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Operational definitions 



 

Utility of MMT and other strength 
assessments methods



 

Threats to MMT validity and reliability



 

MMT grading criteria



The Problem of Measuring 
Strength



Strength: Is it Just Peak 
Force?



 

Harris and Watkins, 1993: the ability of skeletal 
muscle to develop force for stability and mobility…



 

Buchner and de Lateur, 1991: maximum force 
exerted by a muscle… (depending on) intact 
neuromuscular function and … the condition of 
measurement



 

Lieber, 1992: interaction between muscle and joint 
properties…torque is the product of muscle force and 
the joint moment arm



The Construct of Muscle 
Strength

measures

condition

Magnitude Duration Velocity Mode Task

- maximal
- submaximal

- 
intermittent
- 
continuous

- slow
- fast

- 
isokinetic
- 
isometric
- 
isoinertial
- 
eccentric
- passive

- familiar
- novel

primary elements
modifiers

Peak torque      Work        Power Fatigue indices Ave. torque Impulse

STRENGTH



Muscle Strength Assessment in 
IIM



 
Methods to assess muscle strength:


 

Isometric Dynamometry


 

Isokinetic Dynamometry


 

Manual Muscle Testing



Muscle Strength Assessment 
in IIM

Microfet HHD

Biodex dynamometer

Jamar hydraulic grip
dynamometer

QMT fixed 
dynamometer



Methods to Assess Muscle 
Strength



 

Isometric Dynamometry



 
Hand held, fixed dynamometry, sphygmomanometry, etc.



 
Sensitive for all grades; good reliability



 
Depends on proper positioning, less dependent on 
technique; limited normative data; possible calibration 
errors



 
Moderate flexibility



Methods to Assess Muscle 
Strength



 

Isokinetic Dynamometry



 
Biodex, Cybex, and other multi-mode dynamometers



 
Excellent stabilization; good reliability overall



 
Research tool; 

 

expense; not recommended for <3/5 
strength



 
Less flexibility



Methods to Assess Muscle 
Strength



 

Manual Muscle Test



 
Most commonly used method of strength assessment



 
Fair stabilization; partial validation for subjects with IIM; 
poor to good reliability (depending on methods, subjects, 
and testers)



 


 
expense; may be stature dependent for > 4/5 strength



 
Most flexibility



Muscle Strength Assessment in 
IIM

The Manual Muscle Test (MMT):
Full or partial primary outcome 
measure in > 93% of IIM clinical 

trials



The History of the MMT



 

Introduced by 
Wright and Lovett in 
1912

(Wright, 1912; Hislop and Montgomery, 1995; Kendall, 1993)



The History of the MMT



 

Important modifications 
by Daniels and 
Worthingham in 1946, 
and H. Kendall and F. 
Kendall in 1949



 

F. Kendall advocated 
the “10-point MMT” (12- 
point scale) in 1993 

(Wright, 1912; Hislop and Montgomery, 1995; Kendall, 
1993)



MMT Reliability



MMT Reliability



MMT Grade Conversion

Normal
Good +
Good
Good –
Fair +
Fair
Fair –
Poor +
Poor
Poor –
Trace
Zero

10
9
8
7
6
5
4
3
2
1
T
0

5
4 +
4
4 –
3 +
3
3 –
2 +
2
2 –
1
0

5.00
4.50
4.00
3.66
3.33
3.00
2.66
2.33
2.00
1.50
1.00
0.00

MMT GRADES

5

4

3

2

1
0

(Kendall, 1993)



MMT Grade Conversion



MMT Grade Conversion

MRC Kendal 
l

(Rider, Giannini, Harris-Love, et al 2003)



MMT Grade Conversion

MRC Kendal 
l

(Rider, Giannini, Harris-Love, et al 2003)



The MRC and Kendall MMT 
Scales


 

All modified British Medical Research Council 
(MRC) and Kendall MMT scales are not 
equivalent 



 

The MRC MMT: 6, 11, 12 or 13-interval 
scale; the Kendall MMT: 6 or 12-interval 
scale



 

Differences in scoring criteria may include: 


 
Application of resistance



 
ROM in horizontal plane



 
Isometric contraction vs AROM



Intervals Between MMT Grades are not Equivalent
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MMT Grade

?



