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Abstract

Background: Asymptomatic rotator cuff tears are common and understanding their 
characteristics may help clinicians to recognize this pathology in early stages. The main questions 
of this study were 1) If the range of motion and strength of shoulders with asymptomatic tears 
were comparable with the intact shoulders; and 2) If the individuals with asymptomatic tear 
had deteriorated static and dynamic core balance.

Methods: Both shoulders of 70 participants over age of 50 years and without shoulder pain and 
dysfunction were evaluated by ultrasonography to distinctintact rotator cuff and asymptomatic 
tears. Shoulder range of motions and isometric strength in flexion, abduction, internal and 
external rotations, and grip were evaluated. The static and dynamic core balances were also 
assessed by standard tests. Regression models were used to identify the significant differences 
between groups.

Findings: 33% of the shoulders had partial or full thickness rotator cuff tears. Shoulders with 
tear had significantly lower range of motion in flexion, abduction and reaching back posture 
(internal rotation), p ˂ 0.05. Although statistically non significant, the mean shoulder moments 
in the tear group were generally lower than the intact shoulders for all postures but grip. 
Individuals with and without asymptomatic rotator cuff tears had comparable static and 
dynamic core stability (p > 0.05).

Interpretation: This study suggests that individuals with asymptomatic rotator cuff tears may 
have difficulties in performing tasks that need an extreme range of motions or exhibit a small 
decline in isometric shoulder strength. Clinicians who work with the elderly population should 
consider these early manifestations of rotator cuff diseases.
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Introduction
Shoulder pain is the third most common cause 

of musculoskeletal consultation in primary care [1], 
and rotator cuff pathologies are the main cause 
of chronic shoulder pain. According to 2010 US 
census data [2], close to 6 million US citizens have 
rotator cuff tears (RCT) with reports of 75,000 
to 250,000 surgical repairs annually. The occult 
nature of RCTs complicates their prevention; RCTs 
can be completely silent prior to the presentation 
of debilitating symptoms. Medical reports suggest 
that for each symptomatic tear encountered in 
a medical service, there are 4 more cases with 
symptoms and 10 more asymptomatic cases tear in 
society that go undetected [3]. Indeed, prevalence 
of asymptomatic partial-thickness and full-thickness 
tears vary from 8 - 40% and 6 to 46% respectively 
[4]. Risk of asymptomatic RCTs increases with 
age, and patients who are being treated for pain 
for an RCT may have an asymptomatic tear in the 
contralateral shoulder [4]. Asymptomatic tears 
typically do not remain silent indefinitely, with up 
to half of these injuries becoming symptomatic 
within ~3 years [5,6].

In terms of clinical presentations of 
asymptomatic tears, the literature shows 
inconsistency in range of motion and strength as 
compared with symptomatic tears. While minor 
deficits in elevation have been reported in patients 
with asymptomatic tears [7], others have reported 
no difference between groups with asymptomatic 
tears and intact tendons [8-11]. The strength 
related differences are also inconsistent in the 
literature [12,13]. As a result, the extent to which 
an asymptomatic cuff tear affect functional abilities 
is not clear, nor are guidelines for potential clinical 
identification of early-stage tears. In fact, the 
investigations performed on strength and range of 
motion of shoulders with asymptomatic RCT come 
with important caveats. First, many of these studies 
only focused on the full thickness RCTs, while there 
are sufficient evidence suggesting that the severity 
of patient’s symptoms does not correlate to the 
tear type [14,15]. Second, some studies examined 
the asymptomatic shoulders of individuals with 
one symptomatic shoulder. These individuals 
might be predisposed to deficits compared to 
completely asymptomatic people. Third, the 
strength was measured only in certain shoulder 
postures and some common postures such as 
grip were ignored. Forth, in some studies, the age 

range of study population was considerable, and 
the potential independent influence of age or sex 
on biomechanical deficits was left unaddressed. In 
addition, while there are some studies suggesting 
that deficit in core neuromuscular balance may 
affect the risk of shoulder injuries in athletic 
population [16], such studies have not been 
conducted in non-athlete people. Understanding 
the characteristics of asymptomatic RCT is 
important because hypothetically, interventions 
that help to prevent progression of this condition 
are likely more effective before symptoms become 
severe. Studies on asymptomatic RCT may help 
clinicians and researchers to approach and identify 
this condition early in its progression.

