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CHAPTER 1
General introduction

GENERAL INTRODUCTION

Chapter 1

1

ROTATOR CUFF TEARS – ANATOMY AND PREVALENCE
The shoulder is one of the largest and most complex joints in the body. The glenohumoral
joint provides a wide range of motion, but must also be stable to make actions like lifting
possible. The joint capsule and the rotator cuff surround the humeral head and glenoid. The
rotator cuff is a musculotendinous unit consisting of the M. subscapularis, which inserts at
the tuberculum minus of the humeral head, and the M. supraspinatus, M. infraspinatus and
M. teres minor, which inserts at the tuberculum majus of the humeral head. The rotator cuff
aids the deltoid in elevation and abduction, and initiates rotation.1,2 Most importantly, the
rotator cuff is a major stabiliser of the glenohumoral joint.3 It functions by centralising the
humeral head in the glenoid during movement.4 The rotator cuff creates a compressive force
into the glenoid socket.4,5 In a physiological setting a balance between stability and mobility
exists in the glenohumoral joint. In case of a rotator cuff tear the humeral head will not be
centralised in the glenohumoral joint but may develop an upward migration and eventually
an end-stage anterosuperior escape.
The insertion of the supraspinatus and infraspinatus tendon is a thin, crescent-shaped
sheet.6 Approximately 1cm medially both tendons merge and form a thick bundle of fibres –
the rotator cable or suspension bridge.7 The posterior rotator cable attachment corresponds
to the attachment of the lower infraspinatus. The anterior cable attachment bifurcates around
the top of the bicipital groove with part of the attachment corresponding to the anterior
supraspinatus and part of the upper attachment of the subscapularis.6 As long as the rotator
cable attachments are intact, the cuff muscles can produce a distributed load along the
cable that gets transferred to bone at the cable attachments (Figure 1). In this way a distally
torn rotator cuff can still function by load transmission.8,9
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FIGURE 1: A. Schematic rotator cuff cable. B. Rotator cable can be illustrated as a
suspension bridge.

ROTATOR CUFF TEARS – AETIOLOGY AND
RISK FACTORS
Rotator cuff tears can develop after a traumatic event like a fall or dislocation of the shoulder.
Most rotator cuff tears however are of degenerative origin. Extrinsic and intrinsic factors are
described as causes of rotator cuff tears. Extrinsic factors are anatomical structures giving
compression on the rotator cuff, which can lead to its wear and tear. Neer and Bigliani
proposed this ‘impingement’ theory, where the acromion, the coracoacromial ligament or
the degenerated AC joint compress the rotator cuff, eventually leading to rotator cuff tears.10,11
Suggesting that impingement leads to rotator cuff tears would imply that most such tears are
on the bursal side, even though different studies have suggested that degenerative rotator
cuff tears start at the articular side.12,13 A possible explanation can be internal impingement.
During movement (abduction and exorotation) the cuff can impinge on the humeral head,
which may lead to wear and tear.
Intrinsic degeneration of the rotator cuff tendon is secondary to age-related changes.
Changes in collagen-type synthesis, vascular changes, hypoxia and oxidative stress make the
rotator cuff more susceptible to damage. This degeneration, also known as tendinosis, leads
to a reduction in the number of functional fibres in the tendon, resulting in an increasing
load on the remaining fibres. Degeneration makes the tendon more susceptible to damage;
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repetitive stresses cause microinjuries, which are not given enough time to heal before
further trauma occurs.14 In patients with degenerative rotator cuff tears both extrinsic and
intrinsic factors play a role. This degeneration-micro trauma explanation is at present the
most widely accepted theory on the aetiology of rotator cuff tears.15 In degenerative rotator
cuff tears the tissue quality of the rotator cuff is structurally decreased.
Rotator cuff tears are common in elderly patients. In their fourth decade of life 10% of
the population has an atraumatic and symptomatic/asymptomatic partial or full thickness
rotator cuff rupture, with numbers increasing to 50% in the sixth decade and 80% in the
eighth decade.16-18 Degenerative rotator cuff tears can be asymptomatic: 35% of patients
with symptomatic full thickness rotator cuff tears are diagnosed with an asymptomatic full
thickness rotator cuff tear on the contralateral side.19 Of these asymptomatic shoulders 50%
became symptomatic within five years.20 Considering the available descriptions of natural
history and prevalence studies, it is suggested that in the United States surgery is performed
annually on only 5% of all rotator cuff tears.21 In conclusion, rotator cuff tears are common
but do not always give rise to symptoms.
Degenerative changes of the muscle-tendon complex can develop over time following
a degenerative rotator cuff tear, such as fatty infiltration, muscle atrophy, retraction of the
muscle and decrease of tendon length.22-26 Retraction of the muscle belly may lead to a
change in the pennation angle between the muscle fibres and the subsequent development
of fatty infiltration (Figure 2). 27 When this occurs the elasticity of the muscle decreases.

FIGURE 2: Change in pennation angle of a torn and retracted supraspinatus tendon.
(Tomioka, sarcomere length of a torn rotator cuff, 2009 JSES)
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TREATMENT
Different studies show successful nonoperative treatment of symptomatic, atraumatic, full-

1

thickness rotator cuff tears in approximately 75% of patients.21,28-30 In patients with atraumatic
treatment.31-33 The improvement in functional outcome, as measured with the Constant
Murley score (CMS), ranges between 13.2 and 30.0.31-33 The CMS ranges from 0 to 100, with
100 representing the best score.
Conservative treatment consists of daily specific postural exercises, active-assisted
motion, active training of scapular muscles, active range of motion, and daily posterior
and anterior stretching.34,35 Strengthening exercises are usually performed. Therapists are
advised to perform mobilisation techniques. Patient education that explains the cause
of the symptoms and the rehabilitation protocol is essential in conservative treatment of
degenerative rotator cuff tears.21 Subacromial steroid infiltration is often used successfully,
and nonsteroidal anti-inflammatory drugs (NSAID) are also effective in decreasing pain in
conservative treatment.
Surgical procedures are reported in patients with full-thickness rotator cuff tears with
good clinical results. Improvement in the Constant Murley score following surgical therapy
ranges from 24.0 to 43.1.36-43
There is much debate on how to perform a rotator cuff repair. Open as well as mini-open
and arthroscopic techniques are described. A shift from open to arthroscopic surgery in the
United States is described.44,45 A recent meta-analysis could not detect significant differences
between the two techniques in terms of time of surgery and functional outcome.46 The
literature describes a variety of retear rates following surgical rotator cuff repair, ranging
from 0 to 94%.33,47 The spread in reported retear rates is most likely caused by different
repair techniques.
The overlapping results of the described conservative and surgical treatment studies
point to comparable outcomes after both treatment modalities. Scientific evidence on which
treatment is superior is limited, as only two randomised controlled trials have compared
the two modalities, presenting conflicting results. A study by Kukkonen et al. found no
difference between the two treatment modalities, and in a study by Moosmayer et al.
surgical repair was favourable.30,48,49 It is therefore questionable what the best treatment for
degenerative rotator cuff tears is. In clinical practice this results in a substantial variation
between orthopaedic surgeons in terms of the chosen approach, as shown in a survey study
by Dunn et al.50
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rotator cuff tears treated conservatively the clinical outcome significantly improves after
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The radiological results of rotator cuff repair are partly dependent on whether the
musculotendinous unit is elastic enough to allow lateralisation of the tendon to the footprint.
Due to degenerative changes this elasticity diminishes. In advanced fatty infiltration the
success of rotator cuff repair decreases,51-53 yet in conservative management increase in
tear size and degeneration of the musculotendinous unit is of concern. Progression of a
rotator cuff tear to an irreparable large tear and eventually cuff tear arthropathy remains
challenging.

AIMS
The scope of this thesis is to optimise management of degenerative full-thickness rotator
cuff tears. First objective is to determine whether there are differences in functional and
radiological outcome between conservative and surgical treatment of degenerative rotator
cuff tears. Second objective is to identify factors influencing the outcome of rotator cuff
repair.

OUTLINE OF THE THESIS
The first aim is addressed in Chapters 2, 3 and 4. Chapter 2 describes the study protocol of a
randomised controlled trial comparing surgical and conservative treatment of degenerative
full-thickness rotator cuff tears. Chapter 3 presents the primary functional outcomes of this
randomised controlled trial. Chapter 4 compares the radiological changes of conservatively
versus surgically treated patients.
The second aim is addressed in Chapter 5, which presents the results of a systematic
review for prognostic factors in rotator cuff repair. This review identifies prognostic factors
for clinical outcome and cuff integrity following rotator cuff repair for full-thickness
supraspinatus and infraspinatus tears.
Chapter 6 is the general discussion, which examines the results of this thesis within a
broader perspective and gives recommendations for future research.
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CHAPTER 2
Clinical and radiological outcome
of conservative vs. surgical
treatment of atraumatic
degenerative rotator cuff rupture:
design of a randomized
controlled trial.

Okke Lambers Heerspink
Roy Hoogeslag
Ron Diercks
Pepijn van Eerden
Inge van den Akker-Scheek
Jos van Raay

BMC Musculoskelet Disord. 2011 Jan 26;12:25.
doi: 10.1186/1471-2474-12-25.

ABSTRACT
Background: Subacromial impingement syndrome is a frequently observed disorder in

2

orthopedic practice. Lasting symptoms and impairment may occur when a subsequent
atraumatic rotator cuff rupture is also present. However, degenerative ruptures of the

Chapter 2

rotator cuff can also be observed in asymptomatic elderly individuals. Treatment of
these symptomatic degenerative ruptures may be conservative or surgical. Acceptable
results are reported for both treatment modalities. No evidence-based level-1 studies
have been conducted so far to compare these treatment modalities. The objective of
this study is to determine whether there is a difference in outcome between surgical
reconstruction and conservative treatment of a degenerative atraumatic rotator cuff
tendon rupture.
Methods/Design: A randomized controlled trial will be conducted. Patients aged
between 45 and 75 with a symptomatic atraumatic rotator cuff rupture as diagnosed
by MRI will be included. Exclusion criteria are traumatic rotator cuff rupture,
frozen shoulder and diabetes mellitus. Patients will be randomized into two groups.
Conservative treatment includes physical therapy according to a standardized
protocol, NSAIDs and, if indicated, subacromial infiltration with a local anesthetic
and corticosteroids. Surgical reconstruction is performed under general anesthesia
in combination with an interscalenus plexus block. An acromioplasty with
reconstruction of the rotator cuff tendon is performed, as described by Rockwood
et al. Measurements take place preoperatively and 6 weeks, 3 months, 6 months
and 1 year postoperatively. The primary outcome measure is the Constant score.
Secondary measures include both disease-specific and generic outcome measures,
and an economic evaluation. Additionally, one year after inclusion a second MRI will
be taken of all patients in order to determine whether extent and localization of the
rupture as well as the amount of fatty degeneration are prognostic factors.
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Discussion: Both surgical as conservative treatment of a symptomatic atraumatic
rotator cuff tendon rupture is used in current practice. There is a lack of level-1
studies comparing surgical vs. conservative treatment. This randomized controlled

2

trial has been designed to determine whether the surgical treatment of a degenerative
atraumatic rotator cuff tendon rupture may lead to a better functional and radiological

Clinical and radiological outcome of conservative vs. surgical treatment of atraumatic
degenerative rotator cuff rupture: design of a randomized controlled trial.

outcome than conservative treatment after one year of follow-up.
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BACKGROUND

2

Subacromial impingement syndrome (SIS) is the most frequently recorded disorder of
shoulder complaints.1,2 The etiology of SIS is multifactorial. Both extrinsic factors, like
impingement of the rotator cuff relative to the acromion, age, smoking and diabetes

Chapter 2

mellitus, and intrinsic factors, like overhead use, repetitive microtraumata and inflammation
pathways, contribute to the development of SIS.3 This leads to a continuum of subacromial
edema and subdeltoideal bursitis, and eventually an atraumatic rupture of the rotator cuff.4
Clinically, a rotator cuff rupture is characterized by painful or impaired active abduction,
with reduced strength in abduction, external rotation and elevation. However, a degenerative
rotator cuff rupture may also be asymptomatic.5 Ten percent of the population has an
atraumatic and subclinical rotator cuff rupture in their fourth decade of life; this increases
to 50% in the sixth decade and 80% in the eight decade.6 Fifty percent of patients over 50
years of age with an asymptomatic rotator cuff rupture become symptomatic within 5 years.7
Treatment of symptomatic degenerative rotator cuff ruptures can be conservative
or surgical.8 Objectives are relieving pain and restoring shoulder function. Conservative
treatment consists of analgesic medication, such as non-steroidal anti-inflammatory drugs
(NSAIDs), subacromial infiltration of lidocaine and corticosteroids, and physical therapy. The
few existing studies that involve conservative treatment have not properly defined what this
non-surgical treatment entailed.9-13 Described success rates of conservative treatment vary
widely, from 40 to 80%.9-13 The quality of the studies that support conservative management
is generally poor. Most studies are of a low-quality level, are retrospective, and do not
represent the entire population of patients with a rotator cuff rupture. Moreover, they do not
distinguish between degenerative atraumatic and traumatic rotator cuff ruptures.9-13
Surgical treatment for rotator cuff ruptures includes subacromial bursectomy,
acromioplasty, debridement in case of partial tears, and surgical reconstruction of the rotator
cuff. A combination of procedures is often carried out, which can be performed as open
procedures or using arthroscopic techniques.14
Reported satisfactory outcome of surgical treatment of a rotator cuff rupture is 38-95%.15-20
Most studies do not distinguish between degenerative atraumatic and traumatic rotator cuff
ruptures. In some studies the satisfaction rate as reported by patients was high, yet functional
outcome was poor.15,17,19 This seems to indicate that pain is more important than range of
motion from a patient perspective. Duration of symptoms longer than 34 months, female
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gender and higher ASA scores are correlated with a poor outcome.17 Postoperative retears
occur in 11-92% of patients.21 A rotator cuff retear correlates with decreased functional
outcome.22 It is stated that the amount of fatty muscular degeneration and atrophy of the
rotator cuff is a bad prognostic factor for functional outcome.23
A recent review could not draw firm conclusions with regard to efficacy of reconstruction
therapy, suggesting that they may not have been satisfied with the latter. Currently there
are no level-1 randomized studies that compare surgical to non-surgical treatment. It is
therefore unclear whether surgical repair of a symptomatic atraumatic full-thickness rotator
cuff rupture of the shoulder leads to a better functional result than conservative treatment.
We designed a randomized controlled trial aiming to compare clinical, functional and
radiological outcome of surgical reconstruction versus conservative treatment of atraumatic
degenerative rotator cuff ruptures. Moreover, it will be determined whether extent and
localization of the rupture as well as the amount of fatty degeneration are prognostic factors
for the outcome of both treatments. This paper reports the study design of the COPACABANA
(Conservative vs. Operative treatment of Atraumatic rotator Cuff rupture, Anatomically and
Radiology After oNe yeAr) study.
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of rotator cuff ruptures.8 A significant number of patients underwent surgery after nonoperative

2

METHODS/DESIGN

2

DESIGN
The COPACABANA study is designed as a level-1 prospective randomized controlled trial.
The study design, procedures, protocols and informed consent are approved by the local
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Medical Ethical Committee (registration number MZH2008-36). The trial is registered in the
Netherlands Trial Registry (NTR TC 2343). The inclusion period is planned from April 2009
to December 2011.

