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ABSTRACT

Background and Purpose: We determined the inter-
rater reliability of measurements of knee extensor and flexor
muscle strength obtained with a Nicholas Manual Muscle
Tester (NMMT) from older adults with chronic low back pain.
Methods: Subjects were 25 (17 female and 8 male) patients
(68.2+7.7 years) with degenerative back pain for > 6 months.
Two female physical therapists measured subjects’ isometric
knee extensor and flexor muscle force. Knee position was
standardized between measures and raters. The order of
testers was performed at random. Intraclass correlation coef-
ficients (ICCs) were used to describe the inter-rater reliability
for the total sample and for subjects classified into high and
low symptom groups according to the Lumbar Spinal
Stenosis-symptom severity scale. We compared the inter-
rater reliability of measurements obtained from patients with
high and low symptoms. Results: Inter-rater reliability was
high for the total sample (0.87-0.93) and both symptoms
groups (high symptom [ICC=0.89-0.94]; low symptom
[ICC=0.80-0.92]. There was no significant difference in the
inter-rater reliability of measures obtained from the high and
low symptom groups. Conclusions: Inter-rater reliability is
good to high for measurements of knee extensor and flexor
muscle force obtained by hand held dynamometry.The relia-
bility is not influenced by symptom severity.
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INTRODUCTION

Muscle strength is associated with functional perfor-
mance, work productivity, and efficiency of movement.1 The

measurement of muscle strength, therefore, is an important
component of patient evaluation and diagnosis.1,2 Manual
muscle testing (MMT) is the most frequently used technique
for quantifying strength as it is cost effective, quick, and use-
ful for comparing strength between and within individuals.3

Although MMT is widely used to quantify strength, its reli-
ability and sensitivity have been questioned.3 For example,
Iddings et al,4 examined the inter-rater reliability of MMT
scores obtained by 10 examiners using a 13-integer scale (an
expansion of the traditional 6-point MMT scale which incorpo-
rated plus/minus values to provide more descriptive strength
measurements). They found a 45% agreement among the 10
examiners on all grades and a 96% agreement when
researchers included plus or minus one grade (a 3 integer dif-
ference). Both Lilienfeld et al and Iddings et al concluded that
MMT demonstrated good reproducibility in the zero to fair
strength ranges.4,5 However, the subjectivity of MMT resulted
in poor reproducibility within the good to normal grades.4

Beasley6 compared knee extensor force measurements
obtained by testers who used MMT and a manual force
gauge. The testers obtained bilateral measurements of knee
extensor muscle force from healthy children and children
with poliomyelitis. Subjects who they gave a ‘normal’ knee
extensor strength grade bilaterally using MMT demonstrated
nearly a 20% difference in extensor muscle force via manual
force gauges (mean stronger side = 48.1 lb. versus mean
weaker side = 40.9 lb.). Beasley also noted that patients who
received a MMT rating of less than normal knee extensor
strength unilaterally demonstrated nearly a 50% strength
deficit compared to the opposing limb [mean (normal)
strong side = 49.0 lb; mean (good) weak side = 31.6 lb]. He,
therefore concluded that therapists using MMT were only
able to detect weakness in the knee extensor muscle group
when the loss in strength was > 50%.6

Researchers and clinicians have attempted to standardize
testing procedures to enhance the reproducibility of MMT.7

However, procedural variations still exist, which in turn,
decrease the reliability of muscle force measures by affecting
the lever arm and the amount of the resistance applied.
Factors which influence the quantification of force include:
point of force application, magnitude and duration of resis-
tance offered, direction of force provided, test position, type of
test used (make vs. break), prestretching, number of practice
sessions, and encouragement.8,9 Patients’ age, pain tolerance,
type of disease, voluntary control, occupation, and level of fit-
ness are other attributes that may influence physical thera-
pists’ grading of a patient’s strength.9 The testers’, as well as
the patients’ physical characteristics affect strength scores.10

Concern about the subjectivity of muscle force measure-
ment has stimulated the development of strength measuring
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devices, such as the hand-held dynamometer (HHD).3 Hand-
held dynamometers can be used to precisely document mus-
cle force in actual units (ie, Newtons, kg, or lbs). This precision
allows clinicians to quantitatively monitor disease progres-
sion, and to potentially verify the effectiveness of physical
therapy strengthening regimens.10 Hand-held dynamome-
ters are relatively inexpensive (approximate cost $800-1500).
Also, HHDs are convenient, weigh less than 2 pounds, require
no set-up, and can be used in many environments.1,10

