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Introduction
The prevalence of pulley lesions is thought to be between

7% and 18% for all patients undergoing diagnostic

arthroscopy of the shoulder.1,2 This increases to 79% for

those with rotator cuff tears and 73% specifically for

patients with subscapularis tendon tears.3 Walch et al.

showed massive rotator cuff tears in 70% of dislocations of

the long head of biceps (LHB).4

The tendon of the LHB originates from the superior

glenoid rim and follows a course through the joint, which

is almost perpendicular to the conduit within the bicipital

groove. The exit from the joint is reinforced by the pulley

system, acting as a tendoligamentous sling (Figure 1). 

Abstract
Aim: The aim of this study was to describe the association of biceps pulley lesions with subscapularis tendon

tears and subacromial impingement, and present the outcome of surgical management.

Methods: Twenty-six consecutive patients with a mean age of 55 years (range 16–77) were included in this study.

All of the patients were arthroscopically diagnosed with pulley lesions and associated subscapularis tears. The

data was collected prospectively. Subacromial impingement was evident in 22 patients (92%). A final post-

operative evaluation was carried out after a mean of 43 months.

Results: Ninety-two per cent of patients with pulley lesions and subscapularis tears showed subacromial

impingement. Twelve cases (46%) had a selective tenodesis to treat partial tears or subluxations of the long head

of the biceps (LHB). Subscapularis tears were repaired in 22 patients (85%) and debrided in four cases (15%).

Associated SSP tears were sutured in nine and debrided in four of 13 patients. The Constant score improved from

a mean of 64.8 points pre-operatively to 84.7 points post-operatively (P=0.003). 

Conclusion: There is a high association of pulley lesions with subscapularis tears and subacromial impingement.

Rotator cuff repair and subacromial decompression led to favourable results in the treatment of these patients.

LHB tenodesis is recommended if partial tears or subluxations of the biceps tendon are encountered. 
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This sling is a component of the rotator interval, a 

triangular part of the capsule located between the

supraspinatus (SSP) and the subscapularis (SCP) tendon.5,6

The main function of the sling is to stabilise the LHB in its

intra-articular course against shearing forces arising

especially in a position of internal rotation and horizontal

adduction.7,8 As part of the rotator interval this pulley

system consists of four major structures:9 the coraco-

humeral ligament (CHL), the superior glenohumeral

ligament (SGHL), and fibres of the subscapularis tendon

(SCP) and the supraspinatus tendon (SSP). The CHL 

originates from the coracoid process and inserts on the

greater and lesser tuberosity of the humeral head. Together

with fibres of the SSP it forms the roof of the pulley system.10

The SGHL originates from the anterosuperior rim of the

labrum and leads to the proximal part of the lesser

tuberosity. Its medial aspect forms a pouch parallel to the

course of the LHB. Further lateral it transforms into the 

u-shaped floor of the pulley system, reinforced by fibres of

the subscapularis.9 Internal rotation and adduction in the

horizontal plane lead to subluxation of the LHB in the

presence of a pulley lesion. As the LHB glides over the

humeral head it causes partial articular-side tears of the

rotator cuff. Depending on the movement of the shoulder

this leads to lesions of the SCP tendon during a medial

subluxation and of the SSP tendon during a lateral 

subluxation. As the condition advances the LHB wipes over

the cartilage of the humeral head causing chondral lesions,

known as the windshield-wiper mechanism.11

Habermeyer et al.11 divided intra-articular pulley lesions

into four groups (Figure 2):

• Group I: SGHL lesion only

• Group II: SGHL lesion and partial articular-side SSP

tendon tear

• Group III: SGHL lesion and a partial articular-side SCP

tendon tear

• Group IV: SGHL lesion with both, a partial articular-

side SSP and a SCP tendon tear

Lesions of the pulley system can be caused either by

trauma or through degenerative changes. A fall on the

outstretched arm in full internal or full external rotation,

as well as a fall backwards on the hand or elbow is the

most common traumatic mechanism. Intrinsic changes of

the pulley system are thought to be caused by anterior

superior impingement (ASI), which describes an internal

impingement of the biceps and SCP tendon against the

anterior superior glenoid.12 Furthermore, repetitive active

contraction of the biceps in internal rotation is believed to

cause strain on the pulley sling.9 A sudden stop of the

forearm during deceleration of elbow extension amplifies

this tension, such as in a throwing or batting athlete.11 This

eventually leads to lesions of the pulley sling.

