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Abnormal Findings on Magnetic Resonance Images 
of Asymptomatic Shoulders* 

B Y  JERRY S. SHER. M.D.t. JOHN W. URIBE. M.D.+, ALEJANDRO POSADA, M.D.t. BRIAN J M I I R P I i Y .  M.D.$. 

AND MICHAEL B. ZLATKIN. M.D.I. MIAMI. FLORIDA 

Investigorion performed at the Division of Sports Medicine, Department of Orthopaedics ond Rehohilirotiorr, Urri\~ersit\~ o f  Mionri. ,Mintnr 

ABSTRACT Magnetic resonance images of the shoul- 
ders of ninety-six asymptomatic individuals were evalu- 
ated to determine the prevalence of findings consistent 
with a tear of the rotator cuff. The scans were reviewed 
independently by two diagnostic radiologists who are 
experienced in the interpretation of magnetic resonance 
images of the shoulder. The over-all prevalence of tears 
of the rotator cuff in all age-groups was 34 per cent 
(thirty-three). There were fourteen full-thickness tears 
(15 per cent) and nineteen partial-thickness tears (20 
per cent). The frequency of full-thickness and partial- 
thickness tears increased significantly with age (p c 0.001 
and 0.05, respectively). Twenty-five (54 per cent) of the 
forty-six individuals who were more than sixty years 
old had a tear of the rotator c e .  thirteen (28 per cent) 
had a full-thickness tear and twelve (26 per cent) had 
a partial-thickness tear. Of the twenty-five individuals 
who were forty to sixty years old, one (4 per cent) had 
a full-thickness tear and six (24 per cent) had a partial- 
thickness tear. Of the twenty-five individuals who were 
nineteen to thirty-nine years old, none had a full- 
thickness tear and one (4 per cent) had a partial- 
thickness tear. Magnetic resonance imaging identified a 
high prevalence of tears of the rotator cuff in asymptom- 
atic individuals. These tears were increasingly frequent 
with advancing age and were compatible with normal, 
painless, hc t ional  activity. The results of the present 
study emphasize the potential hazards of the use of 
magnetic resonance imaging scans alone as a basis for 
the determination of operative intervention in the ab- 
sence of associated clinical findings. 

The prevalence of tears of the rotator cuff in asymp- 
tomatic individuals is largely unknown. While previous 
anatomical ~ n v e s t ~ g a t ~ o n s ~ . ~ . ~ l . ~ ~ . t ~ R ~ ~ ~ L t ~ ~ ~ ~ ~  have demon- 

strated a spectrum of pathological changes about the 
rotator cuff, the frequency of findings in relation to 
symptoms has not been ascertained sufficiently. 

A number of investigators'' " 15'"" 2" " ';' :; " have de- 
scribed the use of magnetic resonance imaging for the 
evaluation of disorders in the shoulder. Furthermore, i t  
has been suggested' I"'* that magnetic resonance imaging 
can be a highly sensitive and specific tool for the diag- 
nosis of lesions of the rotator cuff. 

As far as we know. only a few reports""?"" have 
described the findings on magnetic resonance images of 
asymptomatic shoulders. These studies have addressed 
specifically the commonly found increase in signal in- 
tensity within or around the supraspinatus tendon. 
While these signal abnormalities help to point out the 
often difficult distinction between a normal tendon and 
tendinosis, findings typical of tears of the rotator cuff 
have not been mentioned. 

The present investigation was undertaken to delin- 
eate prospectively the prevalence of tears of the rotator 
cuff diagnosed with magnetic resonance imaging in a 
controlled population of asymptomatic individuals of 
various ages and with various levels of activity. 

