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ABSTRACT

The most prevalent group of disorders of human shoul-
der is related to the muscles of the rotator cuff. In
order to develop a mechanical method for rotator cuff
muscles’ evaluation, we hypothesized that measure-
ment of the isometric force generated by the individ-
ual muscle of the rotator cuff might detect the varia-
tions, which are characteristic to the different disor-
ders of rotator cuff muscles in adults. The isometric
force of supraspinatus, infraspinatus and subscapula-
ris muscles were measured in patients with rotator
cuff tears, calcific tendinitis and subacromial impin-
gement syndrome, 30 patients with each disorder, and
compared to the normal values from our previous
study. Torque of the force was calculated and norma-
lized to lean body mass. The profiles of the mean tor-
que-time curves of each group were compared statis-
tically. We found the expected significantly lower
profiles of the torque-time curves of all the tested ro-

tator cuff muscles in comparison to the normal values.

The best resolution between the curves of different
study groups was found in the testing of the infra-
spinatus muscles. Therefore the previously unrecog-
nized variations of rotator cuff muscles’ isometric
strength build up patterns in the common disorders
involving the rotator cuff muscles were revealed. The
presented data might be a basis for the future deve-
lopment of a simple mechanical diagnostic method for
identification of the abnormal patterns of muscle iso-
metric strength in patients with rotator cuff muscles’
pathology.
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1. INTRODUCTION

Disorders of shoulder which are related to the pathologi-
cal processes in the muscles of rotator cuff are very com-
mon [1-4]. Pathology of these muscles is usually express-
ed by pain, weakness and restriction of shoulder move-
ments. The diagnosis of rotator cuff muscles’ pathology
is usually based on an initial physical examination,
which has a limited prediction values, and can be estab-
lished with a high precision by much more sophisticated
imaging modalities, like ultrasound and MRI scans. Ide-
ally the ultimate cost effective diagnostic tool for this
purpose should combine the simplicity and a low cost of
the physical examination with the precision of the imag-
ing tools. Since the mechanical force generated by these
muscles is easily measurable, the pathology of these mu-
scles might be identified by measurement of the building
up of an isometric force by these muscles with compari-
son to the data in normal population. Till recently com-
prehensive data on the isometric force generation by the
rotator cuff muscles in normal population, including va-
riations according to gender, age and dominancy, were
unavailable and the evaluation of rotator cuff pathology
by measurement of the generated force was impossible
because of the lack of reference for a comparison. Sev-
eral previous attempts have been made to determine the
normal values of the isometric force of the rotator cuff
muscles [5-11], but these studies did not provide full data
on a wide spectrum of ages in large study groups. In our
recent initial study we developed and standardized a me-
thod for the evaluation of a buildup of an isometric force
of individual rotator cuff muscles in normal adult popu-
lation [12]. In that study, based on evaluation of shoul-
ders of 400 normal volunteers, we recorded the varia-
tions of the profiles of torque-time curves of isometric
force which are generated by supraspinatus (SS), infra-
spinatus (IS) and subscapularis (SSC) muscles according
to the limb dominancy, age and gender. In the current
study we used these data as a reference in order to eva-
luate patients with rotator cuff pathology by mechanical
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measurements.

In this project we hypothesize that by evaluating the
isometric mechanical force generation by the shoulder
rotator cuff muscle in patients with rotator cuff muscle
disorders, a significant difference from the normal values,
with specific pattern of difference for each type of patho-
logy, will be revealed. Recognizing the existence of this
difference will allow the future standardization of a sim-
ple clinical method for diagnosis of rotator cuff muscles’
disorders using testing of isometric force generation.

In this project we investigated patients suffering from
shoulder subacromial impingement, from shoulder calci-
fic tendinitis and patients with grade 2 tears of SS.

Impingement syndrome is among the most common
causes of shoulder pain in adults. The syndrome is caus-
ed by compression of the tendons of the rotator cuff mu-
scles (most commonly the supraspinatus) between the
coracoacromial arch (which includes the acromion, the
coracoid process and the connecting coracoacromial li-
gament) and a humeral head [13]. Impingement causes
microtrauma to the rotator cuff with resulting inflamma-
tion, pain and loss of function. Part of the reason for the
development of the syndrome may be subacromial space
narrowing which could be caused by osteophyte forma-
tion or by previous fractures. The source of this patho-
logical process is extrinsic to the SS muscle and tendon.

