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ABSTRACT

Objective: The aim of this study was to evaluate
the accuracy of simple radiography, ultrasound and
magnetic resonance imaging (MRI) in diagnosing
rotator cuff injuries, comparing their findings with
open or arthroscopic surgery findings. Methods:
Protocols of the Shoulder and Elbow Surgery Service
for patients undergoing surgical treatment for rotator
cuff injuries diagnosed by means of radiography,
ultrasound and/or MRI between 2002 and 2007 were
evaluated. Based on the data gathered, we analyzed the
sensitivity, specificity, positive predictive value, negative
predictive value and accuracy of these complementary
examinations, compared with the findings during the
surgical procedures. Results: This study included 147

patients with a mean age of 46.09 years. All the patients
had undergone a radiography examination, 101 had
undergone ultrasound examination and 72 had undergone
MRI. We found sensitivity of 13.8%, specificity of 2.6%
and accuracy of 30% with radiography; sensitivity of
57.6%, specificity of 29.6% and accuracy of 51.4%
with ultrasound; and sensitivity of 86.6%, specificity
0f 22.2% and accuracy of 63.3% with MRI. Conclusion:
Radiography was found to be a specific examination
when the mirror sign was present. MRI and ultrasound
were shown to be reliable methods with high accuracy
for diagnosing rotator cuff injuries.
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INTRODUCTION

Rotator cuff injuries are a frequent cause of shoulder
pain in individuals of all ages. This condition repre-
sents a spectrum of diseases, ranging from reversible
acute tendinitis to massive lesions involving all of its
components?.

These injuries are diagnosed from the clinical his-
tory and physical examination, including by means of
specific semiological maneuvers and infiltration of local
anesthetic into the subacromial space in cases of diag-
nostic doubt (specific tests)®.

Radiographic examinations help to define the cause
of the impact and assess anatomical factors such as the

shape and inclination of the acromion, presence of acro-
mial spurs, presence of os acromiale and osteoarthrosis
of the acromioclavicular joint. They show secondary al-
terations from the impact syndrome, such as subchondral
cysts, sclerosis and irregularities of the greater tuberos-
ity of the humerus. Radiographs also serve to identify
tendinous and peritendinous calcifications®.

The main noninvasive methods used in diagnosing
rotator cuff injuries are ultrasound and magnetic reso-
nance imaging (MRI)®¥. Ultrasound is less expensive,
but the sensitivity and specificity of its results vary be-
cause this is an “operator-dependent” examination®.
MRI demonstrates the contrast between bone and soft
tissues and presents degenerative lesions and tendon
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tears, along with other structural abnormalities that may
be present:®).

There are few reports in the literature that compare
the precision of ultrasound and MRI for diagnosing rota-
tor cuff injuries, or for quantifying the lesion size. Both
detecting and measuring the lesion may help in indicat-
ing whether open surgery or arthroscopy should be used
as the therapeutic method, and in providing prognostic
indications after these lesions have been repaired®!'V.

The aim of this study was to evaluate the accuracy of
simple radiography, ultrasound and MRI for diagnosing
rotator cuff injuries of the shoulder, with comparisons
with open or arthroscopic surgery as the standard.

METHODS

The protocols of the Shoulder and Elbow Surgery
Service (Annex 1) of the Medical Residence Service
over the years 2002 to 2007 were evaluated, by means
of analysis on all the patients who underwent surgery to
treat shoulder diseases. All the patients were operated
by two orthopedic surgeons who are instructors within
the Medical Residence Service.

Adult patients of both sexes with a clinical and imag-
ing diagnosis of rotator cuff injuries who were treated
surgically after failed attempts at conservative treatment
in accordance with the protocol of the service were in-
cluded in this study.

The mean age of the patients evaluated was 46.09
years. The youngest patient was 20 years of age and the
oldest was 69 years. Male patients were more prevalent:
83 males (56.5%) versus 64 women (43.5%).

All the patients underwent radiographic evaluation
consisting of the true anteroposterior view, lateral scapu-
lar view and axillary view. The patients subsequently
underwent ultrasound or MRI evaluations, or both.

All the ultrasound and MRI examinations were
performed in one of two specialized clinical located
in the same city as the institution where this study
was conducted. The data were analyzed and re-
ported on by radiologists who were specialists in the
musculoskeletal field.