The primary objective of this study was to 
compare the range of motion and maximum 
isometric strength moments of the shoulder 
in various postures between shoulders with 
asymptomatic partial or full thickness rotator cuff 
tears and those with an intact rotator cuff. Moreover, 
this study aimed to evaluate if static and dynamic 
core balance measurements differed between 
these two groups. It was hypothesized that people 
with asymptomatic rotator cuff tear would have 
some deficits in strength and range of motion in the 
affected shoulders. It was also expected that they 
would have lower core balance scores compared to 
the ones with intact rotator cuff.

Methods
Participants

Seventy volunteers over age of 50 years, without 
any history of shoulder pain, injury, trauma, 
or surgery were recruited from the Waterloo 
Research of Aging Pool (WRAP) population and 
local communities. The exclusion criteria included 
history of neuromuscular diseases, neurovascular 
accidents, or systemic diseases such as rheumatoid 
arthritis. Those who reported receiving 
physiotherapy treatments for shoulder pain during 
the last 6 months were also excluded.

The research was approved by the ethics 
committee of the local institute. Participants 
received an informed consent form before arrival 
and all the research process were explained by one 
of the researchers before signing the consent form. 
All subjects were interviewed by a researcher and 
completed a number of self-report surveys and 
objective functional measures.
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moments) and the distance between the lateral 
epicondyle of the elbow to the wrist (for internal 
and external rotation moments). To identify the 
point of measurement at the wrist, a line between 
the two styloid process of the wrist was drawn and 
the handle of the dynamometer was placed tangent 
to this line. The midpoint between the upper and 
lower borders of the handle was identified for the 
above measurements.

Using a manual dynamometer (ErgoFet, Hoggan 
Scientific, USA), the strength of both shoulders 
was measured in 90° flexion, 90° abduction, 
internal rotation (0° and 90°) and external rotation 
(0° and 90°) in the positions explained for RoM 
measurements. The handle of the dynamometer 
was placed on the wrist above the line between 
the two styloid processes. The participant was 
instructed to push against the dynamometer 
while it was fixed in a static condition by a young 
strong researcher. The participants could do a few 
rehearsals before actual measurement. Manual 
grip dynamometer was also used to record grip 
strength bilaterally, while the participant held the 
dynamometer close to their body with a stretched 
arm, applying maximum squeezing force to the 
handle. All measurements were performed twice, 
and the highest score was used for analysis. To 
calculate moments, the strength scores (Newtons) 
were multiplied by the moment arms (m).

Balance tests for evaluating the static and 
dynamic stability: Functional Reach Out Test (FRT) 
[22] was used for evaluating the static balance. 
Participants were asked to stand next to, but not 
touching, a wall by their non-dominant side while 
their body was exactly closes the 0 point of a ruler 
attached to the wall. They were asked to stretch 
the arm that was closer to the wall at 90 degrees 
of shoulder flexion with a closed fist. The location 
of the third knuckle was recorded. Afterward, the 
participants were advised to reach as far as they 
could forward without taking a step. The position 
of the third knuckle was recorded in this position 
too. Scores were determined by calculating the 
difference between the start and end position is 
the reach distance.

Four Steps Square Test (FSST) [23] was used for 
evaluating dynamic balance. Four squares (30 × 
30 cm) were made on the floor using a color tape 
set up like a cross (Figure 1). Participants were 
instructed to step in each square as fast as possible 

Ultrasonography examination
The distinction between healthy and 

asymptomatic shoulders was made by ultrasound 
studies. A sports medicine physician with more 
than 10 years’ experience in shoulder ultrasound 
examination evaluated both shoulders of the 
participants. Ultrasonography (SonoSite M-Turbo, 
L38e) using a 12-MHz linear-array probe was 
performed in the longitudinal and transverse views 
of the supraspinatus, infraspinatus, subscapularis 
and biceps tendons in the previously defined 
positions [17]. Several studies have shown that 
ultrasound can reveal comparable results to MRI 
in detecting cuff pathology [18-21], and it is a valid 
tool to detect present or absent of tear.

