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 � The shape of the acromion differs between patients with 

degenerative rotator cuff tears and individuals without 

rotator cuff pathology.

 � It can be assessed in the sagittal plane (acromion type, 

acromion slope) and in the coronal plane (lateral acro-

mion angle, acromion index, critical shoulder angle).

 � The inter-observer reliability is better for the measure-

ments in the coronal plane.

 � A large lateral extension (high acromion index or high 

critical shoulder angle) and a lateral down-sloping of the 

acromion (low lateral acromion angle) are associated with 

full-thickness supraspinatus tears.

 � The significance of glenoid inclination for rotator cuff dis-

ease is less clear.

 � The postulated patho-mechanism is the compression of 

the supraspinatus tendon between the humeral head and 

the acromion. Bursal side tears might be caused by fric-

tion and abrasion of the tendon. Articular side tears could 

be due to impairment of the gliding mechanism between 

tendon fibrils leading to local stress concentration. Further 

research is needed to understand the exact pathomecha-

nism of tendon degeneration and tear.

Keywords: shoulder; acromion; glenoid; subacromial 

impingement; supraspinatus tendon; rotator cuff tear; osteo-

arthritis; tendon fibrils; gliding mechanism.

Cite this article: EFORT Open Rev 2017;2. 

DOI: 10.1302/2058-5241.2.160076. Originally published 

online at www.efortopenreviews.org

Introduction

The acromion partially covers the humeral head, articu-

lates with the clavicle and gives attachment to the antero-

lateral portion of the deltoid muscle and the coraco-acromial 

ligament. It has been associated with chronic pain and dys-

function of the shoulder for a long time. In 1934, Codman1 

reported that hypertrophic changes at the acromial edge 

could frequently be observed on the radiographs of 

patients with long-standing subacromial bursitis associ-

ated with complete tear of the rotator cuff. In 1949, Arm-

strong2 noted that in the middle range of abduction 

movement the supraspinatus tendon impinges on the 

overlying processes and that the tendon and the bursa are 

compressed between the humerus and the acromion. He 

stated that this pressure causes pain, when there is abnor-

mality of the tendon or bursa. In 1972, Neer3 emphasised 

that impingement of the cuff occurs against the anterior 

part of the acromion and the coraco-acromial ligament. 

Some years later, Watson4 suggested that refractory cases 

of the painful arc syndrome could be due to impingement 

of the rotator cuff against a bulging coraco-acromial liga-

ment, forced down by the swollen overlying degenerated 

acromioclavicular joint.

Although all these authors identified the acromion and 

its adjacent structures as the potential source of the most 

frequent shoulder disorders, more systematic investiga-

tions concerning the morphology of the acromion only 

started ten years after Neer’s description of the antero-

inferior acromion spur. Because these morphological find-

ings are important for the understanding of the 

patho-mechanism and the treatment of rotator cuff dis-

eases, they are summarised in the following review.

Acromion shape in the sagittal plane

Acromial type

Bigliani et  al5 classified the shape of the acromion on 

supraspinatus outlet (or lateral) radiographs into three dis-

tinct types: type I represents a flat, type II a curved and 

type III a hooked undersurface of the acromion (Fig. 1a). 

The authors found a higher prevalence of rotator cuff tears 

(RCTs) in patients with a hooked acromion than in indi-

viduals with a curved or flat acromion. Other studies con-

firmed these results, but also showed a fair inter-observer 

reliability. The disagreement between observers mainly 

concerned the allocation of an acromion type II or type III. 

Park et al6 therefore proposed a more objective evaluation 

criterion. On standardised supraspinatus outlet views they 
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first determined three points on the undersurface of the 

acromion; the most anterior point (A), the most posterior 

point (B) and the point (C) which was equidistant from the 

two other points (Fig. 1b). They then determined the centre 

of the humeral head (point O) and measured the distances 

from this point to the points A and C. If both distances were 

equal, then the acromion was a type II. If the distance OA 

was shorter than the distance OC, then it was a type III acro-

mion. The authors showed that the reliability of their evalu-

ation method was better than that of Bigliani.

