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Introduction
The upper extremity is comprised of the shoulder complex, 

arm, forearm, and hand [1,2]. For the upper extremity to function 
in all ranges and across all tasks, muscle and joint structures need 
to work well collectively. Deficits in one muscle or joint structure  

 
may therefore lead to changes in movement, strength or function in 
other joints or in overall functional status [3].

Upper extremity performance and functional mobility is 
better, when the shoulder is stable and pain free [4]. Shoulder 
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Abstract 
Background: People with orthopedic shoulder injuries often have reductions in grip strength and function, but the correlation of these 

relationship is unclear. 

Purpose: Explore the relationship between grip strength scores and functional outcome measures scores for patients experiencing shoulder 
pain and examine whether occupational therapy intervention was associated with positive changes in grip strength and self-reported function.

Methods: A retrospective cohort study examining the charts of patients seen in an outpatient clinic June 2014-July 2018, with the following 
inclusion criteria: people 18-85 years of age with acute/chronic shoulder pain, and/or rotator cuff pathology. Patients received therapeutic exercise/
activity; modalities; and functional training. Outcome measurements included baseline/discharge scores for grip strength and the Shoulder Pain and 
Disability Index (SPADI), a self-report of pain and disability with a total percentage score ranging from 0 to 100, where 0 = best and 100 = worst.

Results: The records of 31 people met inclusion criteria. Grip strength increased (x ̅=7.6± 11.1lbs); SPADI scores decreased (improved) by 
26.6±19.7 points. A moderate, negative correlation (r = -0.596, P = .01) was found between initial affected grip strength scores and initial SPADI 
scores. Conversely, there was positive correlation (r = 0.80, P = .67) between post-intervention grip strength scores and SPADI scores.

Conclusion: Grip strength and SPADI scores improved after a course of occupational therapy. There was also a moderate correlation between 
pre-intervention grip strength and SPADI scores and a positive correlation between the post-intervention grip and SPADI scores. 

Keywords: Grip strength; Occupational therapy; Upper extremity rehabilitation; SPADI

Abbreviations: 
•	 OT- Occupational therapist.

•	 EMG - Electromyography; UE – upper extremity. 

•	 MCID- Minimally important clinical difference. 

•	 SPADI- Shoulder Pain and Disability Index.

•	 Lbs- Pounds.

•	 Kg- Kilograms.
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pain is the third most common musculoskeletal condition with 
incidence ranges up to 2.5% [5]. These proximal aspects of the 
upper extremity can affect functional performance of the hand [6]. 
Hand grip strength has been found to correlate with strength of 
other muscle groups and thus can be utilized as a good predictor 
of overall upper body strength as well as identify people at higher 
risk of physical disability [7-11]. Grip strength tends to increase 
into the fourth decade of life while declining at an accelerated rate 
thereafter [12]. The right hand is characteristically stronger than 
the left and men typically have higher grip strength than women in 
the same age range [13].

Changes in shoulder position, health, and integrity have adverse 
effects on grip strength [2,4,6,7,10,14]. During grip strength testing, 
the muscles of the rotator cuff help stabilize the humerus4 as well 
as maintain scapular position in an ergonomically protracted state 
[6]. While the scapula is protracted, increased activation of muscles 
surrounding the scapula such as the serratus anterior, upper 
trapezius, as well as the flexor carpi ulnaris, flexor carpi radialis, 
and palmaris longus is observed and can further influence and 
improve grip strength measures [6]. When there is dysfunction in 
these muscles, through observation of decreased scapulohumeral 
rhythm and in combination with poor scapular position throughout 
movement, grip strength can reduce 13.14% in comparison to its 
norm for the individual [6]. Subsequently, fatigue in the upper 
extremity following a shoulder exhausting regime and recovery 
time, has led to a decrease in grip strength and was confirmed 
through electromyography (EMG) results as well as a reorganization 
of movement strategies [15]. This evidence illustrates a positive 
relation between shoulder function and grip strength force [10]. 
Application and utilization of this relationship could help with 
prediction of disability and functional limitations [9].