Individuals and shoulders with an intact rotator 
cuff were grouped as the “Healthy” and those with 
either partial or full thickness tear in at least one 
tendon were placed in the tear group.

Self-report questionnaires
This included the “Quick Disabilities of 

the Arm, Shoulder and Hand” (Quick-DASH) 
questionnaire, the “American Shoulder and Elbow 
Surgeons (ASES)” Patient Assessment Forms and 
a general questionnaire asking about smoking 
habit, comorbidities, history of fall, and lifestyle 
parameters. The participants could either receive 
the electronic version of questionnaires to 
complete at home or write their responses on the 
hard copies in person.

Objective measurements
Active Range of Motion (RoM): Active RoMs 

were measured bilaterally using a goniometer 
during full shoulder flexion, abduction, and external 
rotation while the arm was close to the body 
in standing position. For measuring the RoM in 
internal rotation, the participants were instructed 
to put their thumbs between the two scapulae as 
high as possible. The distance between the thumb 
and the C7 was recorded. Internal and external 
rotations were also measured in 90° of arm 
abduction in supine position. All the measurements 
were performed twice, and the highest RoM was 
used for subsequent analysis.

Isometric moments (force × moment arm): 
Using a measuring tape, the moments arms were 
measured as follows: the distance between the 
acromion to the wrist (for flexion and abduction 
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with the following sequences: 1,2,3,4,1,4,3,2,1. 
Participant had to complete the sequence without 
touching the tapes and both their feet must have 
contacted the floor in each square. The sequence 
was demonstrated to the participants, and they 
could practice. Two FSST were completed with the 
best time taken as the score.

The examiner who performed the measurements 
was blinded to the tear condition.

Statistical analysis
Participants were divided in two groups: 1) Those 

with both healthy shoulders, and 2) Individuals 
with either partial or full thickness tear in at least 
one shoulder. Age, BMI, DASH and ASES scores 
were compared in two groups using T test or 2χ  
test. The FRT and FSST were also compared using 
linear regression that considered the effect of age 
and sex. For the rest of the analysis, we included all 
the healthy shoulders in one group (94 shoulders) 
and all the shoulders with tear in another group (46 
shoulders). A mixed effect linear regression model 
was developed to consider the effect of age, sex, 
arm dominance as well as the within participant 
effect. Using this model, the effect of tear on range 
of motions and isometric moments were evaluated. 
The Stata/IC 16 software was used for data analysis 
and the significance level was set at p < 0.05.

Results
Thirty-one participants had tear in either one 

shoulder (16 participants, 14 right, 2 left) or both Figure 1: Four step square test design.

Table 1: Demographic information of tear and healthy groups.

Item Healthy Group Tear Group P Value
Number 39 31 -
Age ≤ 60

60 > Age ≤ 70

70 > Age ≤ 80

> 80

11

10

14

4

≤ 60

60 > Age ≤ 70

70 > Age ≤ 80

> 80

1

8

14

8
Mean: 67.1 ± 9.5 y Mean: 74.6 ± 7.6 y 0.001*

Sex M: 13, F: 26 M: 12, F: 19 0.7
BMI 27.64 ± 4.9 27.33 ± 4.6 0.8
Race White: 83.8% White: 87.9% 0.4
Dominant arm R: 33; L: 6 R: 25; L: 6 0.6
Arm span/Height 1.02 ± 0.002 1.03 ± 0.01 0.26
Quick DASH Score 10.55 ± 13.5 14.52 ± 16.35 0.27
ASES Score 92.4 ± 16.1 86.38 ± 17.1 0.15
Smoking History 38% 42% 0.7
Comorbidities 25 Yes, 13 No 22 Yes, 9 No -
Job condition 38 office workers

