.6 %, in 
those who still had a partial tear in the index shoulder, to 90 % in those 
having arthropathy in the index shoulder at follow-up. Our findings are 
higher than those of previous studies, in which the prevalence of contrala-
teral tears has been in the range of 16-35 %167, 234, 261. The most important 
reason for this difference is that the long follow-up in paper II may have 
allowed a tear to develop in all those with a predisposition for rotator cuff 
problems, while previous studies have examined newly diagnosed pa-
tients. We also had a slightly older cohort (mean 72 years vs. 60-68 years) 
and comparison of small cohorts taken from different contexts (with an 
unknown composition of risk factors) should be done with caution. 

We did a risk factor analysis with multivariable logistic regression, 
identifying tear size (expressed as number of tendons with full-thickness 



   Discussion 

 

89 
 

tear) as a significant factor with an odds ratio of 3.28 (95% CI, 1.67-6.44). 
This was done to assess which of the factors in this study that may have 
had an influence of the occurrence of a contralateral tear, but to have a 
more precise and more generalizable estimate, a much larger cohort is 
probably needed. To obtain a good estimate, in ideal conditions, all fac-
tors that may influence the occurrence of contralateral tears should be 
included, but factors likely to be of considerable importance (like genetic 
factors) are not known in detail in this case. 

The high frequency of bilateral pathology, and the strong correlation 
between the two shoulders, indicate that a trauma, or repetitive overuse of 
a dominant shoulder, cannot be the only etiologic factors and that system-
ic factors must have a significant role for the development of many cuff 
tears. These systemic factors may be both genetic59 and acquired221 and 
affect tendon homeostasis. Patients who have an increased amount of 
predisposing factors will perhaps develop a bilateral disease with initial 
involvement of the dominant shoulder and a subsequent involvement of 
the contralateral shoulder. The index operation was performed in the 
dominant shoulder in 81 % of the cases in paper I. 

 Identifying a contralateral cuff problem will, in a clinical setting, 
make it possible to initiate treatment or prevention at earlier stages of this 
probably progressive condition. It is a problem though, that we have very 
little knowledge of how to prevent the occurrence or progression of a cuff 
tear with non-operative means. It is possible that shoulder and posture 
exercises, and addressing metabolic factors, may have an impact, but this 
remains to be shown. 

Acromioplasty without cuff repair 
 

Earlier studies with short to medium term results after acromioplasty 
without cuff repair for rotator cuff tears have shown symptomatic im-
provement91, 181, 213, 237. The majority of studies are retrospective case-
series with a mix of intact tendons, partial tears and full-thickness tears.  
Without a control group, and with poor knowledge of the natural history 
of cuff tears, it is difficult to ascertain a specific effect of the acromioplasty 
itself. When it comes to comparative studies, there is only the 3 armed 
randomised study by Kukkonen et al.154, in which acromioplasty was 
compared to physiotherapy (and to cuff repair) for patients with small 
degenerative cuff tears and a significant difference could not be detected. 

Long-term effects of acromioplasty for this indication is needed, and 
question is, if the symptomatic improvement is durable and if the proce-
dure can prevent tear progression and ultimately reduce the risk of cuff 
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tear arthropathy. If a cuff tear is caused or aggravated by abrasion of the 
cuff against the underside of the acromion, an acromioplasty could theo-
retically have a positive effect. Jaeger et al. published a 20 year follow-up 
of acromioplasty as sole treatment for a mix of intact tendons and partial 
and full-thickness tears in 2015133. They identified 166 randomly selected 
patients out of 302 eligible candidates, but only 95 (57 %) were examined. 
Outcome was defined as successful if age- and gender adjusted Constant 
score was over 70 and no reoperation had been performed. In patients 
with partial tears, 91 % had a good result and in patients with full-
thickness tears, 71 %. Corresponding numbers in Paper I are 64 % and 
39%. This difference may be due to our much higher follow-up rate 
and/or different indications for reoperation. The rates of tear progression 
and arthropathy cannot be assessed in Jaegers et al. study, since they did 
not perform imaging at follow-up. Paper I is the only study in this area 
with structural outcome included and 20 years or more follow-up. The 
study showed that an acromioplasty will likely not prevent tear progres-
sion or prevent cuff tear arthropathy in a long-term perspective.  