STUDY POPULATION
A MRI scan will be done on all patients aged between 45 and 75 with a clinically suspected
atraumatic rotator cuff rupture who were referred to the departments of orthopedic surgery
and rehabilitation of both Martini Hospital and University Medical Center Groningen, The
Netherlands. If the MRI of the affected shoulder shows — as assessed by two independent
assessors (PE, FOLH) — a full thickness rotator cuff rupture with degenerative characteristics,
the patient will be included in the study. Exclusion criteria are traumatic rotator cuff
rupture, previous surgical treatment of the shoulder, frozen shoulder, radiological and
symptomatic osteoarthritis of the glenohumeral or acromioclavicular joint, (rheumatoid)
arthritis, diabetes mellitus and cognitive disorders, neurological disease or language barriers
impairing participation. All patients must give informed consent before participating in the
COPACABANA study.

RANDOMIZATION
Patients who meet the inclusion criteria will be informed about the study. After consenting
to participate, patients are allocated to conservative or surgical treatment. One researcher
(FOLH) will perform randomization. Randomization procedure is based on opaque sealed
envelopes. Patients will be informed in accordance with the Dutch Medical Treatment
Contracts Act about the treatment, the risk of complications and the anticipated period of
recovery for both treatment groups.
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INTERVENTIONS
Conservative treatment consists of a subacromial steroid infiltration. The first infiltration
will be performed immediately following inclusion. Using a 21-gauge needle with the
covered syringe, the treating orthopedic surgeon injects the patient’s subacromial bursa
via the anterolateral approach applying an aseptic technique. If no relief is obtained with
or ultrasound guidance. The infiltration will be repeated at a maximum of three times.
Further treatment consists of analgesic medication with NSAIDs, paracetamol, and/or
tramadol. Patients will be referred to a physiotherapist that uses a standardized protocol
developed by the Department of Physical Therapy of Martini Hospital (Table I). During
the first 4 weeks passive movements will be performed to preserve glenohumeral and
scapulothoracic mobility. After 6 weeks active movements will be performed. Twelve weeks
after commencement of treatment physiotherapy will be aimed at strength regeneration.
Mobility will be further optimized. Physical therapy is continued until patients reach a full
range of motion and an improvement in strength is achieved.

Table I: Protocol for conservative treatment
Weeks 0-4
Maintain scapulothoracic mobility.
Passive anteflexion/abduction 45°, exorotation 10°.
Circumduction training.
Weeks 4-6
Guided active motion.
Weeks 6-12
Active motion guided by pain.
Active coordination and stability training.
Weeks 12-Start strength training. Optimize mobility, coordination and stability training
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the first subacromial infiltration, a second infiltration will be performed under radiological

2

The surgical procedure is performed by two qualified and experienced surgeons (JvR,
RD). Surgery will take place within 6 weeks after the inclusion date. If indicated, NSAIDs or

2

other pain medications will be prescribed in the period until surgery.
Surgery is carried out under general anesthesia, if indicated supplemented with an
interscalenus plexus block. The operation is performed in beach-chair position. The approach
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applied is the anterolateral “deltoid on” approach. The coracoacromial ligament is detached
from its insertion and the subacromial bursa is excised. The anteroinferior part of the
acromion is removed, as well as osteophytes on the lower surface of the acromioclavicular
joint. The ruptured ends of the rotator cuff are mobilized and repaired. Reconstruction
depends on the type of rupture,24 augmented by using bone anchors. If repair is not possible
due to extensive degenerative changes, debridement and a biceps tenolysis at the glenoid
and tenodesis in the sulcus bicipitalis tenodesis with bone anchors will be performed.
No tendon transfers or artificial augmentation devices will be used. The deltoid muscle is
reattached to the acromion by transosseal refixation. As no differences in outcome have
been reported between open or arthroscopic repairs, we chose to use the open approach,
omitting the possible bias of a learning curve.14 Standard postoperative pain relief protocols
used in the participating hospitals will be used throughout the study.
After surgery, the patient receives a sling for six weeks combined with exercise
instructions (Table II). Patients will be referred to a physiotherapist who uses a standardized
protocol (Table II). During the first 6 weeks the emphasis is on mobility, not on strength. After
6 weeks strength development will be included as well. Physical therapy after surgery is
done until patients reach a full range of motion and an improvement in strength is achieved.
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Table II: Protocol for surgical treatment
1st day postoperatively
Active motion of elbow, wrist, hand. Passive shoulder motion up to pain threshold. Affected arm
in sling for 6 weeks; remove only for personal hygiene.
3rd day postoperatively

2 weeks postoperatively
Outpatient control for wound, neurovascular status, etc. Control of motion and exercises.
Continuation of exercises. No combined abduction-exorotation.
6 weeks postoperatively
Outpatient control. Goal: passive motion is the same as preoperative motion. Start guided active
motion and expand to active motion. Remove sling. Start rotator cuff rehabilitation. No combined
abduction-exorotation.
8 weeks postoperatively
Goal: range of active motion is at least 50% of preoperative.
12 weeks postoperatively
Outpatient control. Goal: active range of motion is the same as preoperative. Start combined
abduction-exorotation movement.
* activities of daily living

MEASUREMENTS
Outcome assessment will take place in both study groups at randomization (T0), 6 weeks
post-randomization (T1), and at 3, 6 and 12 months (T2, T3, T4) post-randomization. At
12 months follow-up a second MRI of the affected shoulder will be taken (Figure 1). The
outcome assessment will take place in an outpatient clinic setting and will focus on shoulder
function and pain. Functional outcome (primary outcome) will be determined with the
Constant Murley score. Secondary outcome measures are the Dutch Simple Shoulder Test,
the Visual Analogue Scale for pain and restriction, the Goutallier score (Table III), anatomical
localization of the rotator cuff rupture and integrity of the rotator cuff. Further, a generic,
patient-based cost-effectiveness analysis will be performed.
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Passive motion (including passive exorotation). Submaximal isometric contractions (<30% of
voluntary isometric force). Practice ADL* and sleep postures.

2

Enrolment

Clinical visit and MRI
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2
Randomisation (n=108)

Exclusion criteria:
• Traumatic rotator cuff rupture
• Previous surgical treatment of the
shoulder
• Frozen shoulder
• Radiological and symptomatic
osteoarthritis of the glenohumeral or
acromioclavicular joint
• (Rheumatoid) arthritis
• Diabetes mellitus and cognitive
disorders
• Neurological disease or language
barriers impairing participation

Allocation
Conservative treatment
Start analgesic medication, subacromial
infiltration

Surgical treatment
Surgery within 6 weeks

Follow-Up
6 weeks
3 months

6 weeks postoperatively
3 months postoperatively

End of study
12 months
MRI

12 months
MRI

FIGURE 1: Flow diagram.

SHOULDER FUNCTION AND CLINICAL SHOULDER SCORE
The Constant Murley Score will be used.25 This score system combines a shoulder function
test (65 points) with a subjective evaluation of shoulder complaints by the patient (35 points).
Additionally, patients will complete the Dutch Simple Shoulder Test; a questionnaire of 13
questions (yes/no) relating to the perception of symptoms of shoulder pain and function in
the last 24 hours.

30

PAIN
Pain and restriction will be measured using a Visual Analogue Scale. Zero represents the
least likely pain and restriction, and 10 the most likely pain and restriction.

2

RADIOLOGICAL INVESTIGATION
and anatomical localization of the rotator cuff rupture, will be reviewed on a MRI.26,27 The
MRI will be made at inclusion and 12 months after commencement of treatment. The extent
and localization of the rupture as well as the amount of fatty degeneration and amount of
retraction is determined by two independent assessors (PE, FOLH).

Table III: Criteria for grading muscle fatty degeneration (Goutallier score)
Grade 0

No fatty deposits

Grade 1

Some fatty streaks

Grade 2

More muscle than fat

Grade 3

As much muscle as fat

Grade 4

Less muscle than fat

SAMPLE SIZE
Different prospective studies on clinical outcomes following open rotator cuff repair in fullthickness rotator cuff ruptures state that the Constant Murley Score 1 to 3 years postoperatively
is between 70 and 90.17,26,28-30 Sample size calculation was performed; primary outcome
measure was the Constant–Murley Score, whereby 10 points was considered a clinically
relevant difference between the two groups, with a standard deviation of 20, alpha set on
5% and power on 80%. This resulted in a required number of 49 patients in each group.
Assuming a dropout rate of 10%, two groups of 54 patients will have to be included.
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The Goutallier score (Table III), which classifies the amount of fatty degeneration of a muscle

STATISTICAL ANALYSIS
The means and standard deviations of the intervention and control group will be calculated

2

for patient and outcome characteristics. In order to determine whether a difference exists
between the surgical and conservative groups as far as primary outcome measurement
(pain and function of the shoulder as determined with the Constant-Murley Score) over
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all five measurement moments is concerned, a random effect analysis shall be carried out
which includes corrections for hospital and operating surgeon and for a number of patient
characteristics. This analysis will be repeated with the secondary outcome measurements as
dependent variables.
The prognostic value of localization and extent of the rotator cuff rupture and the degree
of fatty degeneration influencing the functional recovery after 12 months will be analyzed
using a linear regression model. Here too corrections will be made for hospital and operator
and for a number of patient characteristics.

DISCUSSION
Both conservative and surgical treatment for degenerative atraumatic rotator cuff tendon
rupture is performed in current practice. A clear distinction between indications for surgical
repair and conservative treatments cannot be made on the basis of the current evidence.
To date, there are no randomized controlled studies that compare outcome of surgical
vs. conservative treatment of atraumatic rotator cuff ruptures. The COPACABANA study is
designed to determine which treatment result in better outcome. Furthermore, it is possible
to identify prognostic factors for outcome of surgical repair of the rotator cuff.
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ABSTRACT
Background: Good clinical results have been reported for both surgical and
conservative treatment of rotator cuff tears. Primary aim of this randomized controlled
trial was to compare functional and radiological improvement following surgical and
conservative treatment of degenerative rotator cuff tears.

3

Methods: We conducted a randomized controlled trial that included 56 patients with
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a degenerative full-thickness rotator cuff tear between January 2009 and December
2012; 31 patients were treated conservatively, in 25 patients rotator cuff repair was
performed. Outcome measures – Constant-Murley Score, VAS pain and VAS disability
– were taken preoperatively and after 6 weeks and 3, 6 and 12 months. MRI was
performed preoperatively and at 12 months postoperatively.
Results: 12 months postoperatively the mean CMS in the surgery group was 81.9 (SD
15.6) versus 73.7 (SD 18.4) in the conservative group (p=0.08). VAS pain (p=0.04)
and VAS disability (p=0.02) were significantly lower in the surgery group at 12
months follow-up. In a subgroup analysis significantly better postoperative scores
on CMS were observed in surgically treated patients without a retear compared to
conservatively treated patients [88.5 (6.2) vs. 73.7 (18.4)].
Conclusion: In our population of patients with degenerative rotator cuff tears who
were randomly treated by surgery or conservative protocol we did not observe
differences in functional outcome as measured with CMS one year after treatment.
However, significant differences in pain and disabilities were observed in favor of
surgical treatment. Best outcomes in function and pain were seen in patients with an
intact rotator cuff postoperatively.

38

INTRODUCTION
Rotator cuff tears are a common cause of shoulder complaints. Every year 250.000 rotator
cuff repairs are performed in the United States,1 yet controversy remains about optimal
treatment of these tears. Surgical repair as well as conservative treatment is described.
Acceptable results are reported for both treatment modalities.2-6
Those who favor surgical repair worry that tear progression over time will lead to
has limited capabilities for healing without repair,7 yet conservative treatment often
yields acceptable outcome.2,4 Additionally, after surgical repair retear of the rotator cuff
is described in 0-94.4% of cases.8,9 Moreover, it is stated that despite surgery the healing
capacity of tendons is affected by degeneration.10 Several case series describe results of
both treatments. Mean improvement in Constant-Murley score (CMS) for physiotherapeutic
treatment of full-thickness rotator cuff tears ranges from 13.2 to 30.0.11-13 Improvement in
CMS following surgical therapy ranges from 24.0 to 43.1.3,14-20 These overlapping results
point to comparable outcomes following both treatment modalities. Scientific evidence is
limited, as only two randomized controlled trials are comparing the two modalities and they
present conflicting results.5,6,21 In a study of Kukkonen no difference between the treatments
was found,5 and in a study of Moosmayer surgical repair was favourable.6
We undertook a randomized controlled trial to compare outcomes in patients who
underwent surgical repair or conservative treatment for degenerative rotator cuff tears. We
hypothesized that surgical repair and conservative treatment of degenerative rotator cuff
tears provide comparable outcomes. Our primary aim was to compare functional outcome
following surgical and conservative treatment. Secondly, MRI assessed cuff integrity one year
postoperatively. Intact repairs were compared to patients with a retear and conservatively
treated patients.
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increased disability with conservative treatment of full-thickness tears. The rotator cuff

3

MATERIALS AND METHODS
This randomized controlled trial was conducted at one university hospital and two regional
hospitals. Institutional Review Board approval was obtained for this randomized controlled
trial (registration number M08.062126). The trial is registered in the Netherlands Trial
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Registry (NTR TC 2343).

