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AbSTRAcT

Introduction. The isokinetic assessment allows objective evaluation of muscle strength in patients considered for 
surgery in cases of rotator cuff injury. 
Aim. The goal of this study was to define functional disorders of shoulder joint in patients with rotator cuff 
injury. 
Material and methods. The examination was conducted in two groups, ten patients each. One group consisted 
of subjects with rotator cuff injury while the other was a healthy control group. Isokinetic test was performed with 
use of biodex System 4 Pro Device. The following parameters were evaluated: peak torque, peak torque/body 
weight (peak TQ/bW), total work, average power, range of movement (ROM) and peak torque ratio of external 
to internal rotators (ERPT/IRPT ratio). Studies of Shoulder Pain and Disability Index (SPADI) scale supplemented 
clinical evaluation. 
Results. Examination indicated a significant deficit of muscle strength during external rotation and ROM limitation 
only on symptomatic side in shoulder impingement group. Alteration between agonistic and antagonistic muscles 
strength for 2400/s was found. Significant differences between involved and uninvolved shoulders during pain 
and disability tests were detected. There was no correlation between result of isokinetic and SPADI tests. 
Conclusions. Patients after injury of rotator cuff present functional disorders that occur mainly during external 
rotation in isokinetic evaluation.
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Introduction

Rotator cuff injury combined with shoulder impinge-
ment syndrome is a common pathology of shoulder 
joint. Frequency of prevalence increases with age. After 
conducting USG tests it was observed that 13% of the 
population in their fifties, 20% in their sixties and 
31% in their seventies suffer from this pathology [1]. 
Symptoms of rotator cuff disease include pain, muscles 
weakness, decreased range of motion, and as a result 
the impaired functionality of shoulder joint in daily 
activities [2–4].

The isokinetic assessment becomes more and more 
common in orthopedic practice. It allows for the objec-

tive evaluation of muscle strength in various veloci-
ties and different positions of the subject’s body. The 
results of evaluation make possible to examine a lot of 
different parameters. However, most studies took into 
consideration only peak torque values and peak torque 
ratio of agonist to antagonists muscles at velocities 
600/s and 1800/s [4–10]. 

Aim

In this research we will evaluate peak torque, peak 
torque/body weight, total work, average power, range 
of motion and peak torque ratio of external to inter-
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nal rotators at 4 velocities 600/s, 1200/s, 1800/s and 
2400/s to define functional disorders of shoulder joints 
in patients with rotator cuff injury. Moreover, we will 
try to correlate the above parameters with pain, dis-
ability and quality of life with the use of Shoulder Pain 
and Disability Index. 

Material and methods

Subjects
Twenty subjects were evaluated. The first group con-
sisted of ten patients with clinically diagnosed unilater-
al rotator cuff injury combined with shoulder impinge-
ment syndrome (5 women and 5 men). The average 
age of the patients was 59.7 ± 17.94 years, the aver-
age height was 168 ± 8.92 cm and the average weight 
was 72.1 ± 14.94 kg. All of them had passed positively 
the followings tests: painful arc, Jobe’s test, Neer and 
Kennedy-Hawkins impingement signs. Ultrasonogra-
phy confirmed the narrowing of subacromial space and 
total disruption of supraspinatus muscle tendon. Exclu-
sion criteria were: bilateral rotator cuff injury, previous 
injuries of shoulder joint, upper limb or neck instability, 
degenerative spine disease, rheumatoid arthritis. The 
symptoms were manifested from 6 to 12 months. Most 
subjects had applied some forms of physical therapy 
for their shoulder problem. It should be mentioned 
that we did not have any impact on the applied thera-
peutic method or any insight into details collected on 
the subject of the type of therapy provided. The sec-
ond group consisted of 10 patients without shoulder 
pathology (4 women and 6 men). The mean age of the 
healthy control group was 25.9 ± 3.81 years, the mean 
height was 173.8 ± 5.94 cm and the mean weight was 
70.2 ± 9.19 kg. The age of the members in the control 
group was intentionally chosen to minimize the coexis-
tence of any significant shoulder or cervical spine disor-
ders typical for osteoarthritis in elderly people.