Complete tears of SS and IS muscles are prevalent
after age 55 - 60 years [14] and can be due to intrinsic
muscle/tendon degeneration with or without contribution
of traumatic event. The grade 2 complete tears are of in-
termediate extension, in diameter between 1.0 - 3.0 cm
[15]. This type of tears is usually a source of disabling
pain without compromising the ability of active shoulder
movements [16].

Calcific tendonitis is of inflammatory origin and in-
volves the rotator cuff muscles. Disabling shoulder pain
is common due to this intrinsic inflammatory process,
usually in SS and SSC tendons and muscles. This disor-
der becomes prevalent from the 3" decade of life.

The common clinical presentation of these three shoul-
der disorders, caused by the rotator cuff intrinsic or ex-
trinsic pathology, is disabling pain in the shoulder area
without compromise of the active shoulder movements.
Currently the final diagnosis is based on imaging moda-
lities. In the present study we will attempt to present a
simple mechanical diagnostic method that might distin-
guish between these disorders, and potentially might be
used as a simple tool for a diagnosis of rotator cuff mu-
scles’ pathology.

2. METHODS
2.1. Study Group

Three groups of patients were tested:
1) A group of 30 patients with known subacromial im-
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pingement syndrome, diagnosed clinically and supported
by an ultrasound scan, without rotator cuff tears. The
subjects were in the age between 30 - 65 years, 19 men
and 11 women. In 19 of the patients the shoulder with
impingement syndrome was affected in the dominant
arm and in 11 patients the non-dominant arm was involv-
ed.

2) A group 30 patients with grade 2 complete tears in
SS. The disorder was diagnosed clinically and supported
by an ultrasound and/or MRI scans. The subjects were in
the age between 50 - 75 years, 21 men and 9 women. In
25 of the patients the shoulder with impingement syn-
drome was in the dominant arm and in five in the non-
dominant arm.

3) A group 30 patients who suffer from shoulder pain
due to calcific tendinitis in the rotator cuff muscles with-
out rotator cuff tears. These patients were diagnosed cli-
nically and supported by an ultrasound scan and radio-
graphs. The subjects were in the age between 32 - 58
years, 22 men and 8 women. In six of the patients the af-
fected shoulder was in the dominant arm and 24 patients
in the non-dominant arm.

Patients with neurological impairment of upper limbs,
those with previous fractures of the shoulder and those
who were unable to cooperate due to cognitive impair-
ment were excluded from the study.

2.2. Measurements

Since most of the clinically important pathologic changes
in rotator cuff muscles, e.g. tears, partial or full, degen-
eration, such in different impingement syndromes, calci-
fic tendenitis, etc., occur in SS, IS and SSC muscles, these
structures were evaluated in the present study.

Isometric force—time curves of the tested muscles in
the affected shoulders in every person were measured at
standardized positions. The dominancy of the tested limb
was recorded. The measurements of the isometric force
were performed by a specialized dynamometer (Atlan-
tech©Nottingham Myometer, 1200 readings/sec, resolu-
tion 0.04 N).

Overall rotator cuff muscles act synergistically, but
there are several testing positions when one of these mu-
scles generates the main force [17]. We used these opti-
mal positions for the measurements:

e For the SS muscle testing the tested arm was held in
45 deg. of abduction and 30 deg. of forward flexion
with the dynamometer cuff placed above elbow. The
elbow was flexed to 90°. The lever arm of abduction
force was measured between the center of the dyna-
mometer cuff and the point 3 cm distal to the lateral
edge of acromion that represents the center of rotation
of the humeral head.

e The SSC and IS muscles were tested when the exam-
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ined individual is in a supine position with the tested
extremity is 30° tilted forward and fully adducted.
This positioning is chosen in order to eliminate sca-
pular movements and in order to evaluate the gener-
ated forces close to the scapular plane. The dynamo-
meter cuff was placed on the forearm and the forces
were produced by the internal and external rotation of
the shoulder. The connection between the dynamo-
meter cuff and the dynamometer was kept perpendi-
cular to the forearm, in the opposite direction to the
force vector and therefore the lever arm in this posi-
tion is negligible.