Materials and Methods 

Prospective subjects for the study were recruited 
through local advertisements that requested voluntary 
participation in a research project for the Department 
of Orthopaedics at the University of Miami. One hun- 
dred and fifty-three interested persons were screened 
on the basis of information obtained from a detailed 
questionnaire regarding occupational history. athletic 
involvement. medical history. and handedness. The ques- 
tionnaire was specifically directed to elicit any history 
of pain in the shoulder or neck as well as any limitations 
in the performance of occupational or athletic activity 
or of activities of daily living. Detailed profiles were 

*No benefits in any form have been received or will be received 
from a commercial party related directly or indirectly to the subject assess the approximate number of hours 
of this article. No funds were received in support of this study. per week and the years of involvement in work and . - 

+Division of Sports Medicine. Department of ~ r t h o ~ a e d i c s  and iports-related activi;ies from the second decade of life to 
Rehabilitation, University of Miami, Doctor's Hospital, 5000 Uni- 
versity Drive. Miami. Florida 33146. the present. Individuals who had a history of operations 

CDepartment of Diagnostic Radiology, Magnetic Resonance on the shoulder or neck. symptoms related to the shod- 
Imaging Center, Doctor's Hospital. 5000 University Drive, Miami, der 0, neck, or functional limitations were excluded 
Florida 331 46. 

$Department of Diagnostic Radiology. Hollywood Memorial from the study. *Iso were who 
Hospital. 3700 Washington Street, Hollywood, Florida 33021. were pregnant or claustrophobic or who had a pace- 
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maker or cerebral vascular clips. One hundred and seven 
individuals were initially selected from the responses 
to the questionnaire and had a musculoskeletal exami- 
nation of both upper extremities. The extremities were 
assessed for atrophy, tenderness. range of motion, and 
strength. and specialized tests (drop-arm.impingement3, 
and apprehension) were performed. Seven individuals 
were found to have a positive impingement sign2': no 
other individual had abnormal findings. The 100 indi- 
viduals who met the inclusion criteria were informed 
that magnetic resonance imaging was a standard diag- 
nostic modality that uses non-invasive means in the 
absence of ionizing radiation. They were also informed 
that any results obtained would remain confidential 
and would be used for research purposes only. Addi- 
tionally. they were told that no monetary or other bene- 
fits were to be received by the volunteersor investigators. 
The purpose of the investigation was not disclosed to 
the individuals. 

Four individuals were excluded during the course 
of the study because of differing interpretations of 
their images. Thus, the scans of ninety-six individuals, 
forty-seven men and forty-nine women, were available 
for investigation. The ages of the individuals ranged 
from nineteen to eighty-eight years (average, fifty-three 
years). Eight subjects were left-hand dominant and 
eighty-eight were right-hand dominant. The individuals 
were divided into three groups according to age: nine- 
teen to thirty-nine years old (twenty-five individuals), 
forty to sixty years old (twenty-five individuals), and 
more than sixty years old (forty-six individuals). 

The individuals who were more than sixty years 
old were subjectively categorized as either sedentary 
or active on the basis of the history of occupational 
and athletic involvement in over-the-head activities 
as reported on the questionnaire. This was done to 
determine the association of tears of the rotator cuff 
with the level of activity. Individuals who gave no his- 
tory of participation in either recreational or compet- 
itive athletic activities and whose occupation required 
little physical activity (such as office work) were con- 
sidered sedentary. All others were considered active. 
There were twenty-eight sedentary and eighteen active 
individuals. 

The dominant shoulder of all 100 individuals was 
scanned with a 1.0-tesla scanner (Magnetom SP42: 
Siemens Medical Systems, Iselin. New Jersey). Oblique 
coronal proton-density-weighted and T2-weighted spin- 
echo images were made with a repetition time of 2000 
milliseconds. The slice thickness was four millimeters, 
with a 0.4-millimeter interslice gap. The field of view 
was twenty centimeters. Two echoes were generated at 
twenty milliseconds (the proton-density-weighted im- 
ages) and ninety milliseconds (the T2-weighted images). 

