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Variation in measurements of grip strength

A study in reflex sympathetic dystrophy patients

Jan H B Geertzen,! Pieter U DuksTra,! Roy E STEwaRT,? Johan W GROOTHOFF,

Henk J ten Dus,? and Willem H Eismal

The clinical picture of reflex sympathetic dystrophy
(RSD) is characterized by a combination of the triad:
autonomic, motor and sensory changes. In this study,
the grip strength is measured in 29 upper extremity
RSD patients. We used the generalizability theory to
assess the extent of the disagreement or differences
(errors in measurement) within or between observers
and interactions between observer-session and repe-
tition of the measurements. The aims of our study
were to determine the different sources of variation in
grip strength tests and the smallest detectable differ-
ences (SDD) as well as the reliability of upper extrem-

2

ity grip strength tests in RSD patients. The main
sources of variation of measurement errors were ob-
server, patient/observer interactions and patient/ses-
sion/observer interaction and a random source.

We found that the generalizability theory is useful
for estimating the sources of measurement error. Clin-
ical examinations for muscle strength measurements,
as a part of a total clinical examination, for example
for a disability payment or worker’s compensation in
case of RSD patients should be done by more than one
observer in more than one session and more than
once.
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Reflex sympathetic dystrophy (RSD) is classified as a
Complex Regional Pain Syndrome (type I) (Atkins et
al. 1990, Merskey and Bogduk 1994). It is character-
ized by pain, regional edema, hyperemia, hyperesthe-
sia, hyperhidrosis and limitation of motion or joint
stiffness (Veldman et al. 1993, Blumberg and Janig
1994, Geertzen et al. 1994). It mainly affects the ex-
tremities (Veldman 1995). “RSD always occurs in the
region of a joint. Thus, the RSDs, taken as a whole,
make up a third group of arthropathies, in addition to
the arthroses and the inflammatory arthritides” (Arlet
1996). Longstanding RSD may lead to impairments
in range of motion and sensibility of the affected ex-
tremity (Subbarao and Stillwell 1985, Field et al.
1992). In recent studies, lack of muscle strength is
mentioned as a long-term impairment in RSD patients
(Blumberg and Jénig 1994, Veldman 1995). Most
long-term outcome studies in RSD do not quantify the
severity of muscle weakness (Subbarao and Stillwell
1985, Atkins et al. 1990, Field et al. 1992, Veldman et
al. 1993). The studies which quantify muscle weak-
ness seldom report the reliability of the measurement
procedure and the measuring instruments. Only one
study has reported reliability of muscle strength mea-

surements in RSD patients (Bickerstaff and Kanis
1994).

Several muscle-strength grading scales (Kendall
and Kendall or MRC-scale) for manual muscle-test-
ing exist which are based on ranking (Kendall et al.
1971, Medical Research Council 1975, van der Ploeg
1992). For the upper extremity, a grading scale for
functional testing, the Brooke upper extremity scale,
has been developed (Brooke et al. 1981). These scales
assess muscle strength by means of gravity and the
observer’s own perception of strength. Such tests are
subjective as regards the observer’s perception.

It has been shown that strength can be quantified
reliably with different types of dynamometers
(Mathiowetz et al. 1984, 1985, van der Ploeg 1992,
Roebroeck 1994). Reliability of muscle strength mea-
surements is determined by many factors: accuracy of
the dynamometer, cooperation of the patient and stan-
dardization of the test technique and test procedure
(van der Ploeg 1992).

In general, reliability studies assess the extent of
agreement in or between observers. Almost no at-
tempts have been made to assess the extent of the dis-
agreement or differences (errors of the measure-
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ments) within or between observers. Only when the
extent of the errors of the measurement within or be-
tween observers is known is it possible to determine
whether a true change in a variable took place be-
tween two observations or whether there is merely a
difference in observations due to errors in measure-
ment. Errors in the measurement can be estimated by
means of the generalizability theory (Brennan 1992).