Biomechanical studies have indicated a possible antero-superior es-
cape of the humeral head if a CA-ligament release and an acromioplasty 
are performed in a shoulder with a cuff tear79, 195. There are no studies 
specifically aiming to examine if an acromioplasty can actually have a 
negative effect in the long-term. In paper II, we observed that patients 
who had had an acromioplasty had developed arthropathy in larger num-
bers than those who had not. In the index shoulder, where all patients had 
had this procedure, 51 % of patients with a full-thickness tear at follow-up 
had arthropathy and in the contralateral shoulder, where only 9 shoulders 
had been treated with acromioplasty, the frequency of arthropathy was 13 
%. Even if this question was not a pre-specified aim in paper II, and the 
findings should therefore be assessed with caution, it is an interesting 
finding that could be the focus of future studies. It is also worth noting 
however, that we do not know when the contralateral cuff tear occurred 
and it is possible that the lower frequency of arthropathy is merely due to 
a shorter time period with a cuff tear. 

Can cuff tear arthropathy be prevented with an in-
terposition graft in shoulders with irreparable cuff 
tears? 
 

Paper I has shown, that an acromioplasty without repair in patients with 
full-thickness tears does not prevent tear progression or cuff tear arthrop-
athy. Paper IV did not show a significant difference between repair and 



   Discussion 

 

91 
 

physiotherapy without repair of acute full-thickness tears, but the follow-
up is too short to assess any preventive effect regarding arthropathy. Pa-
per III addressed the question of prevention of arthropathy in patients in 
which it is of utmost importance, i.e. in those with a large and irreparable 
tear.  

Theoretically, an interposition graft could aid in keeping tension in 
the torn cuff, thereby perhaps counteracting tear progression. In a study 
on sheep, with a device applying continuous tension after detaching the 
infraspinatus, progression to muscle atrophy and fatty infiltration seemed 
to be arrested95. A graft could also assist in force transmission between 
the cuff and humerus, counteracting superior translation, and it could 
protect the joint by closing the pathological connection between the joint 
and the subacromial space. To achieve all of this, there has to be healing 
between an artificial material and a degenerative tendon stump medially 
and bone laterally. Lack of tenocytes from the degenerative tendon, which 
is characterized by increased apoptosis190, and the potential lack of cells 
from the osteopenic greater tuberosity33, in conjunction with very chal-
lenging extracellular conditions48, could be suspected of impairing this 
healing process in both ends of the construct. The tendon-graft interface 
is also probably subjected to significant stress from superior translation of 
the humeral head. In a cadaver study by Mihata et al.189, in which a cuff 
defect was created, the addition of a tendon interposition graft only re-
duced the superior translation partially (compared to normal state or su-
perior capsule reconstruction). 

Studies with short to medium-term follow-up of interposition grafts 
have shown improvement in pain and function, with a mean of 77 in Con-
stant score at follow-up in published studies163. The frequency of healed 
grafts is, however, highly variable and there are no reports with long-term 
results and radiographic outcome regarding arthropathy. In paper III, we 
did not find that a synthetic interposition graft could prevent cuff tear ar-
thropathy at 17-20 years follow-up. There are no other studies on interpo-
sition grafts (or any type of graft) with this length of follow-up and the 
follow-up rate was high in paper III. Even though the study has a small 
sample size, the results (75% arthropathy, 95% CI 46-95%) state that if 
you do this procedure, in the same kind of patients, at least half of the pa-
tients (and most likely 75%) would end up with arthropathy in the long-
term. The procedure seems also not to have been able to prevent tears in 
adjacent tendons. The results on integrity of the graft in paper III should 
be interpreted with caution, since assessment with ultrasound is difficult 
and the method of ultrasound assessment of grafts is not validated. The 
fact that the grafts did not prevent progression and arthropathy, supports 
the findings of a high rate of not intact grafts. 
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On the other hand, the results from paper III does not mean that 
grafts should never be used. As has been reviewed in the background sec-
tion (Grafts and patches in rotator cuff surgery, pp. 37-38), a positive ef-
fect on retear rates and clinical scores has been found, even if this is based 
on few studies and a low level of evidence14. 