We sought to examine the correlational relationship between 
grip strength and self-reported functional outcomes in this study. 
In addition, we also sought to describe differences in strength and 
self-reported function after occupational therapy intervention in 
an outpatient setting. In our first aim, we examined the change 
in baseline and discharge scores between grip strength and self-
reported function to assess for clinical and statistical significance. 
In the second aim, we examined correlations between baseline grip 
and self-reported function scores followed by discharge grip and 
self-reported function scores. We hypothesized that people with 
shoulder injury receiving a course of occupational therapy would 
not only demonstrate significant and meaningful change in these 
outcomes, but also that the outcomes would be moderately and 
significantly correlated. 

Methods

A retrospective cohort design was used to examine a convenient 
sample of patient outcomes within an outpatient clinic in the 
University of Kansas Health System. Institutional Review Board 
reviews were conducted, and research was granted at both the 
University of Kansas Medical Center as well as the a Midwest 
hospital and The University of Kansas Medical Center to a Midwest 

university. Each recorded patient in this study had completed a full 
course of occupational therapy, including evaluation, treatment, 
and discharge within the dates of July 2014 to October 2018. 

Inclusion criteria

1) males and females aged 18 to 85, with one of the following 
shoulder diagnoses per physician report: rotator cuff pathology, 
acute shoulder pain, and chronic shoulder pain. If the shoulder 
pain/diagnosis was accompanied by comorbidities not limited to 
the shoulder, or was secondary to another reason for treatment, the 
subject would be excluded. Additional exclusion criteria included: 
a history of neck/back pathology (including physician diagnosed 
and/or self-report), history of cognitive impairment, history of a 
neurological diagnosis, history of peripheral nerve injury, previous 
treatment for the affected shoulder on acute and/or acute rehab 
units, as well as individuals with balance impairments. Inclusion 
and exclusion were based upon the medical diagnosis provided 
by the physician referral, a chart review, as well as through the 
subjective interview information that was obtained from the patient 
during their treatment. A licensed occupational therapist (OT) with 
> 5 years of experience examined and treated all the patients in this 
cohort. The OT completed all outcome measures at baseline and 
post-intervention prior to discharge. 

Hand strength

Measurement of grip strength was completed using a Jamar 
dynamometer following standardized procedures9 with the handle 
in the middle position across a three-trial test. The minimally 
important clinical difference (MCID) for grip strength from baseline 
to discharge is between 11.02lbs (5.0kg) and 14.5lbs (6.5kg) [16].

Shoulder Pain and Disability Index (SPADI) 

The SPADI is a self-reported questionnaire developed to 
measure the pain and function associated with shoulder pathology 
for people with shoulder pain of musculoskeletal, neurogenic, 
or undetermined origin. It consists of 13 items in two domains: 
pain (pain symptoms, 5 items) and disability (physical function, 8 
items). The items of both domains were scored on a visual analog 
scale ranging from 0 to 10, where 0 = no pain/no difficulty and 10 
= worst pain imaginable/so difficult required help. Each domain 
score was equally weighted, then added for a total percentage score 
ranging from 0 to 100, where 0 = best (no pain and functioning 
normally) and 100= worst (extreme pain levels and complete 
functional impairment) [17]. The MCID for pre-intervention and 
post-intervention scores is 13 points [17].

Therapeutic Procedure

To better understand the outcomes, the procedures for 
assessment and intervention are outlined. An evaluation was 
completed in the first session of occupational therapy services. 

The evaluation consisted of: 

•	 Gathering of background information/occupational 
profile through a thorough chart review and subsequent 
interview. 
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•	 Measurements of active range of motion with goniometer 
(shoulder flexion, shoulder abduction, internal rotation, 
external rotation, and shoulder extension).

•	 Gross manual muscle testing of the shoulder on a 0 to 5 
grading scale (shoulder flexion, shoulder abduction, internal, 
and external rotation).

•	 Manual orthopedic testing (e.g., Neer’s Impingement Test, 
Empty Can Test, Subscapularis Liftoff Test, Drop Arm Test, and 
Neural Tension Test) [18].

•	 Grip strength assessment. 

•	 A self-reported rating of function using the SPADI. 

Individualized goals were established based on the patient 
deficits, strengths and goals. Therapeutic interventions aligned 
with individual injury status and goals. Interventions consisted 
of therapeutic exercise; therapeutic activity (e.g., the Kinesio 
Tape Method, patient education); physical agent modalities 
(e.g., ultrasound, cold packs); Activity of Daily Living retraining 
(e.g., sleeping posture, bed mobility, overhead cleaning tasks); 
Instrumental Activity of Daily Living training; and work simulation. 
No specific grip exercises were provided or recommended.