Variation in the measurement results obtained can
be attributed to different sources of variation: varia-
tion between patients (pt), variation within patients
occurring between measurement sessions (se), varia-
tion due to the observer (ob) and repetition (re); the
two-way interaction variations due to interactions be-
tween patient and session (pt/se), between patient and
observer (pt/os), between session and observer (se/
ob), between patient and repetition (pt/re), between
session and repetition (se/re), between observer and
repetition (ob/re); the three-way interactions for pa-
tient, session, observer and repetition (pt/se/ob; pt/se/
re; pt/ob/re; se/ob/re) and, finally, a residual four-way
interaction, the random error, (pt/se/ob/re).

These sources of variation have the following clini-
cal and practical implications:

Pt: variation attributed to differences between pa-
tients (inter-patient variation);

Se: variation attributed to the different sessions.
Clinically, this means an increase or decrease in mea-
surement results due to training or fatigue;

Ob: variation attributed to differences between ob-
servers (inter-observer variation). Clinically, this
means that one observer systematically measures dif-
ferently from the other;

Re: variation attributed to different repetitions.
Clinically, this means that the measurement results
differ systematically in a single session;

Pt/se: variation attributed to the interaction of pa-
tients and sessions. Clinically, this means that not all
patients perform alike in both sessions;

Pt/ob: variation attributed to the interaction of pa-
tient and observer. Clinically, this means that not all
patients perform alike for both observers: an increase
or decrease in measurement results due to differences
in verbal and nonverbal behavior between patient and
observer;

Se/ob: variation attributed to the combination of
session and observer. Clinically, this means that the
observers systematically measure differently between
the sessions;

Pt/re: variation attributed to the combination of pa-
tient and repetition. Clinically, this means that not all
patients perform alike in all three repetitions;

Selre: variation attributed to the combination of
session and repetition. This means that measurement

results differ systematically in one session between

repetitions;

Oblre: variation attributed to the combination of
observer and repetition. Clinically, this means that the
observers systematically measure differently between
the repetitions.

The three-way interactions mentioned earlier are
combinations of the different sources of variation to
which systematic variance is attributed.

Pt/seloblre: variation due to nonsystematic errors.

These sources of variation can be evaluated by
analysis of variance according to the generalizability
theory (Brennan 1992, Roebroeck 1994). The stan-
dard error of the measurement (SEm) is calculated as
the square root of the sum of the variances attributed
to all sources identified, minus the between-patient
variation (Table I). The standard error of the measure-
ment is given in the same units as those of the original
measurement. The smallest detectable difference
(SDD) is the smallest amount of change in a variable
which can be measured with statistical significance (p
< 0.05), and it is calculated as the square root of

2%]1.96%*SEm (Brennan 1992).

The aims of this study were:

1) to identify the different sources of variation in hand
muscle-strength measurements and to quantify the
amount of variation attributed to these sources;

2)to estimate the SEm and the SDD for hand muscle-
strength measurements in RSD patients, by analyz-
ing repeated measurements according to the gener-
alizability theory, and

3)to determine the amount of agreement for upper ex-
tremity hand muscle-strength measurements in
RSD patients.

Table 1. Calculation of the standard error of the mea-
surement (SEm) and smallest detectable difference
(SPD)

Sources of variation

session

observer

repetition

patient/session
patient/observer
session/observer
patient/repetition
session/repetition
observer/repetition
patient/session/observer
patient/session/repetition
patient/observer/repetition
session/observer/repetition
patient/session/observer/repetition +

=(Sum)

Y(Sum) = SEm; SDD= v2*1.96*SEm
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Figure 1. Full-fist grip.

Patients and methods
Patients

Patients in an outcome assessment study of upper ex-
tremity RSD were asked to participate in this reliabil-
ity study. After written informed consent, 29 patients
(19 women, 10 men, mean age 49, SD 13) participat-
ed in the study. The time span between this study and
the initial diagnosis of RSD was 5.7 years (SD 1.9).

Methods

The muscle strength of the hand, the three-point grip,
pinch-grip and full-fist grip were measured with a
hand-held dynamometer, accuracy 0.1% (CITEC;
Center for Innovative Technics BV, The Nether-
lands). All the muscle-strength measurements were
performed on the affected and unaffected sides, ac-
cording to a standardized protocol (Figures 1-3). The
patient was seated in a chair with arms in a comfort-
able position. The minimum rest period between the
contractions was 5 seconds. Between the measure-
ments, the different devices were changed. Once dur-
ing each strength measurement, the patient was en-
couraged verbally. The display could be read only by
the observer.