Anteroinferior osteophyte

The acromion may have a bony prominence or spur at the 

anteroinferior edge, in the area of the coracoacromial liga-

ment insertion. In the literature this prominence has been 

called excrescence, beak, spur, osteophyte and entheso-

phyte.7 It is more common in type III acromions (37%) 

than in type I acromions (2%),8 but it should not be con-

founded with a hooked or a type III acromion. It is not yet 

known, if it is the cause or a consequence of subacromial 

impingement. Several researchers suggested that it could 

be due to increased tensile forces within the coracoacro-

mial ligament during flexion and internal rotation of the 

shoulder.9 Their theory however does not explain why 

there are no traction spurs on the coracoid side. The fact 

that the undersurface of the coracoacromial ligament and 

the bursal side of the supraspinatus tendon often appear 

rough in patients with impingement syndrome could 

mean that a spur is the result of friction and attrition at the 

anteroinferior edge of the acromion rather than the conse-

quence of traction in the ligament.

Acromial slope

Aoki et  al10 measured the slope of the acromion on 

supraspinatus outlet views. It was the angle between a 

line drawn on the undersurface of the acromion and 

another line connecting the postero-inferior border of the 

acromion with the inferior border of the coracoid process 

and was called α-angle (Fig. 1c). It was in the range of 23° 

to 45° in healthy adults and 23° to 39° in patients who 

had a stage II subacromial impingement lesion without a 

spur on the undersurface of the acromion. The mean val-

ues were significantly different between healthy adults 

and patients, and the authors therefore concluded that a 

low slope of the acromion might be an important factor in 

the pathogenesis of subacromial impingement. Other 

authors confirmed these findings.11,12 Instead of acromial 

slope, some authors used the term acromial tilt.13

Acromion shape in the coronal plane

Acromion inclination

Banas et  al14 described the lateral acromion angle (LAA), 

which was measured from an oblique coronal MRI slice just 

posterior to the acromioclavicular joint. The angle was 

determined by the intersection of a line parallel to the acro-

mion undersurface and a second line parallel to the glenoid 

fossa (Fig. 2). The authors found that the angle was not 

affected by small variations in the orientation of the image 

plane. In their study with 100 patients having symptoms 

suggesting rotator cuff disease, the lateral acromion angle 

was in the range of 64° to 99°. The higher angles were 

Fig. 1 a) Bigliani et al5 classified the acromion into three types: type I represents a flat, type II a curved and type III a hooked 
acromion. b) Supraspinatus outlet view demonstrating the assessment of the shape of the acromion according to Park et al.6 Three 
points are drawn on the undersurface of the acromion: the most anterior point (A), the most posterior point (B) and the point 
(C) which is equidistant from the two other points. Point (O) represents the centre of the humeral head. If point C lies on the line 
connecting point A to B, then the acromion is a type I. If the distances OA and OC are equal, then the acromion is a type II. If the 
distance OA is shorter than the distance OC, then it is a type III acromion. c) Supraspinatus outlet view showing the measurement of 
the acromial slope according to Aoki et al. This is determined between a line drawn on the undersurface of the acromion and another 
line connecting the postero-inferior border of the acromion with the inferior border of the coracoid process and is called the α-angle.



143

ACROMION AND gLENOID SHAPE: WHy ARE THEy IMPORTANT PREDICTIvE FACTORS FOR THE FuTuRE OF OuR SHOuLDERS?

found in patients with an intact tendon and the lower angles 

in patients with tendon discontinuity. All shoulders with an 

acromion angle less than 70° had full-thickness rotator cuff 

tears. Other authors confirmed these findings.12,15

Lateral extension of the acromion

Since the acromion of patients with a rotator cuff tear very 

often appears large, Nyffeler et al16 proposed a method to 

quantify the lateral extension of the acromion on stand-

ardised true anteroposterior (AP) radiographs with the 

arm in neutral rotation. They divided the distance from 

the glenoid to the acromion by the distance from the gle-

noid to the lateral aspect of the humeral head and called 

the resulting value the acromion index (AI) (Fig. 3a). A 

high AI corresponded to a large lateral extension of the 

acromion. In their study the average AI was 0.73 in 

patients with a full-thickness rotator cuff tear, 0.60 in 

patients with osteoarthritis and 0.64 in a control group. 

