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Abstract

Introduction The reliable diagnosis of partial-thickness
tears of the rotator cuff is still elusive in clinical practise.
Therefore, the purpose of the study was to determine the
diagnostic accuracy of MR imaging and clinical tests for
detecting partial-thickness tears of the rotator cuff as well
as the combination of these parameters.

Materials and methods 334 consecutive shoulder arthros-
copies for rotator cuff pathologies performed during the time
period between 2010 and 2012 were analyzed retrospectively
for the findings of common clinical signs for rotator cuff
lesions and preoperative MR imaging. These were com-
pared with the intraoperative arthroscopic findings as “gold
standard”. The reports of the MR imaging were evaluated
with regard to the integrity of the rotator cuff. The Ellman
Classification was used to define partial-thickness tears of
the rotator cuff in accordance with the arthroscopic find-
ings. Descriptive statistics, sensitivity, specificity, positive
and negative predictive value were calculated.

Results MR imaging showed 80 partial-thickness and 70
full-thickness tears of the rotator cuff. The arthroscopic
examination confirmed 64 partial-thickness tears of which
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52 needed debridement or refixation of the rotator cuff. Sen-
sitivity for MR imaging to identify partial-thickness tears
was 51.6%, specificity 77.2%, positive predictive value
41.3% and negative predictive value 83.7%. For the Jobe-
test, sensitivity was 64.1%, specificity 43.2%, positive pre-
dictive value 25.9% and negative predictive value 79.5%.
Sensitivity for the Impingement-sign was 76.7%, specificity
46.6%, positive predictive value 30.8% and negative predic-
tive value 86.5%. For the combination of MR imaging, Jobe-
test and Impingement-sign sensitivity was 46.9%, specificity
85.4%, positive predictive value 50% and negative predictive
value 83.8%.

Conclusions The diagnostic accuracy of MR imaging and
clinical tests (Jobe-test and Impingement-sign) alone is lim-
ited for detecting partial-thickness tears of the rotator cuff.
Additionally, the combination of MR imaging and clinical
tests does not improve diagnostic accuracy.

Level of evidence Level 11, Diagnostic study.

Keywords Partial-thickness tear - Supraspinatus tendon -
MR imaging - Clinical test - Jobe-test - Rotator cuff

Introduction

Different pathologies of the rotator cuff are known, includ-
ing tendinosis, partial-thickness tears, full-thickness tears
of the tendon and rotator cuff arthropathy. The incidence
of partial-thickness tears of the rotator cuff is not clearly
defined and varied within the recent literature [1]. Sher
et al. [2] describe a prevalence of 20% for a partial-thick-
ness tear of the rotator cuff within their study examining 96
asymptomatic shoulders by MR imaging. Tendinosis and
partial-thickness tears of the supraspinatus tendon occur in
heavy sporting activity and in middle-aged patients. The
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incidence for partial-thickness tears seems to increase with
increasing age of the patients [1]. Especially in patients aged
50-60 years, partial-thickness tears may be diagnosed fre-
quently. Commonly, the anterior parts of the supraspinatus
tendon are affected. The surgical treatment of symptomatic
partial-thickness tears of the supraspinatus tendon is con-
troversial with different arthroscopic treatment options
depending on extent of the partial-thickness tear, quality of
the tendon and individual patient characteristics. Treatment
options include arthroscopic debridement, acromioplasty,
transtendon in situ suture repair, and full-thickness tear
conversion and repair. If the non-operative treatment fails
and 50% or more of the tendon thickness is involved, it is
accepted practise to perform surgical repair of the rotator
cuff tendon [1]. The accurate diagnosis of partial-thickness
tears of the rotator cuff, in contrast to full-thickness tears of
the rotator cuff, remains difficult for the clinical examina-
tion as well as the diagnostic imaging procedures like MR
or sonographic imaging [3, 4]. MR imaging has shown high
diagnostic accuracy for full-thickness tears of the rotator
cuff [4]. False-positive or false-negative results for MR
imaging concerning partial-thickness tears of the rotator
cuff are frequently seen [5]. Within the clinical examina-
tion, the Impingement-signs and the clinical tests for the
supraspinatus tendon might be positive. Several studies have
previously examined the diagnostic accuracy of MR imaging
or clinical tests to detect tears of the rotator cuff [6, 7], but
the results of correlating these parameters with each other

Fig. 1 MR imaging of a
partial-thickness tear of SSP-
tendon (asterisk), right shoulder,
sequence: PD FSE COR fs,
corresponding intraoperative
findings: partial-thickness tear
of SSP-tendon Ellman III°

(8 mm)
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are rare. Therefore, the purpose of the present study was to
evaluate the diagnostic accuracy of the clinical examination
and MR imaging, and especially the combination of clinical
tests (Jobe-test and Impingement-sign) and MR imaging, to
determine partial-thickness tears of the rotator cuff in com-
parison to the surgical findings.