The purpose of this study was to establish the association

of pulley lesions with biceps subluxations, SCP tears and

subacromial impingement and to assess the treatment of

this triad of pathology around the rotator interval. 

Lesions of the pulley system can be caused 
either by trauma or through degenerative changes

Figure 1. Anatomy of the pulley sling. The pulley system
consists of four major structures: the coracohumeral
ligament (CHL), the superior glenohumeral ligament
(SGHL), fibres of the subscapularis tendon (SCP) and the
supraspinatus tendon (SSP). These structures form an
envelope enwrapping the LHB. The main function of this
sling is to stabilise the LHB in its intra-articular course
against shearing forces arising especially in a position of
internal rotation and horizontal adduction.

Figure 2. Classification of pulley lesions according to
Habermeyer. Group I: lesion of superior glenohumeral
ligament (SGHL) only. Group II: SGHL lesion and
partial articular-side supraspinatus (SSP) tendon tear.
Group III: SGHL lesion and a partial articular-side
subscapularis (SCP) tendon tear. Group IV: SGHL 
lesion with both, a partial articular-side SSP and a
subscapularis tendon tear.
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Methods
This study included 26 (21 male) consecutive patients who

were diagnosed with an associated pulley lesion and SCP

tear during a standardised intra-operative diagnostic

arthroscopy. Their mean age was 55 years (range 16–77).

Pre- and post-operative evaluation for impingement,

biceps tendon pathology and rotator cuff tears were

collected prospectively. A final post-operative evaluation

was carried out on average 43 months after the 

intervention (range: 31–87). Seventeen patients (65%) were

evaluated based on a clinical assessment and Constant

score performed by one shoulder surgeon. The remaining

nine (35%) patients completed and sent back a 

questionnaire (patient-based Constant score) for 

evaluation purposes. Data obtained from a Constant score

with a surveyor present and the data obtained from a

patient-based Constant score correlate significantly,

therefore comparison of the two is acceptable.13

Anteroposterior X-rays, Y-views and SSP outlet views of

the affected shoulder were obtained in all patients. 

Arthroscopic technique
For the standardised arthroscopic examination, all

patients were placed in the beach-chair position. The

scope was introduced through a standard posterior

portal. The glenohumeral inspection started from origin

of the LHB. Its intra-articular and intertubercular course

was assessed with a probe. After the examination of the

LHB, the articular side of the SSP tendon and the

articular side of the SCP tendon were inspected. The

anterosuperior glenoid rim and labral structures were

examined. The subacromial space was evaluated

through the posterior portal. All arthroscopic findings

were documented using a standardised shoulder

documentation sheet. 

Lesions of the LHB were treated with soft tissue

tenodesis. Partial tears of the rotator cuff were debrided

with a shaver system, and lesions of more than 50%

involving the osseous attachment of the tendon were

repaired with a suture anchor. The decision to perform

subacromial decompression as described by Ellmann14 was

based on typical signs of subacromial impingement such

as fraying or the occurrence of a bone spur on the under-

surface of the acromion. Furthermore, clinical and 

radiological findings of an active acromio-clavicular (AC)

joint osteoarthritis led to the decision to perform an 

arthroscopic AC-joint resection. 

Statistical methods
The univariate analysis of the data was performed using

SPSS, version 13.0 for Windows (Inc. Chicago, Illinois). With

the following nominal data, relative frequencies were 

calculated: pain at rest, pain during motion, pain at night,

pain due to strain, as well as all the test results of the clinical

examination such as impingement tests and rotator cuff tests.