Instruments
Isokinetic testing of the shoulder rotator muscles was 
performed using a biodex System 4 Pro Dynamometer. 
Measurements were performed in shoulder impinge-
ment group both on symptomatic and asymptomatic 
sides and in healthy volunteers on dominant and non-
dominant sides. The procedure used in the study was 
a bilateral concentric shoulder internal and external 
rotations protocol. before testing subjects took part in 
a warming-up consisting of 5 minutes of upper limb 
exercises. Subjects were evaluated in the seated posi-
tion with the arm in the plane of scapula, which is the 

shoulder position at 450 abduction and at 300 forward 
flexion. The elbow was at 900 flexion and forearm was 
in the neutral position. Subjects’ trunks were stabilized 
with seatbelts. The evaluation started with the exter-
nal rotation. Isokinetic assessment was performed at 
3 speeds: 1200/s, 1800/s and 2400/s. The evaluation 
at each speed consisted of 5 repetitions. There was 
also an endurance trial, which included 10 repetitions 
at 2400/s velocity. A resting period of 30 seconds was 
kept between each run. During the test, the subjects 
were encouraged by the therapist to develop maximum 
strength in all contractions. Peak torque, peak TQ/bW, 
total work, average power, ROM and ERPT/IRPT ratio 
were assessed.

Pain and disability factors were evaluated with the 
numeric version of SPADI developed by Roach at 1991. 
It is consisted of two subscales: pain (5 questions) and 
disability (8 questions). The total SPADI score was 
counted up by averaging scores of these two subscales. 
The higher score represented greater intensity of pain 
and disability of shoulder joint. 

Statistical analysis
All numerical data were expressed as mean ± standard 
deviation values. Significant differences were evaluat-
ed using t-student test. Spearman’s trial was used to 
assess correlations. The level of statistical significance 
was accepted at p < 0.05. The results were analyzed 
using Statistica 10 software.

Results

Only in external rotation differences between symp-
tomatic and asymptomatic sides were found. Table 1 
shows the results of isokinetic external rotation test. 
In the values of peak torque from the patients’ group 
there was found a significant discrepancy between 
symptomatic and asymptomatic side only at veloc-
ity 2400/s. Similar differences were not found in the 
control group. When comparing deficits of peak torque 
between symptomatic and asymptomatic sides in 
patients’ group and dominant and non-dominant side 
in the control group there was found a significant dif-
ference between deficit values at the highest tested 
velocity. It should be however underlined, that values 
of peak TQ/bW at all velocities significantly differed 
between symptomatic and asymptomatic sides what 
makes this parameter more sensitive than the peak 
torque alone. Moreover, no distinction between val-
ues of mentioned above parameter on dominant and 
non-dominant side was observed in the control group. 
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There were not found any differences at average pow-
er referring to symptomatic and asymptomatic sides 
in the patients’ group, dominant and non-dominant 
side in the control group or comparing deficits in the 
patients and control groups. The mean values of total 
work significantly differed between asymptomatic and 
symptomatic sides but not in the control group. The 
endurance test showed significant differences in values 

of peak TQ/bW and total work between symptomatic 
and asymptomatic side only in the patients’ group.

Table 2 depicts results of ROM and ERPT/IRPT 
ratio. There were found differences between symp-
tomatic and asymptomatic sides in the patients’ group 
in ROM at each velocity. There was no contrast in this 
parameter in the control group. comparing ERPT/IRPT 
ratio there were perceptible discrepancies between 

Table 1. Isokinetic test results of external rotation. Significance accepted at p < 0.05

Patients from group with shoulder impingement 
syndrome

Control group of healthy volunteers p

 Angular velocity 1200/s
asympt sympt p dom nondom p p

Peak torque [Nm] 20.7 ± 7.7 16.32 ± 5.33 0.16 19.7 ± 6.9 17.8 ± 5.9 0.53
Deficit [%] 18.05 ± 20.53 7.6 ± 15.5 0.22

Peak TQ/BW [%] 28.1 ± 5.1 22.8 ± 5.9 0.04 27.6 ± 8.05 25.2 ± 7.1 0.48
Avg. Power [W] 20.4 ± 11.4 14.5 ± 7.6 0.19 23.2 ± 10.0 19.7 ± 9.4 0.43
Deficit [%] 25.0 ± 29.8 15.1 ± 15.2 0.37

Total work [J] 57.7 ± 23.9 36.9 ± 18.0 0.04 62.5 ± 22.3 52.0 ± 23.0 0.32
Deficit [%] 33.6 ± 26.7 17.8 ± 17.1 0.13

Angular velocity 1800/s p
asympt sympt p dom nondom p p

Peak torque [Nm] 20.9 ± 6.8 16.6 ± 4.2 0.11 17.7 ± 6.2 16.9 ± 6.2 0.78
Deficit [%] 17.5 ± 17.2 3.6 ± 21.7 0.13