Materials and methods

This study retrospectively analyzed 334 consecutive
patients who underwent shoulder arthroscopy for rota-
tor cuff pathologies between January 2010 and December
2012 at our institution. The study was approved by the
Institutional Research Coordinator and the head of the
department in January 2013. Arthroscopic revision sur-
geries and arthroscopic joint lavages in cases of septic
shoulder arthritis were excluded. The results of different
preoperatively determined common clinical tests for rota-
tor cuff pathologies, the preoperative MR imaging, and
the arthroscopic findings as “gold standard”, were fully
recorded for 270 cases. Within the clinical testing, the
Jobe-test and the Impingement-signs were performed.
The radiology reports of the MR imaging were evaluated
with regard to the integrity of the rotator cuff categoriz-
ing the rotator cuff as intact, partially or completely torn
(Fig. 1). All radiologists who were involved within the
study are specialists in musculoskeletal radiology. The
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Fig. 2 Intraoperative arthroscopic finding of a partial-thickness tear
of the rotator cuff (SSP-tendon), Ellman III° (> 6 mm), right shoul-
der, view from a posterior standard portal (asterisk SSP-tendon, hash
SSP-footprint)

Table 1 Classification for partial-thickness tears of the rotator cuff
according to Ellman [8]

A-lesion Articular-sided lesion
B-lesion Bursa-sided lesion
C-lesion Intra-tendinous lesion
Grade 1 Diameter < % or < 3 mm
Grade 11 Diameter < ¥2 or 3-6 mm
Grade III Diameter > 2 or > 6 mm

Ellman Classification [8] (Fig. 2 and Table 1) was used to
grade partial-thickness tears of the rotator cuff in accord-
ance with the arthroscopic diagnosis. The data required
were taken from the patient file and the surgical report.
Descriptive statistics for MR imaging, clinical tests and
arthroscopic findings concerning the integrity of the rota-
tor cuff were performed. Further statistical analysis was
determined for the sensitivity, specificity, positive predic-
tive value, and negative predictive value of the MRI find-
ings, the Impingement-test and the Jobe-test as well as

the combination of these parameters. Statistical analysis
was performed by using Microsoft Excel® and IBM SPSS
Statistics®.

Results

For 270 patients (175 men and 95 women) the relevant data
were completely registered. The mean age of this cohort was
54 years [19-81]. MR imaging showed 80 partial-thickness
and 70 full-thickness tears of the rotator cuff. The rota-
tor cuff tendon was described as intact in 120 cases. The
arthroscopic diagnosis verified 64 partial-thickness tears of
which 52 needed specific surgical treatment (debridement:
n = 33; refixation n = 19). In addition 95 full-thickness tears
of the rotator cuff were confirmed arthroscopically and in
111 cases the rotator cuff tendon was classified as intact
(Table 2). The results for the clinical tests and arthroscopic
findings concerning the integrity of the rotator cuff are
shown in Table 3a, b. The frequency distribution regard-
ing the Ellman Classification is presented in Table 4. The
sensitivity for MR imaging to identify a partial-thickness
lesion of the rotator cuff was 51.6%, the specificity 77.2%.
The positive predictive value was 41.3% and the negative
predictive value was 83.7%. The sensitivity for the Jobe-test
was 64.1% and the specificity was 43.2%. For the Jobe-test, a
positive predictive value of 25.9% and a negative predictive
value of 79.5% were found. The sensitivity for the Impinge-
ment-sign was 76.7% and the specificity was 46.6%. For the
Impingement-sign, a positive predictive value of 30.8% and
anegative predictive value of 86.5% were calculated. For the
combination of MR imaging, Jobe-test and Impingement-
sign sensitivity was 46.9%, specificity was 85.4%, positive
predictive value was 50% and negative predictive value was
83.8% (Table 5).