The radiographs were evaluated by the surgeons
themselves. The diagnostic impressions from analysis
on the radiographs were divided as follows: 1) without
alterations; 2) sclerosis and subchondral cysts in the
region of the greater tuberosity; and 3) “mirror sign”,
with osteophyte formation in the anteroinferior region
of the acromion.
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In evaluating the ultrasound examinations, the fol-
lowing criteria for diagnosing rotator cuff tears were
used: failure to see one or more of the rotator tendons;
lack of focal view of one of the tendons; and well-de-
fined defect or discontinuity in the tendon that reaches
both faces of the tendon (articular and bursal). To char-
acterize the lesion seen on ultrasound, three possibilities
were taken into consideration: 1) normal (no lesion); 2)
partial lesion; and 3) total lesion of the tendon(s) of the
rotator cuff.

In evaluating the MRI data, the criteria used for ana-
lyzing the rotator cuff were the same as described in the
protocol of Slatkin. This method defines four stages of
rotator cuff lesions seen on MRI: 0 — tendon with normal
signal and morphology; 1 — increased signal intensity
without irregularity or discontinuity; 2 — increased sig-
nal with irregularity and tapering of the tendon; and 3
— complete solution loss of the tendon!?. Based on the
descriptive reports created through using this protocol,
we distributed the patients into groups according to the
MRI results: 1) normal (no lesion); 2) partial lesion; and
3) complete lesion of the tendon.

The surgical treatment was performed using an ar-
throscopic or mixed approach in lateral decubitus. In
such cases, the lesion was evaluated arthroscopically,
but the lesion was repaired as an open procedure. During
the surgery, the rotator cuff was evaluated with the aim
of identifying tears and degenerative alterations.

During the operation, the patients were classified
as: 1) without tears or lesions; 2) with partial tears and
lesions on which debridement was performed; and 3)
complete lesions. Lesion repair was implemented when
possible.

On the basis of the data gathered, we analyzed the
sensitivity, specificity, positive predictive value, nega-
tive predictive value and accuracy of the simple radi-
ography, ultrasound and MRI for diagnosing any lesion
of the rotator cuff. We also analyzed the capacity of
these three complementary examinations, through the
abovementioned indicators, to make specific diagnoses
of partial and complete lesions of the rotator cuft and to
make diagnoses of absence of tendon lesions.

RESULTS

Analyses were conducted on 454 protocols from pa-
tients who underwent shoulder surgery between 2002
and 2007. Of these, 187 patients had a diagnosis of rota-
tor cuff injury with surgical treatment indicated. Forty
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of these patients were excluded from the study because
of incomplete data and 147 patients were included.

All the patients studied had undergone radiographic
examination. Thirteen of them presented a “mirror sign”
image (8.85%), three presented normal images (2.05%)
and 131 (89.1%) presented some type of radiographic
abnormality, such as sclerosis of the greater tuberosity
or subchondral cysts (Figure 1).

0
9% 2% 89%
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O Abnormal without

mirror sign
O Sign

Figure 1 — Patient distribution according to the presence of ab-
normalities on radiographs (approximate percentage values).

Among all the protocols analyzed, 101 presented data
on ultrasound scans that had been carried out. Of these,
there were 22 patients (21.8%) with normal examina-
tions, 43 (42.6%) with partial lesions of the rotator cuff
and 36 (35.6%) with diagnoses of complete/total cuff
lesions (Figure 2).
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0,
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O Partial lesion
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Figure 2 — Patient distribution according to the presence of ab-
normalities on ultrasound (approximate percentage values).

Only 72 patients underwent MRI. Of these, 34
(47.2%) were found to present a complete lesion of the
rotator cuff, 31 had a partial lesion (43%) and seven
(9.8%) had normal reports (Figure 3).

During the 147 surgical procedures, we found that
38 patients did not have any rotator cuff injury (25.8%),
37 (25.2%) had a partial lesion and 72 (49%) had
a total lesion.

In the statistical evaluation between radiography and
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Figure 3 — Patient distribution according to the presence of ab-
normalities on magnetic resonance imaging (approximate per-
centage values).

the surgical procedure (gold standard), we found that
out of the 131 patients who presented some abnormality
on radiography, 34 (26%) had a partial cuff lesion and
60 (45.8%) had a complete lesion. Thus, for comparing
partial lesions of the rotator cuff with images of abnor-
malities in the greater tuberosity, radiography presented
sensitivity of 91.8% specificity of only 11.8%. Among
the 13 patients with an anteroinferior image of osteo-
phytes (“mirror sign”), all of them had some degree of
tendon lesion: three (24%) with a partial lesion and 10
(76%) with a complete lesion. Thus, we found that when
the radiograph presented a “mirror sign”, the sensitivity
and specificity for complete lesion of the rotator cuff
was 13.8% and 96%, respectively. Based on these data,
we found sensitivity of 13.8%, specificity of 2.6% and
accuracy of 30% when we compared the radiographic
method with any type of rotator cuff lesion (Table 1).