On the basis of published criteria for magnetic res- 
onance imaging of tears of the rotator cuffL-"", and with 
the realization that some of those criteria may not be 

proved in all instances, we will use the term tear to 
represent a well defined focus of high-intensity signal 
on T2-weighted images displaying a discontinuity in 
the normal signal void of the tendon that was not evi- 
dent on the proton-density-weighted scans. The findings 
were classified as an intact rotator cuff or as a partial- 
thickness tear or a full-thickness tear of the rotator cuff 
(Figs. 1-A through 1-D). 

Images were evaluated for the presence of full- 
thickness and partial-thickness tears of the rotator cuff: 
the location, size. and extent of those tears: and the 
degree of muscle atrophy (subjectively assessed on the 
basis of muscle bulk and size and objectively assessed 
on the basis of the presence of high-intensity-signal lin- 
ear bands consistent with fatty replacement) and tendon 
retraction. Degenerative changes in the acromioclavicu- 
lar joint and subacromial spurs were also noted. All 
imaging data were reviewed independently in a blinded 
fashion by two of us (B. J. M. and M. B. Z.). both of 
whom are orthopaedic radiologists experienced in the 
interpretation of magnetic resonance images of the 
shoulder. The diagnostic parameters used for interpre- 
tation of the scans were similar to those cited in a pre- 
vious report". There were discrepancies between the 
two radiologists' interpretations of four of the imaging 
studies, and these four were eliminated from the inves- 
tigation. Thus, ninety-six individuals were available for 
additional study. 

Magnetic resonance imaging scans of an additional 
twenty patients who had an arthroscopically verified 
lesion of the shoulder or normal anatomy were inter- 
mixed with the study group to control for any observer 
bias of the radiologists. Six of the shoulders in the con- 
trol group had an operatively documented full-thickness 
tear: five. a partial-thickness tear: and nine. no evidence 
of a tear. The film jackets and contents were identical in 
external appearance and number, respectively, before 
interpretation so that the study and the control subjects 
could not be distinguished. The accuracy of the radio- 
graphic interpretation in the arthroscopically verified 
control group was calculated. 

Chi-square analysis was performed to determine the 
significance of the findings in relation to the age and 
activity level of the individual and the presence of a tear 
of the rotator cuff. Significance was defined at an alpha 
level of p < 0.05. 

Results 

Over-all, thirty-three (34 per cent) of the ninety-six 
individuals had evidence of a tear of the rotator cuff: 
fourteen (15 per cent) had a full-thickness tear and nine- 
teen (20 per cent) had a partial-thickness tear. Thirteen 
(28 per cent) of the forty-six individuals who were more 
than sixty years old had a full-thickness tear and twelve 
(26 per cent) had a partial-thickness tear. Of the twenty- 
five individuals who were forty to sixty years old, one (4 
cent) had a full-thickness tear and six (24 per cent) had 
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Figs. 1-A through I-D: Coronal ohlique magnetic resonance images. 
Figs. 1-A and 1-B: A T2-weighted image with a repetition time of 2000 milliseconds and an echo time of ninety milliseconds (Fig. I-A) and 

a proton-density-weighted image with a repetition time of 2000 milliseconds and an echo time of twenty milliseconds (Fig. 1-B) show a low 
signal intensity throughout the supraspinatus tendon (arrows). The subacromial-subdeltoid peribursal fat plane demonstrates a high signal 
intensity (arrowheads). The findings are compatible with an intact rotator cuff. 

a partial-thickness tear. Of the twenty-five individuals 
who were nineteen to thirty-nine years old, none had a 
full-thickness tear and one had a partial-thickness tear. 
The prevalence of full-thickness tears in the individuals 
who were more than sixty years old was significantly 
higher than the prevalences in the two other groups (p < 
0.001, chi-square test). 