The differences between the patients with a full-thickness 

rotator cuff tear and the two groups of individuals with an 

intact rotator cuff were significant. The difference between 

the control group and the patients with osteoarthritis was 

not significant. This was mainly attributed to the disap-

pearance of the joint space and the related reduction of 

the distance from the glenoid to the lateral aspect of the 

humeral head in osteoarthritic shoulders. Pre-morbid radi-

ographs of shoulders with primary osteoarthritis were not 

available for this study.

Many other authors then investigated the association 

between a wide lateral extension of the acromion and 

rotator cuff tears. Torrens et  al17 confirmed the findings 

with a slightly different measurement method (acromial 

coverage index). Miyazaki et al18 determined the AI in Bra-

zilian and Japanese adults and concluded that the AI can 

be used as a predictive factor for rotator cuff tears in the 

Brazilian population but not in the Japanese population. 

Kim et al19 detected a higher AI more frequently in patients 

with large-to-massive cuff tears than in patients with par-

tial-thickness articular side tears. Zumstein et al20 identi-

fied a wide lateral extension of the acromion as a risk factor 

for re-tearing after open repair of massive tears. Balke 

et al21 showed that shoulders with degenerative tears had 

a significantly larger lateral extension of the acromion 

than shoulders with traumatic supraspinatus tendon 

tears. Hamid et al22 found excellent inter-observer reliabil-

ity of the AI but no difference between patients with rota-

tor cuff tears and individuals with no history of rotator cuff 

pathology.

Later, Moor et  al15 proposed another radiological 

parameter to describe the lateral extension of the acro-

mion, which is independent of the orientation of the arm, 

the width of the glenohumeral joint space and the flatten-

ing of the humeral head. They determined, on standard-

ised AP radiographs, the angle formed between a line 

connecting the superior and inferior borders of the gle-

noid fossa and another line drawn from the inferior border 

of the glenoid to the most lateral point of the acromion 

(Fig. 3b). This angle was called critical shoulder angle 

(CSA) and averaged 33.1° in a control group of asympto-

matic patients with an intact cuff, 38.0° in patients with a 

rotator cuff tear and 28.1° in patients with osteoarthritis. 

The inter-observer reliability was excellent. The authors 

concluded that degenerative rotator cuff tears were asso-

ciated with significantly larger CSAs and primary gleno-

humeral osteoarthritis with significantly smaller CSAs than 

asymptomatic shoulders without these pathologies. Other 

studies confirmed these findings.23,24

Glenoid inclination

In the literature, glenoid inclination has been defined and 

measured in many different ways. Churchill et al25 deter-

mined glenoid inclination on 172 pairs of dry scapulae. 

They used as reference for the orientation of the glenoid 

fossa a line connecting the mid-point of the glenoid sur-

face to the junction of the scapular spine with the verte-

bral border of the scapula. This line was called the 

transverse axis of the scapula. An angle of 0° corresponded 

to a glenoid which was perpendicular to the transverse 

axis of the scapula. They found that glenoid inclination 

varied considerably, in the range of −7.0° (facing down-

wards) to +15.8° (facing upwards). No significant 

Fig. 2 The lateral acromion angle is determined on coronal MR 
arthrograms and represents the angle enclosed between the 
glenoid plane and the undersurface of the acromion.
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difference could be detected between races and sex. 

Hughes et al26 measured glenoid inclination on AP radio-

graphs of eight pairs of cadaver shoulders, in which one 

shoulder had an intact rotator cuff and the other shoulder 

had a full-thickness rotator cuff tear. Their reference was a 

line drawn from the spinoglenoid notch to the intersec-

tion of the spine and the medial border of the scapula. 

glenoid inclination was defined as the angle measured in 

the superolateral quadrant of the intersection formed by 

the reference line and a line joining the inferior and supe-

rior glenoid rim. They found that glenoid inclination was 

greater in cadaver shoulders having full-thickness rotator 

cuff tears (98.6°) than in shoulders without tears (91.0°). 

