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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.

Methods: We performed a secondary analysis of a randomized controlled clinical 

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.



59

4

Tear size, m
uscle atrophy and fatty infiltration do not increase w

ithin a year of conservative  
treatm

ent of degenerative rotator cuff tears. A secondary analysis of a random
ized controlled trial.

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 

prognostic factors that will predict increase in tear size atrophy or fatty infiltration in surgical 

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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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
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 follow-

up 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

CONSERVATIVE GROUP
Conservative treatment consisted of subacromial steroid infiltration, physical therapy and 

analgesic medication. 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 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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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 

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

Intact repairs 
(n=5)

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)

Distribution of rotator cuff tears

supraspinatus 5 14 19

supraspinatus +infraspinatus 0 0 1

supraspinatus +subscapularis 0 0 2

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

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 

12 (24%) patients with disappointing results after conservative treatment for a rotator cuff 

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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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 

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-to-

excellent; 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 follow-

up. 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. 



68

4

C
ha

pt
er

 4

REFERENCES

1. Ainsworth Roberta R. Exercise therapy for the conservative management of full thickness tears of 

the rotator cuff: A systematic review. Br J Sports Med. 2007-4;41(4):200-10.

2. Boileau P, Brassart N, Watkinson DJ, Carles M, Hatzidakis AM, Krishnan SG. Arthroscopic repair 

of full-thickness tears of the supraspinatus: Does the tendon really heal? J Bone Joint Surg Am. 

2005;87(6):1229-1240.

3. Kuhn John E JE. Effectiveness of physical therapy in treating atraumatic full-thickness rotator cuff 

tears: A multicenter prospective cohort study. Journal of Shoulder and Elbow Surgery. 2013-

10;22(10):1371-9.

4. Fuchs B, Gilbart MK, Hodler J, Gerber C. Clinical and structural results of open repair of an 

isolated one-tendon tear of the rotator cuff. J Bone Joint Surg Am. 2006;88(2):309-316.

5. Gartsman GM, Khan M, Hammerman SM. Arthroscopic repair of full-thickness tears of the rotator 

cuff. J Bone Joint Surg Am. 1998;80(6):832-840.

6. Gazielly DF, Gleyze P, Montagnon C. Functional and anatomical results after rotator cuff repair. 

Clin Orthop Relat Res. 1994;(304)(304):43-53.

7. Huijsmans PE, Pritchard MP, Berghs BM, van Rooyen KS, Wallace AL, de Beer JF. Arthroscopic 

rotator cuff repair with double-row fixation. J Bone Joint Surg Am. 2007;89(6):1248-1257.

8. Klepps S, Bishop J, Lin J, et al. Prospective evaluation of the effect of rotator cuff integrity on the 

outcome of open rotator cuff repairs. Am J Sports Med. 2004;32(7):1716-1722.

9. Lafosse L, Brozska R, Toussaint B, Gobezie R. The outcome and structural integrity of arthroscopic 

rotator cuff repair with use of the double-row suture anchor technique. J Bone Joint Surg Am. 

2007;89(7):1533-1541.

10. Levy O, Venkateswaran B, Even T, Ravenscroft M, Copeland S. Mid-term clinical and sonographic 

outcome of arthroscopic repair of the rotator cuff. J Bone Joint Surg Br. 2008;90(10):1341-1347.

11. Kukkonen J, Joukainen A, Lehtinen J, et al. Treatment of non-traumatic rotator cuff tears:  

A randomised controlled trial with one-year clinical results. Bone Joint J. 2014;96-B(1):75-81.

12. Moosmayer S, Lund G, Seljom US, et al. Tendon repair compared with physiotherapy in the 

treatment of rotator cuff tears: A randomized controlled study in 103 cases with a five-year follow-

up. J Bone Joint Surg Am. 2014;96(18):1504-1514.

13. Lambers Heerspink Frederik O FO. Comparing surgical repair with conservative treatment for 

degenerative rotator cuff tears: A randomized controlled trial. Journal of Shoulder and Elbow 

Surgery. 2015-8;24(8):1274-81.