Comparison between ultrasound and the surgical pro-
cedure showed that out of the 43 patients with a partial
lesion on ultrasound, 14 (32.5%) were found to have the
same partial lesion during the surgery, and another 14
of them had a complete lesion. Thus, in analyzing the
patients with partial lesions diagnosed by means of ul-
trasound and evaluated subsequently during the surgical
procedure, we found sensitivity of 63.6% and specificity
of 63.2%. However, among the 36 patients with reports
of complete lesions seen on ultrasound, 30 (83.5%) were
found to have a lesion with complete tearing of the rota-
tor cuff during the surgical procedure, while four did not
present any abnormalities and two had partial lesions.
Analysis on the relationship between complete cuff tear-
ing on ultrasound and proof of this in the procedure
showed sensitivity of 57.6% and specificity of 87.7%.
Based on these results, this method presented sensitivity
of 57.6%, specificity of 29.6% and accuracy of 51.4%
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Table 1 — Evaluation of findings suggestive of rotator cuff injuries seen on radiographs, in patients who underwent surgical treatment

(gold standard), in absolute values.

Surgical procedure

Radiography

Normal Abnormalities of greater tuberosity Mirror sign Total
No abnormalities 1 37 0 38
Partial lesion 0 34 3 37
Complete lesion 2 60 10 72
Total 3 131 13 147
Normal radiograph Abnormalities of greater tuberosity Mirror sign
Results for any lesion X X X
No rotator cuff lesion Partial rotator cuff lesion Complete rotator cuff lesion
Accuracy 0.306 Accuracy 0.734 Accuracy 0.319 Accuracy 0.557
Sensitivity 0.138 Sensitivity 0.981 Sensitivity 0.918 Sensitivity 0.138
Specificity 0.026 Specificity 0.026 Specificity 0.118 Specificity 0.96
False-positive rate 0.230 False-positive rate 0.666 False-positive rate 0.740 False-positive rate 0.230
False-negative rate 0.666 False-negative rate 0.345 False-negative rate 0.187 False-negative rate 0.462
Positive predictive value 0.769 Positive predictive value 0.333 Positive predictive value 0.259 Positive predictive value | 0.769
Negative predictive value 0.537 | Negative predictive value 0.743 Negative predictive value 0.812 Negative predictive value | 0.537

Source: data gathered between 2002 and 2007.

when we compared all of the data with the existence of

any type of rotator cuff lesion (Table 2).

Analysis on the results from comparing MRI with
surgery showed that out of the seven patients for whom
the conclusion from the examination was that they did
not have any lesions, we found four patients (57%) with

undamaged rotator cuffs during the surgery, two (28.5%)
with partial lesions and one (14.5%) with a complete
lesion. Thus, we found sensitivity of 22.2% and speci-
ficity of 94.3% when the MRI report regarding cuff
lesions was “normal”. Regarding the 30 patients whose
MRI reports showed partial cuff lesion, there were 12

Table 2 — Evaluation of findings suggestive of rotator cuff injuries seen on ultrasound, in patients who underwent surgical treatment
(gold standard), in absolute values.

Ultrasound
No abnormalities Partial lesion Complete lesion Total
No abnormalities 8 15 4 27
Surgical procedure
Partial lesion 6 14 2 22
Complete lesion 8 14 30 52
Total 22 43 36 101
Results for any lesion No rotator cuff lesion Partial rotator cuff lesion Complete rotator cuff lesion
Accuracy 0.514 Accuracy 0.673 Accuracy 0.633 Accuracy 0.722
Sensitivity 0.576 Sensitivity 0.296 Sensitivity 0.636 Sensitivity 0.576
Specificity 0.296 Specificity 0.810 Specificity 0.632 Specificity 0.877
False-positive rate 0166 False-positive rate 0636 False-positive 0674 False-positive 0166
rate rate
False-negative rate 0636 False-negative rate 0.240 False-negative rate 0137 False-negative 0338
rate
Positive predictive 0.833 Positive predictive 0.363 Positive predictive 0.325 Positive predictive 0833
value value value value
Negative predictive 0.661 Negative predictive 0.759 Negative predictive 0862 Negative 0.661