Researchers have analyzed the reliability of measure-
ments obtained by HHDs from upper and lower extremity
muscles of healthy individuals11-13 and patients with neuro-
logical and orthopedic disorders.14,15 Studies analyzing knee
extensor and flexor muscle strength have produced inconsis-
tent results.12-15 Researchers speculate that patient/examiner
strength, the anthropometric characteristics of the examiner,
standardization procedures, and pain symptoms may influ-
ence reliability results.10,13,15-17

Bohannon and Andrews evaluated the inter-rater reliabil-
ity of lower extremity muscle force measurements obtained
by HHD from 30 patients with neurological disorders.14 They
described high inter-rater reliability using Pearson product-
moment correlations (r) and t-tests. Inter-rater reliability for
measurements taken with the Chatillon force gauge was 0.90
when testing knee extensor force in a weak population.14 In
contrast, Kimura et al found poor inter-rater reliability using a
HHD when testing the knee extensors in 12 healthy sub-
jects.13 They quantified knee extensor strength using the
Chatillon HHD and MicroFet HHD. The mean inter-rater relia-
bility using intraclass correlation coefficients (ICCs) was 0.32
for the measurements obtained with the Chatillon HHD and
0.41 for the measurements obtained with the MicroFet. Agre
et al conducted one of the few studies that examined the
inter-rater reliability of knee flexor strength measures using a
HHD.12 Three examiners measured the knee flexor strength of
4 healthy subjects who sat with their limb placed in 90˚ of
flexion. The reliability of the measures ranged from moderate
to high (r= 0.49 to 0.95).12 However, Pearson correlations esti-
mate association rather than agreement and therefore, the
results should be interpreted with caution. Bohannon18

found high test-retest reliability of measures of knee flexor
strength using a HHD from Spark Instruments. Knee flexion
strength was measured in 30 individuals with neurological
issues using make tests and a standardized testing procedure.
Test-retest reliability coefficients for knee flexion measures
was 0.98.18 In sum, while hand-held dynamometry is a practi-
cal alternative to MMT, questions remain about the reliability
of hand held dynamometry, particularly among specific pop-
ulations. Therefore, further studies are warranted.

The purpose of this study was to determine the inter-rater
reliability of knee extensor and flexor strength measure-
ments obtained with a HHD from patients with symptomatic
low back pain of degenerative origin. To the best of our
knowledge, researchers have not analyzed the inter-rater reli-
ability of lower extremity strength measurements using HHD
in this population. We anticipated large variability in muscle
force production in this sample. The second purpose was to
determine if the reliability of measures differed for patients

with more versus less severe symptoms. We hypothesized
that reliability would be moderate to high (0.55-0.90) for the
whole sample, as we believed that low back pain symptoms
may decrease muscle force production through inhibition or
psychological factors impacting the subjects’ willingness to
exert muscle force.17,19,20 We further hypothesized that inter-
rater reliability would be higher for patients with more severe
symptoms as these subjects may exert less muscle force than
subjects with fewer symptoms.

METHODS

Subjects

This cross-sectional study involved the secondary analysis
of data from a project entitled, “Enhancing Function In
Community-Dwelling Persons with Chronic Low Back Pain: A
Randomized Controlled Trial of An Endurance Training
Program,”(M Iversen, PT, MPH, SD, unpublished data, 2000-
2002) which was approved by Brigham & Women’s Hospital
Institutional Review Board (2000-P-0022921/1; BWH). In this
analysis we used baseline questionnaire data and measures
of lower extremity strength obtained using a HHD.

Twenty-five patients with symptomatic chronic low back
pain of degenerative origin were recruited from a large ter-
tiary institution and participated after providing an informed
consent. Patients were recruited if they were 55 years or
older, had a history of back, buttock, and/or leg pain exacer-
bated by lumbar extension, were able to speak and under-
stand English, were able to exercise safely, were not currently
enrolled in physical therapy or participating in an exercise
training program, had no cognitive impairments, had no
medical problems other than back pain that limited their
function, and did not have low back surgery in the past year
or epidural steroid injections over the last 6 months. Subjects
completed questionnaires on demographics and general
health status prior to muscle testing. Patients were inexperi-
enced with muscle strength testing using a HHD.

Most (68%) of the patients were female. Twenty-three
(92%) were Caucasian, one subject was Hispanic, and one
subject was African-American. The subjects’ age was
68.2+7.5 years (range 57-83). Only 8 patients (32%) worked
full time at the time of measurement. More than half (52%)
reported that fatigue limited their ability to work or perform
activities of daily living at least sometimes. Fourteen patients
(56%) had chronic low back pain (CLBP) without radiation, 4
patients (16%) had CLBP with either radiating pain or neural
deficits, 6 patients (24%) had neurogenic claudication due to
lumbar spinal stenosis (LSS), and 1 patient (4%) had sciatica
due to a herniated disk.