Peak TQ/BW [%] 28.7 ± 5.0 23.4 ± 5.2 0.03 24.9 ± 7.1 24.0 ± 8.4 0.8
Avg. Power [W] 21.5 ± 12.6 14.2 ± 8.4 0.15 22.5 ± 10.7 19.7 ± 11.6 0.58
Deficit [%] 34.1 ± 14.4 15.4 ± 27.5 0.07

Total work [J] 77.5 ± 34.8 48.5 ± 22.0 0.04 80.1 ± 34.3 67.1 ± 41.8 0.46
Deficit [%] 35.9 ± 13.9 14.4 ± 3 0.05

Angular velocity 2400/s p
asympt sympt p dom nondom p p

Peak torque [Nm] 21.7 ± 7.0 16.3 ± 3.2 0.04 15.8 ± 6.0 15.7 ± 6.4 0.98
Deficit [%] 19.9 ± 22.8 0.61 ± 14.2 0.04

Peak TQ/BW [%] 30.3 ± 7.4 23.2 ± 4.9 0.02 22.4 ± 8 22.5 ± 8.9 0.99
Avg. Power [W] 17.1 ± 7.7 13.2 ± 6.5 0.24 18.3 ± 9.0 16.9 ± 11.8 0.77
Deficit [%] 19.4 ± 29.1 16.9 ± 28.5 0.85

Total work [J] 65.3 ± 21.7 45.0 ± 16.2 0.03 59.0 ± 26.1 55.4 ± 35.3 0.8
Deficit [%] 29.0 ± 20.0 15.1 ± 26.3 0.2

Angular velocity 2400/s (endurance) p
asympt sympt p dom nondom p p

Peak torque [Nm] 19.3 ± 5.5 16.1 ± 3.5 0.14 17.1 ± 6.05 16.9 ± 7.39 0.95
Deficit [%] 14.2 ± 17.5 2.5 ± 20.5 0.19

Peak TQ/BW [%] 26.8 ± 5.0 22.7 ± 4.8 0.08 24.4 ± 8.1 24.3 ± 10.9 0.99
Avg. Power [W] 18.4 ± 9.9 13.9 ± 8.1 0.29 19.4 ± 10.5 16.1 ± 11.2 0.51
Deficit [%] 24.3 ± 19.3 26.4 ± 35.5 0.87

Total work [J] 123.4 ± 41.2 90.8 ± 38.6 0.09 123.3 ± 60.1 105.7 ± 72.0 0.56
Deficit [%] 26.1 ± 17.3 23.0 ± 36.6 0.81

sympt – symptomatic side; asympt-symptomatic side; dom – dominant side; nondom – nondominant side
Deficit:
1 to 10% – No significant difference between extremities
11 to 25% – Rehabilitation recommended to improve muscle performance balance
> 25% – Significant Functional Impairment
(–) Negative deficit indicates that a symptomatic extremity performed better than asymptomatic one



291Isokinetic studies for detection of functional disorders in patients with unilateral shoulder impingement syndrome

Discussion

The results of the present study demonstrated 
a decrease in functionality of patients with shoulders 
impingement syndrome in isokinetic assessment as well 
as in pain and disability evaluation. In the patients’ 
group, deficits of external rotators were present while 
internal rotators didn’t exhibit significant weaknesses. 
The significant differences were observed in mean 
values of peak TQ/bW, total work, ROM and SPADI 
evaluation. There were deficits in peak torque ERPT/
IRPT ratio, but only at 2400/s velocity. No significant 
deficits between dominant and non-dominant sides 
in the control group were noticed. Variations of mean 
peak torque values were found only at 2400/s, when 
comparing both symptomatic and asymptomatic sides 
in the patients’ and control group. It is possible that 
deficits appear only at higher velocities. This might be 

explained by morphologic changes in the muscle tissue. 
Irlenbush and Gansen performed a biopsy of supraspi-
natus muscle and the acromial part of deltoid muscle in 
patients with a supraspinatus syndrome and partial or 
complete supraspinatus rapture. This research demon-
strated abnormal fibers distribution in those muscles. 
Their study highlighted greater changes at fast-twitch 
fibers (type II), which are rapidly contracting elements 
but undergo the quick fatigue, than slow-twitch fibers 
(type I), which are slowly contracting structures but 
they are fatigue resistant [11]. This is the explanation 
of the deficit observed in our study at higher velocities 
of testing. 