 

Variable magnitude of 
difference between 

MMT grades



 

The degree of weakness
undetected by the MMT
will vary with the size of

the muscle group and 
examiner strength

(Based, in part, on Barr, 1991; Beasely, 1961; Divir, 1997)



Intervals Between MMT Grades are not 
Equivalent

(Aitkens, 1989)



Influences on MMT 
Performance

MMT 
Reliability

Examiner
Influence

Examiner strength
Technique
Bias
Commands
Judgment 
Feedback

Patient
Influence

Patient strength
Diurnal effects
Comprehension
Motor skill
Arousal
Motivation
Emotional status

(Hislop and Montgomery, 1995; Mulroy, 1997; Martin, 1999; K. Hinderer and S. Hinderer,1993)



Potential testing error

lower moderate higher

Criteria Grade

no 
movement

test 
movement

test 
position

No contraction detected

Contraction detected without joint movement

< 100% active range of motion

HORIZONTAL PLANE

100% active range of motion
100% active range of motion against resistance
– OR – completion of 100% active range of 
motion and then holds position against resistance

“ANTIGRAVITY” POSITION

< 100% active range of motion

Gradual release from test position

Hold test position

Hold test position against moderate resistance

Hold test position against strong resistance

0

T

1

2

3

7

4

5

6

8

9

10

Hold test position against slight to moderate
resistance

0

1

2

3

4

5

Hold test position against slight resistance

Hold test position against moderate to strong 
resistance



Kendall MMT Scale

Criteria Grade

no 
movement

No contraction detected

Contraction detected without joint movement

< 100% active range of motion

HORIZONTAL PLANE

0

T

1

0

1



Kendall MMT Scale

test 
movement

< 100% active range of motion

100% active range of motion
100% active range of motion against resistance
– OR – completion of 100% active range of 
motion and then holds position against resistance

“ANTIGRAVITY” POSITION

< 100% active range of motion

Gradual release from test position

1

2

3

4

2



Kendall MMT Scale

test 
position

p

Hold test position

Hold test position against moderate resistance

Hold test position against strong resistance

7

5

6

8

9

10

Hold test position against slight to moderate
resistance

3

4

5

Hold test position against slight resistance

Hold test position against moderate to strong 
resistance



Kendall MMT Scale



Kendall MMT Grade Criteria 
Requiring Modification



 

Grade 3: Degree of resistance undefined



 

Grade 4: Length of time to hold test position 
undefined



 

Grade 5: Time required to hold test position 
undefined



 

Grades 6 - 10: Length of time to apply 
resistance undefined



Suggested MMT 
Modifications



 
Grades: 0 – T


 

“Trace” may be assigned as “0” due to 
palpation skill  use experienced 
examiners



 
Grade: 3


 

Degree of resistance not specified  use 
of the antigravity criterion for this grade is 
strongly encouraged



Suggested MMT 
Modifications



 
Grade: 4


 
“Gradual release” not clearly defined 

 the descent from testing position to resting 
position should last 

 
3 seconds



 
Grade: 5


 
Length of “hold” not specified  use 3 
seconds as criterion



Suggested MMT 
Modifications


 

Grade: 6


 
All grade 5 muscle groups should be retested for 
grade 6 criterion  retest after 

 
1 minute recovery 

time



 

Grades: 6 - 9


 
Increased MMT precision may compromise grade 
specificity 

 use of single examiner strongly encouraged

 strength/stature should be a key factor in 
determining back-up staff for the primary 
examiner

(Based, in part, on K. Hinderer and S. Hinderer, 1993)



Suggested MMT 
Modifications


 

Grade: 10


 
MMT grades may be overestimated by examiners 
of small stature 

 avoid a gross mismatch of examiner and patient 
stature (Mulroy, 1997)

 all MMT involving resistance should have force 
application lasting 3 seconds



 
Suggested positioning and stabilization for all MMT 
adapted from the Daniels & Worthingham text (6th 

ed.)



Suggested MMT 
Modifications



Summary



 

Designations for the MMT score are relatively 
unimportant – the grading criteria are more critical



 

Use of the total MMT score (or subscores) is 
recommended



 

Comprehensive operational definitions for grading 
criteria need to be refined and validated to obtain 
reproducible MMT scores 
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