Kandemir et al27 used a three-dimensional (3D) digitising 

system to measure six different angles of inclination in 24 

cadaveric shoulders, 12 with an intact rotator cuff and 12 

with a full-thickness tear. They did not find a difference in 

glenoid inclination in scapulae between shoulders with an 

intact cuff and those with a full-thickness tear. Bishop 

et al28 determined glenoid inclination on patient-specific 

CT-based bone models of 21 patients, in whom a full-

thickness supraspinatus tear had been repaired on one 

side. In their cohort, glenoid inclination was significantly 

lower for the rotator cuff repaired shoulders than for the 

contralateral, asymptomatic shoulders. Maurer et  al29 

studied three different methods to measure glenoid incli-

nation on standard AP radiographs and CT images. They 

found that the angle β between the glenoid fossa and the 

floor of the supraspinatus fossa, visible as the sclerotic 

line, was the most reproducible measurement method on 

conventional AP radiographs, providing a good resistance 

to positional variability of the scapula and a good inter-

rater reliability. Daggett at al30 measured the β-angle of 51 

shoulders on AP radiographs, unformatted two-dimen-

sional (2D) CT scans and reformatted 2D CT scans in the 

scapular plane. They compared the results with the gle-

noid inclination angle calculated with 3D software. In 

their study, the most accurate method for measuring the 

β-angle was the measurement on reformatted 2D CT 

scans. With this method, the mean difference compared 

with the 3D measurements was 1°. Determination of the 

β-angle on AP radiographs was not as accurate, with a 

mean difference of 3°. The measurements on unformatted 

2D CT scans showed a mean difference of 10° and the 

method was considered inadequate to determine glenoid 

inclination.

All the above-cited authors determined glenoid inclina-

tion relative to a reference line on the scapula. The vertical 

or the image border is an unsuitable reference because 

the position of the scapula at rest depends on the posture 

of the patient in front of the radiograph cassette. In elderly 

patients with a curved back and hanging shoulders, the 

glenoid may be tilted downwards despite a normal incli-

nation relative to the transverse axis of the scapula.

Fig. 3 a) True AP radiographs with the humerus in neutral rotation are used to determine the lateral extension of the acromion. The 
distance from the glenoid plane to the lateral border of the acromion (gA) is divided by the distance from the glenoid plane to the lateral 
aspect of the humeral head (gH) and called the acromion index. A high acromion index represents an acromion that projects far laterally 
and covers the biggest portion of the humeral head. b) The critical shoulder angle is measured on true AP radiographs and corresponds 
to the angle formed between the glenoid plane and a line connecting the inferior glenoid rim with the lateral aspect of the acromion.
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Relationship between lateral acromion 
angle, acromion index, critical shoulder 
angle and glenoid inclination

Moor et al15 noted that, in contrast to the AI, the critical 

shoulder angle combines the measurements of glenoid 

inclination and lateral extension of the acromion, thus 

integrating both potential risk factors for degenerative 

rotator cuff tears into one radiological parameter. Because 

other authors have repeated this statement, it needs some 

clarification. It is true that the CSA depends on the lateral 

extension of the acromion as well as the inclination of the 

glenoid. But it does not allow quantifying one of them. 

For a given CSA, neither the lateral extension of the acro-

mion nor the inclination of the glenoid is known. It is 

wrong to assume that the AI does not depend on the incli-

nation of the glenoid. The glenoid plane serves as refer-

ence for the measurements. The distance from the glenoid 

to the lateral border of the acromion increases when the 

glenoid is faced upwards and it decreases when the gle-

noid is oriented downwards (Fig. 4). When measured cor-

rectly, the AI and the critical shoulder angle both accurately 

predict the presence of degenerative rotator cuff tears.31,32 

The CSA, however, is in addition also significantly differ-

ent between primary osteoarthritis and normal shoulders. 