Are the results after cuff repair of a full-thickness ro-
tator cuff tear superior to physiotherapy without re-
pair in a short-term perspective? 
 
Paper IV tries to address this question, which in its simplicity hides a 
large complexity. The rotator cuff is a very large tendinous structure with 
an intricate detailed anatomy49, 89, 192 and patients may have a defect with-
out any symptoms199, 263. In a survey from 2005 it has been shown to be 
common, especially among American high volume surgeons, ta advocate 
repair of rotator cuff tears, but the variation in decision making was 
high70. Since then several prospective randomised trials have been con-
ducted, most of them focusing on degenerative non-traumatic tears. 

In paper IV we wanted to include traumatic tears involving only su-
praspinatus and we used the Cuff Clock to make sure only superior cuff 
tears were included. Considering the significant interdigitation of fibres 
from supra- and infraspinatus192, there may have been some patients, in 
whom some infraspinatus fibres were torn as well. Considering the small 
tears included (Figure 12), cases like that are probably few. We also aimed 
at including only acute traumatic tears and hence only included patients 
without previous shoulder complaints. There is, however, a possibility 
that some patients with an asymptomatic tear and a trauma that did not 
increase the tear size were included. After initiation of study IV, Loew and 
colleagues published a study, in which they tried to find MRI-signs that 
reliably could distinguish between acute traumatic and chronic degenera-
tive tears170. Findings of oedema, kinking of tendon and atrophy may aid 
in correct diagnosis, but no absolutely distinguishing features could be 
identified. If a few patients in paper IV had tears of the above mentioned 
type, they could be expected to have a better result from non-operative 
treatment, since an easy return to good shoulder function would be ex-
pected in case of no or small additional tendon damage. 

There was a difference of around 5 points in both Constant score and 
WORC% in favour of repair, but the difference is not statistically signifi-
cant. Nonsignificant differences can be the result of a sample size being 
too small to detect a real difference (a type II error). If, hypothetically, the 
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sample size had been much larger, a difference of around 5 points would 
still, probably, not be of clinical importance. Measures of Minimal Clini-
cally Important Difference (MCID, a change or difference considered im-
portant by patients) have been calculated for Constant score to be 2, 10, 17 
and 24125, 156, with the most cited value being 10 points.  

Four previous prospective randomised studies have published 12- 
month results, in which comparisons were made between repair and non-
repair treatment154, 160, 197, 217. Moosmayer et al. randomised 103 patients to 
mini-open repair or physiotherapy and included both traumatic and de-
generative tears, with 38% having an adequate trauma197. In an intention-
to-treat analysis, in which 9 patients who underwent secondary surgery 
were included in the physiotherapy group, a significant difference in im-
provement was found in favour of primary repair. The 12 months Con-
stant score in the repair group (mean Constant score 76.8) was compara-
ble to the findings in paper IV (median 83) but the Constant score in the 
physiotherapy group (mean 66.8) was lower than in paper IV (median 
78). The better result in the physiotherapy group in paper IV may be due 
to a larger proportion of very small tears, differences in the rehabilitation 
programmes and better prerequisites for training in patients without pre-
vious shoulder complaints. In the study by Kukkonen et al.154, only degen-
erative non-traumatic tears were investigated and 3 groups were com-
pared: arthroscopic cuff repair, acromioplasty and physiotherapy. The 
repair group also had a higher Constant score (77.9) than the physiother-
apy group (74.1), but the difference of 4 points was not statistically signif-
icant. Similar patterns are seen in the other 2 studies. Lambers-Heerspink 
at al. examined degenerative non-traumatic tears and found Constant 
scores of mean 81.9 in the repair group vs. 73.7 in the non-repair group 
(P=0.08)160. Odak et al. also included degenerative non-traumatic tears 
with a mean tear size of 17.6-18.3 mm, finding a mean Constant score of 
76.4 in the repair group vs. 65.3 (P=0.06) in the acromioplasty group217. 