Discussion

The most important results of the present study are that
there was limited accuracy of MR imaging and clinical

Table 2 Results: MRI and arthroscopic findings concerning the integrity of the rotator cuff (SSP)

MRI findings
rotator cuff
(n=270)

Intact (n = 120)

Arthroscopic  Intact (n = 83) Intact (n = 27)
findings
rotator cuff

(n=1270)

Partial-thickness tear (n = 80) Full-thickness tear (n = 70)

Intact(n=1) 2 Intact (n = 111)

Partial-thickness tear (n = 30) Partial-thickness tear (n = 33) Partial-thickness tear (n = 1) X Partial-thickness tear (n = 64)

Full-thickness tear (n = 7)

Full-thickness tear (n = 20)

Full-thickness tear (n = 68) X Full-thickness tear (n = 95)

@ Springer



1722

Arch Orthop Trauma Surg (2017) 137:1719-1724

Table 3 Results: clinical tests and arthroscopic findings concerning the integrity of the rotator cuff (SSP): (a) Impingement-test, (b) Jobe-test

(a)
Preoperative Impingement-test (n = 270) Positive (n = 159)

Arthroscopic findings rotator cuff (n = 270) Intact (n = 38)

Partial-thickness tear (n = 49)
Full-thickness tear (n = 72)

(b)
Preoperative Jobe-test (n = 270) Positive (n = 158)

Arthroscopic findings rotator cuff (n = 270) Intact (n = 27)

Partial-thickness tear (n = 41)
Full-thickness tear (n = 90)

Negative (n = 111)

Intact (n = 73)
Partial-thickness tear (n = 15)
Full-thickness tear (n = 23)

X Intact (n = 111)
X Partial-thickness tear (n = 64)
2 Full-thickness tear (n = 95)

Negative (n = 112)

Intact (n = 84)
Partial-thickness tear (n = 23)
Full-thickness tear (n = 5)

X Intact (n = 111)
X Partial-thickness tear (n = 64)
X Full-thickness tear (n = 95)

Table 4 Frequency distribution
regarding the Ellman

Ellman clas- Frequency (n)

classification [8] sification
Al 24
ATl 25
ATl 7
BI 2
BII 6
B III -

examination (Jobe-test, Impingement-sign) for diagnosing
partial-thickness lesions of the rotator cuff. Low values were
found for the sensitivity, specificity as well as the positive
predictive value for the MR imaging findings, the Jobe-test
and the Impingement-test. Additionally, the combination of
positive clinical tests for a rotator cuff pathology (Jobe-test

Table 5 (a) Results: sensitivity, specificity, positive and negative
predictive value concerning the study population for MRI findings,
Impingement-test and Jobe-test to detect partial-thickness tears of the
rotator cuff (SSP), (b) Results: Sensitivity, specificity, positive and

and Impingement-sign) and a partial-thickness tear of the
rotator cuff found in the MR imaging based on the radiol-
ogy report does not improve the diagnostic accuracy except
for specificity.

Several previous studies have been done to examine
the diagnostic accuracy of MR imaging or clinical tests to
detect tears of the rotator cuff [6, 7], whereas the present
study compared both in one survey and additionally cor-
related these parameters with each other. Thus, the present
results add new clinically relevant information to the recent
literature. When comparing the findings of the present study
to those of the recent literature for detecting partial-thick-
ness tears of the rotator cuff, similar results were found for
the sensitivity and specificity of the MR imaging and the
Impingement-sign.

Balich et al. [5] assessed the diagnostic accuracy of
analyzing the integrity of the rotator cuff on MR images.
Five radiologists analysed MR images of 222 symptomatic

negative predictive value concerning the study population for MRI
findings in combination with a positive preoperative Impingement-
test as well as positive Jobe-test to detect partial-thickness tears of the
rotator cuff (SSP)

MRI findings Impingement-test Jobe-test
(@
Sensitivity (%) 51.6 76.7 64.1
Specificity (%) 77.2 46.6 43.2
Positive predictive value (%) 41.3 30.8 259
Negative predictive value (%) 83.7 86.5 79.5
MRI findings (partial-thickness Impingement-test positive Jobe-test positive
tear SSP)
(b)
Sensitivity (%) 46.9
Specificity (%) 85.4
Positive predictive value (%) 50
Negative predictive value (%) 83.8
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patients. The results were verified by arthroscopic find-
ings. A sensitivity of 35-44%, a specificity of 85-97% and
an accuracy of 77-87% for the MR imaging to determine
partial-thickness tears of the rotator cuff were found. High
inter- and intra-observer variability was described for the
evaluation of MR imaging concerning the rotator cuff lesion,
especially for partial-thickness tears and for radiologists as
well as orthopaedic surgeons who are not experienced in
analyzing MR imaging of the rotator cuff [3, 9].