69

4

Tear size, m
uscle atrophy and fatty infiltration do not increase w

ithin a year of conservative  
treatm

ent of degenerative rotator cuff tears. A secondary analysis of a random
ized controlled trial.

14. Keener Jay D JD. A prospective evaluation of survivorship of asymptomatic degenerative rotator 

cuff tears. Journal of Bone and Joint Surgery, The. 2015-1-21;97(2):89-98.

15. Maman Eran E. Outcome of nonoperative treatment of symptomatic rotator cuff tears monitored 

by magnetic resonance imaging. Journal of Bone and Joint Surgery, The. 2009-8;91(8):1898-906.

16. Safran Ori O. Natural history of nonoperatively treated symptomatic rotator cuff tears in patients 

60 years old or younger. American Journal of Sports Medicine, The. 2011-4;39(4):710-4.

17. Lambers Heerspink FO, Hoogeslag RA, Diercks RL, van Eerden PJ, van den Akker-Scheek I, van 

Raay JJ. Clinical and radiological outcome of conservative vs. surgical treatment of atraumatic 

degenerative rotator cuff rupture: Design of a randomized controlled trial. BMC Musculoskelet 

Disord. 2011;12:25-2474-12-25.

18. Patte D. Classification of rotator cuff lesions. Clin Orthop Relat Res. 1990;(254)(254):81-86.

19. Warner JJ, Higgins L, Parsons IM,4th, Dowdy P. Diagnosis and treatment of anterosuperior rotator 

cuff tears. J Shoulder Elbow Surg. 2001;10(1):37-46.

20. Kissenberth Michael J MJ. A positive tangent sign predicts the repairability of rotator cuff tears. 

Journal of Shoulder and Elbow Surgery. 2014-7;23(7):1023-7.

21. Goutallier D D. Fatty muscle degeneration in cuff ruptures. pre- and postoperative evaluation by 

CT scan. Clin Orthop. 1994-7(304):78-83.

22. Landis J R JR. The measurement of observer agreement for categorical data. Biometrics. 1977-

3;33(1):159-74.

23. Melis B B. Muscle fatty infiltration in rotator cuff tears: Descriptive analysis of 1688 cases. 

Orthopaedics and Traumatology: Surgery and Research. 2009-9;95(5):319-24.

24. Mall Nathan A NA. Symptomatic progression of asymptomatic rotator cuff tears: A prospective 

study of clinical and sonographic variables. Journal of Bone and Joint Surgery, The. 2010-11-

17;92(16):2623-33.

25. Yamaguchi K, Tetro AM, Blam O, Evanoff BA, Teefey SA, Middleton WD. Natural history 

of asymptomatic rotator cuff tears: A longitudinal analysis of asymptomatic tears detected 

sonographically. J Shoulder Elbow Surg. 2001;10(3):199-203.

26. Burkhead Wayne Z WZ. A novel double-row rotator cuff repair exceeds strengths of conventional 

repairs. Clin Orthop. 2007-8;461:106-13.

27. Matsumoto Fujio F. Delayed tendon reattachment does not reverse atrophy and fat accumulation 

of the supraspinatus--an experimental study in rabbits. Journal of Orthopaedic Research. 2002-

3;20(2):357-63.



70

4

C
ha

pt
er

 4

28. Gladstone James N JN. Fatty infiltration and atrophy of the rotator cuff do not improve after rotator 

cuff repair and correlate with poor functional outcome. American Journal of Sports Medicine, The. 

2007-5;35(5):719-28.

29. Thomazeau H H. Atrophy of the supraspinatus belly. assessment by MRI in 55 patients with rotator 

cuff pathology. Acta Orthop Scand. 1996-6;67(3):264-8.

30. Gerber C C. The results of repair of massive tears of the rotator cuff. Journal of Bone and Joint 

Surgery, The. 2000-4;82(4):505-15.

31. Davis Max E ME. Muscle fibers are injured at the time of acute and chronic rotator cuff repair. 

Clinical Orthopaedics. 2015-1;473(1):226-32.



71

4

Tear size, m
uscle atrophy and fatty infiltration do not increase w

ithin a year of conservative  
treatm

ent of degenerative rotator cuff tears. A secondary analysis of a random
ized controlled trial.