 In studies with 12-month follow-up, there have been differences in 
some of the secondary outcome scores used and they have all been in fa-
vour of repair. Moosmayer et al. found differences in ASES-score (Ameri-
can Shoulder and Elbow Society score), pain free abduction and pain197, 
Lambers-Heerspink et al. found a difference in pain160 and Odak et al. 
found differences in ASES-score and DASH217. 

Structural integrity of repaired cuff tendons are reported at 12 months 
of follow-up in some studies as well. Compared to the finding of a retear 
rate of 6.5 % in paper IV, all other studies have higher rates. Moosmayer 
et al. reported an 8 % full-thickness retear rate197, Odak et al. a retear rate 
of 38 %217 and Lambers-Heerspink a retear rate of 73.7 % 160. Kukkonen et 
al. did not report structural integrity at 12 months, but a 31 % retear rate 
was found at 24-month follow-up155. The number of retears in all these 



Rotator cuff tears-short and long-term aspects on treatment outcome 

94 
 

studies should be interpreted with caution, since authors seldom have re-
ported precisely how they defined a retear. 

Attempts to summarize results of existing RCTs with 12-month results 
have been made in 2 recent systematic reviews and meta-analyses227, 240. 
Both studies have included results from the same 3 studies (Moosmayer, 
Kukkonen and Lambers-Heerspink). Piper et al.227 found a significant be-
tween group difference of 5.6 in Constant score (95% CI 2.06-9.21; 
P=0.002) in favour of repair. Ryösä et al. also found a between-group dif-
ference of 5.6, but with wider confidence intervals (95% CI -0.41 to 11.62; 
P=0.068). Regardless of statistical significance or not, a difference of 
around 5 points in Constant score may be regarded as below a level of 
clinical significance. The results from paper IV is in line with these previ-
ous findings. 

It is very important not to discard the method of cuff repair for all pa-
tients with a cuff tear, based on the results from above mentioned studies 
and the results in paper IV. The tear sizes per group in each study is 8.7-
10 mm in paper IV, 14.3-15.6 mm in Moosmayer et al.197, 8.5-9.6 in Kuk-
konen et al.154, “supraspinatus” in Lambers-Heerspink et al.160 and 17.6-
18.3 in Odak et al.217.  Consequently the results are mainly applicable to 
small tears, and the 2 studies with slightly larger tears197, 217, also have a 
larger between-group difference in Constant score.  

Existing randomised trials, including paper IV, also have a limitation 
in the relatively small sample sizes. This is not surprising, since trials like 
that are time- and resource consuming. One attempt to overcome these 
problems was recently published by Ramme et al.229. They compared 107 
patients, who had chosen operative cuff repair, with 107 patients who had 
chosen nonsurgical treatment, matching the 2 groups with propensity 
score analysis regarding age, sex, symptom duration, comorbidity, tear 
size, injury mechanism and atrophy. About 1/3 in each group, had a tear 
size above 30 mm. The repair group did better regarding all outcome 
measures (WORC, ASES, SANE and pain VAS) at all time points. At the 
final 2 year follow-up, the repair group had a WORC of 81.4 % vs. 68.8 % 
for the nonoperative group, a statistically and clinically significant differ-
ence. Jain et al. also used the same methodology, with propensity score 
matching of a prospective cohort of 55 patients with cuff tears treated 
with repair and 77 treated nonoperatively134. The operative group had sig-
nificantly better pain and functional outcome scores up to 18 months of 
follow-up. 

One question is, if there is a tear size, above which pain is more likely 
to be present? Fucentese et al. have shown that patients with supraspina-
tus tears, with a mean size of 16 mm, did well in a prospective 3.5-year 
follow-up87. These tears were treated non-operatively after patients had 
chosen this, despite a recommendation of repair. Hinsley et al. did bilat-
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eral shoulder ultrasound of 464 women and found that a tear size above 
25 mm indicated a greater likelihood of having shoulder pain122. The ma-
jority of patients with full-thickness tears having participated in random-
ised studies of cuff repair, including patients from paper IV, have had tear 
sizes well below these suggested thresholds. 