Thirteen of the fourteen individuals who had a full- 
thickness tear were more than sixty years old. The sizes 
of the fourteen lesions ranged from 0.5 to fourteen 

square centimeters (average, 5.0 + 4.3 square centi- 
meters). All of the lesions involved the supraspinatus 
tendon, with variable amounts of extension into the pos- 
terior aspect of the cuff. Twelve lesions were found in 
the distal aspect of the tendon. at or near its insertion 
to the humerus. and two were found in the proximal 
aspect. beneath or adjacent to the acromioclavicular 
joint. All but one of the fourteen individuals who had 
evidence of a full-thickness tear had varying degrees of 
osteoarthrosis of the acromioclavicular joint. Five of the 

FIG. I-C FIG. 1-D 

Fig. I-C: T2-weighted image (repetition time. 2000 milliseconds: echo time. ninety milliseconds) showing a high signal intensity in the 
proximal aspect of the supraspinatus tendon extending from the bursal surface (arrow). The articular surface appears intact. These findings 
are consistent with a partial-thickness tear of the bursal surface of the supraspinatus tendon. 

Fig. I-D: T2-weighted image (repetition time. 2000 milliseconds:echo time. ninety milliseconds) showing a full-thickness tear. There is a high 
signal intensity consistent with fluid outlining a defect at the proximal aspect of the supraspinatus tendon (white arrowhead). Focal areas of 
fluid signal intensity are seen more distally. arising from the articular surface. and are consistent with partial tearing of the undersurface (small 
arrows). Moderate degenerative change of the acromioclavicular joint is evident. 
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fourteen had atrophy of the cuff muscles. and nine had 
subacromial spurs. 

The prevalence of partial-thickness tears also in- 
creased significantly with age (p < 0.05, chi-square test). 
Twelve of the individuals who were more than sixty 
years old. six who were forty to sixty years old, and one 
who was nineteen to thirty-nine years old had a partial- 
thickness tear. Five of the tears were on the bursa1 sur- 
face of the tendon. seven were on the articular surface, 
and one was an intrasubstance tear. Six individuals had 
more than one partial-thickness tear that was located in 
at least two of the three sites just mentioned. All of the 
partial-thickness tears were found in the supraspinatus. 
with one also involving the infraspinatus tendon. Twelve 
of the nineteen individuals who had a partial-thickness 
tear had evidence of osteoarthrosis of the acromio- 
clavicular joint on the magnetic resonance images, and 
eleven had subacromial spurs. 

Five individuals had findings on the magnetic reso- 
nance images that were consistent with both complete 
and partial-thickness tearing of the rotator cuff. These 
individuals were considered to have a full-thickness 
tear, as this was the more extensive of the two types of 
lesions. 

Sixty-three (66 per cent) of the ninety-six individ- 
uals had no evidence of a tear on the magnetic reso- 
nance images. Over-all. 65 per cent (sixty-two) of the 
individuals had osteoarthrosis of the acromioclavicular 
joint. 

In the groups of individuals who were more than 
sixty years old. ten (36 per cent) of the twenty-eight who 
were sedentary and three of the eighteen who were 
active had evidence of a full-thickness tear on the mag- 
netic resonance images. There was no significant differ- 
ence between the two subgroups (p  = 0.16. chi-square 
test). 

Interpretation of the magnetic resonance images of 
the individuals in whom the diagnosis had been con- 
firmed arthroscopically (the control group) resulted in 
accurate detection of all six full-thickness tears, all five 
partial-thickness tears. and all nine intact cuffs by each 
of the two radiologists. Also. as mentioned, the radiolo- 
gists agreed on the diagnosis of the full-thickness and 
partial-thickness tears of the rotator cuff and on the 
diagnosis of the intact cuffs in ninety-six of the 100 
asymptomatic individuals. 