This is not the case for the AI,33 probably due to the joint 

space narrowing and the flattening of the humeral head in 

osteoarthritic shoulders.

The lateral acromial angle is influenced by the inclina-

tion of the glenoid too. But as with the AI and the CSA, it 

does not allow knowing the effective orientation of the 

glenoid relative to the transverse axis of the scapula or 

relative to the force vectors of the rotator cuff muscles. 

The lateral acromion angle is independent of the lateral 

extension of the acromion. Nevertheless, it seems to cor-

relate with rotator cuff disease as well.

Postulated patho-mechanism

It is thought that an unfavourable shape of the acromion 

initiates or at least contributes to the development of 

degenerative rotator cuff lesions. Neer noted that the 

coraco-acromial ligament and the anterior third of the 

acromion rub against the supraspinatus when the arm is 

abducted, thereby causing the rotator cuff to tear over 

time. This patho-mechanism may be responsible for bur-

sal side tears but it does not explain the more frequently 

observed articular side partial tears.

Nyffeler et al postulated that the middle deltoid might 

play a major role.16 Its fibres originate from the acromion 

and wind around the humeral head before inserting on 

the humeral shaft. Contraction of this muscle during 

active abduction pulls the humeral shaft upwards and 

presses the humeral head against the glenoid cavity. The 

relationship between the ascending and compressive 

force components depends on the deflection of the mus-

cle. If the acromion projects far laterally, then the middle 

deltoid is almost straight, the ascending force component 

is high and the compressive force component is low. If 

the acromion is short, the deltoid is deflected and the 

Fig. 4 Drawing demonstrating the correlation between AI and critical shoulder angle. Both parameters depend on the inclination of 
the glenoid and the lateral extension of the acromion. The AI and the critical shoulder angle decrease when the glenoid is oriented 
downwards and they increase when the glenoid is faced upwards.
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ascending force component decreases at the cost of the 

compressive force component (Fig. 5). These two compo-

nents are equal for an AI of about 0.64. It was speculated 

that a high ascending force component favours subacro-

mial impingement and degenerative changes of the 

supraspinatus tendon, whereas a high compressive force 

component favours degenerative changes of the gleno-

humeral joint. Terrier et al34 conducted a 3D finite element 

study and confirmed that a large lateral extension of the 

acromion increases superior translation of the humerus 

during active elevation of the arm. In another finite ele-

ment study, Engelhard et al35 showed that medialisation 

of the acromion increases glenoid articular cartilage strain.

With use of a shoulder simulator, gerber et al36 deter-

mined how the lateral extension of the acromion influ-

ences the stability of the shoulder joint. They simulated a 

normal shoulder with a CSA of 33° and a shoulder ‘at risk’ 

for rotator cuff tear with a lateralised acromion and a CSA 

of 38°. In their experiments, the instability ratio was higher 

in the shoulder with the lateralised acromion. In order to 

stabilise the arm in space, the authors had to increase the 

supraspinatus force by 13% to 33%. They therefore con-

cluded that a high CSA could induce supraspinatus over-

load. In another experiment, Moor et  al37 changed the 

CSA by changing the inclination of the glenoid. Tilting the 

glenoid upwards increased the shear joint force and there-

fore the instability ratio. They concluded that the increased 

compensatory activity of the rotator cuff to keep the 

humeral head centred may lead to mechanical overload 

and could explain the clinically observed association 

between large angles and rotator cuff tears.

