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Background: Isolated or combined subscapularis (SSC) tendon tears are frequently found in patients
with shoulder pain. The purpose of this study was to evaluate the structural changes associated with SSC
tear in a consecutive series of patients with nonoperatively treated small size to midsize SSC tendon tears
using magnetic resonance imaging (MRI).
Methods: In this retrospective case series, all patients with an isolated or combined SSC tendon tear
treated nonoperatively between 1999 and 2019 were identified from our MRI and clinical databases.
Twenty-one patients with a mean age of 52.6 years (range 26.6-64.8, standard deviation 9.3) with a
second MRI scan at a minimum of 5 years of follow-up were enrolled. The mean follow-up was 8.6 years
(range 5.6-12.6, standard deviation 1.8). Initial and last follow-up MRI scans were used to determine
concomitant cuff lesions, size of the SSC tear, fatty infiltration of the SSC muscle, and biceps pathology.
Results: Five patients had an isolated SSC lesion; 7 patients had a concomitant tear of the supraspinatus,
and 9 patients had a supraspinatus and anterior infraspinatus tendon tear. At diagnosis, 14 patients had a
type 1 SSC lesion as classified by Lafosse et al, 4 patients had type 2, and 3 patients had type 3 lesions.
Nineteen patients (90%) were found to have an SSC tear progression of at least one Lafosse grade
(P < .001); however, no tear had progressed to an irreparable type lesion (defined as Lafosse type 5). In
addition, the size of SSC tendon tears increased significantly from 75 mm2 to 228 mm2 (P < .001). At the
final MRI scan, the grading of fatty infiltration increased by 1 grade in 4 cases and by 2 grades in 4 cases
(P ¼ .042). At the final follow-up, in eight patients, the condition of the long head of biceps tendon was
unchanged from the initial MRI; in nine patients, there was a newly subluxated biceps tendon, and in 6
patients, there was a newly ruptured long head of biceps tendon (P < .001).
Conclusion: After a mean of 8.6 years, almost all nonoperatively treated SSC tendon tears had increased
in size, but only one-third showed additional progression of muscle fatty degeneration on MRI scan.
None of the SSC lesions became irreparable during the observation period.

© 2021 The Author(s). Published by Elsevier Inc. on behalf of American Shoulder and Elbow Surgeons.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/).
Patients with a symptomatic subscapularis (SSC) tendon tear
are usually considered for operative repair if conservative treat-
ment has failed. Both arthroscopic and open SSC repairs have
yielded excellent and durable clinical improvement over the
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preoperative state after unsuccessful conservative manage-
ment.3-9,11,12,14,16,19,20,24-26,31,34,35,37,39 In small- to moderate-sized
full-thickness tears of the supraspinatus (SS) and infraspinatus
(IS) tendons treated conservatively, tear size, atrophy, and fatty
muscle infiltration have been shown to progress so that the tears
may become irreparable over time.23,32,36,43 Analysis of the nat-
ural history of SS tendon tears showed a 50% likelihood of tear
progression after 4 years.13,22,28,32,38,42,43 Clearly defined risk
factors (ie, pain, initial tear size, and rotator cable disruption) for
tear progression have also been identified, both clinically and on
imaging studies.28,41,42,44 Such knowledge of the expected course
of tendon tear progression is relevant for consideration of
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Table I
Personal data and history.

Case Sex Age at first MRI (y) Side Etiology Symptomatic
at first MRI

Reason not to operate after first MRI Treatment after second MRI

1 F 65 R Degenerative Yes Accepts symptoms Conservative
2 M 64 R Traumatic Yes Relief of symptoms Conservative
3 M 58 L Traumatic Yes Conservative treatment of the frozen shoulder and