Despite the fact that paper IV has focused exclusively on traumatic 
tears, as opposed to previous studies, the results are in line with those 
studies. In a 12-month perspective, patients thus seem to be able to func-
tion with a defect in the cuff, but the mechanisms for this compensation 
are poorly understood. Mechanical reasons, like the remaining cuff being 
able to uphold relevant biomechanics, may play a role, along with 
strengthening of the intact cuff on the front and back, as well as achieving 
a stronger deltoid muscle through rehabilitation. Psychological coping 
mechanisms and activity modifications may also be of importance. 

What is the natural long-term course of rotator cuff 
tears, with and without repair? 

 
Traditionally, the natural course of rotator cuff disease has been described 
as starting with an impingement of the rotator cuff under the acromion, 
leading to subacromial bursitis, cuff tendinopathy and eventually to par-
tial and full-thickness rotator cuff tears22, 208. A tear in the rotator cuff is 
also believed to possibly cause cuff tear arthropathy in the end210, but the 
literature have a paucity of data on the details of progression from a rota-
tor cuff tear to arthropathy. 

In paper I, we found a high frequency of 87 % progression to a larger 
tear in patients with full-thickness tears, despite a conservative definition 
of progression, and also a high frequency of 74 % cuff tear arthropathy. 
The mean Constant score in those with arthropathy was 47, and mean 65 
in those with full-thickness tear without arthropathy. A recent review by 
Chalmers et al. from 2018 found a total of 289 patients with mid to long-
term results for unrepaired rotator cuff tears (including those from paper 
I) and the mean duration of follow-up was 14.9 years (95% CI, 11.5-18.3 
years)39. Paper I therefore seems to have the longest follow-up of unre-
paired tears published until now. In this review, 1 294 patients from 23 
studies with outcome after repair were compared to 289 patients with un-
repaired tears from 8 studies39. The repair group had a larger tear size at 
inclusion and the duration of follow-up was longer in the unrepaired 
group. The authors adjusted for differences in age, sex, duration of follow-
up and tear size and concluded that the frequency of patients requiring 
additional surgery and the final tear size was significantly lower in the re-
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pair group, but the estimated mean difference in Constant scores between 
the groups was not significant. This review did not analyse arthropathy.  

Three additional studies with long-term results53, 120, 231 have been 
published after this review. Radiographic results 20 years after rotator 
cuff repair was published recently by Hervé et al. and a frequency of 29 % 
osteoarthritis was reported120, but their definition of osteoarthritis did not 
include Hamada grade 2 and 3. If these Hamada grades are also included, 
the frequency would be 35 %, which is substantially lower than the find-
ings in paper I (74 % arthropathy). The low follow-up rate of 47 %, as well 
as different definitions between the studies, add to difficulties when com-
paring with results in paper I.  

In another recent report of 20 year results after cuff repair of suprasp-
inatus tears53, the total Constant score at follow-up was 71 (as compared 
to 52 pre-operatively) and the subjective shoulder value was 77 %, despite 
a retear rate of 42 %. Analysis of this study is hampered by a low follow-
up rate (66 out of 137). The mean Constant scores (overall 71, in healed 
repairs 75) seem however to be substantially higher than in paper I. The 
authors do not report the numbers for each Hamada grade, but 12 out of 
53 radiographs (23 %) showed Hamada grade 4, as compared to 7 out of 
24 (30 %) in paper I. It seems likely that these arthropathy cases are 
among those with a retear, although this is not clearly stated in the article. 

Randelli recently reported 10 year results after arthroscopic cuff re-
pair, including complete follow-up of 102 out of 169 patients (60 %) 231. 
Despite a retear rate of 51 %, the mean Constant score was 78 for the 
whole cohort, 81 for small tears (< 2 cm) and 70 for larger tears. Patients 
with a small tear, had Hamada grade 2 or more in 14 % of cases, and cor-
responding rate in patients with larger tears was 53 %. Again, results re-
garding clinical scores and frequency of cases with arthropathy seem bet-
ter in these repaired patients compared to the findings in paper I. 