Raters

Two female physical therapists with different anthropo-
metric characteristics (rater 1: height: 157.5 cm; rater 2:
height: 172.9cm) participated in this study. The raters had dif-
ferent levels of clinical experience (rater 1: 16 yrs; rater 2: 1 yr),
as well as differing experience using the HHD. One had 3
years of experience using the HHD; the second had 1 year of
experience using the HHD. Both were trained to use the HHD
following the study protocol. The rater with less experience
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trained 2 months prior to the initiation of data collection
using the Nicholas Manual Muscle tester (NMMT). She prac-
ticed until her force measurements were shown by ICCs to
have high intrarater reliability.

Instrumentation

Lower extremity muscle force was assessed with a HHD,
the NMMT (model 01160, Lafayette Instrument Company,
Lafayette, Indiana). This HHD registers 0.0 to 199.9 kg with a
precision of 0.1 kg.

Procedures  

Subject stratification

Subjects were stratified into high and low symptom
groups based on their LSS symptom severity score derived
from the LSS-questionnaire outlined in Table 1.21 The devel-
opers of the LSS symptom severity scale assessed its con-
struct validity by comparing the pain domain of the
symptom severity scale to pain measured on a visual ana-
logue scale22 and the Sickness Impact Profile (SIP).23 They
found high internal consistency for the LSS-symptom severi-
ty and functional capacity scales (Cronbach’s alphas from
0.64 to 0.92) and high test-retest reliability (r = 0.82 to 0.96).
The scales were also highly responsive (correlations between
change scores ranged from 0.96 to 1.07).21 Likert scales were
used to assess subjects’ symptom severity with 6 questions.
Subjects’ responses included one of the following choices
scored from a 1- 5 scale: none, mild, moderate, severe, very
severe.The question regarding balance disturbance only had
3 choices (never, sometimes, often) and was converted into a
1-3-5 scale.The unweighted mean of these 7 items was taken
to obtain a patient score between 1 and 5.The high symptom
group was operationally defined as any individual who
scored > 2.5 on the LSS-short form. The low symptom group
was operationally defined as any individual who scored < 2.5

on the LSS-short form.21 Fourteen patients (56%) were strati-
fied into the high symptom group.

Standardization procedures

The make test, operationally defined as a maximal effort
exerted against a stationary HHD, was used to quantify sub-
jects’ knee extensor and flexor isometric muscle force pro-
duction.14 Subjects were seated with a small towel roll placed
distally to support the femur in 90º of hip flexion. The sub-
ject’s knee was placed in 70º knee flexion using a goniome-
ter. The distance from the tibial tuberosity to the superior
aspect of the medial malleolus was measured and recorded
in cm. We then multiplied this distance by 0.6 and a mark
placed at that distance on the anterior tibia to identify the
placement of the force plate during each force measure by
each rater. A small towel was folded in quarters (24.5 x 24.5
cm) and placed over the mark to provide cushioning from
the dynamometer’s force plate.

We used the following standard verbal cues while measur-
ing knee extensor muscle force: “Please kick as hard as you
can. Kick slowly and smoothly. Do not lean backwards when
testing. One, two, three, kick!”The nontesting rater monitored
the patient’s position. When the forces generated were mini-
mal, the rater was able to stabilize the subject during testing.
If the rater was unable to stabilize the patient, the nontesting
rater stabilized the testing limb to decrease the chances of
muscle substitution (Figure 1 and Figure 2). We used the fol-
lowing cues during quantification of knee flexor muscle
strength: “Pull your heel underneath the bed as hard as you
can. Do not lift your thigh off the bed during testing. Pull slow-
ly and smoothly. One, two, three, pull!” (Figure 3 and Figure 4).

Testing order

The NMMT was reset to 0 prior to each muscle force mea-
sure and the joint angle was remeasured between trials. A

In the past month, how would you describe the pain you have had on aver-
age?  Include the pain in the back, buttocks, and 
pain that goes down the legs.

1 Very severe
2 Severe
3 Moderate
4 Mild
5 Very Mild
6 None

During the past month, how often have you had back, buttock, or leg pain?
1 Every minute of the day
2 Everyday for most of the day
3 Everyday, for at least a few minutes
4 At least three times a week
5 At least once a week
6 None

In the last month, on a typical day, how would you describe:
The pain in your back or buttocks?