value

value

value

predictive value

Source: data gathered between 2002 and 2007.
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(38.7%) without a lesion seen during the operation, 15
(48.3%) with a confirmed partial lesion and three (13%)
with a complete lesion. Based on these data, we found
sensitivity of 65.2% and specificity of 68.7% for MRI
with partial rotator cuff lesion. Analysis on the 34 pa-
tients with complete lesion presented on MRI showed
that there were two patients (6%) with tendons without
abnormalities, six (17.6%) with confirmed partial le-
sions and 26 (76.4%) with complete lesions. Therefore,
the results obtained demonstrated sensitivity of 86.6%
and specificity of 80.4% when the MRI diagnosis con-
sisted of a complete cuff tear. Thus, analysis on these
data revealed sensitivity of 86.6%, specificity of 22.2%
and accuracy of 63.3% for this method compared with

The results from the statistical analyses can be seen
in the graph of Figure 4, with comparisons of sensitiv-
ity, specificity, accuracy and other indices with the three
diagnostic methods (Figure 4).

DISCUSSION

Approximately 60% of all shoulder diseases are at-
tributed to rotator cuff injuries. Arthroscopic studies
have suggested that 10% of the cases of painful shoulder
are due to lesions affecting the entire thickness, while
the remaining 90% are due to partial lesions').

Currently, both ultrasound and magnetic resonance
are methods used for diagnosing rotator cuff injuries,

Table 3 — Evaluation of findings suggestive of rotator cuff injuries seen on magnetic resonance imaging, in patients who underwent

surgical treatment (gold standard), in absolute values.

Surgical procedure

No abnormalities Partial lesion Complete lesion Total

Magnetic resonance imaging No abnormalities 4 12 2 18

Partial lesion 2 15 6 23

Complete lesion 1 3 26 30

Total 7 30 34 71

Results for any lesion No rotator cuff lesion Partial rotator cuff lesion Complete rotator cuff lesion
Accuracy 0.633 Accuracy 0.760 Accuracy 0.676 Accuracy 0.830
Sensitivity 0.866 Sensitivity 0.222 Sensitivity 0.652 Sensitivity 0.866
Specificity 0.222 Specificity 0.943 Specificity 0.687 Specificity 0.804
False-positive rate 0.235 False-positive rate 0.428 False-positive rate 0.5 False-positive rate 0.235
False-negative rate 0.428 False-negative rate 0.218 False-negative rate 0.195 False-negative rate 0.108
Positive predictive value | 0.764 | Positive predictive value 0.571 Positive predictive value 0.5 Positive predictive value | 0.764
Negative predictive 0.891 Negative predictive 0.781 Negative predictive 0.804 Negative predictive 0.891

value value value value

Fonte: Dados coletados de 2002-2007.

the gold standard, with regard to any degree of rotator
cuff lesion or when the result from MRI is normal for
this condition (Table 3).
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Figure 4 — Statistical markers for the three diagnostic methods
evaluated in this study.
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and there is no clearly preferable method®!'¥. However,
the improvements in transducers and the more acces-
sible price of ultrasound have made this a good initial
investigational method for patients with shoulder pain
and suspected disease™!,

From reviewing the literature, it can be seen that
there is great variation in the results from ultrasonogra-
phy, with regard to identifying torn rotator cuff tendons,
with reports of sensitivity greater than 90% in some
studies, while the results from some other studies have
been much less notable(16-20). These differences have
been due to changes in ultrasound devices, differences
between the populations studied and differences in ul-
trasound operators’ experience. In our study, we found
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that the general sensitivity was 57.6% and the general
specificity was 29.6%. However, specifically for com-
plete lesions, this method presented sensitivity of 57.6%
and specificity of 87.7%; while for partial lesions, the
sensitivity was 63.6% and the specificity was 63.2%.
We are aware of the greater difficulty in diagnosing
partial lesions, and of the sensitivity limitations of the
method®Y, but we believe that these results are in agree-
ment with the literature that we consulted.

The risk in using a method with low sensitivity
rates, as found through using ultrasound, is that sur-
gical treatment may not be indicated because of false
negatives®.