Comparing separate cohorts from different contexts, as has been at-
tempted above, is difficult since the group distribution of known and un-
known factors that may influence the results is not known in detail. It is 
also possible, that patients chosen for repair in non-comparative studies, 
may have been worse in some aspects than those chosen for non-repair 
treatment in other studies. If repaired patients then do as well or slightly 
better than unrepaired patients, the treatment effect of repair may be un-
derestimated.  Only a well-performed prospective randomised study with 
long follow-up can overcome some of these difficulties. Ten year results 
with 88 % follow-up from such a study were recently published by Moos-
mayer et al.198. The repair group had a better result for Constant score (by 
9.6 points), as well as better scores for ASES, pain, pain-free abduction 
and pain-free flexion, with all differences being statistically significant. 
These differences were larger at 10 years compared to previous follow-up 
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points, probably due to a progression of tear size and deteriorating clini-
cal results in the unrepaired patients.  

In a 5 to 11 year follow-up of the cohort from Odak et al217, a mean 
Constant score of 78 in the repair group and 61 in the acromioplasty 
group was found, a difference which was not significant21. This study may, 
however, have been underpowered to detect a real difference, with a fol-
low-up of only 33 of the original 42 patients.  

The overall impression, although not relying on extensive high-level 
evidence, is that a repaired and healed rotator cuff may increase the 
chance of less pain, better function and less secondary osteoarthritis in 
the long-term. The altered tendon biology in rotator cuff tears, described 
earlier in this thesis, may be the driving-force of both progression of un-
repaired tears and recurrence of tears despite repair. A repair cannot be 
expected to change these underlying alterations in tendon biology. Per-
haps a repair can only slow-down the deterioration, but not eliminate it.  

A person with an intact infraspinatus, but a ruptured supraspinatus, 
will still possibly have a functioning shoulder. This shoulder will, howev-
er, probably have an increased susceptibility to pain after overhead load-
ing and an increased susceptibility to a subsequent traumatic injury of 
remaining rotator cuff tendons. Such an additional injury (a so called 
acute-on-chronic injury) may also have more severe consequences than if 
a normal shoulder sustained a trauma of equivalent proportions. 
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CONCLUSIONS 

 
Results from paper I indicate that treating patients with a full-thickness 
cuff tear with an acromioplasty without cuff repair, does not prevent the 
tear from progressing to a larger tear size, or the joint from developing 
cuff tear arthropathy after more than 20 years. The frequency of tear pro-
gression and arthropathy was high in patients with full-thickness tears 
and the clinical scores low in the presence of arthropathy at long-term fol-
low-up. Very few patients with partial-thickness tears developed arthrop-
athy and the clinical scores were high on a group level, even though 4 out 
of 10 had progressed to a full-thickness tear. The findings indicate that a 
rotator cuff tear is a potentially progressive condition, and that a full-
thickness tear at presentation indicates an increased risk of both tear pro-
gression and arthropathy. 

In paper II, we found that the frequency of contralateral cuff tears 
was high, in patients with an arthroscopically verified cuff tear more than 
20 years earlier. There also seems to be a high correlation between the 
conditions between shoulders, regarding both tendon status, arthropathy 
and clinical scores. Having a full-thickness tear in one shoulder, and age, 
are risk factors for having a contralateral full-thickness tear. An increased 
frequency of cuff tear arthropathy was observed in patients having previ-
ously undergone acromioplasty, but this finding is hypothesis-generating 
rather than confirmatory. 

Results from paper III indicate that covering an irreparable cuff de-
fect, by suturing a synthetic interposition graft to the tendon stump medi-
ally and fixing it with a screw laterally, do not seem to prevent cuff tear 
arthropathy or tear progression in adjacent tendons. 