1 I have no back or buttock pain
2 Mild
3 Moderate
4 Severe
5 Very Severe

The pain in your legs or feet?
1 I have no pain in my legs or feet
2 Mild 
3 Moderate
4 Severe
5 Very Severe

Numbness or tingling in your legs or feet?
1 I have no numbness in my legs or feet
2    Mild 
3    Moderate
4    Severe
5   Very Severe

Weakness in your legs or feet?
1    I have no weakness in my legs or feet
2    Mild 
3    Moderate
4    Severe
5   Very Severe

In the past month, have you had any problems with your balance? 
1   No, I have had no problems with balance.
2   Yes, sometimes I feel my balance is off, or that I am not sure-footed.
3   Yes, often I feel my balance is off, or that I am not sure-footed

Table 1. Components of the Lumbar Spinal Stenosis Symptom Severity Scale21
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single practice trial was performed before testing to ensure
each patient understood the commands. Each subject’s mus-
cle groups were tested in the following order: right knee
extensors (RKE), right knee flexors (RKF), left knee extensors
(LKE), left knee flexors (LKF). Each contraction was held for 4
seconds. Three measurements were taken per rater for each
muscle group with a 30 second rest between each measure.
The knee joint angle was reassessed between each measure
using a goniometer. After a 3-minute rest period, the other
rater repeated the procedure. The subject and the opposing
rater were blinded from the muscle force results.The order of
testing by rater was performed at random to reduce fatigue
and testing effects.

Analysis

Data analysis was performed using the SAS Statistical
Package.24 The subjects’ muscle force measurements from
each rater were averaged separately to obtain the average
force (kg) for each muscle group for the entire sample and for
the LSS severity groups (Table 2). Standard deviations of the
mean muscle force measures and standard errors of mea-
surement (SEM) were reported for the entire sample and for

the LSS severity groups (Table 2). The standard error of mea-
surement, calculated as specified in Portney and Watkins,25 is
a measure of error expressed in the actual units of measure-
ment that occurs in any one measure.

We used a mixed model analysis of variance (ANOVA) to
account for nesting within subjects. This model was run for
each muscle group. The random effects were the subject and
rater; the order of testing was a fixed effect. We repeated the
analysis with subjects classified into high and low symptom
groups (Table 2). The variance components from the ANOVA
were used to calculate the ICCs and 95% confidence intervals
for the ICCs using the model 2 formula specified in Portney
and Watkins25 for each muscle group (Table 2).

Next, we examined whether the inter-rater reliability of
our force measures differed between the high and low symp-
tom groups. We tested whether the ICCs differed significant-
ly from one other using the results of the F-tests from the
ANOVA. We calculated the power based on our sample size
of 25 and the differences in correlations of force scores
between raters for the high and low symptom groups. With
an alpha set at 0.05, the power to detect differences in force
measures between the raters in the two groups was 0.95.

RESULTS

Our sample demonstrated diverse strength characteris-
tics (Table 2). The inter-rater reliability of the NMMT across
the sample ranged from 0.87 to 0.93 (Table 2). The inter-rater
reliability (ICC) for the high symptom group ranged from 0.89

Figure 1. Rater 1 measuring isometric knee extensor
muscle force. Rater 1 kneels while she measures right
knee extensor strength. She stabilizes her right elbow
against her right anterior superior iliac spine to assist
her in stabilizing the dynamometer.With her other hand,
she grips the leg of the plinth to stabilize her body dur-
ing testing.

Figure 2. Rater 2 measuring isometric knee extensor
muscle force. Rater 2 sits on a stool while measuring
right knee extensor muscle force. She grips the leg of the
plinth to stabilize her body during testing.

 



Figure 3. Rater 1 measuring isometric knee flexor muscle
force. Rater 1 measures right knee flexor muscle force
while squatting. She uses both hands to stabilize the
dynamometer while rater 2 stabilizes the subject’s thigh
against the plinth. This is to prevent muscle substitution
during testing.

Figure 4. Rater 2 measuring isometric knee flexor muscle
force. Rater 2 sits on a stool while measuring the sub-
ject’s right knee flexor muscle force. She uses one hand
to stabilize the dynamometer and the other to stabilize
the subject’s thigh to prevent muscle substitution during
testing.
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to 0.94. In the low symptom group, the ICCs ranged from 0.80
to 0.92 (Table 2). In the low symptoms subgroup the ICCs for
the knee extensor muscle force measures were slightly lower
(0.80 and 0.81) in the compared to the high symptom sub-
group (0.89-0.94) as were the ICCs for the knee flexor force
measures (0.88-0.92 versus 0.93, respectively). However,
examination of the 95%confidence intervals of the ICCs for
each muscle group revealed significant overlap, indicating a
lack of difference in the reliability coefficients between the
subgroups. The F-tests confirmed the lack of difference in
raters’ reliability of measures between the subgroups (F-tests
range 0.00-2.7; p-values range 0.12-0.99).