Discussion 

A number of anatomical s t ~ d i e s " ~ ' ~ ' ~ " ' " ~ ' ~ ~ ~  have 
been performed in an attempt to assess the prevalence 
of tears of the rotator cuff in the general population. 
These reports demonstrated a frequency of less than 
5 to 39 per cent for full-thickness tears and of 13 to 37 
per cent for partial-thickness tears. Only DePalma et 
al.". however. addressed the presence of symptoms. 
DePalma et al.-"attempted to select asymptomatic sub- 
jects on the basis of records of premortem clinical eval- 

uation, but they noted that most of the subjects had 
had a history of disabling function of the shoulder. 
DePalma et al.9ecorded nine (9 per cent) full-thickness 
and thirty-five (36 per cent) partial-thickness tears of 
the supraspinatus tendon in ninety-six shoulders. with 
the tears ranging from one centimeter in diameter to 
massive separations of the rotator cuff insertion. 

Other investigators2-".'"have supported the conten- 
tion that many tears of the rotator cuff do not interfere 
with normal function. Burkhart'. with the use of fluoros- 
copy. studied kinematic patterns of glenohumeral mo- 
tion in patients who had a massive tear of the rotator 
cuff. He noted that normal function was possible as 
long as the posterior aspect of the cuff was preserved 
to such a degree that the force couple in the trans- 
verse plane was maintained. He also concluded that 
the location rather than the size of the tear may be a 
more important factor in the resultant glenohumeral 
mechanics. The findings of the present study confirm the 
variability in the size and type of tears of the rotator cuff 
that is possible in individuals who do not have func- 
tional deficits. 

Pettersson" made arthrograms of apparently nor- 
mal shoulders and demonstrated a pathological com- 
munication between the glenohumeral joint and the 
subacromial bursa in thirteen (18 per cent) of seventy- 
one subjects. No ruptures were found in individuals who 
were less than fifty-five years old. Although Pettersson 
studied the contralateral, uninjured side of patients who 
had a unilateral injury of the shoulder. he did not con- 
sider the subjects to be representative of a randomly 
chosen normal population. However. he was able to 
demonstrate a preponderance of tears of the rotator 
cuff with increasing age. 

To our knowledge. the present study is the largest 
investigation in which the prevalence of tears of the 
rotator cuff was determined prospectively. in a ran- 
domly selected population, through the use of mag- 
netic resonance imaging. While we demonstrated an 
over-all frequency of full-thickness tears of 15 per cent 
(fourteen) of ninety-six individuals. additional analy- 
sis revealed that thirteen of these lesions occurred in 
individuals who were more than sixty years old. Associ- 
ated findings included osteoarthrosis of the acromio- 
clavicular joint in thirteen of the fourteen individuals 
who had a full-thickness tear and subacromial spurs 
in nine. This finding is consistent with those of pre- 
vious repOrtsl I"." Y.:~ , indicating a strong association be- 

tween age. the formation of degenerative hypertrophic 
spurs, and full-thickness tears of the rotator cuff. While 
atrophy of the rotator cuff was also noted in a small 
number of individuals (five), the importance of this ob- 
servation and its relation to symptoms has not been 
determined. 

We also noted an increase in the frequency of partial- 
thickness tears with increasing age. With regard to 
these tears, our data more closely resembled those of 
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earlier anatomical studies7.""-"."". which demonstrated asymptomatic population. we were able to detect the 
that partial-thickness tears typically begin to occur be- arthroscopically verified tears of the rotator cuff in the 
tween the ages of forty and sixty years. control group with sufficiently high accuracy. In pre- 