Neer [10] as well as Dinnes et al. [11] described a
sensitivity of 70-80% and specificity of 40-60% for the
Impingement-sign to detect partial-thickness tears of the
rotator cuff. These findings were confirmed by the results
of the present study and underline especially the fact that
the Impingement-sign is too general and is lacking specific-
ity. It is known as the most reliable clinical sign for detect-
ing any form of subacromial impingement syndrome [12].
Kelly et al. [12] tested the value of different physical tests
for subacromial impingement syndrome and they pointed
out that the most precise clinical examination for determin-
ing partial-thickness tears of the rotator cuff was pain on
external rotation against resistance.

Villafane et al. [13] also tested the diagnostic accuracy of
different clinical tests for diagnosing partial-thickness tears
of the supraspinatus tendon. The results of their study were
inconsistent to the results of the present study and showed
different values for the diagnostic accuracy of the Jobe-test
and the Impingement-signs.

Differing results can also be found concerning the sen-
sitivity and specificity of the Jobe-test for detecting partial-
thickness tears of the rotator cuff. Park et al. [14] evaluated
the diagnostic value of various clinical examination tech-
niques for the different categories of subacromial impinge-
ment syndrome. They described a sensitivity of 32.1% and
a specificity of 67.8% for the Jobe-test to determine partial-
thickness tears of the rotator cuff. In contrast to these results,
the present findings show a higher sensitivity (64.1%) and a
lower specificity (43.2%). Jain et al. [6] found higher values
for diagnostic accuracy of the Jobe-test to detect tears of the
supraspinatus tendon compared to the present results, but
they did not distinguish in detail between partial-thickness
and full-thickness tears of the rotator cuff.

Within the present study, the results of MR imaging and
clinical tests for detecting partial-thickness tears of the rota-
tor cuff were additionally combined with each other finding
no improvement in diagnostic accuracy except for specificity.

Some limitations of this study should be mentioned. This
was a retrospective study design with an inhomogeneous
sample of patients. A lack of standardization of the quality
of the MR imaging was noted; a standardized “cuff proto-
col” was not used in every case. The analysis of the MR
imaging findings was done on the basis of the documented
radiology report, an independent and separate evaluation

of the MR imaging to detect the intra- and inter-observer
reliability was not performed. It might be interesting to go
further into detail and to differentiate between subgroups as
Ellman I° lesions versus Ellman II° and Ellman III° lesions.
Especially Ellman III° lesions might be better detectable by
MR imaging than Ellman I° lesions and that might lead to
better results concerning sensitivity and specificity.

The valid diagnosis of partial-thickness tears of the
rotator cuff by clinical tests and MR imaging procedures
remains challenging. Halma et al. [9] found that orthopaedic
surgeons and radiologists varied in evaluation of shoulder
MR images concerning ligamentous tears. The orthopaedic
surgeons showed significantly higher precision in diagnos-
ing impingement. Therefore, the MR imaging should be
evaluated by the orthopaedic surgeon on their own, taking
into consideration the background of the clinical examina-
tion, the history, and current complaints of the patient. The
three dimensional extension of partial-thickness tears of the
rotator cuff (thickness of the tear, retraction in mediolat-
eral direction, extent in anteroposterior direction) should be
noted while analyzing and evaluating MR imaging of the
rotator cuff in the clinical setting. Ultrasonographic exami-
nation under dynamic conditions should also be part of the
diagnostic process in addition to MR imaging. This might
further improve the diagnostic accuracy for detecting partial-
thickness tears of the rotator cuff.

In summary the exact and reliable diagnosis of partial-
thickness tears of the rotator cuff by clinical examination and
by MR imaging remains challenging at this time. The com-
bination of MR imaging findings and clinical tests (Jobe-test
and Impingement-sign) does not lead to higher diagnostic
accuracy for detecting partial-thickness tears of the rotator
cuff in clinical practise.

Conclusion

The reliable diagnosis of partial-thickness tears of the rotator
cuff remains challenging as the diagnostic accuracy of MR
imaging and clinical examination (Jobe-test, Impingement-
sign) is still limited. The combination of positive clinical
tests for a rotator cuff lesion (Jobe-test and Impingement-
sign) and a partial-thickness tear of the rotator cuff found in
MR imaging based on the radiology report does not improve
diagnostic accuracy.
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