Fullfist grip: two extra devices were added; the
patient positioned the hand around the applicator (Fig-
ure 1).

Three-point grip: the distal phalanx of the thumb
was positioned under the applicator, the distal two
phalanges of the 2nd and 3rd fingers were positioned
above it. The observer had to prevent the 4th and 5th
fingers from compressing the dynamometer also (Fig-
ure 2).

Figure 2. Three-point grip.

Figure 3. Pinch-grip.

Pinch-grip: the distal phalanx of the thumb was po-
sitioned above the applicator, the radial side of the
middle phalanx of the index finger was positioned un-
der it (Figure 3).

In total, measurements were made in each patient
12 times; in two sessions, the patient was measured
by both observers, three repeated measurements for
each observer. Between the two sessions came a 30-
minute break. The sequence of the observers was the
same in both sessions for each individual patient. The
measurement sequence of the observers was deter-
mined randomly for each patient.

Prior to the study, the observers attended a ten-hour
calibration training.

Furthermore, the pain experienced in the last 24
hours week prior to the evaluation and the pain expe-
rienced just after evaluation was asked about. This
was assessed in a semiquantitative way, on a 10 cm
straight line (0 = no pain, 10 = severe pain; VAS
pain).

The values from the affected side of one patient
were excluded from the analysis, because she was un-
able to perform any of the grip-strength tests.

Statistics

Statistics in GENOVA and SPSS pc™ were: descrip-
tive statistics; analysis of variance, according to the
generalizability theory, to estimate sources of varia-
tion and their absolute and proportional contributions
to the total variation for each individual measurement
and for the mean of each session; calculation of the
correlation coefficient; paired t-tests to analyze VAS-
pain before and after the muscle-strength measure-
ments.
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Results

The mean muscle strength values of the 29 upper ex-
tremity RSD patients for the full-fist, three-point and
pinch-grip of the affected and unaffected sides are
summarized in Table 2.

The results of the ANOVA, according to the gener-
alizability theory, are summarized in Tables 3 and 4,
as are the estimates of variance components for all
sources and their interactions.

Important sources of variation (> 1%) in measure-
ment results obtained (besides the patient variation),
expressed as a percentage of the total error variance in
the mean measurement results, are:
session for: pinch-grip, unaffected side;
observer for: pinch-grip, affected and unaffected

sides;
patient/session for: full-fist grip, affected side and

three-point grip for unaffected side;
patient/observer for: full-fist grip, affected side and
pinch-grip for affected and unaffected sides;
patient/sessionl/observer: (random errors) are impor-
tant sources of variation in all measurements.

The main sources of variation (> 1%) in measure-
ment results obtained (besides the patient variation),
expressed as a percentage of the total error variance in
the individual measurement results are the same as for
the mean measurement results:

Table 2. The mean muscle strength values (N) of 29 upper
extremity RSD patients for the full-fist, three-point and
pinch-grip measurements

Mean SD Range

Full-fist-grip

affected side 84 51 0-1922

unffected side 123 66 29-275
Three-point-grip

affected side 67 35 0-1482

unaffected side 94 35 33-164
Pinch-grip

affected side 56 23 0-86

unaffected side 67 19 33-113

2The values from the affected side of one patient were
excluded from the analysis, because she was unable to
perform any of the strength tests.

patient/session/observer for: all 3 measurements on
both sides;

patient/session/repetition for: full-fist grip on the un-
affected side;

patientlobserver/repetition for: full-fist grip and
pinch-grip on the unaffected side;

patient/session/observerirepetition: (random errors)
are, in almost all measurements, important sources
of variation.
The SDDs for the mean of three repetitions are 71

N for the full-fist grip on the affected side and 66 N on

Table 3. Sources of variation and the estimated contribution to variation in mean measurements results
of upper extremity muscle strength in 29 RSD patients; results of mean measurements in 2 sessions by

