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Introduction
Manual muscle testing (MMT) and hand-held
dynamometry (HHD) both have clinometric importance in
measuring muscle strength and sense strength differences.
Both the tools have varied approaches, as MMT grades the
strength, and HHD objectively measures the strength in
terms of pounds or kilograms.1,2 Correlation studies have
found both the tools effective in the detection of strength
deficit and differences from moderate to strong levels
except for ankle dorsiflexors.3,4 The cross-sectional studies
however, do not compare and establishes the diagnostic
worth of both tools to detect strength differences.

The diagnostic and predictive validity of MMT grades
necessitates exploration in the light of objective measures
of HHD. The vast range of strength, from 50% onward,
attributed to MMT grade 4 (good) and grade 5 (normal)
also indicates the need of comparison of grading system
with respect to quantified measures. Studies on diagnostic
worth of MMT has indicated lack of accuracy to measure
strength deficit across subjective range of grades 4 and 5.

The diagnostic worth was better in these studies in grade
3 and below. The overlap in strength in the context of
subjectivity in grades 4 and 5 has been indicated as the
reason for reluctance to predict strength differences.5,6

Shoulder flexion constitutes an important segment of
functional movements of the upper extremity.7 Grade 4
and 5 of manual muscle testing have the most subjective
range of muscle strength that has been identified as an
ambiguous area in many studies.8-10 The current study was
planned to determine the accuracy of MMT as a diagnostic
tool to detect strength deficit across grades 4 and 5 in
shoulder flexors at different percentage deficits of
dynamometric strength.

Subjects and Methods
The cross-sectional study was conducted at the University
of South Asia, Lahore, in collaboration with the Association
of Fatima Jinnah Old Graduates, Lahore, Pakistan, from May
to June 2019, and comprised women without any ailment
of upper extremity or generalised health problem. The
subjects enrolled were aged 18-39 years as this range
represents young adult females.11,12 The subjects were
further divided into five age-based subgroups in line with
earlier studies.13,14 Females having any ailment of upper
extremity or comorbid condition were excluded. 
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After taking approval from the ethics review committee of
the University of Lahore, the sample size was calculated
using the formula, 

which is used to calculate the diagnostic worth of any
tool.5,15 The sample was raised using non-probability
convenience sampling technique.

After taking informed consent from all the participants,
data was collected using HHD and MMT. Baseline 250
hydraulic push-pull HHD (Baseline Corporation, Irvington,
New York) was used for quantification of strength, which
measures the strength in both pounds and kilogrammes.
The strength of shoulder flexors of both extremities of the
participants was measured by MMT and HHD by two
female therapists.

MMT was performed using the standardised technique.2
The position of the participant was short sitting, arm flexed
90 degrees, elbow slightly flexed. The therapist was
standing at the side of the subject, commanding the
patient to raise the arm upward while applying maximal
resistance to distal humerus with one hand and stabilising
with the other hand. The subject was advised to hold
against maximal resistance and then, depending upon the
effort of the subject, the strength was graded 4 or 5.

For quantification of strength through HHD, the protocol
of isometric make test were followed. The position of
participants was short sitting. The shoulder was flexed to
90 degrees, the elbow was straight, palm facing inward, the
dynamometer was held stationary above the elbow by the
therapist and the participant was instructed to exert
maximum force against the dynamometer.17 Second
reading involved break of a few seconds and in case more
than 10% difference was found between the two readings,
a third reading was taken to reduce the risk of potential
bias.

The weakness detected by MMT was compared with 10%,
15% and 20% of dynamometric means with respect to

specific age groups.

Data was analysed using SPSS 25. To compare the
prediction of accuracy of detection of strength deficit by
grades, a 2x2 contingency table was used.17,18 Sensitivity,
specificity, positive predictive value (PPV) and negative
protocol value (NPV) were calculated at different
percentages. OpenEpi19 was used to calculate 95%
confidence intervals.

Results
There were 300 women with a mean age of 23.11±4.71
years. The majority 124 (41.3%) were aged 20-24 years
(Table 1).

The strength of the dominant shoulder flexors of
194(64.7%) participants and the strength of non-dominant
shoulder flexors of 206(68.7%) was in grade 4. In
106(35.3%) participants the strength of dominant shoulder
flexors was grade 5 and for non-dominant shoulder flexors
94(31.3%) were in grade 5. Mean values in MMT grade 5
subjects was in used to calculate cut-off reference point
with regard to strength deficit 10%, 15% and 20%, Table 2.

Accuracy of MMT for detecting strength deficit in shoulder
Table-1: Mean age of participants in different age groups.