subsequent relief of symptoms
Conservative

4 F 62 R Traumatic Yes N/A Surgery planed, but canceled
because of new tumor diagnosis

5 M 27 R Traumatic Yes Relief of symptoms Conservative
6 M 59 R Traumatic Yes Relief of symptoms SAS, cuff repair
7 M 60 L Traumatic Yes Relief of symptoms Conservative
8 M 49 R Degenerative Yes Relief of symptoms Conservative
9 M 48 R Degenerative Yes Accepts symptoms Conservative
10 M 45 L Degenerative Yes Relief of symptoms SAS, cuff repair
11 M 49 R Traumatic Yes Fear of operation Conservative
12 M 57 R Traumatic Yes Relief of symptoms Conservative
13 M 39 R Traumatic Yes Relief of symptoms Conservative
14 M 47 R Traumatic Yes Relief of symptoms SAS, cuff repair
15 M 47 L Degenerative Yes Accepts symptoms Conservative
16 M 49 L Traumatic Yes Frozen Shoulder, then accepts symptoms Conservative
17 M 59 R Degenerative Yes Relief of symptoms Conservative
18 F 57 L Degenerative Yes Accept symptoms Conservative
19 M 51 R Traumatic Yes No operation wanted because fear of losing job SAS with cuff repair and

superior capsular reconstruction
20 M 62 L Degenerative N/A N/A SAS, cuff repair
21 M 50 R Degenerative Yes N/A Conservative

MRI, magnetic resonance imaging; N/A, not available; SAS, shoulder arthroscopy.
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conservative treatment versus surgical repair. However, as far as
we are aware, there is a paucity of published clinical or magnetic
resonance imaging (MRI) data on the evolution of nonoperatively
treated SSC tendon tears over time. Indeed, an understanding of
the natural history is important in identifying the potential risk
factors for progression of a SSC tendon tear and can help refine
the indications for surgery. Furthermore, an understanding of the
rate of tear progression over time is an essential part in patient
counseling.

The purpose of the present study was to evaluate the imaging
outcome for a consecutive series of patients with symptomatic SSC
tendon tears treated nonoperatively, by analyzing the progression
of the tear and muscle changes on follow-up MRI with a minimum
follow-up of 5 years.

Patients and methods

This case series study was approved by the responsible ethical
committee (no. 2018-02285). A database search was conducted to
identify all patients presenting to our clinic between 1999 and
2019, who had at least two shoulder MRI scans with a minimum
interval of 5 years (n: 3655). Exclusion criteria included any
operative treatment (between first and second MRI) of the
involved shoulder, type IV or V lesions according to Lafosse, a
bony avulsion of the rotator cuff, and aged >65 years, as the
benefit of rotator cuff repair in this group of patients remains
controversial. All initial scans were reviewed to identify patients
with a partial or full-thickness rotator cuff tears treated non-
operatively (n: 81). We identified 21 patients with isolated or
combined SSC tendon lesions. The study group consisted of 3
women and 18 men with a mean age of 52.6 years (range 26.6-
64.9, standard deviation [SD] ± 9.2) at the time of diagnosis. The
mean follow-up was 8.6 years (range 5.6-12.6, SD ± 1.8). For all
except one patient, the clinical chart review showed rotator cuff
tearerelated symptoms (pain and functional deficit). Further
demographic details and the reasons for conservative treatment
are given in Table I.
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Imaging assessment

At the time of diagnosis, all twenty-one patients had undergone
standardized MR arthrography (n ¼ 15) or native MRI (n ¼ 6) on a
1.0-, 1.5-, or 3-Tesla scanner. The follow-up MRIs were performed
with (n ¼ 12) or without (n ¼ 9) arthrography on a 1.5- or 3-Tesla
scanner (Siemens, Erlangen, Germany). For the purpose of the
study, the images were independently analyzed by a musculo-
skeletal radiologist (T.P.) and a fellowship-trained shoulder surgeon
(A.K.). The SSC tear was classified according to Lafosse:24 type I:
partial lesion of superior one-third, type II: complete lesion of su-
perior one-third, type III: complete lesion of superior two-thirds,
type IV: complete lesion of tendon but head centered and fatty
degeneration classified as less than or equal to Goutalier stage III,
and type V: complete lesion of tendon but eccentric head with
coracoid impingement and fatty degeneration classified as more
than or equal to Goutalier stage III. Lafosse type Vwas considered as
irreparable. The size of the SSC tear was measured in mm on a
sagittal and axial T2 image. On the sagittal scan, the tear size was
measured in a straight line from the tendon edge inferiorly to the
inferior border of the rotator interval. On the axial scan, a straight
line from tendon edge medially to the lateral footprint was taken.
The greatest dimension of the full-thickness tear on both scans was
multiplied to calculate the tear area in millimeters squared.