2 observers
Full-fist grip Three-point grip Pinch-grip Mean%
affected unaffected affected  unaffected affected  unaffected
side side side side side side

patient (pt) 9145 12448 880 914 408 287

session (se) 5 28 1 0a 1 6

observer (ob) 34 11 4 1 36 41

pt/se 157 89 o2 25 02 2

pt/ob 258 02 o2 1 23 20

se/ob 13 02 02 0 02 02

pt/sefob 180 438 90 68 34 26

total variance 9791 13014 973 1009 503 380

SUM 646 566 94 95 95 94

SEm 25 24 10 10 10 10

SDD 71 66 27 27 27 27

Variance expressed as percentage of the total variance
patient (pt) 93 91 81 75 88
session (se) 0.0 0.2 0.1 0.0 0.1 1.5 0.3
observer (ob) 0.3 0.1 0.4 0.1 7.2 10.7 3.1
pt/se 1.6 0.7 0.0 24 0.0 0.5 0.9
pt/ob 2.6 0.0 0.0 0.1 4.7 52 21
se/ob 0.1 0.0 0.0 0.0 0.0 0.0 0.0
pt/se/ob 1.8 34 9.2 6.7 6.8 6.7 58

See Table 1 for calculation of SEm and SDD. ? Negative estimates are replaced by zero.
Mean %: Proportional contribution of the sources of variation to the total variance averaged over all
variables. Sources of variation which contribute more than 1% of the total variation are printed bold.
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Table 4. Sources of variation and the estimated contribution to variation in individual measurement
results of upper extremity muscle strength in 29 RSD patients; results of the measurements in 2 ses-

sions and 3 repetitions by 2 observers

Full-fist grip Three-point grip Pinch-grip Mean%
affected unaffected affected unaffected affected unaffected
side side side side side side

patient (pt) 9160 12470 877 913 408 287

session (se) 3 28 1 03 0 6

observer (ob) 34 10 4 1 36 41

repetition (re) o8 5 1 o2 (e 0

pt/se 132 25 02 24 02 2

pt/ob 243 [ 02 5 22 17

se/ob 14 02 02 1 02 02

pt/re 02 02 7 3 2 02

sefre 6 o2 02 i 1 032

ob/re 02 3 02 1 2 0

pt/sefob 111 359 A0 46 24 6

pt/se/re 74 194 3 3 3 1

pt/ob/re 44 138 02 0# 4 8

se/ob/re 02 02 1 02 0® [

pt/se/ob/re 207 237 58 65 32 29

total 10029 13468 1021 1062 532 407

SUM 869 998 144 150 125 120

SEm 30 32 12 12 11 11

SDD 82 88 33 34 31 30

Variance as percentage of the total variance
patient (pt) 91 93 86 86 77 71 84
session (se) 0.0 0.2 0.1 0.0 0.0 14 0.3
observer (ob) 0.3 0.1 0.4 0.1 6.7 10.1 2.9
repetition (re) 0.0 0.0 0.1 0.0 0.0 0.1 0.0
pt/se 13 0.2 0.0 22 0.0 04 0.7
pt/ob 24 0.0 0.0 04 4.2 4.2 1.9
sefob 0.1 0.0 0.0 0.1 0.0 0.0 0.0
pt/re 0.0 0.0 0.6 03 04 0.0 0.2
sefre 0.1 0.0 0.0 0.1 0.1 0.0 0.0
ob/re 0.0 0.0 0.0 0.1 0.3 0.0 0.1
pt/sefob 11 2,7 6.9 43 44 3.9 39
pt/sefre 0.7 14 0.3 03 0.5 0.3 0.6
pt/ob/re 04 1.0 0.0 0.0 0.7 1.9 0.7
se/obfre 0.0 0.0 0.1 0.0 0.0 0.0 0.0
pt/se/ob/re 21 1.8 5.7 6.1 6.1 71 48

See Table 1 for calculation of SEm and SDD. ? Negative estimates are replaced by zero.
Mean %: Proportional contribution of the sources of variation to the total variance averaged over ail
variables. Sources of variation which contribute more than 1% of the total variation are printed bold.

the unffected side. For both the three-point grip and
pinch-grip and on both sides, this value is 27 N (Table
3).