Age groups (years) n Mean±SD

18-19 109 19.26±0.69
20-24 124 22.35±1.16
25-29 42 28.50±1.40
30-34 16 33.06±1.73
35-39 9 37.33±1.00

SD: Standard Deviation.

Table-2: Reference dynamometric strength of shoulder flexors with respect to 
age groups.

Age groups (years) Dominant (Kgs.) Non- Dominant (Kgs.)

18-19 10.88±2.63 10.70±2.80
20-24 8.75±2.17 8.56±1.76
25-29 14.20±3.01 12.76±2.71
30-34 12.68±1.28 12.19±1.70
35-39 14.06±6.09 17.23

Mean value in Grade 5 provides as cut-off reference point with regard to which strength deficit at
10%, 15% and 20% was calculated.

Table-3: Accuracy of manual muscle testing for detecting strength deficit in shoulder flexors of young females at different percentages of deficits identified by dynamometry.

Dynamometer Deficit % Cell counts Sensitivity % Specificity % PPV % NPV % Diagnostic Accuracy %
a b c d (Lower & Upper 95% CI) (Lower & Upper 95% CI) (Lower & Upper 95% CI) (Lower & Upper 95% CI) (Lower & Upper 95% CI)

Dominant 10% 114 80 35 71 76.51 (69.09, 82.6) 47.02 (39.23, 54.96) 58.76 (51.73, 65.45) 66.98 (57.57, 75.2) 61.67 (56.05, 66.99)
Non-Dominant 10% 164 42 52 42 75.93 (69.80, 81.14) 50.00 (39.54, 60.46) 79.61 (73.59, 84.55) 44.68 (35.04, 54.74) 68.67 (63.21, 73.65)
Dominant 15% 95 99 24 82 79.83 (71.74, 86.06) 45.30 (38.22, 52.58) 48.96 (42.02, 55.95) 77.36 (68.52, 84.29) 59.00 (53.35, 64.42)
Non-Dominant 15% 109 97 24 70 81.95 (74.55, 87.56) 41.92 (34.70, 49.5) 52.91 (46.11, 59.61) 74.47 (64.81, 82.20) 59.67 (54.03, 65.06)
Dominant 20% 79 115 18 88 81.44 (72.56, 87.93) 43.35 (36.72, 50.23) 40.72 (34.05, 47.75) 83.02 (74.75, 88.98) 55.67 (50.01, 61.18)
Non-Dominant 20% 81 125 17 77 82.65 (73.96, 88.88) 38.12 (31.70, 44.98) 39.32 (32.90, 46.13) 81.91 (72.93, 88.39) 52.67 (47.02, 58.25)

PPV: Positive predictive value, NPV: Negative predictive value, CI: Confidence interval, a: True positive, b: False positive, c: False negative, d: True negative. The cut-off point was 10%, 15% and 20% of mean
dynamometric strength of dominant and non-dominant shoulder flexors in grade 5 according to age groups.
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flexors at different percentages of deficits identified by
HHD were also calculated, Table 3.

Age group analysis of MMT at different percentage deficits
of dynamometric measures is elaborated in Table 4. Age
groups 25-30 years and 35-39 years showed better
diagnostic worth.

Discussion
The current study showed that MMT at 10% strength deficit
of dynamometric measures had better diagnostic worth.
The PPV showing probability of having weakness was
highest at 10% deficit. It was 79.61% (95% CI: 73.59-84.55%)
in non-dominant shoulder flexors and 58.76% (95% CI:
51.73-65.45%) in dominant shoulder flexors. The NPV was
maximum at 20% strength deficit in contrast with the
dynamometric mean. It was 83.02% (95% CI: 74.75-88.98%)
for dominant shoulder flexors at 20% strength deficit and
81.91% (95% CI: 72.93-88.39%) for non-dominant shoulder
flexors. The sensitivity and NPV were directly linked at
different percentage deficits, while PPV was directly
associated with specificity. The age group of 35-39 years
showed deviation from the usual trend, showing 100%
diagnostic worth.

Previously, Bohannon compared both the tools through
various diagnostic measures to determine the accuracy of
MMT with respect to HHD. In studies5,6 on knee and grip
strengths, he concluded that the accuracy never met the
ideal criteria20 to determine diagnostic accuracy of a
screening test. In knee extensors, when weakness detected
by MMT was compared with 15%, 20%, 25% and 30%

strength deficit of dynamometric measures, it
was observed that the diagnostic accuracy
was maximum at 30% strength deficit.6 It was
73.6% in both dominant and non-dominant
extremities. Sensitivity and NPV were directly
linked and they also showed better results at
30% deficit. The specificity and PPV were
always >80% for different percentage deficits.
Similarly, in a study on grip strength, the
sensitivity and specificity were always <80 %
when weakness, in manually-assessed grip
strength, was compared with 20% deficit of
dynamometric grip strength.7 The lack of
sensitivity of MMT in measuring strength
deficit across grades 4 and 5 have been
pointed out as an area requiring further
investigations in both the studies.6,7 The
present study was designed to focus grades 4
and 5 in shoulder flexors. The comparison of
MMT with HHD at different percentage
deficits through various diagnostic measures
revealed insufficient diagnostic accuracy.