If there was more than an isolated SSC tear, the rotator cuff
lesion was classified according to Collin et al as type A-E.10 The
condition of the tendon of the long head of the biceps (LHBT) was
assessed for the following: subluxation (yes, no), tendinopathy
(yes, no), and complete rupture (yes, no). Intramuscular fatty
infiltration (FI) of the SSC was assessed using the computed to-
mography criteria of Goutallier et al17 adapted for MRI by Fuchs
et al on T1-weighted parasagittal scans.15 Type of tear, degree of
muscle FI, and biceps pathology were determined in consensus
read-out. The length of the SSC tendon, the muscle length, and the
location of the musculotendinous unit were evaluated on axial
scans (T1) as described by Meyer et al.30 For these variables, mean
values were used for the analysis.



Table II
Parameters at first and second MRI regarding subscapularis and biceps pathology.

Subscapularis tear type* Subscapularis FIy LHBT pathology

Tendinopathy Dislocation Rupture

1st MRI 2nd MRI 1st MRI 2nd MRI 1st MRI 2nd MRI 1st MRI 2nd MRI 1st MRI 2nd MRI

1 1 2 0 1 Yes Yes No Yes No No
2 1 2 0 2 Yes Yes No No No No
3 1 2 0 0 No Yes No Yes No No
4 1 2 0 N/A No Yes No Yes No No
5 1 1 0 0 No No No No No No
6 2 3 0 0 Yes N/A No N/A No Yes
7 2 3 0 2 Yes Yes No No No No
8 1 3 0 2 No Yes No No No No
9 1 2 0 0 Yes Yes No Yes No No
10 2 3 1 1 Yes N/A Yes N/A No Yes
11 1 3 0 1 Yes Yes No Yes No No
12 2 3 0 0 Yes Yes No Yes No No
13 1 2 0 0 Yes Yes No No No No
14 1 3 0 0 No Yes No No No No
15 1 2 0 2 Yes Yes No Yes No No
16 3 4 3 3 Yes N/A Yes N/A No Yes
17 1 3 0 1 No Yes No No No No
18 1 2 0 1 Yes Yes No Yes No No
19 3 3 0 0 Yes N/A No N/A No Yes
20 1 3 0 0 Yes Yes No No No No
21 3 4 1 1 Yes Yes No Yes No No

LHBT, tendon of the long head of the biceps; MRI, magnetic resonance imaging; N/A, not available.
Gray shaded: progression in fatty infiltration or classification level.

*Lafosse classification.24
yFatty infiltration as per Fuchs' modification of Goutallier17 classification.
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Statistical analysis

Continuous variables were represented by the mean, standard
deviation, and range. Absolute and relative frequencies were used
to represent ordinal variables. Progression of pathology was eval-
uated by paired t-tests and Wilcoxon signed-rank tests for
continuous variables (SSC tear area, SSC tendon, andmuscle length)
and ordinal variables (FI, Lafosse grade SSC lesion, LHBT subluxa-
tion/rupture), respectively. The relationship between SSC tear area
and tendon length progression was analyzed by Pearson's corre-
lation coefficient. Risk factors for progression (SSC tear area) were
tested by a one-way analysis of variance (F-Test). The significance
level was chosen at 0.05. Statistical analyses were computed using
Stata/IC 15.1 (StataCorp LP, College Station, TX, USA).

Results

Tear distribution

In 5 cases, there was an isolated SSC tear. Seven cases had an
associated SS tendon tear, and 9 cases had a SS tear extending into
the IS (type A and type C lesions, respectively, as classified by Collin
et al10).