Twenty-five (54 per cent) of the forty-six individuals vious reports' 1°". the ability of magnetic resonance im- 
who were more than sixty years old were found to have aging to reflect tears of the rotator cuff accurately has 
either a full-thickness or a partial-thickness tear of the been well established. In the largest series'", the sen- 
rotator cuff. This finding suggests that there are age- sitivity and specificity were 100 and 95 per cent. re- 
related changes of the rotator cuff in asymptomatic spectively, in the detection of full-thickness tears of 
individuals as identified by abnormalities typical of the rotator cuff in ninety-one patients. Certainly. the di- 
tears of the rotator cuff on the magnetic resonance agnostic accuracy of magnetic resonance imaging can 
images. Furthermore, our findings affirm that evidence vary between different centers and may be related to 
of a tear of the rotator cuff alone on magnetic resonance multiple technical factors, such as the strength of the 
images does not necessarily indicate associated symp- magnetic field. the design of the surface coil, the appro- 
toms. Relevant imaging parameters that distinguish priateness of the cuts, and the experience of the radi- 
asymptomatic from symptomatic tears and that predict ologist'! Given the high diagnostic performance of 
which individuals may be prone to the development of magnetic resonance imaging in previously published re- 
pain or functional limitation are not clear. Our results portsl.'"'%nd in our control group (which had operative 
highlight the importance of careful association of evi- confirmation of the tears). the interpretation of scans 
dence of tears of the rotator cuff on magnetic resonance by more than one experienced radiologist. and concen- 
images with clinical findings in symptomatic patients tration on only those findings consistent with defects 
and also emphasize the potential dangers of the use of of the tendon of the rotator cuff. the potential for diag- 
magnetic resonance imaging scans alone as a basis for nostic errors was minimized. 
the determination of operative intervention. In summary, the results of the present study indicate 

When the reliability of the present study is evalu- a high prevalence of abnormal findings on magnetic 
ated. consideration must be given to the fact that the resonance images, consistent with tears of the rotator 
results are largely based on our ability to diagnose tears cuff in asymptomatic individuals. These tears are com- 
of the rotator cuff accurately with magnetic resonance patible with normal. painless functional activity and oc- 
imaging. Although we did not obtain operative confir- cur with considerably more frequency in individuals 
mation of our findings. which is not justified in an who are more than sixty years old. 

References 
1. Burk, D. L., Jr.: Karasick, D.; Kurtz, A. B.; Mitchell, D. G.; Ritkin, M. D.; Miller, C. L.; Levy, D. W.; Fenlin, J. M.; and Bartolozzi, A.  R.: 

Rotator cuff tears: prospectice comparison of M R  imaging with arthrography, sonography, and surgery. AJR: An?. J. Roetzrget~ol., 153: 
87-92. 1989. 

2. Burkhart, S. S.: Fluoroscopic comparison of kinematic patterns in massive rotator cuff tears. A suspension bridge model. Clirl. Orrhop.. 
284: 144-152. 1992. 

3. Calvert, P. T.; Packer, N. P.; Stoker, D. J.; Bayley, J. I. L.; and Kessel, L.: Arthrography of the shoulder after operative repair of thc torn 
rotator cuff. J. Bone rmcl Joinr S~irg. ,  68-B(1): 147-150.1986. 

4. Chandnani, V.: Ho, C.; Gerharter, J.; Neumann, C.; Kursunoglu-Brahme, S.; Sartoris, D. J.; and Resnick, D.: MR findings in asymptom- 
atic shoulders: a blind analysis using symptomatic shoulders as controls. Clin. Imag.. 16: 25-30. 1992. 

5.  Codman, E. A., and Akerson. I. B.: The pathology associated with rupture of the supraspinatus tendon. Ant!. Silrg.. 93: 348-359. 1931. 
6. Cotton, R. E.. and Rideout, D. F.: Tears of the humeral rotator cuff. A radiological and pathological necropsy survey. J. Bottr cltrcl Joitrr 

S~irg. .  46-B(2): 314-328. 1964. 
7. DePalma, A. F.: Sitrgery o f d l e  Shoulcler. Ed. 3.  pp. 21 1-241. Philadelphia. J. B. Lippincott. 1983. 
8. DePalma, A. F.; White, J. B.; and Callery, G.: Degenerative lesions of the shoulder joint at various age groups which are compatible with 

good function. In lr~srr~icriot~al Course Lecrlcres, The American Acaden~y  of Orrhopaedic Siirgrot~s. Vol. 7. pp. 168-180. Ann Arbor. J. W. 
Edwards. 1050. 