In massive injuries to the rotator cuff, the tendons
retract below the acromion and there is direct contact
between the humeral head and the deltoid. However,
when the subacromial bursa and peribursal region
are very thick, this may be interpreted from ultra-
sound as an undamaged tendon, i.e. leading to a false
negative(13,23,24). Our positive predictive value was
83.3% and our negative predictive value was 66.1%,
which were similar to other authors’ data®*?>,

MRI is an examination of limited use when dealing
with obese patients. In such cases, there are artifacts
caused by mobility and by non-tolerance by claustropho-
bic patients, along with certain restrictions when there
is a metallic implant. It has also been reported that the
accuracy in diagnosing partial lesions is lower than for
lesions affecting the complete thickness®®. In our study,
we found sensitivity of 86.6% and specificity of 80.4%
with regard only to patients with a completely torn ro-
tator cuff, resulting in accuracy of 83.09%. Among pa-
tients diagnosed with a partial lesion, the sensitivity was
65.2% and the specificity was 68.7%, with accuracy of
67.5%. The literature presents sensitivity results ranging
from 82% to 100% and specificity ranging from 79 to
100%, for complete tendon lesions:!619),

Martin-Hervas et al®® found high sensitivity (100%)
in diagnosing partial lesions using magnetic resonance,
but with low specificity (29.8%), which resulted in few
false negatives. However, when a lesion was present
in an examination, this presence was uncertain and the
false positive rate was high, with a positive predictive
value of 19.5%. In our study, we found higher speci-
ficity rates for partial lesions, with a positive predic-
tive value of 50%. The positive predictive value for
performing MRI for any patient in this study, i.e. tak-
ing into consideration the presence or absence of any
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lesion, was 76.4%.

MRI was shown to be superior to the other examina-
tions in assessing the quality of the rotator cuff tendons,
since it demonstrated the degree of retraction and atro-
phy of the tendons.

Evaluations on patients with diagnoses of a com-
pletely torn rotator cuff produced similar results, with
sensitivity of 86.6% from MRI versus 57.6% from ul-
trasound, while the specificity was 80.4% and 87.7%,
respectively. Thus, it may be supposed that among the
patients studied, in cases of completely torn rotator cuffs,
MRI had a greater capacity to diagnose the condition,
whereas ultrasound was better for ruling out cases that
did not present a complete lesion. Comparison of the
accuracy of the two methods in relation to completely
torn rotator cuffs showed a value of 83.09% for MRI
versus 67.3% for ultrasound. These data are similar to
what is seen in reports in the literature®?.

Analysis on partial tears among our sample, with
the same comparison between the methods, showed
sensitivity of 63.6% for ultrasound versus 65.2% for
MRI. For specificity, the values were 63.2% and 68.7%,
respectively. These data showed a smaller difference
between the two complementary examinations in favor
of MRI, compared with the analysis on complete tears
presented above.

In evaluating the accuracy of the two methods, we
found that both ultrasound and MRI presented high ac-
curacy, with results that were little more notable for
one than for the other. Radiography is a method that
presented less favorable results, and its use became im-
portant when the mirror sign was present. The latter
situation presented 96% specificity for complete tear-
ing. This indicates that when we found osteophytes in
the anteroinferior region of the acromion, there was a
high probability that the patient would present a lesion
affecting the complete thickness of the rotator cuff. In
this way, radiography has importance in investigating
painful shoulders with suspected rotator cuff injuries.

CONCLUSION

MRI and ultrasound were shown to be reliable meth-
ods presenting high accuracy for diagnosing rotator
cuff injuries.

Radiography was shown to be a specific examination
when the mirror sign was presented. It is an easily ac-
cessible tool and remains recommended for diagnosing
rotator cuff injuries.
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ANNEX 1. Protocol for the shoulder and elbow surgery service.
Name: ML FLI Age: Side: R LI
R/L R/L R/L R/L R/L R/L
FL / EXT. / ABD.  / AD. / IR. / ER. /
Health plan and no.: Profession:

Instability: Load/slippage [1 ~ Grip [  Relocation L]  Spontaneous dislocation []
Sulcus [J  Fukuda [J  Other joints:

Supraspinatus: Impact sign L1  Impact test []  Painful arc [] ~ Yokum [  Jobe [

Cancellous [1 Drop arm test [
Subscapularis: Gerber [1 ~ Abdominal press [
Acromioclavicular: Painful palpation [  Cross arm [
Coracoid: Hawkins Kennedy []
Neurological: C5 [  C6 1  Axillary [  Musculature [1  Supraspinous [
Cervical : Arthrosis []  Radiculopathy [J  Thoracic outcome [J  Others

Long portion of biceps: Palpable [1 Yergason [ Speed [ Ludington [  O'Brien [

Infraspinatus and rotator cuff: Hawkins [1 Infraspinatus test L] Patte test for infraspinatus [

/
/

e rrm‘nﬂ"

N\

Examinations: Radiography

Remainder: Median Ulnar Radial Others

Ultrasound

MRI

Surgery
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