Theoretically, turning the glenoid around its AP axis 

results in a superior or inferior displacement of the humeral 

head of about 0.5 mm per degree of variation of glenoid 

inclination. Without concurrent elevation of the acromion, 

a superior inclination of the glenoid reduces the acromio-

humeral distance and puts the supraspinatus tendon 

under pressure. Changing the inclination of the glenoid 

and therefore the position of the humeral head relative to 

the acromion also changes the orientation of the deltoid 

and supraspinatus force vectors (Fig. 6). The shear com-

ponent of the supraspinatus is oriented downwards if the 

glenoid is tilted downwards and upwards if the glenoid is 

tilted upwards. In order to reduce the subacromial pres-

sure and improve the joint stability in upwards tilted gle-

noids it would therefore be better, from a biomechanical 

point of view, to decrease the supraspinatus load and 

increase the force in the other, more downwards-oriented 

rotator cuff muscles. Several authors have shown that vol-

untary activation of specific muscle groups can influence 

the position of the humeral head on the glenoid and 

therefore the width of the subacromial space.38 Further 

research is necessary to find out, if patients with upwards-

oriented glenoids show different muscle activation pat-

terns than patients with downwards-tilted glenoids.

Hypotheses

It is understandable that a sharp subacromial spur may 

cause an abrasion and tear of the supraspinatus tendon. 

However, it is not yet clear how a large acromion with a 

smooth undersurface may cause an articular side or a full-

thickness rotator cuff tear. The authors of the present arti-

cle hypothesise that these lesions are not the result of an 

increased load in the whole tendon but that they are 

caused by an alteration of the gliding capacities of the ten-

don fibrils within the tendon substance, leading to local 

Fig. 5 The acromio-humeral distance and the orientation of the force vectors of the deltoid and supraspinatus depend on the 
inclination of the glenoid. upward inclination decreases the subacromial space, decreases the ascending force component of the 
deltoid and increases the ascending force component of the supraspinatus.
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stress concentration at the articular side of the cuff. Intact 

tendons of the rotator cuff are flexed, warped and twisted 

during rotation and elevation of the arm (Fig.  7). The 

supraspinatus and infraspinatus tendons are particularly 

affected by these deformations. To avoid any folds and 

wrinkles during such movements, the tendon fibrils must 

be able to glide against each other. Impairment of the 

gliding mechanism may alter the strain distribution within 

the tendon. For example, during glenohumeral abduction 

the bursal side fibrils of the supraspinatus tendon must 

glide over the articular side fibrils (Fig. 8a). In an intact 

tendon this relative movement ensures adequate loading 

of the entire tendon. If gliding between the fibrils is ham-

pered, the bursal-side portion of the tendon is folded and 

Fig. 6 The lateral deltoid winds around the humeral head and therefore exerts not only an ascending force on the humeral shaft but 
also a compressive force on the humeral head. The resultant deltoid force (red vector) corresponds to the sum of these forces and is 
in line with the deltoid muscle fibres at their origin on the acromion. A large acromion is therefore associated with a high ascending 
force component and a short acromion with a high compressive force component.

Fig. 7 Photographs of a cadaver shoulder specimen. The cuff was preloaded with use of thin sutures. Changing the position of the 
arm from adduction (a) to abduction and internal rotation (b) deformed the tendons.
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unloaded and the articular side portion is stretched and 

potentially overloaded during active abduction (Fig. 8b 

and 8c). Local stress concentration could result in local 

tendon failure and reduction of the tendon’s cross-section. 

Decreasing the cross-section would increase the strength 

in the remaining tendon substance and therefore increase 

the risk for tear progression.

Why should a wide lateral extension of the acromion or 

a low lateral acromion angle alter the gliding capacity of 

the tendon fibrils? Repetitive compression and irritation of 

the postero-superior rotator cuff between the humeral 

head and the coracoacromial arch could initiate inflamma-

tory reactions with structural changes and alterations of 

the mechanical properties of the tendon. Such reactions 

could also be triggered by other factors associated with 

degenerative rotator cuff tears, such as ageing, decreased 

vascularity, smoking and high cholesterol values. Further 

research is needed to confirm or reject these hypotheses.

Procedures to correct an unfavourable 
shape of the acromion or glenoid

Different surgical procedures have been performed. 

