
Flexion at shoulder joint of upper extremity is an The normal  muscle  s t rength varies  with 

characteristics of the population and many 
normative studies have emphasized the varying 

6-8
character of strength.  The subjectivity of manual 
muscle testing in grade 4 and 5 is debated in various 

9studies which questions its reliability.  Bohannon 
conducted a study on knee extensors and grip 
strength and concluded that in grade 4 and 5 there 
was overlap in strength across dynamometric 

10, 11measures.  A study on spinal cord injury patients 
concluded that dynamometer is subtler to detect 
minor strength deficits which is important factor to 
measure progression or regression in strength across 

12
a particular grade.  Quantification of strength by 
dynamometer which provides normative reference 
value is lacking in Asian population and requires 
exploration. 

Manual muscle testing and hand-held dynamometry 
are two most commonly used tools which are used to 

1measure muscle strength.  Muscle strength is the 
ability of a muscle to produce maximal force in a 

2
single effort.  It varies with respect to population 
and age depending on muscle mass and neural 

3control to activate muscle fibers.  Manual muscle 
testing has a subjective approach which grade 
muscle into six different grade. Grade 5 is 
considered as normal reference measure which is 
the maximal effort of the muscle against maximum 

4
resistance.  Hand-held dynamometer provides with 
objective measure of strength in pounds or kg. It has 
been in practice for a decade with its quantified 

5
approach.  

INTRODUCTION

Methodology: In this cross-sectional study, 300 
young healthy females in the age group of 18-39 
years were recruited by non-probabi l i ty 
convenient sampling technique. The muscle 
strength of the shoulder flexors of both upper 
extremities was measured by hand-held 
dynamometer and manual muscle testing. The 
strength was analyzed according to the variation 
of strength across grade 4 and 5 in different age 
groups by comparing means.

Conclusion: In young adult females, wide range 
of strength was seen in grade 4 and 5 with an 
overlap in strength measured quantitatively 
through hand-held dynamometer. Dominant side 
was stronger than non-dominant. In normal 
population weaker shoulder flexors were found. 
(Rawal Med J 202;45:483-487). 

Objective: To compare the strength of shoulder 
flexors of both extremities measured through 
manua l  musc le  tes t ing  and hand he ld 
dynamometer in different age groups of young 
healthy females. 

Keywords: Muscle strength, muscle strength 
dynamometer, manual muscle testing.

Results: In dominant side the muscle strength of 
194 participants was in grade 4 with quantitative 
mean to be 9.32.1kgs, (range 4.08-16.10kgs); 106 

participants had normal muscle strength with 
quantitative mean to be 10.24kgs (range 5.22-
21.9kgs). In non-dominant side, 206 participants 
were graded in grade 4, the quantitative mean of 
strength was 9.1 kilograms (range 3.85-
14.29kgs); 94 participants were graded in grade 5 
with quantitative mean to be 9.8kgs (range 5.33-
18.74kgs). 
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In this cross sectional study, strength of shoulder 
flexors of 300 females of different age groups was 
measured. Non- probability convenient sampling 
technique was used. After taking the consent of 
participants and particular heads of the institutes 
the data was collected from the females of 
University of South Asia and Association of Fatima 
Jinnah old graduate's association. The study was 
approved by ethical research committee of 
University of Lahore. RESULTS

essential part of functional movement patterns 
which makes sure functional independence through 
performance of activities of daily livings. The 
average shoulder flexion involved to perform 

13functional tasks is 121° ± 6.7°.  The normal 
strength of shoulder flexors is graded in grade 5 by 
manual muscle testing. This study was aimed at 
comparing the quantified dynamometric measures 
with respect to grades of manual muscle testing in 
shoulder flexors of normal healthy female 
population.

Hydraulic baseline analog pull push dynamometer 
was used. The strength of shoulder flexors of both 
extremities was measured while the subjects were 
sitting. In case of manual muscle testing, the patient 
was seated with arm 90 degrees flexed, palm facing 
inwards. The tester standing on the side of the arm 
applied maximal to submaximal resistance above 
elbow while stabilizing the shoulder with other 
hand. Depending upon effort of the participant the 
strength was graded as grade 4 (Good), grade 5 

4
(normal).  

The mean age of the participants was 23.114.7 
years. Most of the participants were from the age 
group of 18-19 and 20-24 years (Table 1). In 
dominant side, the strength of flexors of 194 
p a r t i c i p a n t s  w a s  g r a d e d  a s  g o o d ,  w i t h 
dynamometric mean to be 9.3 2.1kgs. 106 subjects 
had normal strength with dynamometric mean to be 
10.24kgs and in non-dominant side 206 were graded 
as grade 4 having dynamometric mean 9.1kgs 
(Table 2). 