PATIENT SELECTION
Patients with degenerative, non-traumatic full-thickness rotator cuff tears were included in
this study from January 2009 until December 2012. Exclusion criteria were traumatic onset
of complaints, previous surgical treatment of the shoulder, frozen shoulder, radiological
and symptomatic osteoarthritis of the glenohumeral or acromioclavicular joint, arthritis/
rheumatoid arthritis, diabetes mellitus, cognitive disorders, neurological disease affecting
function of the upper extremity and language barriers impairing participation. After
written informed consent all patients were randomized into a surgical and a conservative
group. Randomization was done using opaque sealed envelopes. The randomization was
performed by hand, using 100 prefilled envelopes (50 for each treatment arm). As described
in the Discussion section of our paper, the inclusion of patients for this trail was difficult.
We eventually had to terminate the inclusion preliminary, resulting in an unequal number of
participants in the conservative and surgical group. Because we were dealing with a surgical
vs. conservative therapy set-up, patients and outcome assessors could not be blinded for
type of treatment. For this study 92 patients suspected of a degenerative rotator cuff rupture
were screened with MRI. The trial included 56 patients, 25 of which were treated surgically
and 31 conservatively. At one-year follow-up, one patient in the surgical group wasn’t able
to perform a MRI due to claustrophobia. Six patients in the conservatively treated group
were lost to follow-up, one was deceased at final follow-up, and two patients had moved;
three discontinued the intervention. One patient in the surgical group was lost to follow-up
3 months postoperatively. A patient flow diagram is included as Figure 1.
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Enrolment

Accessed fo eligibility (n=92)

Excluded (n=36):
• Not meeting inclusion criteria (27)
• Declined to participate (6)
• Other reasons (3)

3

Randomisation (n=56)
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Allocation
Allocated to conservative treatment (n=31)
All patients received allocated intervention

Allocated to surgical treatment (n=25)
All patients received allocated intervention

Follow-Up
Lost to follow-up (n=6)
• discontinued intervention (n=3)
• death (n=1)
• moved (n=2)

Lost to follow-up (n=1)
• moved (n=1)
• 4 patients excluded due to failed
surgery (rotator cuff repair was not
performed due to an intact rotator
cuff or irreparable tear) for primary
and subgroup (postoperative retear)
analysis, these patients were included
in the intention-to-treat analysis

End of study
Analysed (n=25)

Analysed (n=20)
• 1 patient excluded from subgroup
analysis, due to claustrofobia MRI at
final follow up was not possible

FIGURE 1: Flow diagram.
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INTERVENTIONS
SURGERY GROUP (N=25)
Surgical procedures were performed by two qualified and experienced surgeons (JvR,
CTK). Surgery was scheduled within 6 weeks of inclusion and was done under general
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anaesthesia, supplemented with an interscalenus brachial plexus block. The operation
was performed in beach-chair position using an anterolateral mini-open approach. The
coracoacromial ligament was detached from its insertion and the subacromial bursa was
excised. The anteroinferior part of the acromion was removed. The footprint of the rotator
cuff on the greater tuberosity was debrided and a bleeding bony bed was created. Side-toside repair and repair augmented with bone anchors were performed depending on the
shape of the rupture. A side-to-side repair was performed in six patients. In 14 patients the
repair was augmented using bone anchors. In two patients the tear could not be repaired, in
two patients no rotator cuff rupture was found despite MRI-supported diagnosis. These four
patients were excluded for primary per-protocol analysis, but included in the intention-totreat analysis. The deltoid muscle was reattached to the acromion by transosseal refixation.
Following surgery, the patient received a sling for six weeks. Patients were referred for
physical therapy and treatment was commenced according to a standardized protocol.22
In the first 6 weeks only passive movements were allowed. Passive GH movement was
performed to prevent loss of mobility. The mobility of elbow and wrist was passively
maintained. Circumduction exercises were allowed. After 6 weeks active guided treatment
was started and was expanded to active treatment. Strength development was started three
months postoperatively.

CONSERVATIVE GROUP (N=31)
Conservative treatment consisted of subacromial steroid infiltration, physiotherapy and
analgesic medication. Following inclusion patients were given a subacromial infiltration.
The subacromial space was injected by a posterior approach. When the first infiltration
gave no pain relief, a second infiltration was performed under radiological or ultrasound
guidance. The number of subacromial infiltrations was limited to a maximum of three.
Further conservative treatment options consisted of analgesic medication with non-steroidal
anti-inflammatory drugs (NSAIDs), paracetamol and/ or tramadol. Patients were referred
to a physiotherapist. The Department of Physical Therapy of Martini Hospital, Groningen,
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the Netherlands, developed a standardized physical therapy protocol for the conservative
treatment of rotator cuff tears.22 In addition to explaining the cause of the symptoms and
the rehabilitation protocol, the physiotherapist advised about activities of daily living
(ADL). Passive glenohumeral (GH) and scapulothoracic (ST) movements were performed;
static and dynamic exercises were started. Aim of these exercises was to improve GH and
ST musculature. Poor posture was corrected. In weeks 4 to 6 exercises were gradually
increased and deltoid training was started. In weeks 6 to 12 rehabilitation was aimed at
further optimization of mobility and strength regeneration of the remaining cuff and deltoid.
improvement in strength was achieved. Three patients were dissatisfied with the result of
conservative treatment and a decision was made to perform rotator cuff repair (discontinued
intervention). In two of these patients data was available until 3 months post-treatment, in
the other patient until 6 months post-treatment.

OUTCOME ASSESSMENT
Outcome was assessed in both study groups at randomization (T0), 6 weeks (T1), 3, 6 and 12
months (T2, T3, T4) following surgery for the surgical group and inclusion for the conservative
group. After inclusion and at one year follow-up an MRI of the affected shoulder was taken.
Functional outcome (primary outcome) was determined with the Constant-Murley score
(CMS). The CMS combines a shoulder function test (65 points) with a subjective evaluation
of shoulder complaints by the patient (35 points).23
Secondary outcome measures were:
1.

Dutch Simple Shoulder Test (DSST). A questionnaire of 13 yes/no questions relating
to the perception of symptoms of shoulder pain and function in the last 24 hours.24

2.

Visual Analogue Scale for pain and disability. Mean pain and disability during the
last week was measured using a Visual Analogue Scale. Zero represents no pain and
restriction, and 10 the most likely pain and disability.25

3.

Radiological outcome. Muscle degeneration was assessed on the MRI taken at
inclusion. Location of the tear, size and retraction was determined. The MRIs were
analyzed by three musculoskeletal radiologists (PE, RW), agreement was reached on
a consensus basis. The Patte score, which assesses the degree of tendon retraction
in the frontal plane on MRI, was used to describe the amount of retraction. Fullthickness tears with little tendon retraction were assessed as grade 1, tendon
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Physical therapy was continued until patients reached an optimum range of motion and an

3

retraction to the level of the humeral head as grade 2, and tendon retraction to
the level of the glenoid as grade 3.26 Retraction was also described in millimeters.
Muscle atrophy was described using the Warner classification in the sagittal plane
on MRI.27 This classification is based on the relation of the muscle to a straight line
connecting either the coracoid to the scapular spine (assessing the supraspinatus) or
the coracoid to the tip of the scapula (assessing the infraspinatus).
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STATISTICAL ANALYSIS
Baseline and follow-up characteristics are presented as proportion, mean (± SD) or median
(interquartile range) in case of a skewed distribution. Differences at baseline between
the two treatment groups were tested using Mann-Whitney U-tests in case of continuous
variables and Chi-square tests in case of categorical variables.
To study the effect of the two different treatments, all follow-up analyses were
performed as ‘per protocol analyses’. Patients lost to follow-up (n=4) or with a discontinued
intervention (n=3) were excluded, as were four patients on whom rotator cuff repair could
not be performed due to an intact rotator cuff or irreparable tear (see Figure 1). Using MannWhitney U-tests and chi-square tests, differences between treatment groups at follow-up
(T4) were assessed. A line figure was created to display the course of the mean CMS from T0
to T4 in the surgery and conservative groups. In addition, differences in mean improvement
on the CMS from T0 to T4 in patients treated surgically or conservatively were tested using
a Mann-Whitney U-test.
Next, a subgroup analysis was performed among the group of patients who had surgery.
This group was divided into patients with and without an intact cuff at follow-up. These two
groups were compared to conservatively treated patients using Mann-Whitney U-tests and
chi-square tests.
Lastly, patients lost to follow-up (n=4), discontinued interventions (n=3) and exclusions
(n=4) were described in a subgroup analyses. An intention-to-treat analysis, in which the
last observation of these patients was carried forward, was performed on the T4 CMS. All
statistical analyses were performed using SPSS software v. 20.0 (SPSS, Chicago). Statistical
significance was defined at the 5% (P-value ≤ .05) level.
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RESULTS
BASELINE CHARACTERISTICS
Patient baseline characteristics are presented in Tables I and II. At baseline no significant
differences between the two groups in functional or radiological characteristics were found
at that point.

3

Table I: Functional Baseline Characteristics (SD).
Conservatively

N (%)

25 (44.6)

31 (55.4)

Sex (% man)

60

64.5

0.73

Age

60.8 (7.2)

60.5 (7.0)

0.90

Side (% R)

48

64.5

0.21

Dominance (%R)

80.0

83.9

0.71

Complaints in months

12.5 (4.8; 25.6)

12.0 (7.8; 24)

0.76

CM score baseline

55.6 (18.4)

56.9 (15.0)

0.77

DSST baseline

5.5 (2.3)

6.1 (2.7)

0.37

VAS pain baseline

6.7 (1.7)

6.3 (1.3)

0.30

VAS disability baseline

6.2 (1.7)

5.8 (2.1)

0.50
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Surgery

P-value

Table II: Radiological baseline characteristics.
Surgery

Conservative

Supraspinatus

25

31

Additional infraspinatus tears

0

1

Additional subscapularis tears

1

4
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OUTCOME
Postoperative functional outcome measurements are presented in Table III for 20 surgically
and 25 conservatively treated patients. Mean improvement in CMS one year following surgical
treatment was 27.1 (SD22.5), following conservative treatment 16.7 (SD18.0) (p=0.09). A
significant difference in mean improvement between surgically and conservatively treated

Chapter 3

3

patients was seen on DSST and the VAS pain.

Table III: Functional outcome at one-year follow-up (SD) in Constant Murley score
(CMS), Dutch simple shoulder test (DSST), visual analogue scale (VAS) pain and
disability.
Surgery n= 20

Conservative n=25

P-value

Constant Murley (CMS)
Change in CMS

81.9 (15.6)
27.1 (22.5)

73.7 (18.4)
16.7 (18.0)

0.08
0.09

DSST
Change in DSST

11.0 (2.8)
5.9 (3.2)

9.7 (3.6)
3.8 (3.4)

0.13
0.03

VAS pain
Change in VAS pain

2.2 (1.9)
-4.7 (2.4)

3.2 (2.1)
-3.0 (2.4)

0.04
0.02

VAS disability
Change in VAS disability

2.1 (1.7)
-4.1 (2.5)

3.5 (2.3)
-2.4 (2.9)

0.02
0.06

SUBGROUP ANALYSIS: POSTOPERATIVE RETEAR
Table IV presents the results of the one-year postoperative control MRI in patients with
(n=14) and without (n=5) a postoperative retear compared to conservatively treated
patients. One patient in the surgical group was excluded from this subgroup analysis; due
to claustrophobia MRI one year after treatment was not possible. The retear rate was 73.7%.
In the surgery group no significant preoperative differences in age, baseline CMS, retraction
or atrophy between patients with or without a postoperative retear were seen (table IV).
Mean postoperative scores on CMS, VAS pain and VAS disability were significantly better
in the subgroup of patients with an intact rotator cuff at follow-up than in conservatively
treated patients [88.5 (6.2) vs. 73.7 (18.4) on CMS and 1.4 (0.89) vs. 3.2 (2.1) on VAS pain
respectively]. Figure 2 presents the course of mean CMS from inclusion to final follow-up
in the three groups.
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Subgroup analysis
retear
intact

Mean CM score

80

conservative

60

3

20

0

10

20

30

time in weeks

40

50

60

FIGURE 2: Outcome in time measured with mean Constant Murley score (CM score)
of group of paitients with intact repair, retears and conservatively treated

SUBGROUP ANALYSIS: LOST TO FOLLOW-UP AND EXCLUDED
PATIENTS

Patients lost to follow-up with a discontinued intervention or excluded patients were not
part of the per-protocol analysis. To study the effect of these patients on the outcomes of
our different study groups, an intention-to-treat analysis was performed in which the last
observation of these patients was carried forward. Mean CMS at follow-up decreased in
the conservative group by including the patients who were lost to follow-up, resulting in a
significant difference between surgery and conservative treatment (mean CMS at one year
81.6 (14.9) vs. 71.5 (18.1), p=0.02).
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Table IV: Subgroup analysis of patients with and without postoperative retear (SD).
Constant Murley score (CMS), dutch simple shoulder test (DSST), visual analogue
scale (VAS).
Postoperatively intact cuff

Postoperative retear

Conservative

Functional and radiological baseline characteristics
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N

5

14

25

Age

62.2 (3.9)

60.4 (8.0)

60.8(7.1)

Baseline CM score

64.5 (18.6)

52.1 (18.8)

57.6 (14.8)

Warner

1

0

7.7%

25.9

2

80%

61.5%

37.0

3

20%

15.4%

18.5

4

0

15.4%

18.5

Retraction (mm)

18.4 (8.6)