Watson-Jones39 introduced acromionectomy for the 

treatment of subdeltoid bursitis, supraspinatus calcifi-

cations and supraspinatus tendon tears. He routinely 

removed the lateral part or the whole acromion when 

he repaired a ruptured tendon. He stated that the exci-

sion of the bone ridge prevented later friction and 

recurrent rupture. Several other authors2,40 performed 

an acromionectomy and reported good results con-

cerning pain relief and function. The major complica-

tion was a secondary detachment of the deltoid muscle 

from the clavicle or the acromion, resulting in a weak-

ness and deformity of the shoulder. Neer and Mar-

berry41 studied 30 consecutive patients who previously 

had a radical acromionectomy performed elsewhere. In 

total, 27 had pain, all had marked weakness of the 

shoulder and none could raise the arm above the hori-

zontal. All objected to the appearance of the shoulder. 

The authors concluded that a radical acromionectomy 

weakened the deltoid both by removing its lever arm 

and by encouraging retraction of the origin of the mus-

cles. Neer3 therefore suggested that removing only the 

anterior edge and undersurface of the anterior part of 

the acromion with the attached coraco-acromial liga-

ment is enough to decompress the cuff. This procedure 

became very popular and it is still performed by many 

shoulder surgeons. Other methods to decompress the 

subacromial space were proposed. Some surgeons 

performed a glenoid osteotomy and grammont et al42 

made a translation-rotation-elevation osteotomy of the 

spine of the scapula. Although very effective, neither 

the glenoid osteotomy nor the osteotomy of the scapu-

lar spine found wide acceptance. As there is new 

knowledge of the relationship between a wide lateral 

extension of the acromion and rotator cuff tear, remov-

ing the lateral part of the acromion as previously 

reported by Watson-Jones has regained a certain inter-

est. Some surgeons have started to shorten the acro-

mion during rotator cuff repair. In open surgery, the 

risk for a secondary detachment of the deltoid can be 

minimised if the muscle is taken down with a bone chip 

and is re-attached transosseously with non-absorbable 

sutures. Placing the arm on an abduction splint after 

the operation decreases tension not only in the repaired 

rotator cuff but also in the re-attached deltoid muscle. 

Altintas et al43 and Katthagen et al44 showed in cadaver 

studies that the lateral part of the acromion can also be 

resected arthroscopically (ALAR arthroscopic lateral 

acromion resection) without damaging the deltoid 

insertion.

Fig. 8 Photographs showing the supraspinatus tendon stumps 
of three cadaver shoulders, in adduction (images on the left 
side) and in abduction (images on the right side). One specimen 
had a normal tendon (a), one specimen showed degenerative 
changes (b) and one specimen had a cleavage lesion (c). 
The tendons were cut in adduction, about 1.5 cm from their 
insertion on the greater tuberosity and perpendicular to the 
tendon surface, and they were preloaded with thin sutures on 
the bursal and articular side. In abduction, the cutting surface 
of the normal tendon was no longer perpendicular to the 
tendon surface, indicating that the superior fibrils glided over 
the inferior fibrils. In the other two specimens with degenerative 
changes the cutting surface did not change its orientation 
during abduction, indicating that the tendon fibrils could not 
glide against each other.
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Discussion

Pathologies of the rotator cuff concern a large part of the 

population. They often cause pain, alter the function of 

the shoulder, reduce the quality of life, and can signifi-

cantly rise the cost of treatment. Torn tendons are often 

repaired. A lot of efforts have been made to improve the 

surgical technique and tendon healing. Nevertheless the 

re-tear rate remains high. This could be due to the fact, 

that the causes for the initial tear are not well known and 

therefore not eliminated during surgery. That’s why it is 

crucial to understand the pathomechanism of rotator cuff 

degeneration and rotator cuff tear. The term degeneration 

is not well defined, but it certainly includes modifications 

of the microstructure and the mechanical properties. A 

deterioration of the deformability of the tendon could 

explain local stress concentration and local failure.

One factor inducing tendon degeneration could be an 

imbalance of the forces around the shoulder, due to an 

unfavourable shape of the acromion and the glenoid. Fur-

ther studies are needed to determine the exact nature of 

tendon degeneration, and to find out whether shortening 

of the acromion could be used as a preventive measure to 

stop progression from early stage rotator cuff disease to 

rotator cuff tear.
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