0. Evancho, A. M.; Stiles, R. G.; Fajman, W. A.; Flower, S. P.; Macha, T.; Brunner, M. C.: and Fleming, L.: MR imaging diagnosis of rotator 
cuff tears. AJR:Anl. J. Roenrgenol., 151: 751-754, 1988. 

10. Fukada, H.: Hamada, K.; and Yarnanaka, K.: Pathology and pathogenesis of bursal-side rotator cuff tears viewed from en bloc histologic 
sections. Clht. Orrhop.. 254: 75-80, 1990. 

1 I .  Fukada, H.; Mikasa, M.: Ogawa, K.; Yamanaka, K.; and Hamada, K.: The partial thickness tear of the rotator cuff. Orrhop. 7i-ott.\.. 7: 
137. 1983. 

12. Grant, J. C. B., and Smith, C. G.: Age incidence of rupture of the supraspinatus tendon [abstract]. Ancir. Rr~c.. IIX): 666. 1948. 
13. Heuck, A.; Appel, M.; Kaiser, E.; Luttke, G.; and Lukas, P.: M R  imaging of the shoulder: potential overinterpretation of normal findings 

in the rotator cuff [abstract]. Rnciiology, 177(P): 89,1990. 
14. Holt, R. G.; Helms, C. A.; Steinbach, L.; Neumann, C.; Munk, P. L.; and Genant, H. K.: Magnetic resonance imaging of the shoulder: 

rationale and current applications. Skel. Radio/. ,  19: 5-14, 1990. 
15. lannotti, J. P. [editor]: Rororor Cliff Disorders. Evallccztion cmd Trearmenr, pp. 1-20. Park Ridge. Illinois. The American Academy of 

Orthopaedic Surgeons. 1991. 
16. Iannotti, J. P.; Zlatkin, M. B.; Esterhai, J. L.; Kressel, H. Y.; Dalinka, M. K.; and Spindler, K. P.: Magnetlc resonance imaging of the 

shoulder. Sensitivity. specificity. and predictive value. J. Bone and Joinr Slrrg.., 73-A: 17-29. Jan. 1991. 

THE J O U R N A L  OF B O N E  A N D  JOINT S I I R G E R Y  



; \ I3NOK\ IAI  k INI ) IS( ;S ON MAC;NI-:1'1(' R E S O N A N C E  I M A G E S  OF ASYMPTOMAI ' IC '  SHOU1.DERS 15 

17. Kaplan. P. A.: Br!ans. K. C.: Davick. J. P.: Otte. M.; Stinson, W. W.; and Dussault, R. G.: MR imaging of the normal shoulder: variants 
and pilli~lls. l ~ ~ ~ t l ~ o l o ~ y ~ ~ ,  1x4: 5 10-524. 1002. 

18. Keyes. E. L..: 0hscrv;itions on rupture of supraspinatus tendon. Based upon a study of seventy-three cadavers. A ~ I I I .  Srrrg., 97: 849- 
SM. 193.3. 

19. Kejes, E. I,.: Anatonilc;~l ohscrvations on senile changes in the shoulder. J. Rotre nrrd Joinr Surg., 17: 953-960. Oct. 1935. 
20. Kieft. C. J.: Sarturis. I). J.; Bloem. J. L.; Hajek. P. C.; Baker. L. L.: Resnick, D.; Obermann, W. R.; Rozing, P.; and Doornbos. J.: Magnetic 

rswnancc imaging o f  plcnohumeral joint disease. Skrl. Hnrliol.. 16: 285-290. 1987. 
21. Kneeland, J. B.; Middleton. W. D.; Carrera, G. F.; Zeuge, R. C.; Jesmanowics, A.; Froncisz, W.; and Hyde, J. S.: MR imaging of the 