22.5 (9.7)

25.1 (14.3)

Patte

1

80%

33.3%

26.6

2

0

53.3%

46.7

3

20%

13.3%

26.7

Functional outcome at one-year follow-up
CMS

88.5 (6.2)

73.2 (20.4)

75.6 (16.2)*

VAS pain

1.4 (0.89)

3.0 (2.4)

3.0 (1.9)*

VAS disability

1.6 (0.89)

3.0 (2.6)

3.3 (2.0)*

DSST

12.8 (0.44)

9.2 (4.0)*

10.1 (3.1 )*

*P=<0.05
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DISCUSSION
This randomized controlled trial was designed to compare outcome following surgical or
conservative treatment of degenerative rotator cuff tears. One year after start of treatment
no significant difference was found in CMS, our primary outcome, between surgically
and conservatively treated patients. VAS pain and VAS disability at final follow up were
significantly better in the surgically treated than the conservatively treated patients, albeit
differences were small. In 73% of surgically treated patients a retear of the rotator cuff
patients with an intact rotator cuff repair at final follow-up.
In our study no significant difference was found in CMS between surgical and
conservatively treated patients. In the intention-to-treat analysis we found a significant
difference between the two groups (10.1 points). Relevancy can be questioned as below 10.4
points the CMS does not reach a minimal clinically important level.28 Despite the conflicting
results of two previously conducted RCTs, our results can be considered comparable to those
RCTs. Kukkonen et al. concluded that surgical treatment yields no significantly better CMS
than conservative treatment.5 Moosmayer et al. also conducted a randomized controlled
trial comparing operative and conservative treatment of degenerative and traumatic rotator
cuff tears.6 In their study a higher percentage of patients were documented with a successful
cuff repair, which might explain why they initially report significantly better outcomes for
surgical treatment than for conservative treatment in their study.6 However, the difference
in CMS between their two groups at 5 year follow up was small (5 points) which is below
clinically important level.21
In our study, best postoperative scores on function, pain and disability were observed
in patients with an intact rotator cuff at final follow-up. This is supported by previous
research.3,20,29,30 It should be noticed that 73% of cuff repairs failed. In six patients a side-toside rotator cuff repair was performed and it was successful in only one patient. This could
be explained by Gerber’s study,31 showing that tendon-to-bone healing in rotator cuff repair
has a higher change of success than tendon-to-tendon healing.
At baseline no significant differences were found between patients with a retear or intact
rotator cuff in terms of age, baseline CMS, retraction or atrophy perhaps helping to predict
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was diagnosed on MRI. The best functional outcome and lowest pain scores were found in

3

successful outcome. So far there exists mainly moderate quality studies describing prognostic
factors for rotator cuff repair.32 Patient numbers in the present study were too small to perform
a multivariate analysis to identify prognostic factors for surgical or conservative treatment.
In the group of patients treated conservatively one patient developed a frozen shoulder
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nine months after conservative treatment. The low CMS score one year after the start of
the intervention had a pronounced influence on the group results, especially because of
the small number of patients included. Despite randomization, the number of patients
with a larger cuff tear was higher in the group of conservatively treated patients. Selection
bias might have occurred which might have affected the results of the conservative group
negatively.

STRENGTHS AND LIMITATIONS
So far two randomized controlled trials comparing surgical and conservative treatment for
rotator cuff tears were available.5,6 These trials compare treatment of small to medium sized
supraspinatus tears. In our randomized controlled trial we included larger tear sizes and
patients with multiple tendon involvement. We therefore think this series represent a less
selected group of patients with a degenerative rotator cuff tear. We took MRIs of all patients
before treatment and at one year follow-up, and a clear difference in end result was shown
between intact repairs and retears in follow up.
The results of this study do need to be viewed in light of certain limitations. Most
importantly, our sample size was small with 56 patients. Inclusion of patients in this trial was
difficult, as most patients had already received conservative treatment or were specifically
referred for surgical treatment. These patients were not motivated for conservative treatment
and refused to participate in a randomized controlled trial. Although inclusion was terminated
preliminary, no significant differences in baseline clinical and radiological characteristics
between the two groups are observed as shown in Table I and II of our paper. As we found
no significant difference in outcome between surgical and conservative treatment in the
primary outcome measurement (CMS) and our sample size is small, a beta-error could have
occurred. Still, outcome of this study is comparable to other randomized controlled trials
comparing rotator cuff repair with conservative treatment in patients with a degenerative
rotator cuff tear.
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At the moment of inclusion of patients, experience of the surgeons with arthroscopic
rotator cuff repair was small. To avoid that included patients were treated in the learning
curve of this procedure, choice was made to perform single row mini open cuff repair. No
differences regarding healing rates between open and arthroscopic surgery is described.33 A
disadvantage of open rotator cuff repair can be that additional concomitant pathology, for
example long head biceps tendon pathology, is not treated.

3

In our population of patients with degenerative rotator cuff tears who were randomly
treated by surgery or conservative protocol we did not observe difference in functional
outcome one year after treatment. Small significant differences in pain and disabilities were
observed in favor of surgical treatment though. Best outcomes in function and pain were
seen in surgically treated patients with an intact rotator cuff postoperatively. Additional
research is needed to establish whether successful surgery can be predicted in patients
with a degenerative rotator cuff tear; this could eventually lead to a recommendation for
conservative or surgical treatment for individual patients.
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ABSTRACT
Background: Case series reporting results of conservative treatment of degenerative
rotator cuff tears report success rates of approximately 75%. Although this would
stimulate a conservative approach to such tears, concern exists over tear progression
over time. This might impair cuff reparability if conservative treatment fails. The
goal of this study was to compare the changes in tear size, muscle atrophy and
fatty infiltration after one year in patients randomized for conservative treatment or
surgical repair.

4

Methods: We performed a secondary analysis of a randomized controlled clinical
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trial in patients with an MRI-proven degenerative full-thickness rotator cuff tear,
randomized into a conservative and a surgical repair group. Patients were included
between January 2009 and December 2012. MRI was performed before and one year
after inclusion. Changes in Warner, Goutallier and Patte scores, the tangent sign and
the amount of retraction were compared between the three groups (intact repairs,
retears and conservatively treated patients).
Results: At 12 months follow-up there were 5 patients with intact repairs, 14 patients
with a retear and 22 patients who received conservative treatment. No significant
changes in tear size, muscle atrophy or fatty infiltration of the rotator cuff were
observed in the three study groups one year after inclusion.
Conclusion: This study provides evidence that in patients with a full-thickness rotator
cuff tear conservative treatment can be performed during at least one year without
jeopardizing cuff reparability.
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INTRODUCTION
In recent literature, controversy remains on the choice of treatment for degenerative rotator
cuff tear. Comparable good outcomes are reported for both conservative and surgical
treatment of rotator cuff tears at short-term follow-up.1-10 Three recent randomized controlled
trials comparing surgical with conservative treatment failed to show clinically relevant
differences between these two treatment modalities in long term follow up.11-13
An important aspect in the debate on treatment modalities is progression of tear size,
atrophy and fatty infiltration. In caring for patients, many individuals ask if they will be
‘worse off’ trying a conservative approach. In multiple case series, tear size progression is
found in approximately 50% of conservatively treated patients.14-16 At present there are no
or in conservative treated patients.
We undertook a secondary analysis of a randomized controlled trial to compare
radiological outcome in patients treated surgically or conservatively for a degenerative
rotator cuff tear.17 The clinical outcome of this group of patients was published previously.13
The goal of this study was to measure changes in tear size, muscle atrophy and fatty
infiltration after one year in all patients.
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prognostic factors that will predict increase in tear size atrophy or fatty infiltration in surgical

4

METHODS
A secondary analysis of a randomized controlled trial conducted at one university hospital
and two regional hospitals was performed. Institutional Review Board approval was obtained
for this randomized controlled trial (registration number M08.062126). The trial is registered
in the Netherlands Trial Registry (NTR TC 2343).

PATIENT SELECTION
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Inclusion of patients with a degenerative full-thickness rotator cuff tear was done from
January 2009 until December 2012. Exclusion criteria were traumatic onset of complaints,
previous surgical treatment of the shoulder, frozen shoulder, radiological and symptomatic
osteoarthritis of the glenohumoral or acromioclavicular joint, arthritis/rheumatoid arthritis,
diabetes mellitus, cognitive disorders, neurological disease affecting function of the upper
extremity and language barriers impairing participation. Written informed consent was
obtained from all patients. Randomization to either surgical or conservative treatment was
done using 100 prefilled opaque sealed envelopes. As described in the discussion, the
inclusion of patients for this trial was difficult. We eventually had to terminate the inclusion
prematurely, resulting in an unequal number of participants in the conservative and
surgical groups. Due to the surgical vs. conservative therapy set-up, patients and outcome
assessors could not be blinded for type of treatment. For this study 92 patients suspected of
a degenerative rotator cuff rupture were screened with MRI. Twenty-seven of these patients
did not meet the inclusion criteria, six patients declined to participate, and three other
patients were excluded for other reasons. The trial thus included 56 patients, 25 of whom
were treated surgically and 31 conservatively. Nine patients in the conservatively treated
group were lost to follow-up at one year (discontinued intervention (n=3), no MRI at followup due to claustrophobia (n=3), moved (n=2), died (n=1)). In the surgical group six patients
were lost to follow-up (no MRI at follow-up due to claustrophobia (n=1), moved (n=1),
no rotator cuff repair performed due to an intact rotator cuff (false positive MRI) (n=2), or
irreparable rotator cuff tear (n=2)). A patient flow diagram is included as Figure 1. Available
for this secondary analysis were 41 patients. At one year a MRI was performed, three groups
were created: patients with an intact repair (5), patients with a retear (14) and conservatively
treated patients (22).
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INTERVENTIONS
SURGERY GROUP
Surgery was performed by two qualified and experienced surgeons (JvR, CTK). An
anterolateral mini-open approach was used. Subacromial decompression was performed in
all cases. Repair of the rotator cuff was performed after debridement of the greater tuberosity.
Side-to-side repair (n=6) and augmented repair using bone anchors (n=14) were performed
depending on the shape and size of the rupture. A standardized postoperative rehabilitation
protocol was used.17

4

CONSERVATIVE GROUP
analgesic medication. The number of subacromial infiltrations was limited to a maximum of
three. Further conservative treatment options consisted of analgesic medication with nonsteroidal anti-inflammatory drugs (NSAIDs), paracetamol and/ or tramadol. Patients were
referred to a physical therapist. A standardized physical therapy protocol for the conservative
treatment of rotator cuff tears was used.17

OUTCOME ASSESSMENT
Assessment of the rotator cuff with MRI was performed at inclusion and one year after the
start of the intervention, i.e. surgical repair or the first subacromial injection. Preoperative
and postoperative MRIs were compared to assess whether the rotator cuff was intact
following repair. Changes in tear size, fatty infiltration and muscle atrophy were measured.
Two musculoskeletal radiologists (RD, RW) analyzed all the MRIs. At inclusion, MRI analysis
was performed to measure tear size, muscle atrophy and fatty infiltration. Location of the
tear, size and retraction were determined.
The Patte score, which assesses the degree of tendon retraction in the frontal plane on
MRI, was used to describe the amount of retraction of the supraspinatus.18 Full-thickness
tears with little tendon retraction were assessed as grade 1, tendon retraction to the level of
the humeral head as grade 2, and tendon retraction to the level of the glenoid as grade 3.
Retraction was also described in millimeters. This was measured from the insertion site on
the footprint to the lateral end of the tendon in a coronal plane.
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Conservative treatment consisted of subacromial steroid infiltration, physical therapy and

Muscle atrophy was measured using the Warner classification in the oblique sagittal
plane on MRI.19 A line is drawn from the inferior tip of the scapula to the scapular spine
and from the scapular spine to the coracoid process. The line from the scapular spine to the
coracoid process is referred to as the tangent sign.20 If the muscle is convex above the line,
there is no atrophy. If the muscle contour is even with the line, there is mild atrophy. If the
contour of the muscle is concave below the line (a positive tangent sign), moderate atrophy
is present. If there is barely any muscle visible, severe atrophy exists.19
Fatty infiltration of the supraspinatus muscle was graded according to the Goutallier
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classification (Grade 0, no fatty infiltration; Grade 1, some fatty streaking of the supraspinatus;
Grade 2, less fat than muscle; Grade 3, equal amounts of fat and muscle; Grade 4, more fat
than muscle).21

STATISTICAL ANALYSIS
Baseline and follow-up characteristics are presented as proportions or means (± SD).
Differences in baseline characteristics between the three groups were tested using Chi-square
tests in case of categorical variables and Kruskal-Wallis tests in case of ratio variables. The
interobserver agreement was determined for each classification system by Cohen’s Kappa
measures. Agreement was considered excellent between 0.81 and 1.0, high between 0.61
and 0.80, moderate between 0.41 and 0.60, fair between 0.21 and 0.40, and poor if 0.20
or less.22 For the continuous variable millimeters retraction, Pearson correlation coefficients
between the values of the two observers were calculated. A p-value < 0.05 was considered
statistically significant. Statistical analyses were performed with IMB SPSS Statistics version
20.
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RESULTS
At baseline no significant differences in demographic data (sex, side, dominance, age and
complaints in months) were found between the three groups. (Table I) Mean age of patients
in the group with an intact repair was 62.2 years, in the group of patients with a failed repair
62.5 years, and in conservatively treated patients 60.4 years.

Table I: Baseline patient characteristics
Retears
(n=14)

Conservative
(n=22)

Sex (% men)

60.0

57.1

63.3

Side (% R)

60.0

42.9

63.6

Dominance (% R)

100

71.4

81.8

Age in years (mean (SD))

62.2 (4.0)

62.5 (7.4)

60.4 (7.2)

Complaints in months (median (range))

12 (4-60)

14 (3-120)

12 (1-120)

supraspinatus

5

14

19

supraspinatus +infraspinatus

0

0

1

supraspinatus +subscapularis

0

0

2

4

Distribution of rotator cuff tears

Data presented as mean.