DISCUSSION 
Researchers have hypothesized that patient strength and

symptoms influence the reliability of measures of muscle
force production using a HHD.12,15,18 To test this hypothesis, we
grouped patients into high and low symptom groups based
on the assumption that pain symptoms may decrease muscle
force production through inhibition,26 or psychological
aspects of pain such as fear or anxiety.17,19,20 We hypothesized
that our reliability would be higher in the high symptom
group as these subjects may exert less muscle force than sub-
jects with fewer symptoms. However, our inter-rater reliabili-
ty was similar in the two groups which appeared to have
similar strength characteristics. Therefore, it is unclear how 
patient/examiner strength influences the reliability of hand-
held dynamometry.

Although the mean muscle force measures for the LSS
severity groups were similar, the standard deviations of the
knee extensor force measures in the high symptom group
were nearly twice those of the low symptom groups, indicat-
ing a wide range of muscle force abilities. One explanation for
this variability in knee extensor force measures may be that
these muscles are able to generate more muscle force than
the hamstrings.27 Kilmer and colleagues found the inter-rater
reliability of force measures to be significantly higher when
testing weaker subjects with hereditary motor and sensory
neuropathies than healthy subjects.28 No description of the
raters’ experience or strength abilities was provided. The
researchers reported that the inter-rater reliability of mea-
sures of knee extensor muscle force in the weaker group was
0.89. The ICCs for knee extensor muscle force dropped to
0.53 when testing healthy subjects. These researchers con-
cluded that the low reliability coefficients were due to the
examiners’ inability to stabilize the dynamometer during
testing and the inexperience of the second measuring rater.

Limitations of this study should be noted. First, averaging
muscle force measures may have biased the results toward
the null, resulting in small differences between the groups.
Second, subjects were stratified into severity groups based
upon self-report. Self-reported questionnaires are a measure
of patients’ perceived functional performance. Therefore,
potential exists for either an over-estimate or under-estimate
of physical function, leading to random misclassification of
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subjects into symptom groups. For example, subjects may
have self-reported increased pain symptoms and weakness
as compared to their premorbid state, but still produced high
mean muscle force measures. Finally, since we analyzed the
inter-rater reliability of measurements obtained with the
NMMT (model 01160), we are unable to generalize our results
to other brands and/or types of HHDs or to the assessment of
different muscle groups.

In spite of our limitations, we found the procedures used in
this study to be a reliable method of quantifying isometric
knee extensor and flexor muscle force in elderly subjects with
degenerative low back pain. Our protocol aimed to standardize
subject biomechanical factors that influenced muscle force
production such as knee joint angle and lever. In addition,
tester order was randomly selected to reduce the effects of
subject learning and fatigue. Consistent verbal cues were used
to decrease motivational influences.29 Although our protocol
standardized subject biomechanical factors, the raters’ testing
positions varied. Each rater used testing positions that were
suited to her anthropometric characteristics. Rater 1 felt she
had a better mechanical advantage when she kneeled testing
the knee extensors (Figure 1). Rater 2 felt more comfortable sit-
ting on a stool (Figure 2). When testing the knee flexors, rater 1
squatted while holding the dynamometer with both hands as
rater 2 stabilized the subject’s thigh against the plinth to pre-
vent muscle substitution (Figure 3). When rater 2 tested the
same muscle group, she sat on the stool and held the
dynamometer with one hand while the other hand stabilized
the patient’s thigh (Figure 4). Despite these differing positions,
the inter-rater reliability of knee extensor and flexor force mea-
sures were high. Despite the examiners’ different levels of clini-
cal expertise and experience using the NMMT, our results
indicate the NMMT can be used to reliably measure muscle
force in a diverse sample when a standardized protocol is used.

SIGNIFICANCE

To the best of our knowledge, this is the first study to ana-
lyze the inter-rater reliability of measurements obtained with
the NMMT from older adults with symptomatic chronic low
back pain of degenerative origin. This instrument reliably
measured muscle force when a standardized protocol and
proper examiner training were implemented. We recom-
mend therapists record patients’ tibial length measurements
to ensure consistency between measures and raters. The
testing procedures used in this study are easily reproduced in
a timely manner within a clinical setting. Dynamometers can
provide clinicians with useful information and enable clini-
cians to rate the effectiveness of strengthening programs
based on pre- and post-strengthening scores. Examiners
using a standardized protocol and the NMMT can reliably
quantify lower extremity muscle force.
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