Each strength measurement was performed for 5 sec-
onds time period. This period of the test was chosen em-
pirically similarly to the widely accepted Constant’s shoul-
der assessment scoring method [18]. Two measurements
were performed for each muscle in five-minute intervals
and the highest results were recorded. Characteristic force-
time curves were produced (Figure 1). For the further
evaluation the values from the beginning of the gener-
ated force rise and in the duration of 4 seconds were used
in order to eliminate the artifacts of the initiation and
completion of measurements. Therefore the information
was recorded as sequence of measurements lasting four
seconds. Each value was multiplied by the lever arm and
expressed as a moment of torque. The results were nor-
malized to the lean body mass in order to eliminate the
effect of the variations in the overall fitness conditions of
the examined subjects. The lean body mass (LBM) was
calculated according to the following [19]:

LBM (men)
= (1.10x Weight) - 128 (Weight2 /(100x Height? ))

LBM (women)
= (1.07x Weight) —148 (Weight2 /(100 Height? ))

Average values for each group were recorded and stan-
dard deviations were calculated.

In order to verify that a maximal isometric strength
was intentionally exerted, which is essential for the de-
tection of force buildup impairment [20], surface EMG
was recorded (Myotrace 400, Noraxon EMG & Sensor
Systems, Scottsdale, Arizona, USA) from the anterior
deltoid and IS muscles as a crude presentation of the
overall recruitment of the shoulder muscles for a maxi-
mal isometric effort (Figure 2).

2.3. Statistical Analysis

We studied the force-time curves from the three groups
of patients described above and compared to the data of
the matched, according to age, gender and dominancy,
group of normal volunteers who were evaluated in our
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Figure 1. Examples of the profiles of the recorded by a dy-
namometer force-time curves.
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Figure 2. Examples of surface EMG recording from anterior
deltoid and IS muscles showing an intentional recruitment of
this muscles for a force generation.

previous study [12]. The corresponding values of force,
according to the equal time intervals, were compared by
One Way ANOVA test followed by posthoc Tukey test
(for comparison of pairs of the tested groups) after a nor-
mal distribution of values was determined by the Kolmo-
gorov-Smirnov test, otherwise One Way ANOVA on
Ranks with Student Newman Keuls post-hoc test was
used. P value of less than 0.05 was considered as statis-
tically significant. The calculations of the statistical com-
parisons were performed by SigmaStat software (version
2, SPSS Inc., Chicago, IL, USA).

This project was approved by the Institutional Ethical
Committee.

3. RESULTS
3.1. Supraspinatus Muscle Testing

In the testing of SS muscle we found a significantly lo-
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wer profiles of the torque time curves in all three pa-
thological conditions in comparison to the normal values,
i.e. average maximal torque in patients with subacromial
impingement, calcific tendinitis and SS tears were 25.9
+/— 8.3, 22.6 +/— 5.6 and 22.9 +/— 5.5 N*m/kg respec-
tively, vs. normal values of 61.8 +/— 18.3 N*m/kg, p <
0.001, (Figure 3). The slope of force generation was si-
milarly less steep in all these three conditions in compa-
rison to the normal curve (Figure 3). The curves of pa-
tients with SS tears and calcifications were undistingui-
shable (p > 0.05) and significantly lower than the curve
profile of patients with subacromial impingement syn-
drome (p <0.01).

3.2. Infraspinatus Muscle Testing

In the testing of IS muscle we found a significantly lower
profiles of the torque, time curves in all three patholo-
gical conditions in comparison to the normal values, i.e.
average maximal torque in patients with subacromial im-
pingement, calcific tendinitis and SS tears were 20.3 +/—
6.2,5.7+/—2.9 and 26.3 +/— 6.5 N*m/kg respectively, vs.
normal values of 40.4 +/— 10.4 N*m/kg, p < 0.001, (Fi-
gure 4). The slopes of force generation were similarly
less steep in all these three conditions in comparison to
the normal curve (Figure 4). The curves and the slopes
of force generation of patients with SS tears, calcific ten-
dinitis (calc) and subacromial impingement (imp) were
significantly distinguishable (p < 0.01) in the following
order: tear > imp > calc.

3.3. Subscapularis Muscle Testing

In the testing of SSC muscle we found a significantly
lower profiles of the torque, time curves in patients with
impingement syndrome and calcific tendinitis in compa-
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rison to normal values and curves of patients with SS
tears, which were undistinguishable (p > 0.05), i.e. aver-
age maximal torque in patients with subacromial impin-
gement and calcific tendinitis were 24.3 +/— 7.1 and 6.4
+/— 1.9 N*m/kg respectively vs. normal values and curv-
es of patients with SS tears, with 29.0 +/— 8.9 and 30.4
+/— 7.0 N*m/kg respectively, p < 0.001 (Figure 5). The
curves and the slopes of force generation of patients with
SS tears, calcific tendinitis (calc) and subacromial impin-
gement (imp) were significantly distinguishable (p < 0.01)
in the following order: tear > imp > calc.