1 manual worker

29 office workers

2 manual workers

-

*Significant differences, M = Male, F = Female, R = Right, L = Left, comorbidities included any of diabetes, hypertension, 
cardiovascular diseases, high cholesterol, renal diseases or thyroid diseases
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Range of motion
The information regarding the range of motions 

have been summarized in Table 2. Shoulders with 
RCT had significantly lower RoM in flexion and 
abduction and the distance of the thumb to C7 was 
higher in internal rotation posture. The effect of 
sex was only significant for the internal rotation at 
0° of arm elevation (p < 0.001), while the effect of 

shoulders (15 participants). The group differences 
are demonstrated in Table 1. Among 46 shoulders 
with RCT, 29 tears were only in supraspinatus, 1 
only in infraspinatus, 8 in both supraspinatus and 
infraspinatus, 8 shoulders had tear in all three 
tendons. Partial tears accounted for 28 shoulders, 
while 16 shoulders had small to medium full 
thickness tear (< 3 mm to 3-5 mm respectively) and 
only two shoulders showed large tear (> 5 mm).

Table 2: Mean (Standard Error) of Range of motions measured in degrees. Beta coefficients and p values are obtained 
from the mixed effect regression models considering age, sex, dominant arm and within participant effects.

Range of motion Healthy Shoulders Shoulders with Tears Beta Coefficient P Value
Flexion 167.5 ± 16.4 156.7 ± 25.3 -7.8 0.02
Abduction 172.2 ± 15.3 158.4 ± 24.9 -10.1 0.001
External Rotation 0 71.15 ± 17 66.8 ± 15 -3.3 0.1
Internal Rotation 01 18.2 ± 6.4 23.2 ± 9 4.5 < 0.001
External Rotation 90 80.3 ± 13 73.2 ± 16.1 -3.9 0.08
Internal Rotation 90 76.5 ± 15.4 70.4 ± 18.1 -2.1 0.3

1The distance between the thumb and C7 (cm)

Figure 2: Moment of shoulder in different arm positions in two conditions of with and without RCT. Moment = 
Force × moment arm which means the force measured by dynamometer (newton) multiplied by the distance of 
shoulder joint to the point of force application (m). M Flex = moment in Flexion, M A bd = moment in abduction, 
MER 0 and MER 90 = moment in external rotation at 0 degree and 90 degrees of arm elevation respectively, 
MIR 0 and MIR 90 = moment in internal rotation at 0 degree and 90 degrees of arm elevation respectively.
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addition, people with and without asymptomatic 
RCT may have comparable static and dynamic core 
stability.

Range of motion
Individuals with asymptomatic RCT displayed 

deficits in certain range of motion in the affected 
shoulder. The average differences in maximal flexion 
and abduction were 10.8° and 13.8° respectively. In 
addition, pathologic shoulders had limited internal 
rotation when attempting to reach their backs (5 
cm less in average). The decline in the range of 
motion agrees with some researchers such as Kelly, 
et al. [7] who found approximately 6° less arm 
elevation in the scapular plane in individuals with 
asymptomatic rotator cuff pathology. However, 
these findings contrast with other studies who 
reported no differences in RoM in healthy and 
asymptomatic RCT shoulders [8,10]. Differences 
in measurement methods and evaluated plane of 
elevation may explain these contradictory findings. 
Approximately 60° shoulder range of motion is 
required to perform most daily living activities 
[24], therefore, although the observed deficit in 
shoulder range of motion may not impact many 
routine activities, it could limit tasks or activities 
requiring an extreme range of shoulder motion 
such as reaching to a high shelf. An intact rotator 
cuff tendon is necessary to provide a stable base 
for shoulder movements in those conditions. This 
issue was previously explained by Hall, et al. [25] 
who reported limited shoulder range of motion in 
a group of elderly with positive impingement tests.

Strength
None of the shoulders with asymptomatic 

tear had significant differences in isometric arm 

age was significant for flexion and external rotation 
at 90° of arm elevation, (p > 0.05).

Moment/strength
The measurements of shoulder moments in 

different postures have been presented in Figure 2.

There were no significant differences in 
shoulder strength between healthy and RCT 
shoulders, except for the grip strength that male 
individuals with tear showed significantly higher 
values (Table 3). Shoulders in tear group showed 
larger variability in their strength measurements. 
The effect of sex and age were significant for all the 
measurements while the effect of arm dominance 
was not significant (p > 0.05).