Data Analysis
Due to the analysis of multiple factors and aims for this study, 

several statistical tests were run. Descriptive statistics were 
completed through a comparison of means within the sample 
(n=31). These statistics were utilized to determine means for age, 
diagnosis, and visits. Paired sample t-tests were utilized between 
baseline and post-intervention SPADI scores as well as between 
baseline and post-intervention affected UE grip strength measures 
(p<0.05). Spearman’s Rho’s correlation was utilized for examining 

the relationships between strength and function through baseline 
affected UE grip strength measures and SPADI scores as well as 
between the post-intervention affected UE grip strength measures 
and SPADI scores (p<0.05).

Result
An extensive chart review was conducted on complete patient 

charts dated from June 2014 to October 2018. Thirty-one patients 
met study criteria varying in range from 24 to 85 years with an 
average age of 59.1±13.2 years; 39% (12/31) were male and 
61% (19/31) were female. Patients were seen for a minimum of 
3 visits and a maximum of 30 visits but averaged 8.32±6.4 visits 
per treatment course (Table 1). By diagnosis, 55% (17/31) of 
patients presented with complaints of acute shoulder pain, 22.5% 
(7/31) chronic shoulder pain and 22.5% (7/31) with rotator cuff 
pathology, as diagnosed by the referring physician.

Across males and females, the baseline mean grip strength 
scores were (x ̅=74.9, SD: 32.1 lbs.; Range 10.3-151.7lbs. Mean 
discharge grip strength scores were (x ̅=82.5, SD: 31.2lbs; Range 
33.4-155.3lbs). Pre- and post-intervention grip scores were 
significantly improved (p= 0.001). Because male and female scores 
are typically different, we also analyzed grip strength changes 
between males and females. Mean male baseline grip scores (x 
̅=104.8; SD: 22.8lbs) were statistically different (p= 0.019) from 
mean discharge grip scores (x ̅=114.3; SD: 21.4lbs). Mean female 
baseline grip scores (x ̅=55.9; SD: 21.1lbs) were statistically 
different (p=0.029) from mean discharge grip scores (x ̅=62.1; SD: 
15.2lbs). 

 In our second outcome, the mean baseline SPADI scores 
were (x ̅=37.7, SD: 21.6; Range 11-86). Following the completion 
of treatment, Table 1 highlights the mean discharge SPADI scores 
were (x ̅=11, SD: 11.4; range 0-53) which was significant (p=0.00).

Table 1: Sample Characteristics (N=31) and Outcome Measurements at Baseline and Discharge.

Baseline Mean (SD) Discharge Mean (SD) Change Score Mean (SD) p Value

Age (years) 59.06 ± 13.2 NA NA NA

Number of Visits NA 8.32±6.4 NA NA

Baseline SPADI Scores – Discharge SPADI 
Scores 37.7±21.6 11.0±11.4 -7.6±11.1 0.001

Affected UE Baseline Grip Strength – Affected 
UE Discharge Grip Strength 74.9±32.1 82.5±31.2lbs 26.7±19.7lbs 0.001

SD= standard deviation; UE= upper extremity; SPADI=Shoulder Pain and Disability Index; NA=Not applicable.

Table 2: Non-Parametric Correlation of Affected UE Grip Strength with SPADI Scores (Spearman Rho’s Correlation).

Initial SPADI Score Affected UE Initial Grip Strength

Initial SPADI Score
Correlation Coefficient 1 -.596**

Sig. (2-tailed) . 0

Affected UE Initial Grips Strength
Correlation Coefficient -.596** 1

Sig. (2-tailed) 0  

 

Discharge SPADI Score

Discharge SPADI Score Affected UE Discharge Grip Strength

Correlation Coefficient 1 0.8

Affected UE Discharge Grip Strength

Sig. (2-tailed)  0.669

Correlation Coefficient 0.8 1

Sig. (2-tailed) 0.669  

**. Correlation is significant at the 0.05 level (2-tailed).
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A Spearman’s Rho correlation test was run to observe the 
relationship between the initial SPADI scores and the initial 
affected UE grip strength scores. A moderate, negative correlation 
of r = -0.596 (p=0.00) was found between the two scores (Table 
2). A second Spearman’s Rho correlation was completed with the 
discharge scores of both the affected UE grip strength and SPADI 
scores respectively. This produced a non-significant (p=0.67), 
correlation of r = 0.80 between the two measures.