Table II describes the radiological baseline and outcome values of the three groups. In
the conservative group no significant changes in any MRI parameters (tear size, atrophy,
fatty infiltration) were found one year after start of treatment. In one patient increase in tear
size to a multiple tendon tear was observed (supraspinatus and subscapularis). In the intact
rotator cuff repair group tear size was reduced to zero, but successful repair had no effect on
atrophy or fatty infiltration. In the patient group with retears, no change in tear size, atrophy
or fatty infiltration was found at one year compared to baseline.
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Intact repairs
(n=5)

Table II: Radiological outcome measures at baseline and one year post-treatment.

Chapter 4

4

Intact repairs

Retears

Conservative

baseline

follow-up

baseline

follow-up

baseline

follow-up

Warner

1.8 (0.8)

1.5 (0.6)
p=0.56

1.5 (0.5)

1.9 (0.8)
p=0.18

1.6 (1.1)

1.4 (0.8)
p=0.16

Tangent sign*

0 (0)

0 (0)
p=1.00

13.3

15.3
p=0.32

22.2

50
p=1.0

Goutallier

0.8 (1.3)

0.8 (0.8)
p=1.00

0.6 (0.7)

0.4 (0.5)
p=0.56

1.0 (1.5)

0.8 (1.2)
p=0.32

Retraction**

18.2 (10.7)

Intact

24.8 (13)

23.3 (17.7)
p=0.75

24.5 (13.9)

26 (10.6)
p=0.87

Patte

1.6 (0.9)

Intact

1.9 (0.6)

1.8 (1.0)
p=0.74

1.9 (0.7)

2.1 (0.6)
p=0.32

Data presented as mean (SD).
* Percentage of patients with muscle below tangent line (positive tangent sign).
** Significant difference in improvement between intact repairs vs. retears and intact repairs vs.
conservative treatment; no significant differences between retears and conservative treatment.

INTEROBSERVER RELIABILITY
Cohen’s Kappa values for the different classifications are presented in Table III. For retraction
of the torn rotator cuff, measured in millimeters, a pre-treatment Pearson correlation
coefficient of 0.99 was found, post-treatment 0.98. Interobserver agreement for the Warner
classification system is high to excellent, for the Goutallier classification high, for the tangent
sign moderate to high, and for Patte score excellent.

Table III: Cohen’s Kappa values for the classification pre- and post-treatment.
Pre-treatment

Post-treatment

Warner

0.73

0.91

Goutallier

0.77

0.68

Tangent line

0.52

0.72

Patte

0.86

0.83
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DISCUSSION
Goal of this study was to measure short term differences in tear size, atrophy and fatty
infiltration in degenerative rotator cuff tears treated surgically or conservative. As clinicians
and patients may consider if they are ‘worse off’ trying a conservative approach, as first
step in the treatment of degenerative rotator cuff tears, this is a relevant question. We found
no increase in tear size, atrophy or fatty infiltration in conservatively and surgically treated
patients.
These findings do not support the hypothesis that early rotator cuff repair should be
performed to prevent increase in tear size, further atrophy or fatty infiltration. It should be
noticed that conservative treatment is not successful in all patients. Moosmayer reported
tear.12 In nine of these 12 patients surgery was performed within two years of inclusion. In a
multicenter prospective cohort study, Kuhn et al. reported the effectiveness of conservative
treatment in 422 patients.3 During a two-year follow-up, 26% (n=82) of patients decided to
have surgery; most patients made this decision within three months. According to our results,
within this short term no increase in tear size, which would influence cuff reparability, is to
be expected. It should be noticed that no conclusions can be drawn of this study for the long
term results effect on the rotator cuff of conservatively treated patients.
In a retrospective analysis Melis et al. described development of moderate supraspinatus
fatty infiltration at an average of three years and severe fatty infiltration at an average of
five years following start of complaints.23 In a prospective cohort of 118 patients with an
asymptomatic full-thickness rotator cuff tear, Keener et al. report tear progression in 61%
of patients.14 Median time to tear increase was 2.3 years. In multiple case series, tear size
progression is found in approximately 50% of conservatively treated patients.14-16 In most
patients, tear progression was associated clinically with an increase in complaints.12,14,24
Asymptomatic increase in tear size without aggravation of symptoms is found in 5-22% of
patients treated conservatively for a full-thickness rotator cuff tear.12,24,25 These findings do not
support the hypothesis that early rotator cuff repair should be performed to prevent increase
in tear size, further atrophy or fatty infiltration. They do support the practice of conservative
treatment as first step of treatment for patients in this age group or older. When combining
our results with these studies, the “window” for a safe decision to switch from conservative
treatment to surgical repair might be one to two years after diagnosis. It should be stressed
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12 (24%) patients with disappointing results after conservative treatment for a rotator cuff

4

that at this moment long term results regarding the efficacy of conservative treatment for
degenerative rotator cuff tears are lacking.
No significant difference in MRI parameters of atrophy and fatty infiltration were
observed in this study between patients with an intact repair and a retear. One might
expect an improvement of the degenerative changes in successful rotator cuff repair, yet our
results are in line with previously published studies. In animal studies no decrease of fatty
infiltration was found following rotator cuff repair.26,27 In a study by Gladstone et al. surgical
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repair did not improve degenerative changes of the rotator cuff.28 Thomazou et al. found
10% improvement in atrophy in half of the patients with intact rotator cuff repair.29 Gerber
et al. also reported further development of degenerative changes despite successful surgical
repair.30 A recent study suggests that surgery itself induces extensive injury to the rotator cuff
muscle.31 This might explain why no improvement is found in patients with an intact repair
compared to patients with a retear.

STRENGTH AND LIMITATIONS
The interobserver quality in this study for the different classification systems is high-toexcellent; a moderate-to-high quality was observed only for the tangent sign. This suggests
high image quality and reliable assessment of MRI. Only patients with degenerative tears
were included in this study. As the origin of traumatic tears differ from degenerative tears this
might have implications for the development of degenerative muscle changes. Therefore,
these patients were not included in this trial.
A limitation of this study is the limited amount of participants. Most patients already
undergoing conservative treatment by their general practitioner or physical therapists were
unwilling to participate in the randomized controlled trial. Therefore inclusion had to be
terminated prematurely. Another limitation was the percentage of patients lost to followup. 26% of patients were lost to follow up for various reasons, one of them not willing to
undergo a second MRI due to claustrophobia.
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CONCLUSION
The results of this study show no increase in tear size, atrophy or fatty infiltration within
a year following conservative treatment, successful (intact) rotator cuff repair or failed
(retear) rotator cuff repair for a degenerative rotator cuff tear. This extends the “window” for
conservative treatment, and it can be advised to initiate treatment conservatively. However,
no long term conclusions for the efficacy of conservative treatment can be drawn.
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ABSTRACT
Background: Many studies that describe factors affecting outcome in primary rotator
cuff repair (RCR) have been published, but so far there is no review that summarises
them. This systematic review was conducted to identify prognostic factors influencing
functional (clinical) outcome and radiologically proven cuff integrity after RCR.
Methods: A literature search was conducted up to July 2013 for prospective studies
that describe prognostic factors affecting outcome in primary RCR. Inclusion criteria
were open or arthroscopic repair of a full-thickness supraspinatus and/or infraspinatus
tear. Included outcome measures were shoulder function and cuff integrity. Studies
describing revision surgery, muscle transpositions, subscapular or partial thickness

5

tears and those with retrospectively collected data were excluded, as were studies
without linear or multivariate regression. The literature search resulted in 662 hits and
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12 of those studies were included in this review.
Results: Moderate evidence was found for increasing age, larger tear size, additional
biceps and/or AC procedures having a negative influence on cuff integrity at followup, as well as for workers’ compensation board status having a negative influence
on functional outcome following RCR. There is limited evidence that performing an
additional AC procedure has a negative influence on functional outcome. There was
insufficient evidence for other described prognostic factors.
Conclusion: Several patient-specific factors influencing functional and radiological
outcome after RCR have been identified. These factors can guide orthopaedic surgeons
in their decision-making process as to whether or not to operate on their patients.
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INTRODUCTION
Full-thickness tears of the rotator cuff are common, 23,30,36 but the indications for repair of nontraumatic rotator cuff tears as part of a degenerative entity are not always evident. Rotator
cuff repair (RCR) is a frequently-performed procedure. Reported satisfactory outcome of
surgical treatment of a rotator cuff tear (RCT) is 38-95%.4,16,24,25,31,35
Growing health care costs, potential postoperative complications and unsatisfactory
surgical results demand guidelines on who to operate on, or who we should rather not.
Patient specific prognostic factors play an important role in this decision-making process.
Many studies have described different prognostic factors for functional outcome and
radiological outcome (e.g. cuff integrity) after RCR. No regression analysis was performed in
the majority of the studies though, making the results less interpretable.
So far no systematic reviews have been published which summarise the available
patient-specific prognostic factors for RCR. The purpose of this systematic review of the
cuff integrity in RCR. It was not our intention to develop a guideline.
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literature is to determine patient-specific prognostic factors for 1) functional outcome and 2)

5

MATERIALS AND METHODS
LITERATURE SEARCH
A search of the literature in PubMed (from 1948 onward), Embase (from 1947 onward),
PEDro (from 1929 onward) and the Cochrane Central Register of Controlled Trials was
conducted to identify relevant publications until July 2013, without language restrictions.
The literature search strategy for PubMed is presented in Table I.

STUDY SELECTION AND QUALITY ASSESSMENT
The publications had to meet the following selection criteria:
•

Study design: prospective studies that describe prognostic factors affecting outcome
in primary RCR. Studies describing revision surgery and muscle transpositions were

5

excluded, as were studies without linear or multivariate regression analyses, studies with
retrospectively collected data and those that compared different surgical techniques.

Chapter 5

Explanation: The purpose of linear or multivariate regression analysis is to predict
outcome on the true basis of different independent variables or to describe how
outcome depends on different independent variables. By weighing the influence of
different relevant variables on outcome, true significant prognostic factors can be
identified.

Table I: Literature Search Strategy for Medline.
1

shoulder joint [Mesh]

2

rotator cuff [Mesh]

3

NOT (capsulitis [TW] OR frozen shoulder [TW] OR osteoarthritis [Mesh] OR instability
[TW])

4

AND (“surgery”[SH] OR “operative surgical procedures”[TW] OR “surgical procedures,
operative”[Mesh] OR “Surgery”[Mesh] OR surgery[TW] OR “arthroscopy”[Mesh] OR
arthroscopy[TW]

5

prognostic OR predictive OR [Influence AND outcome]

MeSH indicates Medical Subject Headings; TW: Text Word; PT: Publication Type; SH:
SubHeading.
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•

Participants: adult patients with full-thickness tears of the supraspinatus and/or
infraspinatus; subscapular tears were excluded.
Explanation: The subscapular tendon is an anterior stabilizer of the shoulder joint 22,32
and tears typically occur traumatically, 5,6 as opposed to supraspinatus and infraspinatus
tendon tears which are more commonly degenerative tears. 23,37 For these reasons
indications to repair subscapular tears differ from those for supraspinatus and/or
infraspinatus tears.Therefore subscapular tears were excluded.

•

Interventions: open, mini-open and/or arthroscopic techniques.
Explanation: All these techniques were included because previous studies did not show
differences in long-term follow-up.2

•

Outcome measures: functional outcome and/or cuff integrity.
The search resulted in 662 citations. According to the study selection criteria, two of

the authors independently selected the relevant articles for this review by reading all titles
articles were retrieved for a more detailed evaluation. Of these, 16 articles were excluded,
as they were not prognostic or had no randomised controlled design; in 18 articles no
linear or multivariate regression analysis was used; concomitant subscapular tears resulted
in exclusion of 11 studies; other reasons for exclusion were tendon transfer (n=1) and partial
RCT (n=2). Twelve articles met our inclusion criteria.1,8-10,12-15,18,19,28,29
All publications were assessed by two reviewers (LH and OD) according to a
methodological quality list for the assessment of prognostic cohort studies (Table II). 34,38
Each criterion was graded as positive/yes (+), negative/no () or unclear (?). A quality score
was calculated for the selected studies by summing the positive answers. The maximum
attainable score was 9. Studies were considered to be of a high methodological quality
when at least 7 items scored positively; the labels ‘medium quality’ and ‘low quality’ were
assigned when respectively 4–6 or 0–3 items scored positively. One trial was classified as
high-quality, 14 nine trials as medium-quality1,8-10,12,15,19,28,29 and two trials as low-quality. 13,18
(Table III) In one trial the two observers disagreed on item A. 8 A binding verdict was given
by one of the co-authors.
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and abstracts retrieved by the search strategy. A total of 602 articles were excluded. Sixty

5

Table II: Methodological quality list.
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A

Were study groups to be compared clearly defined?

+/-/?

B

Can selection bias be ruled out sufficiently?

+/-/?

C

Is the exposure clearly defined, and is the method for assessment of exposure
adequate?

D

Is the outcome clearly defined, and is the method for assessment of outcome
clearly defined?

+/-/?

E

Was the outcome assessment blinded for the assignment status?

+/-/?

F

Was the duration of follow-up adequate (at least one year)?

+/-/?

G

Can selective loss to follow-up be excluded?

+/-/?

H

Were most important confounders of prognostic factors identified, and were
these adequately taken into account in the study design and in the analyses?

+/-/?

I

Was a sufficient proportion (>80%) of included patients available for the full
length of follow-up?

+/-/?

+ = positive/yes; - = negative/no; ? = unclear

Table III: Methodological quality assessment. Y=yes, N=no, NA=not applicable.
Study

A

B

C

D

E

F

G

H

I

Score

Quality

Balyk

Y

Y

Y

Y

N

N

Y

Y

N

6

Medium

Gladstone

N

N

Y

Y

Y

Y

N

N

Y

5

Medium

Gulotta

N

Y

N

Y

Y

Y

N

Y

N

5

Medium

Henn

Y

Y

Y

Y

N

N

N

Y

N

5

Medium

Henn (preop. expect.)