~Iiouldcr:  di;~gnosis 01 rotiltor cuff tears. AJK: Anl. J. Roc~ri/gc~riol., 149: 333-337. 1987. 
22. hiirowitz. S. A.: Normal rotator cuff: MR imaging with conventional and fat-suppression techniques. Rrrtliology 180: 735-740. 1991. 
2.3. Neer. C. S.. 11: Impingcmcnr lesions. ('litr. Orrllop.. 173: 70-77. 1983. 
21. Neomann. C. H.: tiolt, R. G.: Steinbach. L. S.: Jahnke, A. H., Jr.; and Petersen, S. A.: MR imaging of the shoulder: appearance of the 

supr;~spinatus tendon in ;~s!.~iipton~ntic volunteers. AJK: ,4111. J. Roc~t~rgc,tiol.. 158: 1281-1287. 1092. 
25. Osaki. J.: Fujimoto. S.; Nakagawa, Y.: Masuhara, K.: and Tamai, S.: Tears of the rotator cuff of the shoulder associated with pathological 

changes in the acroniion. A study in cadavers. J. Boric, colt1 Joirrr Srtrg., 70-A: 1224-1230. Sept. 1988. 
26. Petersson, C. J., and Gentz. C. F.: Ruptures of the supraspinatus tendon. The significance of distally pointing acromioclavicular osteo- 

phytcs. ('litr. Orrlrop.. 174: 14.3- 148. 1983. 
27. Pettersson. G.: Rupture of  the tendon aponeurosis of the shoulder joint in anterior-inferior dislocation. A study on the origin and 

occurrcncc of the rupturcs. /Icrtr C'lrir. S~~rrrrdit~m~icn. 87 (Supplementum 77): 73-77, 1942. 
28. Rafii. hl.; Firooznia, H.; Sherman, 0.; Minkoff, J.: Weinreb, J.; Golimbu, C.; Gidumal, R.; Schinella. R.; and Zaslav, K.: Rotator cuff 

Icsions: signill patterns at MR imaging. Rntliology, 177: 817-823. 1990. 
7 0 .  Rockwood. C. A.. Jr.. and Burkhead, W. Z.: Management of patients with massive rotator cuff defects by acromioplasty and rotator cuff 

dchridcnicnt. Orrlroli. 7i.trrr.. I?: 1%)-191. 1988. 
30. Seeger, L. L.: Mi~gnctic resonance imog~ng of the shoulder. Clirl. Ortllop.. 244: 48-59. 1989. 
31. Seeger. 1.. L.: Gold. R. H.: and Bassett, L. W.: Shoulder instability: evaluation with MR imaging. Rntliology, 168: 695-697. 1088. 
32. Tsai. J. C.. and Zlatkin. M. B.: Magnetic resonance imaging of the shoulder. Rndiol. Clirl. Nor111 An~ericci. 28: 279-291. 1990. 
33. Uhthoff, H. K.: Loehr. J.: and Sarkar. I<.: The pathogenesis of rotator cuff tears. In The Shoitlder, pp. 21 1-212. Edited hy N. Takagishi. 

Tokyo. I'rofcssional I'ostgraduatc Services. 1987. 
34. Wilson. C. I,., and Duff, G. L.: Pathological study of degeneration and rupture of the supraspinatus tendon. Arch. Srrrg., 47: 121- 

135. 1043. 
35. Zlatkin. M. B.: Reicher. M. A.; Kellerhouse, L. E.: McDade, W.; Vetter. L.; and Resnick, D.: The painful shoulder: MR imaging of the 

glcnohumeral joint. J. <'ortrl~trt. As\i.sr. 7hrrlog.. 12: 905-I0()1. 1988. 
36. Zlatkin. M. B.; lannotti. J. P.; Roberts, M. C.; Esterhai, J. L.; Dalinka, M. K.; Kressel, H. Y.; Schwartz, J. S.: and Lenkinski, R. E.: Rotator 

cuff tear\: diagnostic pcrfor~nancc of MR imaging Rntlicilog?: 172: 223-229. 1989. 

V O I  77-A. Y O  I .  J A S I ' A K Y  1005 