Findings relating to SSC tendon and LHBT on initial scan

Classifying the SSC lesion according to Lafosse24 identified 14
type I tears, 4 type II tears, and 3 type III tears. Assessing FI of each
SSC muscle showed grade 0 in 17 SSC muscles, grade I in 3 cases,
and grade III in one case. The initial mean length of the SSC
tendon30 was 40 mm (range 27-51, SD: ±7), and the mean muscle
length was 98 mm (range 77-124, SD: ±13). The mean tear areawas
75 mm2 (range 0-396, SD: ±118 mm2).

The LHBT was normal in 6 (29%) cases and tendinopathic in 15
(71%) cases. In 2 cases (10%), the LHBT was dislocated; however,
there were no cases of completely torn LHBT.
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SSC tendon and LHBT on follow-up

On follow-upMRI, we identified 1 type I tear, 8 type II, 10 type III,
and 2 type IV tears according to Lafosse.24 Overall, we found an in-
crease in the SSC tendon tear size in 19 patients (91%) reflected by a
higher Lafosse grade. In 5 patients, the SSC tear had increased by 2
grades. In only 2 patients, the grading remained unchanged
(P < .001) (Fig. 1). Measuring the tear size in mm (as described pre-
viously),wefoundasignificant increase in the teararea from75mm2

(range0-396, SD:±118mm2) to228mm2(0-840, SD±186)at the last
follow-up, which is a mean increase of 152 mm2 (P < .001). FI of the
SSCmuscle showedgrade0 in9 SSCmuscles, grade I in 6 cases, grade
II in four cases, and grade III in one case. The FI of the SSC muscle
progressed in only 8 of the 21 cases (in 4 patients by 1 grade and in 4
patients by 2 grades), but overall, the increase of FI was significant
over time (P < .042). The mean length of the SSC tendon increased
significantly from40mm (range 27-51, SD:±7) to 47mm (range 36-
63, SD: ±7) (P < .001); the mean muscle length remained almost
unchanged from 98mm (range 77-124, SD: ±13.3) to 97 mm (range
65-132, SD: ±16) (P ¼ .675).

After follow-up, the LHBT showed progressive degeneration: In
5 patients, the LHBT had become tendinopathic, 9 LHBTs showed a
new dislocation, and in 4 patients, it was completely torn (P < .001).
Only in one case, the tendon was normal at the final follow-up (for
more details, see Table II).

Other findings

Over time, there was a progression in the superior-posterior
extension of the concomitant rotator cuff lesions, reflected by a
change in the Collin classification10 (type A: 28.6%, type B: 14.3%,
and type C: 57.1%). At the latest follow-up, 5 new SS tears (3 partial
and 2 transmural) were detected and three SS tears had progressed
from partial to transmural lesions. FI of the SS muscle remained
stable in 5 cases and increased in 15 cases (by 1 grade in 12 cases and
by 2 grades in 3 cases). Four new IS tears were detected, and two



Table III
Parameters at first and second MRI evaluations regarding cuff and humeral head migration.

Case Supraspinatus (tear*/fatty
infiltrationy)

Infraspinatus (tear*/fatty
infiltrationy)

Teres minor (tear*/fatty
infiltrationy)

ACHD (mm, mean values)

First MRI Second MRI First MRI Second MRI First MRI Second MRI First MRI Second MRI

1 t/0 t/2 n/0 n/1 n/0 n/1 8.5 8

2 t/1 t/3 n/0 n/0 n/0 n/0 8 5.5
3 p/0 p/1 n/0 p/0 n/0 n/0 7.5 7

4 n/0 2/N/A n/0 n/N/A n/0 n/N/A 6.5 4
5 p/0 p/0 p/0 p/0 n/0 n/0 8.5 8.5

6 t/0 t/1 p/0 p/1 n/0 n/0 7 6.5
7 t/1 t/2 p/1 t/4 n/0 n/0 6 4

8 n/0 p/0 n/0 p/0 n/0 n/0 5 3
9 p/0 p/0 n/0 n/0 n/0 n/0 6.5 6
10 n/0 t/0 n/0 p/0 n/0 n/0 7 6.5