N

NA

N

Y

N

N

N

Y

N

2

Low

Kluger

Y

Y

Y

Y

Y

Y

N

Y

Y

8

High

Namdari

N

N

N

Y

N

Y

N

N

Y

3

Low

Nho

Y

N

N

Y

N

Y

N

Y

N

4

Medium

Tashjian

N

N

N

Y

N

Y

N

Y

Y

4

Medium

Lafosse

N

N

Y

Y

N

Y

N

N

Y

4

Medium

Grasso

N

Y

Y

Y

N

Y

N

Y

Y

6

Medium

Tashjian 2

Y

N

Y

Y

N

Y

N

Y

Y

6

Medium
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Extraction of results focused on obtaining risk ratios and their respective confidence
intervals for dichotomous data or means (or median scores) with standard deviations and
differences in means (or median scores) and their confidence intervals for continuous
outcomes, or p-values when confidence intervals were not given. Meta-analysis was
not possible due to diversity in outcome measures among the included studies and the
different and sometimes incomplete presentation. A best-evidence synthesis was performed.
Guidelines for systematic reviews from the Cochrane Collaboration Back Review Group
were used. 33 The best-evidence synthesis was modified for purposes of this review, based
on the method presented by Steultjens et al. (Table IV).26

Table IV: Best-evidence synthesis.
Strong evidence

Provided by consistent,† statistically significant findings in outcome
measures in at least two high-quality prognostic cohort studies*

Moderate evidence

or
Provided by consistent,† statistically significant findings in outcome
measures in at least two medium-quality prognostic cohort studies*
Provided by statistically significant findings in at least one mediumquality prognostic cohort study *

Limited evidence

or
Provided by consistent,† statistically significant findings in at least
two low-quality prognostic cohort studies*
If results of eligible studies do not meet the criteria for one of the
levels of evidence listed above, e.g. no statistically significant
findings

No/Insufficient evidence

or
In case of conflicting (statistically significant positive and
statistically significant negative) results among prognostic cohort
studies
If there are no eligible studies

or

† Findings are considered consistent if they point in the same direction.
* If the number of studies showing evidence is 50% or less of the total number of studies found
within the same methodological quality category, we state no evidence.
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Provided by statistically significant findings in outcome measures in
at least one high-quality prognostic cohort study*

5

DATA EXTRACTION
Using standardised forms, two reviewers independently extracted data from the selected
studies on characteristics of the study population, study descriptions concerning reliability
and standardisation of interventions, prognostic factors and results. The outcome
parameters tested were functional outcome and cuff integrity. Different functional outcome
questionnaires in the studies (Disabilities of the Arm, Shoulder and Hand (DASH), ConstantMurley score, American Shoulder and Elbow Surgeons (ASES) shoulder score, global range
of motion) were combined into the term ‘functional outcome’. In all applicable studies
cuff integrity was assessed with ultrasonography at follow-up. The prognostic factors tested
in the different studies were: age, Workers Compensation Board (WCB) status, smoking,
trauma, duration of symptoms, preoperative expectations, comorbidity, obesity, tear size,
acromioclavicular (AC) procedures.
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tissue quality, multiple tendon involvement, additional biceps procedure and additional
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RESULTS
AGE
Mean age of the patients ranged from 52 to 59.5 years (overall range 32-80). The prognostic
importance of age on functional outcome was assessed in one high-quality study and six
medium-quality studies. 1,9,10,14,15,19,28 None of the studies showed that age had a significant
influence on functional outcome. We conclude that there is insufficient evidence that age
has an influence on functional outcome.
Age was assessed in three medium-quality studies to determine its influence on cuff
integrity. 10,19,29 Gulotta et al. showed in their study that the odds ratio (OR) was 1.15 (95%CI
1.04-1.28) for each year of increasing age. 10 In the study of Nho et al. the OR was 1.08
(95%CI 1.02-1.14). 19 In a study by Tashjian et al. younger patients were more likely to have
an intact rotator cuff at follow-up (OR 0.42 95%CI 0.19-0.92). 29 We conclude that there is
moderate evidence that increasing age has a negative influence on cuff integrity at follow-

WCB STATUS
WCB status was assessed in four medium-quality studies and one low-quality study. 1,12,15,18,28
WCB status had a significantly negative influence on functional outcome in two mediumquality studies1,13 and in one low-quality study, 18 and no significant influence in two-medium
quality studies. 15,28 We conclude that there is moderate evidence that WCB status has a
negative influence on functional outcome following RCR.

SMOKING
In two medium-quality studies smoking showed no significant effect on functional outcome.
1,28

In two medium-quality studies smoking showed no significant influence on cuff integrity

at follow-up. 10,19 We conclude that there is insufficient evidence that smoking has an
influence on functional or radiological outcome.

TRAUMATIC ONSET
Traumatic onset of complaints was assessed in two medium-quality studies; no significant
influence on functional outcome was identified. 1,15 We conclude that there is insufficient
evidence that traumatic onset has an influence on functional outcome.
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up.
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DURATION OF SYMPTOMS
Three medium-quality studies assessed duration of symptoms until surgery. 1,15,29 In one study,
patients with a duration of symptoms of more than 6 months did not have a significantly
worse functional outcome than those whose symptoms lasted less than 6 months. 1 In the
other two studies duration of symptoms did not have a significant influence on functional
outcome, although the duration was not specified. 15,29 We conclude that there is insufficient
evidence that duration of symptoms has an influence on functional outcome.
No study was found that assessed the relation between cuff integrity and duration of
symptoms.

OBESITY, COMORBIDITY, PREOPERATIVE EXPECTATIONS

5

Obesity was assessed in only one medium-quality study. 18 No significant influence on
functional outcome was found. Comorbidity was assessed in two medium-quality studies.18,28
In one study patients with more medical comorbidities showed greater improvement in
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overall shoulder pain, function and quality-of-life scores compared with preoperative scores
than patients without comorbidities. 28 A second study found no significant influence on
functional outcome. 18 Regarding positive preoperative expectations, one medium-quality
study found a significant influence on functional outcome, 13 another found none. We
conclude that there is conflicting evidence about obesity, comorbidity and preoperative
expectations having an influence on functional outcome.
No studies were found that assessed the relation between obesity, comorbidity, preoperative
expectations and cuff integrity.

TEAR SIZE
In one high-quality14 and four medium-quality8,10,19,28 studies tear size was assessed
to determine its influence on functional outcome. Tear size was measured in all studies
preoperatively. In one study the tear size was measured in two directions, in square mm. 14
In two studies tear size was measured in sagittal direction. 10,19 Two studies failed to specify
the direction of the tear measurements. 8,29 In four medium-quality studies tear size was not
related to functional outcome. We conclude that there is no evidence that tear size has an
influence on functional outcome. In three medium-quality studies8,10,19 a larger tear size was
significantly associated with greater risk of retear. Gulotta et al. had an OR of 1.72 (95% CI
1.04-2.85), and Nho et al. the OR was 2.29 (95%CI 1.55-3.38). 10,19 We conclude that there
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is moderate evidence that a larger tear size has a negative outcome on cuff integrity at
follow-up.

TISSUE QUALITY
Tissue quality was assessed in four medium-quality studies.

8,10,15,19

In one study the

quality of the tissue was assessed preoperatively with MRI, determining fatty infiltration
and supraspinatus and infraspinatus atrophy. 8 In another study only fatty infiltration was
determined with MRI or computer tomography arthrogram (CTA). 15 In two studies tissue
quality was determined intraoperatively and scored as good or degenerative. 10,19 In the
Gladstone et al. study, infraspinatus atrophy assessed on MRI (>grade 2) and moderate-tosevere fatty infiltration of infraspinatus were significantly associated with a worse functional
outcome. 8 Lafosse et al. showed no influence on functional outcome of fatty infiltration of
the rotator cuff assessed by CTA or MRI. 15 When judging tissue quality intraoperatively there
was no significant influence on functional outcome. 19 We conclude that there is insufficient
tissue quality on cuff integrity was assessed in three medium-quality studies; 8,10,19 in two
of the studies tissue quality had no such influence. 8,10 In their study Nho et al. showed a
significantly negative influence of tissue quality, preoperatively scored, on cuff integrity at
follow-up. 19 We conclude that there is insufficient evidence for tissue quality having an
influence on cuff integrity at follow-up.

MULTIPLE TENDON INVOLVEMENT
Multiple tendon involvement was assessed in three medium-quality studies. 10,19,29 Gulotta et
al. found no significant influence on functional outcome of the number of tendons involved
(OR 1.04 95%CI 0.31-3.49). 10 Nho et al. found a significantly negative influence on
functional outcome (OR 0.42 95%CI0.19-0.97). 19 We conclude that there is no evidence
that multiple tendon involvement has an influence on functional outcome. In both
studies multiple tendon involvement had a significantly negative influence on cuff integrity
(respectively OR 5.56 95%CI 1.23-25.22, OR 8.92 95%CI3.43-23.18). 10,19 However, in
the study of Tashjian et al. the number of tendons involved showed no influence on cuff
integrity at follow-up. 29 We conclude that there is moderate evidence that multiple tendon
involvement has an influence on cuff integrity at follow-up.
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evidence about tissue quality having an influence on functional outcome. The effect of

5

ADDITIONAL BICEPS PROCEDURE
The influence of an additional biceps procedure (tenodesis or tenotomy) on functional
outcome was assessed in three medium-quality studies.

1,15,19

There was no significant

influence on functional outcome. We conclude that there is no evidence that additional
biceps procedures have an influence on functional outcome. In two medium-quality studies
cuff integrity was assessed after performing a biceps procedure, 10,19 showing a significantly
negative influence on cuff integrity (respectively OR 16.16 95%CI 3.01-86.65, OR 11.39
95%CI 2.90-44.69). We conclude that there is moderate evidence that an additional biceps
procedure has a negative influence on cuff integrity.

ADDITIONAL AC PROCEDURE

5

In one medium-quality study the effect of an additional AC procedure on functional outcome
was assessed. 19 There was a significantly negative influence on functional outcome (OR
0.29 95%CI 0.13-0.64). We conclude that there is limited evidence that performing an
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additional AC procedure has a negative influence on functional outcome. Two mediumquality studies assessed cuff integrity after performing an AC procedure; 10,19 both showed a
significantly negative influence on cuff integrity at follow-up (respectively OR 6.70 95%CI
1.46-30.73, OR 3.85 95%CI 1.46-10.12). We conclude that there is moderate evidence for
additional AC procedures having a negative influence on cuff integrity at follow-up.

84

DISCUSSION
Many articles have described prognostic factors for RCR; yet there are conflicting results and
adequate statistical analysis (e.g., multivariate regression analysis) is not always performed.
This systematic review was designed to identify patient specific prognostic factors influencing
functional and radiological outcome following RCR, and summarises the evidence available
up to now.
Possible side effects of RCR are increased pain, retear and stiff shoulder; less common
are infection, implant migration or delthoid atrophy. Only patients who benefit most from
RCR should be exposed to the risk of these side effects. Furthermore, increasing healthcare
costs demands a selection of patients who are most likely to have good postoperative results.
Of all the factors researched only WCB status and additional AC and/or biceps
procedures appeared to have a significantly negative influence on functional outcome. There
was insufficient evidence that age, smoking, trauma, duration of symptoms, preoperative
were significant prognostic factors for functional outcome.
Age, multiple tendon involvement, tear size and additional AC and/or biceps procedure
had a significantly negative influence on cuff integrity at follow-up. There was insufficient
evidence that WCB status, smoking, trauma, duration of symptoms, preoperative
expectations, comorbidity, obesity or tissue quality were significant prognostic factors for
cuff integrity.
Factors like age, tissue quality, tear size and traumatic onset of complaints would
logically influence functional and radiological outcome. Increasing age is proportionately
associated with RCT size. 11 Although tear size and age negatively influence cuff integrity, we
did not find evidence for these prognostic factors having a negative influence on functional
outcome. As also found in other studies, this indicates that cuff integrity is not correlated
with functional outcome. In several studies, however, retear of the cuff is correlated with
weakness of elevation. 27 In a study by Paxton et al. patients with a retear did not experience
a decrease in function ten years after RCR compared to three years postoperatively. 20 This
might be explained by a decreasing level of disability, as stated by Galatz et al. – presumably
because of a concurrent decrease in activity level and due to the demands on the shoulder
as patients age. 7
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expectations, comorbidity, obesity, tear size, tissue quality or multiple tendon involvement

5

Four studies assessed tissue quality on functional outcome. 8,10,15,19 In one study quality
was assessed by MRI, 8 in another MRI and computer tomography arthrography (CTA)
were used. 15 In two studies tissue quality was assessed intraoperatively. 10,19 Because of the
different methods for assessing tissue quality, we believe firm conclusions can not be drawn.
A decrease in tissue quality would obviously increase the chances of retear.
Regarding tear size, different measurements were used in the selected studies
(measurement in square mm and length in the coronal and sagittal planes). The morphology
of tears were not addressed, therefore comparisons cannot be made. Only when tear
geometry is appreciated the surgeon can perform an effective repair. Proper documentation
in articles describing cuff repair is therefore important.
Patients diagnosed with an RCT following a traumatic event may have had an

5

asymptomatic tear before the accident. 17 Ten percent of the population has an atraumatic
RCT in their fourth decade of life; this increases to 50% in the sixth decade and 80% in
the eight decade. 23 Fifty percent of patients over age 50 with asymptomatic RCT become
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symptomatic within five years. 37 Although a short duration of symptoms or a traumatic onset
may suggest good quality of the rotator cuff tissue, this should not be assumed.
Our best-evidence synthesis resulted in moderate evidence that both additional biceps
procedures and AC procedures have a negative influence on cuff integrity. We also found
limited evidence that performing an additional AC procedure negatively influences functional
outcome. Non-traumatic RCTs can be seen as degenerative changes in the shoulder joint.
Biceps degeneration and AC joint osteophytes are part of this continuum. An additional
intervention, such as a biceps or AC joint procedure, is not only patient, but also surgeondependent. The decision for the orthopaedic surgeon to do a biceps procedure during RCR
can depend on the patient’s age, comorbidities, activity level, extent of disability, presence
of rotator cuff arthropathy, and quality of the rotator cuff tissue. 21 AC joint osteophytes are
highly associated with rotator cuff tendon failure. 3 Presuming that in the selected articles a
biceps and/or AC joint procedure was performed more often in cases of a degenerative and
more retracted RCT, it would make sense if these patients scored worse on cuff integrity.