In a prospective, randomised, parallel group comparison, with one 
year follow-up, between early repair and physiotherapy without repair in 
paper IV, clinical results seem equally good in patients with small trau-
matic cuff tears with a median tear size of approximately 1 cm. The retear 
rate in repaired patients was low, but almost one third of unrepaired pa-
tients had a small progression in tear size of 5 mm or more. No clinically 
relevant fatty infiltration was observed in any of the groups. 
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FUTURE PERSPECTIVES 

 

The indications for a cuff repair remain to be better defined. It would be 
preferable with larger prospective randomised studies, incorporating 
larger tear sizes and various tear types, which may make subgroup analy-
sis possible. If existing, and future research, were to say that we need to 
operate cuff patients, in order to avoid a negative outcome in some of 
them, it would improve decision making substantially if we could identify 
those who really need the operation. Shoulder joint degeneration will, for 
example, progress in some patients with nonoperative treatment, and the 
ability to identify these rapid progressors would enhance clinical decision-
making. If we do not have this information, we may be inclined to do un-
necessary operations in some patients. One study which may provide in-
formation like this is the ongoing ARC-trial135, which aim to include 700 
patients with all kinds of cuff tears (except isolated subscapularis tears 
and tears due to severe trauma).  

In paper I, and in other studies153, 196, some patients progress more 
rapidly, and to more extensive joint pathology, than others. Finding fac-
tors associated with rapid progression would be of value. Such factors 
could be related to tear geometry or to metabolic and genetic factors. 
Finding risk factors for tear progression in tear geometry or metabolic 
factors, through larger prospective studies, is feasible, but finding genetic 
factors is more difficult, since candidate genes are currently not well de-
fined. 

Surgery has a potential for generating placebo effects255, something 
which has been explored in shoulder surgery concerning impingement 
syndrome (i.e. patients with subacromial pain but not a full-thickness 
tear), with the CSAW-trial15 and the FIMPACT-trial219. The ACCURATE-
trial is an ongoing similar randomised trial, comparing arthroscopic cuff 
repair to sham surgery (diagnostic arthroscopy), in patients with trauma-
related cuff tears up to 30 mm in width239.  We aim to include 180 pa-
tients and do follow-up at 1, 2, 5 and 10 years. 

A superior cuff tear has the potential to increase the superior transla-
tion of the humeral head. This may be possible to measure with fluoros-
copy, and we plan to publish results comparing repaired cuff patients to 
unrepaired patients with traumatic tears. Data has been collected, from 
the same patients as in paper IV, and analysis is under way. 
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In the discussion section of this thesis, some focus has been on tear 
size, since it is important to know what kind of patients that have been the 
focus of comparative studies. Measuring tear size on MRI is, however, not 
easy, and we are now planning to compare measurements on MRI with 
measurement during both open and arthroscopic repair. 
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Thesis at a glance
Paper Aim Method Material Conclusions

I Investigate if the condition of the 
glenohumeral joint and the rotator
cuff had deteriorated at a minimum 
of 21 years after an acromioplasty
without cuff repair, in patients with
partial and full-thickness tears.

Retrospective 21-25 
years follow-up with 
ultrasound, 
radiographs and 
clinical scores. 

69 patients Full-thickness tears: Yes

74% arthropathy

87% tear progression

Partial tears: No, with 
reservations

7% arthropathy

42% tear progression
II Investigate the frequency of 

contralateral full-thickness rotator 
cuff tears and cuff tear arthropathy 
in patients with an arthroscopically 
documented cuff tear in one 
shoulder.

Descriptive 
epidemiology study. 

61 patients 50.8% overall

From 13.6 to 90%,    
depending on status of index 
shoulder.

Strong correlation between 
shoulders.

III Investigate if a bridging rotator cuff 
repair with a synthetic interposition 
graft had prevented cuff tear 
arthropathy and preserved shoulder 
function in a long-term perspective.

Retrospective 17-20 
years follow-up with 
ultrasound, 
radiographs and 
clinical scores.

12 patients No

75% Cuff tear arthropathy

No difference compared to 
nonoperated contralateral 
shoulder

Functional scores low 
IV Investigate if operative repair of an 

acute traumatic full-thickness cuff
tear involving mainly supraspinatus 
was superior to physiotherapy 
without repair in a one year 
perspective.

Prospective 
randomised trial.

58 patients No

But tear progression noted in 
29% of unrepaired patients
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