11 p/0 t/1 n/0 n/1 n/0 n/0 7 6.5

12 t/2 t/3 p/0 p/0 n/0 n/0 4 2

13 n/0 p/1 n/0 n/1 n/0 n/0 7 6
14 t/0 t/1 p/0 p/1 n/0 n/0 7.5 6.5

15 p/1 p/2 n/0 n/2 n/0 n/1 7.5 8.5

16 p/0 p/1 p/0 p/1 n/0 n/0 6.5 7
17 n/0 p/1 n/0 n/1 n/0 n/0 6 5.5

18 p/0 t/1 p/0 p/1 n/0 n/1 7.5 7

19 t/0 t/1 p/0 t/1 n/0 n/0 9.5 4.5
20 p/0 t/0 n/0 p/0 n/0 n/0 6.5 7.5

21 t/0 t/2 p/0 p/1 n/0 n/0 8 8.5

ACHD, acromionhumeral distance; MRI, magnetic resonance imaging; N/A, not available.
Gray shaded: progression in fatty infiltration between the two MRIs.

*(n: none, p: partial, t: transmural).
yFatty infiltration was classified as stage 1 through 4 by Goutallier.17
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tears showed a progression from partial to a transmural lesion. FI of
the IS muscle remained stable in 8 and increased in 12 cases (by 1
grade in 9 cases, by 2 grades in one, and by3 grades in one) (formore
details, see Table III).

Radiographic risk factor analysis for SSC tear size progression

Neither the FI nor the Lafosse classification of the SSC tear could
be identified as risk factors for tear size progression (FI: P ¼ .326,
tear classification: P ¼ .803). Furthermore, we could not find a
correlation between the progression of SSC tear size area and SSC
tendon lengthening (r ¼ 0.17, P ¼ .476).

Discussion

This study analyzed the outcome of nonoperatively treated
small- to medium-sized SSC tears on MRI, in a population of pa-
tients aged less than 65 years, with a mean follow-up period of 8.6
years. We found in over 90% of cases a progression in size of the SSC
tear, as per the Lafosse classification. Progression of muscle FI was
seen in 38% of cases (8 of 21 cases). However, interestingly, none of
these nonoperatively treated SSC tears progressed over a minimum
of 5 years to a level of FI or Lafosse grade that we would consider
repair to be contraindicated due to high risk of failure.

Understanding the natural history of the nonoperative treat-
ment of tears of the rotator cuff tendons is important in deciding
the optimal treatment for each individual patient and is a vital part
in counseling a patient when deciding on a treatment strategy. The
natural history of nonoperatively treated SSC tendon tears is thus
far poorly studied in the literature, and therefore, it is difficult to
predict the outcome in conservatively treated patients.

The fact that an increase of SSC tear size was quite consis-
tently associated with development of new or progression of
existing, concomitant postero-superior tears merits attention:
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Five new SS and 4 new IS tears were observed. Although FI of the
SS increased in 15 of 21 tears, it increased in 12 of 21 IS tears and
increased in only 8 of 21 SSC tears (ie, half as frequently as in the
SS muscle). With the substantial increase in its tendon length,
however, the SSC must have failed in continuity without consis-
tently developing substantial FI. Meyer et al29 have shown that FI
secondary to tendon tear is not only associated with muscu-
lotendinous retraction but, especially early, also correlated with
changes in the pennation angle of the respective muscle. As the
pennation angle of the SS is much larger than that of the IS and
the SSC is essentially a nonpennate muscle,40 the discrepancy
between increase in tear size and increase of FI between the
three muscles seems plausible.

In a previous study, we have found that an increase in tendon
length (or elongation of the tendon) on MRI is a feature of partial
SSC tears.30 The present study confirms that an increase of SSC tear
size is also associated with further tendon lengthening docu-
mented with the significant increase of tendon length over time,
although we could not find a correlation between tear size and SSC
tendon length in our data.

Concomitant biceps pathologies became very common over
time in our cohort, and conservative treatment was associated with
a substantial increase of LHBT pathology. All except one patient had
a pathological lesion of the LHBT at the latest follow-up. The pro-
gression of LHBT disease was directly associated with the
enlargement of the SSC tendon tear.