Balance
The crude analysis of the effect of tear on the 

static and dynamic balance revealed a significant 
association of tear with the time to complete Four 
Steps Square Test. However, when the analysis 
was adjusted for the age and sex, no significant 
differences in FRT distances (p = 0.5) or FSST time (p 
= 0.08) were revealed between groups. The mean 
FRT distance were 35.1 ± 7.1 cm and 34.1 ± 8.6 cm 
for healthy group and tear group respectively. The 
mean FSST time was 6.5 ± 1.5 s in healthy group 
and7.76 ± 2.6 s in tear group.

Discussions
In this study 33% of the shoulders had either 

partial or full thickness tears, confirming that 
asymptomatic RCTs frequently occur. The results 
suggest that shoulders with tear may have some 
deficit in certain RoMs while their isometric strength 
can be comparable with the healthy shoulders. In 

Table 3: Mixed effect model for evaluating the effect of tear on the shoulder moments. Age, sex, arm dominance 
and the within subject effects have been considered in the model.

Moments (Nm) Healthy Shoulders Shoulders with Tear Mixed Effect Regression 
Model

F M F M ß coefficient P Value
Flexion 30.17 ± 6.8 45.8 ± 15.4 24.6 ± 10.1 45.3 ± 16.6 0.38 0.8
Abduction 27.4 ± 7.3 41.5 ± 14.3 21.5 ± 9.4 38.1 ± 15 - 0.26 0.8
External Rotation 0 14.4 ± 3.5 23.7 ± 6.2 12.1 ± 6.3 20.8 ± 6.4 - 0.96 0.1
Internal Rotation 0 16.8 ± 5.0 26.9 ± 7.9 15.1 ± 7.2 23.7 ± 10 - 0.83 0.17
External Rotation 90 17.8 ± 5.4 30.8 ± 8.8 14.8 ± 7.4 26.0 ± 8.3 - 1 0.3
Internal Rotation 90 19.2 ± 4.5 33.6 ± 9.9 15.9 ± 6.7 29.5 ± 9.2 -1.15 0.3
Grip (N) 26.8 ± 4.4 34.8 ± 6.7 21.9 ± 6.3 38.9± 7.7 2.7 0.009
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suggest that core and pelvic stability exercises may 
decrease shoulder pain associated with rotator 
cuff ten dinopathy [29,30]. Future studies will 
reveal if the static and dynamic balances differ in 
asymptomatic and symptomatic cases with RCT and 
if balance exercises can affect symptom occurrence 
in asymptomatic group.

Limitation
The proposed sample size of this study was 

larger than the numbers reported. Due to Covid19 
pandemics, the data collection was stopped in 
the middle of the study; however, this report still 
adds to the current knowledge regarding the 
biomechanical characteristics of asymptomatic 
RCTs. This study not only provides a more thorough 
understanding of the effect of asymptomatic RCT on 
the shoulder range of motion and isometric strength 
by examining several postures, but also sheds light 
on the potential association of this asymptomatic 
condition with grip strength and the static and 
dynamic balance which were not studied before.

Conclusion
This study confirms that there are differences 

in shoulder range of motion and strength in 
shoulders with asymptomatic rotator cuff tear and 
intact tendon. The findings suggest that unless the 
tear size is not massive and the shoulder strength 
is comparable with the healthy condition, the 
individuals may remain asymptomatic. However, 
clinicians who work with elderly population should 
consider the early manifestations of asymptomatic 
rotator cuff tears such as limited range of motion 
or small declines in shoulder strength and evaluate 
the progression of these conditions. Clinical 
trials are required to reveal if RoM and strength 
training would decrease the likelihood of symptom 
occurrence in asymptomatic RCT condition.

Source of Support
This study was supported by MITACS (Grant 

number: IT11817).

Acknowledgements
The collaboration of Silverberry Genomics Inc. 

and Shayan Mashatianin grant application, and 
Jaclyn Kurt and Daniel Fournier in data collection is 
appreciated.

Ethics Approval
The Office of Research Ethics at the University of 
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However, the range of strength measurements was 
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exertions.

Interestingly, this study showed higher grip 
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Balance
The current study suggests that the static and 
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