Sensitivity, specificity and diagnostic worth never met the
criteria for screening tests.20 The 10% strength deficit
showed diagnostic accuracy of 61.67% (95% CI: 56.05-
66.99%) in dominant shoulder flexors and 68.67% (95% CI:
63.21-73.65%) in non-dominant shoulder flexors.

The interesting finding in the current study was the higher
frequency of false positive (FP) cases at different
percentage deficits of dynamometric mean. At 20%
strength deficit, although sensitivity was satisfactory, but a
higher FP rate has reduced the probability of detecting the
weakness indicated through PPV. The 10% deficit of
dynamometric measures came out as a better approach to
detect weakness in collaboration with MMT. In studies on
diagnostic accuracies on knee and grip, FP frequencies
were lower than false negatives (FN). The sensitivity of MMT
grades 4 and 5 to detect strength deficit in shoulder flexors
of young females at different percentage deficit of
dynamometric measures was always better than specificity,
which is in contrast with the finding of Bohannon on knee
extensors.6

On the basis of the findings, the current study suggests that
criteria for formulating reference data needs to be
standardised owing to a broad range of strength and
overlap in strength in grades 4 and 5. Dynamometer is
sensitive enough to detect strength deficits as a prognostic
indicator, but it is debatable if it can label a muscle ‘normal’
while studying strength in young healthy population. It
needs to be explored. Most of the reference data compiled
earlier considers a normal healthy population as the source

Table-4: Accuracy of manual muscle testing for detecting strength deficit in shoulder flexors of young females
in different age groups.

Dynamometric Diagnostic 18-19 20-24 25-29 30-34 35-39
deficit % Accuracy % (years) (years) (years) (years) (years)

Dominant 10 % Sn. (%) 85.94 52.27 89.65 80.00 85.71
Sp. (%) 51.11 43.75 61.53 36.36 50.00
Accuracy (%) 71.55 46.77 80.95 50.00 77.77

Non- Dominant 10% Sn. (%) 83.95 60.76 83.33 83.33 100
Sp. (%) 46.42 53.33 33.33 50.00 100
Accuracy (%) 74.31 58.06 80.95 75.00 100.00

Dominant 15 % Sn. (%) 84.31 61.76 91.67 100 85.71
Sp. (%) 41.37 47.78 50.00 38.46 50.00
Accuracy (%) 61.46 51.61 73.80 50.00 77.77

Non- Dominant 15% Sn. (%) 81.48 69.76 95.45 100 100.00
Sp. (%) 29.09 51.85 35.00 40.00 100.00
Accuracy (%) 55.04 58.06 66.66 62.50 100.00

Dominant 20 % Sn. (%) 84.61 61.53 95.65 100 83.33
Sp. (%) 37.14 46.93 52.63 38.46 33.33
Accuracy (%) 54.12 50.00 76.19 50.00 66.66

Non- Dominant 20% Sn. (%) 83.33 68.75 100.00 100.00 100.00
Sp. (%) 28.36 48.91 26.67 30.77 100.00
Accuracy (%) 49.54 54.03 47.61 43.75 100.00

Sn: Sensitivity, Sp: Specificity.
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of compilation of data.14,21-23 In the light of the current
study, deliberation is needed in that process.

MMT, according to the criteria of Hislop and
Montegomery,2 has suggested 50% or over strength falling
in the range of grades 4 and 5. This range, when actualised
in clinical practice, gives dynamometer the advantage of
being a sensitive instrument to measure strength deficit as
a prognostic indicator. Diversity in muscle strength needs
to be addressed by devising a combined protocol using
both MMT and HHD as strength-measuring tools.

The current study has limitations as it only comprised the
female population within a limited age group. Future
studies should include the male population and diverse
age groups. Further standardisation of dynamometry by
considering strength variables also needs to be
incorporated to systematise the process of strength
measurement. The usual deviation of age group 35-39
years indicates a need for further exploration with a larger
number of participants, as this age group lacks ample
participants. Moreover, different muscle groups are needed
to be explored in the context of objectification of strength
and predicting accuracy of strength differences.

Conclusion
The subjective area of grades 4 and 5 showed better,
though not ideal, diagnostic worth at 10% deficit of
dynamometric measures in shoulder flexors.
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