We are aware of several studies analyzing the natural history of
superior and postero-superior rotator cuff tears13,22,28,32,38,42,43

which show a slower and less consistent progression with
roughly 50% of tears progressing after a mean of 4 years. Medium-
sized (comparedwith small tears),43 full-thickness tears (compared
with partial tears),21,43 rotator cable disinsertion,22 older age (>60
years),28 smoking,43 dominant side,21 and pain21,27,33,38 have been
identified as risk factors for posterosuperior tear progression.



Figure 1 (A, B) MRI slides of a 60-year-old patient who had a subscapularis tendon tear (arrowhead) Lafosse grade II on the initial MRI 2005. (C, D) After 9 years, a progression of the
subscapularis tendon tear (La fosse grade III) and in addition a new dislocation of the LHBT were shown. LHBT, tendon of the long head of the biceps; MRI, magnetic resonance
imaging.
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In this series, which focused on SSC tears, we were not able to
identify specific tear patterns at risk for SSC tear progression.
Becausewe searched our database for patientswith at least twoMRI
scans within a certain time interval, patients who no longer showed
symptoms would be unlikely to return for a second MRI, and
therefore, the series may have a negative selection bias. However,
the initial 21 ruptures, which were small- to medium-sized SSC le-
sions, led to only 5 cuff repairs after a second MRI. Further limiting
factors of the study were the different rotator cuff tear patterns, as
most cases had involvement of the superior/posterior cuff and only
few cases showed isolated SSC tears. A further limitation is the
different imaging modalities (MR arthrography or native MRI, low-
or high-field MRI) because of the retrospective study protocol.
Arthro-MRI is the diagnostic tool of choicewith a sensitivity of 36%-
95% and specificity of 82%-100%,1,2,18 but the quantification of a SSC
tendon tear ismore difficult. Finally, wehad no clear documentation
of the patient's treatment between the twoMRI scans; however, we
are unaware of any evidence suggesting that different conservative
treatment modalities would have influenced the evolution of
structural tear progression.

Despite the aforementioned limitations and to the best of our
knowledge, this is the first study to document the natural course of
SSC tears, documenting tear size progression but an inconsistent
development or increase of muscle degeneration in conservatively
managed SSC tendon tears. We feel that in the presence of an SSC
tear, the patients should be informed of the high likelihood of
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structural deterioration in such tears and the potentially negative
influence of the development or enlargement of tears of the other
elements of the rotator cuff. Our current data show that none of the
SSC muscles developed imaging criteria of irreparability within the
mean follow-up of 8.6 years and support consideration of conser-
vative management in symptomatic SSC tears. Nonetheless, if these
data are used to consider conservative management, it should be
interpreted in the light of the very good long-term results of isolated
SSC tendon repair, which does not seem to be associated with a
comparable development or enlargement of lesions of the other cuff
elements.19 We have also re-analyzed original data from our previ-
ous study assessing outcomes after arthroscopic SSC tendon repair,
to assesswhether repair is associatedwith a high secondary rupture
rate of SS and IS tendons.19 This analysis shows that out of 36 pa-
tients, only 2, 7 new, partial IS/SS lesions (¼25%), could be observed
at the latest follow-up of mean 8.6 years. These results suggest that
repair of the SSC might have a protective effect on the other (pos-
terior-superior) muscle tendon units.

These data providenew insight into the course of SSC tendon tear
progression over time and may assist in the treatment decision-
making process. For us, these data can at least serve to justify
electing for systematic conservativemanagement of SSC tears in the
elderlyandnot so activepatient population. Randomized, controlled
trials comparing conservative with operative treatment of SSC tears
may ultimately become necessary to determine optimal treatment
of these lesions. A large prospective cohort study of all patients with
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SSC tears followed with sequential imaging may ultimately become
necessary to provide the true natural history of these tears.

Conclusion

Based on this MRI evaluation, 90% of all nonoperatively treated
SSC tendon tears had increased in size after a mean of 8.6 years, and
in two-thirds of the cases, posterosuperior tears either developed
or increased in size. FI of the SSC muscle remained stable in two-
thirds of the study group and did not deteriorate to the point
which is highly associated with clinical irreparability.
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