4. DISCUSSION

The use of a portable dynamometer for measurement of
isometric muscle force has been established previously
[21]. In our previous study we utilized this method for
determination of the normal values of isometric force
generated by the rotator cuff muscles [12] and developed
a database of normal values of isometric force generation
by these muscles. Accordingly in the present study we
were able to detect the differences of the isometric force
generated by these muscles in common shoulder disor-
ders, i.e. subacromial impingement, calcific tendinitis
and grade 2 SS full thickness tears.

In most of the tests we found the expected lower pro-
files of the torque-time curves of all the tested rotator
cuff muscles in comparison to the normal values. Previ-
ously the main cause for the decrease in the rotator cuff
muscles isometric strength in the presence of intrinsic
pathology, such as tear in SS, was attributed mainly to
pain [16]. In the present study this conclusion is partially
contradicted by the clear findings of different patterns of
the not uniformly decreased build up forces of these mu-
scles among the three tested painful disorders of shoulder.
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Figure 3. Mean values SS muscle testing normalized to lean body mass from tested
individuals with subacromial impingement syndrome (imp) n = 30, grade 2 tears in
SS n = 30, patients with shoulder calcific tendinitis (calc) n = 30 and normal indi-
viduals (previous data base). The curve profiles differ (p < 0.001) in the following

order: normal >> imp > tear = calc.
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Figure 4. Mean values IS muscle testing normalized to lean body mass from tested
individuals with subacromial impingement syndrome (imp) n = 30, grade 2 tears in
SS n = 30, patients with shoulder calcific tendinitis (calc) n = 30 and normal indi-
viduals (previous data base). The curve profiles differ (p < 0.001) in the following
order: normal >> tear > imp > calc.
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Figure 5. Mean values SSC muscle testing normalized to lean body mass from
tested individuals with subacromial impingement syndrome (imp) n = 30, grade 2
tears in SS n = 30, patients with shoulder calcific tendinitis (calc) n = 30 and normal
individuals (previous data base). The curve profiles differ (p < 0.001) in the follow-

ing order: normal = tear > imp > calc.

The best resolution between the curves of the different
study groups was found in the testing of IF muscles. The
synergistic activity of the rotator cuff muscles and of a
deltoid muscle masked the expected differences between
the curve profiles of patients with SS tears and with cal-
cific tendonitis, when the SS muscle was tested. In this
comparison the curves’ profiles of the groups with intrin-
sic pathology of the SS, e.g. inflammatory in calcific
tendinitis and structural in the case of tears, were similar
and clearly distinguishable from the group with mostly
extrinsic pathology of subacromial impingement. The
reason for the similarity of the isometric torque-time
curves of SSC muscles in patients with SS tears and in
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normal population is probably due to the structural dis-
tance of the SS and SSC muscles, in a contrast to the
structural proximity of SS and IS muscles. Therefore this
might be a reason to the sensitivity of the IS muscle test-
ing in the SS intrinsic and extrinsic pathologies, as men-
tioned above, and relatively low response of SSC muscle
to these pathologies of SS. But since the inflammatory
process of a calcific tendinitis is not restricted solely to
SS and involves also the SSC muscles, causing an intrin-
sic pathology in SSC, the response of the isometric force
testing of SSC in patients with calcific tendinitis indeed
reflects this disorder, as expressed by the significantly
lower profiles of isometric force generation curve of
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SSC.

In the present study we determined a basis for the fu-
ture development of muscle testing for diagnosis of dis-
abilities in rotator cuff muscles, i.e. following the recog-
nition of the normal values of the rotator cuff muscles’
isometric strength we identified the abnormal patterns of
muscle isometric strength in patients with common
shoulder rotator cuff disorders. Recognition of these pat-
terns provides a reliable tool for a development of an
effective strength testing method for diagnosis of disor-
ders in the rotator cuff. From our results is apparent that
the best resolution between the isometric torque-time
curves in patients with intrinsic and extrinsic disorders of
the rotator cuff muscles is detected in the testing of the
IS muscle. Therefore we suggest that mechanical evalua-
tion of the IS muscle, using the presented method, should
be utilized for the diagnosis of the shoulder rotator cuff
disorders.
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