Previous studies described measurements of peak 
torque at lower velocities: 600/s and 1800/s. Erol et 
al compared the mean peak torque values of patients 
with subacromial impingement syndrome and in a con-
trol group. It should be mentioned that only velocity of 
600/s was considered. Additionally, only the significant 
deficit of internal rotators compared in patients and 
a control group was detected. In the control group, the 
mean value of peak torque measured on the dominant 
side was significantly higher than on non-dominant 
[4]. Tyler et al tested isokinetically the peak torque at 
600/s and 1800/s velocities. They compared patients 
with subacromial impingement syndrome with control 
group, but didn’t find any major deficits of peak torque 
in these velocities [5]. Also, the position of shoulder 
and range of motion may have impacted the results. 
We were testing shoulders in a scapular plane and the 
painless range of motion. Scapular plane position guar-
anteed a comfortable, physiological position, which 
ensured the optimum result of peak torque measure-

Table 2. Isokinetic tests results: ROM and External rotation peak torque (ERPT)/Internal rotation peak torque (IRPT)

 Patients from group with shoulder impingement syndrome Control group of healthy volunteers 
Angular velocity 1200/s

asympt sympt p dom nondom p
ROM 89.17 ± 6.17 76.63 ± 14.09 0.02 93.26 ± 11.48 86.31 ± 8.93 0.15
ERPT/IRPT 68.68 ± 17.53 58 ± 9.27 0.13 69.12 ± 13.02 66.47 ± 16.09 0.69

Angular velocity 1800/s
asympt sympt p dom nondom p

ROM 88.65 ± 6.17 76.42 ± 13.11 0.02 92.9 ± 11.3 86.55 ± 9.17 0.19
ERPT/IRPT 70.09 ± 14.5 60.6 ± 8.77 0.09 69.64 ± 20.23 69.72 ± 22.94 0.99

Angular velocity 2400/s
asympt sympt p dom nondom p

ROM 87.78 ± 6.06 75.57 ± 12.93 0.01 92.01 ± 11.15 85.89 ± 9.98 0.21
ERPT/IRPT 85.02 ± 17.96 69.71 ± 9.73 0.03 73.45 ± 24.88 80.04 ± 28.23 0.59

Angular velocity 2400/s (endurance)
asympt sympt p dom nondom p

ROM 87.96 ± 6.13 75.64 ± 13.11 0.01 92.16 ± 11.29 85 ± 9.79 0.19
ERPT/IRPT 67.57 ± 11.29 53.55 ± 8.37 0.01 70.98 ± 20.51 74.81 ± 26.94 0.72

Table 3. Shoulder Pain and Disability Index

 sympt asympt p
Pain 0.41 0 0.004
Disability 0.21 0 0.002
Total 0.34 0 0.003

symptomatic and asymptomatic side at velocity 2400/s 
and during the endurance trial. There was not any dif-
ference in the control group.

Table 3 shows results of SPADI test. Statistical anal-
ysis showed significant differences between symptom-
atic and asymptomatic sides in results of SPADI ques-
tionnaire, but there was no correlation found between 
SPADI and isokinetic evaluation.
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ments. It didn’t cause any symptoms of impingement, 
as it didn’t exert the pressure on tissues. Moreover, the 
peak torque was measured at the middle of range of 
motion in isokinetic tests but the impingement occurs 
only when the shoulder is at the end of range. So, both 
position and range of motion considered in this study, 
didn’t cause symptoms of impingement. Tyler et al 
tested rotator cuff power isokinetically in two different 
positions, and with a handheld dynamometer (HHD) as 
an isometric strength trial. Testing positions were scap-
ular plane and shoulder abduction to 900 in a frontal 
plane. They didn’t find any significant deficits in isoki-
netic tests, but testing in shoulder abduction positions 
demonstrated higher deficits of peak torque. Using 
HHD testing they found deficits both at scapular plane 
and shoulder abductions positions. They indicated that 
testing using HHD may be more sensitive than isoki-
netic testing alone, because HHD evaluates strength at 
the end of a range. The authors believe that strength 
may be normal at the middle range, but deficits may 
appear at the end of range, when there can appear the 
symptoms of impingement [5]. Dupuis et al didn’t find 
any significant differences between results of scapular 
plane testing and shoulder abduction testing. Howev-
er, they tested only healthy people who didn’t show 
symptoms of shoulder impigement. No pain appeared 
while testing this range of motion, which could affect 
final results [6]. We didn’t find previous studies describ-
ing isokinetic testing at 2400/s velocities. In our study 
deficits of peak torque values have already appeared 
only at 2400/s. The findings of our research provide 
the evidence that peak torque should be tested only at 
such a velocity.