While using dynamometer two measures were taken 
and in case two measures were inconsistent a third 
measurement was also taken. The mean of these 

readings was used as quantitative strength of 
shoulder flexors. The position of the participant 
was, seated with shoulder flexed to 90 degrees, 
elbow straight, and palm facing inwards. The 
dynamometer was placed slightly above the elbow 
of test arm.  The therapist standing on the side of the 
patient to be tested holding dynamometer with one 
hand and other hand providing stability. The 
subjects were requested to build their force to 
maximum in two second period of time. A steady 
rise in force make it easy for the tester to hold 
dynamometer against effort of patient. The 
participants were then asked to continue their effort 

7,8
for another 4 to 5 minutes.  This time duration has 
been adequate according to previous researches to 

16measure maximal force.  

Table 1. Age groups.

Statistical Analysis: The SPSS version 25 was used 
for data analysis. The p-values were calculated by 
using independent sample t-test while comparing 
quantitative mean of strength across grade 4 and 5. 
p<0.05 was considered as significant. 

The participants were divided into 5 age groups (18-
14,15

19, 20-24, 25-29, 30-34, 35-39).  The dominant 
extremity was defined as the one used for daily 
activities. Young healthy females in the age group of 
18-35 years without any restriction of movement of 
upper extremity were recruited. Those with 
musculoskeletal ailment or any neurological or 
cardiovascular issues were not included. 
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Table 3. Strength of non-dominant shoulder flexors in 
different age groups.

The quantitative comparison of strength of shoulder 
flexors revealed that in normal female Pakistani 
population the strength of more than 50% of 
shoulder flexors is less than normal according to the 
grading criteria of manual muscle testing as grade 4 

4
indicates lesser strength.  This finding is a novel 
finding in the context of healthy population. The 
cause of weaker shoulder flexors need to be further 
studied. 
Van Harlinger et al and Bohannon in their studies to 
compile normative data considered the normal 

14,17,18population without any health ailment.  The 
significant strength differences in various age 
groups (18-19, 25-30, 35-40years) of healthy 
population in grade 4 and 5 emphasizes the need of 
standardization of the population selected to 
measu re  musc l e  s t r eng th  by  hand  he ld 
dynamometer in normal population while 
compiling normative data. 

SD= Standard Deviation, Min.= Minimum, Max.= Maximum. 
D1= Dynamometric Strength of Dominant Sh. Flexors. M1= 
Strength of Dominant shoulder flexors measured by manual 
muscle testing. Good= Grade 4, Normal= Grade 5, p value 
≤0.05 = significant difference.

The dynamometric quantification showed overlap 
in strength in grade 4 and 5. The overlap in strength 
indicates the dispersed range of shoulder flexors in 

Table 2. Strength of dominant shoulder flexors in different 
age groups.

 

Good= Grade 4, Normal= Grade 5, p value ≤0.05 = significant 
difference

SD= Standard Deviation, Min.= Minimum, Max.= Maximum. 
D2= Dynamometric Strength of Non-Dominant Shoulder 
Flexors. 2= Strength of Non-Dominant Shoulder Flexors 
measured by Manual Muscle Testing.

DISCUSSION

The age group of 20-24 years deviated from 
prescribed trend of increase in strength with age as 
strength in grade 5 in dominant flexors was 
8.752.17kgs, and 8.61.76 kgs in other side. In the 
preceding age group of 18-19 the normal strength 
according to grade 5 was 10.92.63kgs in flexors of 
dominant extremity and was 10.72.8kgs.in other 
side. The dominant side was stronger as compared to 
non-dominant (Table 3).

T h e  q u a n t i f i c a t i o n  t h r o u g h  h a n d  h e l d 
dynamometer varies with age, muscle mass and 
other characteristics of population. According to a 
study, strength in shoulder flexors of females 
varied between 10.33.2kgs to 10.44.7kgs in 
dominant side and 9.52.2kgs to 8.44.2kgs in age 

14
groups varying from 20 -39.  This reference study 
and most of the other studies which measure the 
muscle strength in normal healthy individual 
considers absence of gross ailment as a sign of 
being healthy. It does not address the query that 
does the normal healthy individuals have normal 
muscle strength. 

485

Comparison of strength of shoulder flexors measured through manual muscle testing and hand-held dynamometry females

Rawal Medical Journal: Vol. 45. No. 2, April-June 2020



REFERENCES

The comparison of shoulder flexors by both tools to 
measure muscle strength concluded with 
domination of dynamometric measures regarding 
detection of small strength differences as indicated 
by overlap across grade 4 and grade 5. While 
considering strength deficit as compared to normal, 
the lack of standardized normative data emphasizes 
the importance of Manual Muscle Testing as a tool 
to indicate weakness in muscle strength. This study 
also revealed stronger dominant side as compared to 
non-dominant and significant weaker shoulder 
flexors in healthy females. 

10. Bohannon RW. Manual muscle testing: does it meet the 
standards of an adequate screening test? Clinical Rehabil 
2005;19:662-7.

7. Andrews AW, Thomas MW, Bohannon RW. Normative 
values for isometric muscle force measurements 
obtained with hand-held dynamometers. Physical Ther 
1996;76:248-59.

11. Bohannon RW. Grip strength measured by manual 
muscle testing lacks diagnostic accuracy. Isokinetics 
Exercise Sci 2018(Preprint):1-4.