The SDD for the 12 individual measurements are
82 N for the full-fist grip on the affected and 88 N on
the unaffected side. For the three-point grip and
pinch-grip these values are 33 N and 34 N, 31 N and
30 N, respectively (Table 4).

Agreement, expressed as the correlations between
the muscle-strength measurements of the affected and
unaffected sides ranged from 0.68 to 0.99 for the indi-
vidual measurements and from 0.82 to 0.98 for the
mean of three repetitions (Table 5).

The mean VAS-pain scores directly before our
evaluation were 1.3 (SD 1.8) and directly after evalu-
ation 2.7 (SD = 2.6); this difference was significant
(p <0.02).

Discussion
Sources of variation

Observer and observer/patient interactions and the
random error were important sources of variation,
which contributed 1% or more to the total variance,
for the mean of the three repetitions per observer. In
the individual measurement results, observer, patient/
observer interactions, patient/session/observer inter-
actions and the random error were important sources
of variation to which 1% or more of the total variance
was attributed.

The observer, as a source of variation, means that
the two observers systematically measured differently
from each other. This systematic difference in mea-
surement performance resulted in 11% of the total
variance for pinch-grip of the unaffected side. Appar-



Acta Orthop Scand (Suppl 279) 1998; 69

Table 5. Correlations for each individual and mean mea-
surements in 29 RSD patients for the 3 different grip-
strengths on the affected and unaffected sides in 2 ses-
sions by 2 observers

Affected side Non-affected side
individual mean individual mean
Full-fist grip
highest 0.98 0.98 0.99 0.97
lowest 091 0.94 0.90 0.96
Three-point grip
highest 0.97 0.95 0.97 0.97
lowest 0.82 0.90 0.81 0.87
Pinch-grip
highest 0.97 0.97 0.94 0.93
0.78 0.88 0.82

lowest

0.68

ently the observers instructed the patients systemati-
cally in a different way despite the calibration train-
ing.

The interaction patient/observer, as a source of
variation, accounted for a part of the variation, up to
5.2% of the total variance for pinch-grip, unaffected
side. Clinically, this means that not all patients per-
form identically for the two observers. The interac-
tions of the personalities and between the behaviors
of the observer and patient are the cause of such vari-
ations.

When the proportional contribution of the sources
of variation to the total variance averaged over the 6
variables, was calculated, it appeared that observer
and patient/observer were also the main systematic
sources of variation.

The patient/session/observer interactions, as a
source of variation, in the individual measurements,
show that some patients show greater muscle strength
during that specific combination of session and ob-
server, whereas other patients show less muscle
strength for the same combination.

The random error (patient/session/observer in the
mean of the three repetition measurements and pa-
tient/session/observer/repetition in the individual
measurements) may arise from inaccuracy of the
measuring device, according to the technical specifi-
cations, the random variation in muscle strength oc-
curring with time or from some disturbance in the
measurements, such as might occur when somebody
enters an examination room in the middle of a test or
when the telephone rings, etc. (Roebroeck 1994).

SDD

The SDDs for the various grip-strengths in this study
are clinically considerable in relation to the group
means. These SDDs were found, despite measure-
ment protocol and a ten-hour calibration training. If
the mean of the three repetitions was used in GENO-

VA, the SDDs could be reduced by at least 11% of the
original SDD. The SDD gives information about the
minimal amount of significant change in muscle
strength which can be detected between two measure-
ments. Consequently, the SDDs will decrease and the
real change in muscle strength will become smaller
when the mean of three repetitions is used. For
instance, the mean muscle strength of full-fist grip on
the affected side of the 29 RSD patients was 84 N
(Table 2). The corresponding SDD was, in the mean
measurement, 71 N (Table 3). So RSD patients had to
increase or decrease the full-fist grip by at least 71 N
in a following session to show a real change in
strength. In view of the considerable SDDs, it is hard
to make clinical decisions on the basis of a single as-
sessment.