Discussion
With this study, we wanted to describe differences in grip 

strength and self-reported function after a typical occupational 
therapy intervention in an outpatient setting. We found that grip 
strength and self-reported function clinically and statistically 
improved from baseline to discharge. In our second aim, we sought 
to examine the correlational relationship between grip strength 
and self-reported functional outcomes at baseline and discharge. 
Our findings support a moderate, inverse relationship where the 
lower the grip score, the higher (worse) the self-reported function 
score. At discharge, we found a positive relationship between 
discharge grip and self-reported function although the outcomes 
were not significant.

As noted above, grip strength of the affected UE experienced a 
positive and significant change. Other studies have found similar 
results with grip strength of the affected UE following therapeutic 
intervention. Stock, et al. [19] found that post stroke, grip strength 
will improve with significance within the first year following 
therapeutic intervention. This study did focus on grip strength 
for some of its interventions though, while our study did not. 
Likewise, a study completed by Bridges, et al. [20] showed a 465% 
improvement in grip strength post intervention for patients that 
presented with cervical myelopathy. This study similarly focused 
on conservative management treatments; but was provided in 
the physical therapy practice versus occupational therapy. The 
different practice and knowledgebase may have provided the 
subjects different intervention techniques than those completed in 
our study. 

  SPADI scores experienced the greatest change which resulted 
in double the score needed for a clinically significant change.15 
Not surprisingly, other studies using the SPADI have found 
similar results. Crowell, et al. [21] also observed a significant 
improvement in SPADI scores following manual orthopedic 
physical therapy intervention for patients with glenohumeral 
osteoarthritis. Similarly, a study completed by Ergönenç, et al. [22] 
examined the effects of ultrasound-guided suprascapular nerve 
pulsed radiofrequency on chronic shoulder pain which revealed a 
significant improvement in SPADI scores following the intervention. 
Our work demonstrates the potential for occupational therapy to 
improve both grip strength and self-reported function in people 
with acute and chronic orthopedic shoulder diagnoses.

As predicted, we found a significant, moderate, and negative 
correlation between baseline grip and SPADI scores. This correlation 

indicated that there was a significant relationship between a lower 
grip strength score and a higher (poorer) SPADI score. Boissy, et al. 
[23] found a similar relationship in chronic stroke patients in that 
grip strength was an effective outcome measure tool in assessing 
upper extremity function. This study focused on more general 
functionally outcome measures though such as: the Fugl-Meyer, 
The Upper Extremity Performance Test for the Elderly (TEMPA), 
the Box and Block test, as well as the Finger-to-Nose test. Our 
test focused solely on the SPADI as the outcome measure but did 
produce similar results to functional improvement.

Correlations between discharge grip strength and SPADI scores 
yielded a stronger relationship in comparison to the pre-intervention 
data; but was not statistically significant. Intuitively, it follows 
that stronger grip scores may correlate strongly with improved 
function scores. These results did align with several studies such 
as that completed by Nascimento, et al. [24], which demonstrated 
how strengthening of the scapular stabilizing muscles in patients 
that have been experiencing chronic hemiparesis status post 
stroke leads to improved grip strength. Another study that found 
several correlations of grip strength and the functional outcomes 
of patients was completed by Schwartz, et al. [25]. Her study found 
multiple correlations between grip strength improvements and 
patients’ self-reported, subjective evaluations. 

Conclusion

Occupational therapy is designed to help promote and improve 
functional independence. Unsurprisingly, the results showed 
that a course of occupational therapy for people with orthopedic 
shoulder injuries may result in greater functional independence 
as well as grip strength. The results also yielded a moderate 
relationship between initial grip strength scores and initial SPADI 
scores, as well as a positive non-significant relationship between 
the post-intervention grip strength and SPADI. Due to limitations 
in the small and convenient sample, researchers should continue to 
explore further distinctions in the relationship between shoulder 
health, grip strength, and functional performance.
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