Furthermore, a standard deviation and mean value were

described for the following metrical data: strength

measurements, Constant score results in points and

percentage, age, and for the time passed until post-

operative assessment in months. The comparison of the

metrical data of the patient groups was determined using

the Wilcoxon-Signed-Ranks Test. The Mann-Whitney-U

Test was carried out to calculate differences within a

patient group (pre- versus post-operative). In addition,

binominal tests were used to analyse the discrepancy of

the nominal data. 

Results
All 26 patients had a pulley lesion confirmed during

diagnostic arthroscopy. Two patients sustained their

injury due to a fall. The other 24 patients’ pathology was

attributed to degenerative changes. The SGHL was

ruptured in 14 patients (54%) and elongated in 12 patients

(46%). Thirteen patients (50%) had an isolated SCP tendon

tear (Habermeyer Grade 3). The remaining 13 patients

(50%) had a combination of SCP and SSP tendon tears

(Grade 4). The LHB was dislocated in seven patients

(27%), partial LHB tears were present in eight patients

(31%) and synovitis of the LHB was found in 11 patients

(42%). The SCP tendon was sutured in 22 patients (85%)

and debrided in four cases (15%). The SSP tendon was

sutured in nine of the 13 patients in group 4, and debrided

in the other four patients. A LHB tenodesis was done in 

12 cases (46%). Eight of these 12 patients had a partial tear

of the LHB. The remaining four had a dislocation of the

LHB. The LHB was left alone in 14 patients (54%), 11 of

these patients showed a synovitis, and three patients had

a dislocated LHB. These three patients had suturing of the

SGHL. Seven of the remaining 11 patients had their pulley

lesion treated with shrinking of the SGHL (Figure 3).

Twenty-two patients (92%) showed signs of subacromial

fraying and an acromioplasty was performed in these

cases. 

The post-operative evaluation showed a significant

improvement in impingement tests, rotator cuff tests and

LHB tests as well as in Constant scores. Pre-operative Neer

Test and Hawkins Test were used to assess impingement

and were positive in 20 patients (77%) and 15 patients

(58%) respectively. In all these patients the evidence of

subacromial impingement was confirmed during

diagnostic arthroscopy. All these tests became negative at

post-operative follow-up (P<0.001). The Palm-up Test and

O’Brien Test were used to assess the LHB. The pre-

operative Palm-up Test was positive in 16 patients

(61.5%), and 14 patients (54%) had a positive O’Brien Test.

These were all negative post-operatively (P<0.001). 

The decision to perform subacromial decompression as described by
Ellmann14 was based on typical signs of subacromial impingement
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The SSP tendon was assessed with tests described by Jobe

and Patte, which were positive in 22 patients (84%) and 

20 patients (76%) respectively (Figure 4). The post-

operative tests were negative in all of the patients

(P<0.001). The SCP tests (Lift-off and Belly-Press) showed

poor sensitivity with correct positive testing in only 8%

(Lift-off) and 0% (Belly-Press). None of the patients tested

positive after the operation. The Constant score was

documented in points and improved significantly from a

mean of 66.3 (range: 40–83) to 84.7 (range: 65–100) points

post-operatively (P=0.003).

Discussion
The pulley system of the LHB tendon acts as a sling

securing the tendon within the bicipital groove. If this

mechanism is lost, the LHB dislocates out of the sling and

wipes over the head of the humerus causing rotator cuff

tears and later on osteochondral lesions.11 A progression of

these events is likely, unless the initial pathology is

addressed. The focus should therefore lie in preventing

the LHB from dislocating out of the sulcus. Three patients

from a group of 14 (54%) in whom the SGHL was ruptured

presented with a dislocated LHB and only had minor SCP

tendon tears involving less than 50% of the footprint. In

these cases we decided to suture the SGHL. Seven of 11

patients with LHB synovitis had an elongated pulley sling

and were treated with electro-thermal shrinking. All of

these patients presented with low grade rotator cuff tears. 

On the other hand, a tenodesis or tenotomy was

performed in all of our patients with partial tears of the

LHB (eight patients, 31%) and in dislocations of the LHB

with associated high grade SCP tendon tears involving

more than 50% of the footprint (four patients, 16%). We

used the Palm-up Test and O’Brien Test to assess the LHB.