17. Bohannon RW, Bear-Lehman J, Desrosiers J, Massy-
Westropp N, Mathiowetz V. Average grip strength: a 
meta-analysis of data obtained with a Jamar 

In future, a study considering male population 
should be considered, the study design should be 
extended to other muscle groups and causes of 
weaker shoulder flexors in healthy population 
should be explored.

15. Bäckman E, Johansson V, Häger B, Sjöblom P, 
Henriksson K. Isometric muscle strength and muscular 
endurance in normal persons aged between 17 and 70 
years. Scand J Rehabil Med 1995;27:109-17.

3. Sweeney HL, Hammers DW. Muscle contraction. Cold 
Spring Harbor Perspectives Biol 2018;10(2):a023200.

CONCLUSION

8. Bohannon RW. Reference values for extremity muscle 
strength obtained by hand-held dynamometry from 
adults aged 20 to 79 years. Arch Physical Med Rehabil 
1997;78:26-32.

normal population as has been discussed earlier in 
studies conducted on knee extensors and grip 

1 0 , 1 1strength.  This  diverse range indicate 
morphological and demographic exploration in 
Asian population.

14. Van Harlinger W, Blalock L, Merritt JL. Upper limb 
strength: study providing normative data for a clinical 
handheld dynamometer. PM&R 2015;7:135-40.

5. Bohannon RW. Hand-held dynamometry: adoption 
1900–2005. Perceptual Motor Skills 2006;103:3-4.

12. Sisto SA, Dyson-Hudson T. Dynamometry testing in 
spinal cord injury. J Rehabil Res Development 
2007;44:123.

2. Oatis  CA. Kinesiology:  The Mechanics  and 
Pathomechanics of Human Movement: Lippincott 
Williams & Wilkins; 2004.

16. Bohannon R. Testing isometric limb muscle strength 
with dynamometers. Crit Rev Phys Med Rehabil 
1990;2:75-86.

13. Namdari S, Yagnik G, Ebaugh DD, Nagda S, Ramsey 
ML, Williams Jr GR, et al. Defining functional shoulder 
range of motion for activities of daily living. J Shoulder 
Elbow Surg 2012;21:1177-83.

6. Stoll T, Huber E, Seifert B, Michel B, Stucki G. Maximal 
isometric muscle strength: normative values and gender-
specific relation to age.  Clinical  Rheumatol 
2000;19:105-13.

4. Hislop HJ, Montgomery J. Daniels and Worthingham's 
Muscle Testing: Techniques of Manual Examination: 
Saunders Elsevier; 2007.

The deviation of age group of 20-24 from usual 
increase in strength indicates towards transition 

19 20from teen age group. Incel et al and Bohannon  
have summarized various studies that compared 
grip strength and concluded that dominant side is 
stronger as compared to non-dominant one. This 
study also confirms a stronger dominant side as 
compared to non-dominant one as per quantitative 
measures which cannot be resolved with clarity on 
the basis of grades. 

1. Wolfe RR. The underappreciated role of muscle in health 
and disease. Am J Clinical Nutr 2006;84:475-82.

9. Dvir Z. Grade 4 in manual muscle testing: the problem 
with submaximal strength assessment. Clinical Rehabil 
1997;11:36-41.

486

Author Contributions: 
Conception and design: Muhammad Waqar Afzal
Collection and assembly of data: Saadia Perwaiz, Ghulam Fatima
Analysis and interpretation of the data: Saadia Perwaiz, Ghulam 
Fatima 
Drafting of the article: Saadia Perwaiz

Corresponding author email: Saadia Perwaiz: 
s_perwaiz@yahoo.com

Rec. Date: Sep 27, 2019 Revision Rec. Date: Feb 23, 2020 Accept 
Date: Mar 16, 2020

Statistical expertise: Muhammad Waqar Afzal, Saadia Perwaiz
Final approval and guarantors of the article: Syed Amir Gillani, 
Ashfaq Ahmad

Critical revision of the article for important intellectual content: 
Muhammad Waqar Afzal

Conflict of Interest: None declared

Comparison of strength of shoulder flexors measured through manual muscle testing and hand-held dynamometry females

Rawal Medical Journal: Vol. 45. No. 2, April-June 2020



18. Bohannon RW, Peolsson A, Massy-Westropp N, 
Desrosiers J, Bear-Lehman J. Reference values for adult 
grip strength measured with a Jamar dynamometer: a 
descriptive meta-analysis. Physiotherapy 2006;92:11-5.

dynamometer from individuals 75 years or more of age. J 
Geriatric Physical Ther 2007;30:28-30.

20. Bohannon RW. Grip strength: a summary of studies 
comparing dominant  and nondominant  l imb 
measurements. Perceptual Motor Skills 2003;96:728-30.

19. Incel NA, Ceceli E, Durukan PB, Erdem HR, 
Yorgancioglu ZR. Grip strength: effect of hand 
dominance. Singapore Med J 2002;43:234-7.

487

Comparison of strength of shoulder flexors measured through manual muscle testing and hand-held dynamometry females

Rawal Medical Journal: Vol. 45. No. 2, April-June 2020