LIMITATIONS
This review summarises the best-available evidence for patient-specific prognostic factors
for functional and radiological outcome after RCR up to now. This evidence is mainly based
on a limited number of moderate-quality studies, all using different prognostic factors and
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outcome measures. Because of the diversity in outcome measures among the included
studies and the different and sometimes incomplete presentation (median scores, mean
scores, relative risk ratios), meta-analysis was not possible. We therefore chose to summarise
the results by means of a qualitative analysis (best-evidence synthesis).
Another limitation is that none of the included trails described the outcomes of patients
lost to follow-up. In nine out of 11 studies it was not clear if the outcome assessment was
blinded.
In nine out of the 11 selected studies included in this review SLAP (debridement/repair),
biceps (debridement, tenotomy or tenodesis) and/or AC procedures were performed during
the RCR. 1,9,10,12-15,18,19 The remaining studies provided no or insufficient information about
this. 8,28,29 When more pathology is found in one shoulder, what causes most symptoms
isn’t always evident. Hence when more pathology is treated simultaneously it is also more
difficult to know which postoperative result is being tested. We know many elderly people
have asymptomatic RCT. An arthritic AC joint can for instance be treated concomitantly to
RCR. This is why we believe that simultaneous interventions influenced the outcome in the
prognostic studies.

RECOMMENDATIONS
Although it was not our primary intention in this review, based on the selected articles it
would not be feasible to make an algorithm selecting patients who will benefit most from
RCR, or for whom surgery might lead to unsatisfactory results. Apart from being high-quality,
future research should include all relevant prognostic factors presented in this and other
previous studies. Based on those results a decision tree can be made which can guide
orthopaedic surgeons in their decision process as to whether or not to operate.
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repair an asymptomatic RCT. Good postoperative results could then be attributed to the

5

CONCLUSIONS
Indications for repair of non-traumatic RCT as part of a degenerative entity are not always
evident. So far no systematic review has described patient-specific prognostic factors for
RCR. Selecting appropriate patients for surgery should prevent unsatisfactory postoperative
results, reducing adverse events and healthcare costs.
Considering the available evidence as summarised in this review, performing rotator cuff
repair should be carefully considered in patients from older age groups as well as on those
with a WCB status, multiple tendon involvement and/or greater tear size, or additional AC or
biceps pathology, as these patient groups show moderate to reasonable evidence suggesting
a disappointing results in cuff integrity and functional outcome following RCR.
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CHAPTER 6
General discussion
Practical implications
and Future perspectives

GENERAL DISCUSSION, PRACTICAL
IMPLICATIONS AND FUTURE PERSPECTIVES
The scope of this thesis was to optimise management of degenerative rotator cuff tears. When
treating these degenerative full-thickness rotator cuff tears, the main question is whether
treatment should be surgically or conservative. A randomised controlled trial is conducted
comparing functional and radiological outcome following surgical and conservative
treatment (Chapters 2 and 3). Chapter 4 compares the radiological changes on MRI pretreatment and after one year follow-up of the patients treated in our randomised controlled
trial. Chapter 5 describes prognostic factors predicting outcome following rotator cuff repair.

SURGICAL VS CONSERVATIVE TREATMENT
First aim of this thesis was to observe if there are differences in functional and radiological
outcome between surgery and conservative treatment of degenerative rotator cuff tears.

6

Primary functional outcome measures used in our randomised controlled trial showed no
difference. In a subgroup analysis of our data we found that in patients with a successful
intact repair the functional outcome was significantly better at final follow-up (one year). A
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recent meta-analysis found increased strength for patients with an intact repair compared
with patients with a retear, but no differences in pain or function.54 This suggests that when
using outcome measures in which strength is an important factor, e.g. the Constant Murley
score, differences will be found between both treatment modalities, but when outcome
measures are used in which strength is a less dominant factor no differences are to be found.

LONG-TERM FATE OF A CONSERVATIVELY TREATED
ROTATOR CUFF
Radiological changes in the rotator cuff of conservatively treated patients were compared
with the rotator cuffs of patients treated surgically, including those with a healed rotator
cuff and with a retear. An MRI was made pre-treatment and after one year. At one year
no increase or decrease in tear size, atrophy or fatty infiltration in and between patients
treated conservatively and surgically (with and without an intact repair) was found. When
comparing our data with available literature, our follow-up time might be too short to find a
difference. In a prospective cohort study of full-thickness rotator cuff tears tear progression
was found in 61% of patients at 2.3 years follow-up.55 This is observed in other series too,
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but not all cuff tears have the tendency to increase in tear size.56,57 When an increase is seen,
it appears to be symptomatic in most cases.55,58 An asymptomatic increase in tear size is seen
in only 5-22% of patients.20,30,58

WHO WOULD BENEFIT FROM SURGERY
The second aim of this thesis was to identify factors influencing the outcome of rotator cuff
repair. As intact repair results into superior outcome to conservative treatment and retears,
anatomical healing should be pursued. Most studies describing prognostic factors for rotator
cuff repair do not conduct a multivariate regression analysis, therefore in these series it is
unclear how outcome depends on different independent variables. Furthermore, most series
describing prognostic factors have a heterogeneous patient population, for example including
patients with subscapular tendon tears. The systematic review included prospective studies
describing prognostic factors for rotator cuff repair with supraspinatus and infraspinatus tears
and with linear or multivariate regression analysis. Considering the available evidence, as
presented in the review, rotator cuff repair should be carefully considered in older patients,
in patients with multiple tendon involvement or greater tear sizes, and in patients with a
WCB (workers compensation board) status, as this may negatively influence the outcome

PRECISION MEDICINE
The practical implication of the findings of this thesis is that we can advise commencing with
conservative treatment in patients who do not require specific strength for work/hobbies or
activities of daily living. In patients who do need specific strength (e.g. heavy labourers like
plasterers, masons, etc.), and since the presented prognostic factors are favourable, surgical
repair can be considered as first treatment option. This stresses the need for patient-specific
medicine.
Some patients may wonder if they are worse-off trying a conservative approach first.
Combining our data and those from literature, the window to switch from conservative
treatment to surgical repair seems to be one to two years, as an increase in tear size usually
does not occur earlier. Some advise regularly checking up conservatively treated patients
in case there is an increase in tear size.59 The necessity for this is debatable, as only a
minority of patients have asymptomatic increases in tear size. As an increase in tear size
mostly leads to a surge in complaints, patients who are treated conservatively should be
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of surgery.

6

advised to consult their orthopaedic surgeon if that happens. It seems unethical to perform
a rotator cuff repair in patients with no or few symptoms, exposing them to possible risks
and complications.
It remains difficult to predict the fate of a rotator cuff tear,30,58 or even how a conservatively
treated rotator cuff tear progresses to an irreparable large tear and eventually cuff tear
arthropathy. Our follow-up was too short to advise for long-term conservative treatment;
further rotator cuff degeneration and aggravation of symptoms in longer follow-up cannot
be ruled out. This could have consequences for younger patients. The average age of patients
included in our randomised controlled trial was over 60 years. There may be an indication
to perform surgical treatment to prevent further cuff degeneration in a younger age group,
e.g. 40-50 years. Further research should objectify this.
In degenerative rotator cuff tears the tissue quality of the rotator cuff is structurally
lower.15 In traumatically tears this is not the case. We did not examine this in our trial, but
it can be assumed that degenerative and acute tears may be treated differently. This also

6

applies to the subscapularis tendon, which is an anterior stabiliser of the shoulder joint.60,61
Tears typically occur traumatically.62,63 We included some patients with a subscapularis tear
in our trial; these patients may need an approach other than that suggested above, which
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might only be applicable to degenerative supraspinatus and infraspinatus tears.

PRACTICAL IMPLICATIONS
Based on the findings in this thesis, the following practical implications can be summarised:
•

Conservative care can be advised as primary treatment for patients with a
degenerative rotator cuff tear.

•

Surgical repair can be considered for patients who need strength in activities of
daily living and/or work (e.g. heavy labourers), and maybe also for younger patients
(ages 40-50).

•

The window to switch from conservative treatment to surgical repair seems to be
one to two years.

•

When patients are treated conservatively, a surge in complaints can be an indication
of increase in tear size. These patients should be advised to consult their orthopaedic
surgeon.

•

Higher age, larger tear size and multiple tendon involvement negatively influence
cuff integrity following cuff repair.
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FUTURE PERSPECTIVES
Identification of tears prone to enlarge will help us further refine indication for surgical
or conservative treatment. As the follow-up time of our randomised controlled trial was
rather short, studies with longer follow-up should be deployed to identify these tears. It is
suggested that rotator cable disrupted tears have a higher chance of tear enlargement.64 The
rotator cuff muscles can produce a distributed load along the cable that gets transferred to
bone at the cable attachments. In this way a distally torn rotator cuff can still function by
load transmission.8,9 When the rotator cable is disrupted, the load transmission is disrupted
too and a higher chance of muscle degeneration is to be expected.64 However, a recent
study found a similar risk of tear enlargement for cable-disrupted and intact tears.65 When
specific tears prone to enlargement or further degeneration are identified, a more patientspecific advice can be given.
Within orthopaedics there is a continuous search to improve functional outcome and
patient satisfaction. The history of rotator cuff repair is full of refinements and improvements
in surgical techniques, instrumentation, different sutures and anchor types, and imaging
modalities, as well as identification of patient-specific factors. Inferior results are reported
in the literature for side-to-side rotator cuff repairs.66 Tendon-to-bone healing should be
and double-layer. Despite all efforts to improve surgical outcome in recent decades no
significant improvement in functional outcome has been found.47 (Figure 1) One might
question what the role of rotator cuff repair in the future will be. It is questionable whether
specific surgical techniques or anchors can make a significant improvement in this tendonto-bone healing of degenerated tendons.
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strived for. Different repair techniques are described: single-row, double-row, suture bridge
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FIGURE 1: Number of articles meeting inclusion criteria (blue), percentage of intact
repairs per article (red), and clinical outcomes per article (purple and green) by year
of publication.

Recently, Moor et al. described the ‘critical shoulder angle’. This angle measures the
inclination of the glenoid vs. the lateral extension of the acromion (Figure 2). A critical
shoulder angle (CSA) above 35° is associated with an increasing chance of degenerative
rotator cuff tears, a CSA below 30° with an increasing chance of glenohumoral osteoartritis.67
As a larger CSA leads to greater loading of the rotator cuff to counterbalance the force
component of the deltoid, this higher workload might influence the weakened rotator cuff,
which ultimately can fail.67
Gerber et al. recommend correcting the critical shoulder angle (CSA) by performing
a lateral acromioplasty. Decreasing medial-lateral distance of the acromion results in a
decreased CSA, and it is suggested that this reduces the shear force on the repaired rotator
cuff. This should improve healing and reduces retear rate. There are no comparing clinical
series at this moment supporting this theory though. Furthermore, using this technique
may compromise deltoid functioning. The correlation between a high CSA and rotator cuff
deficiency might be due to other causes, for example medialisation or lateralisation of the
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glenoid with respect to the coracoid, in which case correcting this at the acromion is of no
use. This technique does not improve tendon-to-bone healing either.
One way to improve tendon-to-bone healing might be administering antibiotics of the
tetracycline group (for example doxycycline) intravenously before surgery. The benefit of use
of doxycycline is twofold. First, doxycycline is a matrix metalloproteinases (MMP) inhibitor.
MMPs are responsible for the remodelling of the extracellular matrix of connective tissues.
Modelling MMP activity to basal levels reduces excessive degradation or remodelling at
the repair site of the rotator cuff.68 It is shown that doxycycline-mediated inhibition of
MMP activity after acute rotator cuff repair is associated with significant improvements in
biomechanical and histological parameters of healing at the tendon-bone interface in a
rat model. Second, doxycycline is effective against proprioni acnes, is a known cause of
low-grade infection in shoulder surgery. Hence benefits of offering doxycycline might be
reduced chances of infection and improved healing rates.
The insertion of the rotator cuff to bone consists of four distinctive tissue regions, made
up of different types of collagen, fibrocartilage, proteoglycans and bone.69 This multitissue organisation mediates load transfer between tendon and bone. After rotator cuff
repair this normal insertion is not regenerated with current repair techniques.66,70 Tendon
anatomical healing have been explored to repair rotator cuff tears. The problem with these
ECM scaffolds, which are based on small intestinal submucosa (SIS), is that they lack the
mechanical properties of a normal tendon.71 An ideal scaffold improves tendon-to-bone
healing: it has mechanical properties like a normal tendon, will be replaced by new
tissue as it is biodegradable, integrates with the tendon and bone, and promotes native
tendon-to-bone healing. Nanofiber-based scaffolds can be engineered with distinctive
nanofiber organisation and alignment, thereby recapitulating the inherent structure-function
relationship of the rotator cuff as well as tendon-to-bone interface.72 A pending issue with
nanofiber technology is that problems with scaffold fabrication and large-scale production
must be overcome before widespread use is possible. Bioactive agents must also be inactive
and immobilised in the carrier. How to control their releases after rotator cuff repair should
be investigated further.
There are other surgical approaches to degenerative rotator cuff tears. Long-head biceps
tendon tenotomy has been recommended as treatment for years.73,74 In a series of 307
patients with a rotator cuff tear treated by tenotomy of the long head of the biceps tendon,
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grafts or augmentation devices based on extracellular matrix (ECM) scaffolds to improve