A pre-operative Palm-up Test was positive in 16 patients

(61.5%) and 14 patients had a positive O´Brien-Test. Post-

operatively, all of the tested patients showed a significant

improvement as none of them tested positive (P<0.001). 

The SCP tendon tears were classified according to Fox15

and SSP tendon tears according to Ellmann.16 We regarded

tears with an involvement of the footprint of more than

50% to be an indication for an arthroscopic rotator cuff

repair. The SCP tendon was sutured in 22 patients (85%)

and debrided in four cases (15%). The SSP tendon was

sutured in nine of the 13 patients in group 4, and debrided

in four of 13 patients in this group. The SSP tendon was

assessed with tests described by Jobe and Patte, which were

positive in 22 patients (84%) and 20 patients (76%) 

respectively. The post-operative tests showed a significant

improvement and were negative in all of the patients

(P<0.001). The SCP tests such as the Lift-off and Belly-Press

tests showed a poor sensitivity in our pre-operative testing

with correct positive testing in only 8% (Lift-off) and 0%

(Belly-Press). Various studies have shown a high variability

of sensitivities for SCP tendon tests and some of the authors

describe their own clinical test, which increases sensitivities

up to 88%.17-20 This might be due to the fact that SCP tendon

tears rarely occur as an isolated pathology and are often

associated with tears of other rotator cuff tendons,

subacromial impingement and LHB pathologies.1,3,18 This

might have confounded clinical testing in our study and we

might have to rely more on pre-operative imaging with

ultrasound or MRI studies to give a more accurate

assessment of the SCP tendon in future.21

Our study had some weaknesses. We did not include a

control group of patients in whom the LHB was left alone,

as we felt this would have been suboptimal in cases of

dislocations or partial tears of the LHB. 

Figure 3. Algorithm used to treat the pathology of the long head of
biceps (LHB). N = Number of patients. Low grade subscapularis
(SCP) tear: less than 50% of the footprint involved

Figure 4. Pre-operative testing to assess the subscapularis (Lift-off
and Belly-Press Test) show poor sensitivity (8% and 0%) compared
to tests for the long head of the biceps (Palm-up Test and O’Brien
Test), impingement (Neer Test and Hawkins Test), as well as SSP
tendon tests (Jobe Test and Patte Test). All tests were negative post-
operatively. 
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Furthermore, our study showed a heterogeneous spectrum

of pathology with a high prevalence of subacromial

impingement (92%). It can be argued that the improvement

in our post-operative assessment could simply result from

subacromial decompression rather than addressing pulley

lesions, LHB dislocations and low-grade rotator cuff tears.

Yet, the subacromial impingement may be seen as a 

consequence of the pulley lesion and subsequent dislocation

of the biceps tendon rather than a separate pathological

entity. In pulley lesions, the compressive joint retraction

mechanism of the LHB and the rotator cuff is lost and as a

result, the humeral head migrates into an anterosuperior

position, causing impingement of structures such as the

rotator cuff and the pulley system itself.11,22 The involvement

of the subacromial space due to superior migration is a

natural progression of this process leading to subacromial

impingement. The question why tenodesis of the LHB

should lead to a decrease rather than an increase in the

glenohumeral joint compression force has been raised. We

believe the main purpose of the tenodesis, especially in

partial tears and dislocations, is to prevent further damage

to the repair of the rotator cuff, which regains its function of

glenohumeral centring. Furthermore, scarring and 

tightening of the rotator interval after suturing or shrinking

of the SGHL may play a role in counteracting an upward

migration of the humeral head, although the impact of this

has not been established.

Conclusion
In 92% patients with SCP tears and associated pulley lesions,

subacromial impingement was evident. Subacromial

decompression and SCP tendon repair seems favourable in

these patients. Tenodesis of the LHB should be considered in

cases of partial tears or dislocations of the LHB to avoid

jeopardising the repair of the SCP tendon. We further

noticed that clinical testing for SCP tears has a poor sensi-

tivity when associated with pulley lesions. 

The authors did not and will not receive any commercial benefits
for this study.
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