We detected significant differences between mean 
values of ERPT/IRPT ratio only at 2400/s. The same 
phenomenon was detected during the endurance tri-
al. It should be underlined that this was calculated for 
the peak torque values. That is why a relation between 
results of peak torque and ERPT/IRPT ratio may occur. 
Erol et al compared results of mean values ERPT/IRPT 
ascertained in patients with results obtained in a con-
trol group. Results were similar. This might indicate 
that both external rotators and internal rotators were 
impaired [4]. Mattielo-Rosa et al compared results of 
ERPT/IRPT measurements in patients and a control 
group at 600/s and 1800/s velocities. They found sig-
nificant differences of this ratio only at higher velocity 
[10]. Edouard et al indicated that peak torque is more 
reliable than ERPT/IRPT, because it has an impact on 
the two values of this ratio thus, a distortion of each of 
them may change the result [7].

Peak TQ/bW seems to be more reliable indica-
tor than peak torque, because it takes the anthropo-
metric attributes of a subject into consideration. In 
our study, symptomatic upper limb gained significant 
higher result than asymptomatic one at 1200/s, 1800/s 
and 2400/s. Unfortunately, there are only few studies 
describing changes of this parameter. Wassinger et 
al tested peak TQ/bW at 60 0/s and observed signifi-
cant weakness of symptomatic side in comparison with 
asymptomatic one [8]. In our study a value of peak 
TQ/bW was lowered in symptomatic extremity even at 
600/s and 1800/s velocities. We believe that this is bet-
ter factor to evaluate dysfunction of a rotator cuff mus-
cle in comparison with peak torque. Mean values of 
both total work and ROM demonstrated dysfunction of 
shoulder joint. No mention of these factors was found 
in a previous literature. Mean values of ROM are often 
evaluated during shoulder joint functionality trial, but 
none of them tested this factor during isokinetic condi-
tion. Deficits of total work mean values appeared even 
at lower velocities than 2400/s. It seems to be a reli-
able factor through which an evaluation of functions of 
shoulder joints can be performed. 

We also found significant differences between 
mean values of SPADI test referring to symptomatic 
and asymptomatic sides. Additionally, there were no 
correlations between the result of isokinetic assessment 
and SPADI test. As it has been already mentioned, dur-
ing the biodex test patients didn't feel any pain and 
that is why there was no correlation between those two 
tests. Erol et al provided the same explanation of lack 
of relation between results of these two trials. In addi-
tion, they think that low velocities may have an impact 
on the results of this test [4]. Wessinger et al evalu-
ated influence of pain on muscle strength in isokinetic 
assessment. The authors compared mean peak torque 
values with mean value of VAS results before and after 
analgesic injection in the subacromial space. Their 
study showed that the level of pain affected the result 
of strength evaluation. Their patients demonstrated 
weakness both in external and internal rotations. After 
a decrease of pain, mean strength values of symptom-
atic side came closer to the results detected on the 
asymptomatic side. Mean value of peak TQ/bW during 
external rotation increased, but it was still lower than 
strength found on asymptomatic side. Pain had a large 
impact on a decrease of strength in patients with rota-
tor cuff disease, particularly with partial thickness tear-
ing and inflammation [8]. Forthomme et al considered 
the impact of pain levels on the mean peak torque val-
ue. They observed that after analgesic injection only 
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external rotators were still weakened. It might indicate 
that external rotators were more affected than internal 
ones [9].

Psychological factors may have an impact on the 
lack of correlation between results of SPADI test and 
isokinetic assessment. It has to be highlighted that the 
pain is a subjective sensation and patient’s personality 
may affect the result of test. Hill et al evaluated the 
impact of range of motion in shoulder joint on result 
of SPADI test. They also didn’t find any correlation [12]. 
There are many studies which acknowledge the reliabil-
ity of SPADI questionnaire [13–15]. 

conclusions

The results of this study showed a significant decrease 
of external rotators function expressed in mean values 
of peak torque, peak TQ/bW and total work. Addition-
ally, the abnormal relationships between agonistic and 
antagonistic muscles strength and decrease of ROM 
were discovered in patients representing the shoulder 
impingement syndrome. Decrease of shoulder joint 
functionality detected in isokinetic evaluation was con-
firmed in results of SPADI test. Moreover, the results 
indicate that higher velocities of isokinetic testing are 
more reliable for evaluation of shoulder joint.
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