6

published by Walch, an additional acromioplasty was performed in 110 patients, 24 of them
below age 55. There seems to be considerable selection bias, therefore the patient categories
for which this treatment can be recommended remain unclear. We are currently deploying a
randomised controlled trial comparing debridement of the rotator cuff and bursa, with longhead biceps tendon tenotomy and conservative treatment in patients aged over 65 with a
degenerative supraspinatus and/or infraspinatus tear (METC number: 15.08131).
‘Prevention is better than cure’ also applies to rotator cuff tears. Key point is to
enhance or at least maintain the tendon quality of the rotator cuff. Increasing age may
contribute with general health problems, such as hypercholesterolemia or hypertension.
These metabolic changes may influence the rotator cuff quality. Hypertension can cause
peripheral hypovascularity. This can be a reason why significantly more massive rotator cuff
tears are found in patients with hypertension.75 Hypercholesterolemia is also associated
with full-thickness rotator cuff tears.76 These factors influence the intrinsic pathway of rotator
cuff development. General health improvements, like reducing stress and overweight, will

6

probably influence rotator cuff quality.
Another factor influencing tendon quality is the decrease of the amplitude of the
circadian clock. The circadian clock is a 24-hour cycle of being a sleep or awake. It is a
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well-known effect that this cycle extends with increasing age,77 leading to compromised
tissue homeostasis and increased risk of tendon pathology.78 Influencing this circadian clock
by BMP signalling may prevent tendon pathology. Is it possible to influence the circadian
clock to prevent tendon pathology? Further research in this field is essential.
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CONCLUSIONS
The scope of this thesis was to optimise treatment of degenerative full-thickness rotator
cuff tears. The first objective was to determine differences in functional and radiological
outcome between conservative and surgical treatment of degenerative rotator cuff tears. In a
randomised controlled trial no significant differences between the two treatment modalities
were found, except for those patients with an intact rotator cuff following surgical repair.
After one year no increase in degenerative changes was found in the group of patients
treated conservatively compared to the surgically treated patients. The second objective was
to identify prognostic factors influencing the intervention results. Increasing age, multiple
tendon involvement, greater tear sizes and a WCB status negatively influence the results of
rotator cuff repair. The practical implication of these findings is that a conservative approach
can be advised as primary treatment. Only in patients who require specific strength, for
example at work, and in whom cuff integrity following repair is to be expected (smaller
single-tendon tears in younger patients), can rotator cuff repair be considered. When patients
are treated conservatively, a surge in complaints can be an indication of increased tear size.
These patients are advised to consult their orthopaedic surgeon. Future research should aim
stable in the long term in order to further develop patient-specific treatment.
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at investigating which type of rotator cuff tears are prone to enlargement and which are

6
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SUMMARY
For degenerative rotator cuff tears conservative as well as surgical treatment is described.
In literature, comparable improvement in functional outcome scores for conservative and
surgical treatment is reported. Only two randomised controlled trials have compared the
two modalities, presenting conflicting results. Scientific evidence on which treatment is
superior is thus limited.
The scope of this thesis is to get more insight into the best available treatment of
degenerative full-thickness rotator cuff tears. The first objective is to determine whether
there are differences in the functional and radiological outcome between conservative and
surgical treatment of degenerative rotator cuff tears. Secondly the objective is to identify
factors influencing the outcome of rotator cuff repair. The first aim is addressed in Chapters
2, 3 and 4. The second aim is addressed in Chapter 5.

FUNCTIONAL OUTCOME
Chapter 2 describes the study protocol of the randomised controlled trial comparing surgical

7

and conservative treatment of degenerative full-thickness rotator cuff tears. Surgical treatment
consisted of open rotator cuff repair. Conservative treatment consisted of physical therapy,
subacromial infiltration and non- steroid anti- inflammatory drugs. At the one yearly follow
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up in all included patients, a standardised physical examination and objective functional
outcome scores (Constant Murley score) were performed, and cuff integrity was assessed
by MRI. In Chapter 3 the functional results of the conservative and surgical treatment of
this RCT are described. In our population of patients with degenerative rotator cuff tears
who were randomly allocated for surgical repair or in a conservative treatment protocol,
we did not observe differences in the functional outcome one year after treatment. The
best outcomes in function and pain were seen in surgically treated patients with an intact
rotator cuff repair at the one yearly follow up. However, the re-tear rate following surgical
repair, assessed by MRI, was high: 73%. In literature as in our study, patients with an intact
rotator cuff repair can develop more power than patients with a re-tear or conservatively
treated patients. These results suggest that surgical treatment can be considered in patients
who need specific strength in activities in daily living and/or work. However, these patients
should be well informed on the risk of a re-tear. When patients do not need this specific
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strength then conservative treatment results in equal outcome in the short term and thus
seems the preferred treatment option. More research is needed on long term consequences
of both treatments.

RADIOLOGICAL OUTCOME
In chapter 4 radiological outcomes following conservative and surgical treatment for
degenerative rotator cuff tears are compared. The MRI assessment of the patients treated
conservatively in this study show no increase in tear size, atrophy or fatty infiltration within
a year following conservative treatment. The MRI assessment of patients with a successful
(intact) rotator cuff repair or failed (retear) rotator cuff repair for a degenerative rotator cuff
tear showed also no differences in atrophy or fatty infiltration.
These findings do not support the hypothesis that early rotator cuff repair should
be advised to prevent increase of tear size and further cuff degeneration. A decision to
convert from conservative therapy to an attempt for surgical repair can be made in the
basis of functional complaints and pain. Moreover, it extends the “window” for conservative
treatment to at least one year, and it can be advised to initiate treatment conservatively. As
in most patients increase in tear size is accompanied by increase of symptoms, patients
who are treated conservatively should be re-assessed when symptoms increase. Again, more
research is needed into the long term results of conservative treatment.

In chapter 5 the results of a systematic review regarding prognostic functional and cuff
integrity factors following rotator cuff repair are summarised. The conclusions are based
on a limited number of moderate-quality studies, all using different prognostic factors and
outcome measures. Because of the diversity in outcome measures among the included studies
and the different and sometimes incomplete presentation (median scores, mean scores,
relative risk ratios), a meta-analysis was not possible and results are summarized by means
of a qualitative analysis (best-evidence synthesis). The available evidence as summarised
in this review, indicated that performing rotator cuff repair should be carefully considered
in patients in older age groups as well as in those with a ‘workers compensation board’
status, with multiple tendon involvement and/or greater tear size, or additional acromioclavicular joint or long head biceps tendon pathology. There is moderate to reasonable
evidence that these patient groups show disappointing results regarding cuff integrity and
functional outcome following rotator cuff repair.

109

Summary

PROGNOSTIC FACTORS INFLUENCING OUTCOME

7

PRACTICAL IMPLICATIONS
Based on the findings of the studies included in this thesis, the following practical implications
can be summarised:
•

Conservative care can be advised as primary treatment for patients with a
degenerative rotator cuff tear.

•

An attempt at surgical repair can be considered for patients who need strength in
activities in daily living and/or work (e.g. heavy labourers), and maybe also for
younger patients (ages 40-50y).

•

The window to switch from conservative treatment to surgical repair seems to be at
least one year.

•

When patients are treated conservatively, clinical signs as a surge in pain or
functional limitation can be an indication of increase in tear size and a sign for
reconsidering surgical repair. Patients should be advised to consult their orthopaedic
surgeon in that case.

•

Higher age, larger tear size and multiple tendon involvement negatively influence
cuff healing and functional outcome following cuff repair.

Chapter 7
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Zowel operatieve behandeling als conservatieve behandeling voor degeneratieve rotator
cuff rupturen is beschreven. In de wetenschappelijke literatuur wordt een vergelijkbare
verbetering in het functioneren beschreven voor beide behandelingen. Er zijn slechts
twee gerandomiseerde studies beschikbaar, welke tegenstrijdige resultaten laten zien. Het
wetenschappelijke bewijs welke behandeling tot betere resultaten leidt, is beperkt.
De opzet van dit proefschrift is om de behandeling van degeneratieve rotator cuff
rupturen te optimaliseren. Het eerste doel is om functionele en radiologische verschillen
tussen operatieve en conservatieve behandeling te beoordelen. Het tweede doel is om
specifieke patiëntfactoren te bepalen welke het resultaat van een operatieve interventie
kunnen beïnvloeden. Het eerste doel wordt beschreven in hoofdstuk 2, 3 en 4. Het tweede
doel wordt beschreven in hoofdstuk 5.

FUNCTIONELE UITKOMST
In hoofdstuk 2 wordt het studieprotocol voor deze gerandomiseerde studie beschreven. De
opzet is om de operatieve behandeling van degeneratieve rotator cuff ruptureren te vergelijken
met de conservatieve behandeling. Operatieve behandeling bestond uit open rotator
cuff repair. Conservatieve behandeling bestond uit fysiotherapie, infiltraties en eventueel
uitkomst scores bepaald en er werd een MRI verricht. In hoofdstuk 3 worden de functionele
resultaten van de gerandomiseerde studie beschreven. In onze onderzoekspopulatie patiënten
met een degeneratieve rotator cuff ruptuur die gerandomiseerd waren voor chirurgische of
conservatieve behandeling werden na 1 jaar geen verschillen in functionele uitkomsten
gevonden. De beste resultaten werden gevonden bij patiënten met een intacte rotator cuff
bij de final follow up. Echter het percentage re-rupturen na 1 jaar, gediagnosticeerd met
MRI, was hoog: 73%. Uit de literatuur maar ook ons onderzoek blijkt dat patiënten met
een intacte rotator cuff meer kracht kunnen zetten dan patiënten met een re-ruptuur of
conservatief behandelde patiënten. De resultaten suggereren dat chirurgische behandeling
overwogen kan worden bij patiënten die specifiek kracht nodig hebben in het dagelijks
leven en/of bij het werk. De patiënt moet duidelijk geïnformeerd zijn over de kans op
een re-ruptuur. Is deze specifieke kracht niet nodig, dan kan conservatieve behandeling
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pijnstilling. Na een jaar werden patiënten onderzocht, er werden objectieve functionele

7

overwogen worden aangezien dit op de korte termijn tot een vergelijkbaar resultaat zal
leiden. Er is meer onderzoek nodig om het effect op de langere termijn te beoordelen.

RADIOLOGISCHE UITKOMST
In hoofdstuk 4 worden de radiologische uitkomsten van het patiëntencohort die middels
randomisatie conservatief of chirurgisch behandeld werden beschreven.

Na 1 jaar

follow up wordt er geen toename van scheurgrootte, atrofie of vervetting gevonden bij
de conservatieve behandeling. Na chirurgische behandeling wordt er bij patiënten met
re-rupturen en intacte rotator cuffs geen toename in atrofie of vervetting gevonden. Deze
bevindingen onderbouwen niet de hypothese dat rotator cuff repair verricht moet worden
om verdere toename van scheurgrootte en degeneratie te voorkomen. Sterker, het verlengt
de mogelijkheid van conservatieve behandeling gedurende in ieder geval 1 jaar. Derhalve
kan geadviseerd worden om te beginnen met een conservatieve behandeling. Bij de meeste
patiënten gaat toename in scheurgrootte samen met toename van symptomen. Patiënten
die conservatief behandeld worden zouden opnieuw beoordeeld moeten worden als er een
toename van symptomen is. Ook hier is meer wetenschappelijk onderzoek nodig naar de
lange termijn resultaten van conservatieve behandeling.

7

PROGNOSTISCHE FACTOREN
In hoofdstuk 5 worden de prognostische factoren die functionele en cuff integriteit uitkomsten
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beïnvloeden beschreven. De conclusies zijn gebaseerd op een beperkt aantal studies van
middelmatige kwaliteit. In alle studies werden verschillende prognostische factoren en
uitkomstmaten gebruikt. Door de diversiteit in uitkomstmaten, de verschillende en soms
incomplete presentatie van de data was een meta-analyse niet mogelijk. De resultaten
worden samengevat door een kwalitatieve analyse (best evidence synthesis). Op basis van
deze systematische review moet rotator cuff repair terughoudend overwogen worden bij
patiënten uit een oudere leeftijdsgroep. Maar ook bij patiënten waarbij meerdere pezen
aangedaan zijn en waarbij sprake is van grotere scheuren, of sprake is van bijkomende AC
of lange bicepspees pathologie. Het bewijs dat bij deze patiëntengroepen rotator cuff repair
leidt tot teleurstellende resultaten met betrekking tot rotator cuff integriteit en functioneel
resultaat, is van middelmatige kwaliteit.
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PRAKTISCHE IMPLICATIES
Op basis van de bevindingen van deze studies in dit proefschrift kunnen de volgende
praktische implicaties worden samengevat:
•

Conservatieve behandeling kan worden geadviseerd als primaire behandeling voor
patiënten met een degeneratieve rotator cuff scheur;

•

Chirurgische behandeling kan overwogen worden bij patiënten die specifiek kracht
nodig hebben in het dagelijks functioneren en/of werk, en mogelijk bij jongere
patiënten;

•

De mogelijkheid om te switchen van conservatieve naar chirurgische behandeling
lijkt in ieder geval een periode van 1 jaar te zijn;

•

Als patiënten succesvol conservatief behandeld worden dan kan een toename van
klachten een teken zijn van toename in scheurgrootte. Patiënten moeten geadviseerd
worden dat zij in een dergelijk geval contact opnemen met hun behandelend
orthopedisch chirurg;

•

Hogere leeftijd, grotere scheuromvang en wanneer meerdere pezen zijn aangedaan
beïnvloeden negatief de cuff integriteit na rotator cuff repair.

7
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het leven geniet, is een voorbeeld voor ons. Ik ben je dankbaar voor het feit dat we al zo
lang bevriend zijn en vind het bijzonder dat je mijn paranimf wil zijn.
Rutger, onze vriendschap begon tijdens onze vooropleiding chirurgie in het Martini
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jij naast mij staat als paranimf. Het was super om in de weekenden in Groningen samen met
de families te eten (of moet ik daar Hester eigenlijk voor bedanken; jij en Hil waren immers
altijd aan het werk?!).
Lieve Hil, ik ben zo blij dat jij naast me staat. Na een drukke periode waarin ik veel van
huis ben geweest, heb jij thuis alles geregeld. Je bent de sterkste, liefste en leukste vrouw die
ik mij kan wensen. Dank voor alles. XXX.
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