Agreement

The agreements in the different muscle-strength tests
are good to very good (5).

Our investigation shows that the muscle-strength
measurements with a hand-held dynamometer, in up-
per extremity RSD patients, can be performed reli-
ably for all three hand muscle strength tests with a
good agreement but with poor SDD.

Repeated measurements during more repetitions
can reduce the contribution of a variance component
to the total error variance (Roebroeck 1994). In this
study, we measured the muscle forces in the three po-
sitions three times as suggested in literature (Doege
and Houston 1993, Mathiowetz et al. 1985, van der
Ploeg 1992). Therefore, different observers may ob-
tain different values for muscle strength in the same
patients.

Pain

During our evaluation, the VAS-pain score showed a
significant increase. It can be expected that, as a result
of the increase in pain, muscle strength would de-
crease during the measurements in the sessions and
repetitions. However, session, repetition, patient/ses-
sion interaction, patient/repetition interaction, and pa-
tient/session/repetition interaction were unimportant
sources of variation. Therefore, the increase in pain
was not a disturbing factor in the grip-strength mea-
surements.

Clinical consequences

Observer: This source of variance may be reduced by
better standardization for the pinch-grip handling
with respect to the instructions for the patient.
Patient/Observer: The patient/observer interac-
tion could be reduced by eliminating the personal in-
teraction between observer and patient. Therefore,



10

Acta Orthop Scand (Suppl 279) 1998; 69

the observer must refrain from any personal remarks,
verbal or nonverbal behavior towards the patient.
This also has repercussions on medical examinations
regarding the rating of permanent physical impair-
ments concerning disablement payments. Although
both experienced (12- and 20-year) observers trained
themselves to assess the patients similarly, the pa-
tient/observer variation is still considerable (Tables 3
and 4). The personality of an observer remains a
source of variance which cannot be eliminated.
Therefore, in the medical examination room, the in-
teraction between observer and patient is an impor-
tant factor in relation to the “objective” findings re-
garding muscle strength.

In the Guides to the Evaluation of Permanent Im-
pairments of the American Medical Association it is
stated: “It must be stressed that, in general, grip and
pinch measurements are functional tests not to be
used for evaluating impairment. Only if the observer
feels that the muscle strength must be taken into ac-
count, may the muscle strength be measured and the
loss rated. The observer must be certain that the pa-
tient is in a stable condition in an evaluation regarding
permanent impairment. This is best made with mea-
surements over a period of time. It must be taken into
account that many factors, including fatigue, handed-
ness, time of day, state of nutrition, pain and the coop-
eration of the patient, as well as all other sources of
variation, influence the strength of grip (Doege and
Houston 1993).”

RSD is a syndrome closely associated with psycho-
social problems, either as a causative factor or as a
result of the disease (Bruehl et al. 1996, Geertzen et
al. 1994, van Houdenhove 1986, Zucchini et al.
1989). The personal behavior of a physician towards a
RSD patient is important and can be a disturbing fac-
tor in making an objective medical report.

The clinical relevance in toto of these hand-muscu-
lar strength tests was that they were not performed as
laboratory tests, but merely as tests performed daily
in every medical examination room. This study
showed, with the aid of the generalizability theory,
that the muscle strength measurement gives values
which are to be treated with scepticism. It must be
taken into account that measurements done only once
in a medical examination room should not be the only
results on which a physician can decide to continue or
stop physical therapy or—worse—to report definite
medical impairments.

In 90% of RSD patients, active muscular strength is
reduced and often involves all muscles of the affected
distal extremity, especially those affecting the
strength of the hand grip (Baron et al. 1996). Accord-
ing to this author, this disability is not explained by

passive impairment of motion due to pain, edema or
contractures.

RSD is a complex disease with long-standing im-
pairments, regarding muscle strength. This can have,
as already mentioned, medico-legal implications. For
objective medical reports, we suggest measurements
of hand muscie strength three times in more than one
session and, if possible, by more than one physician.
In order to observe RSD patients during their treat-
ment, we suggest measuring the hand muscle strength
three times in one session.

Conclusion

The generalizability theory is used to estimate the
sources of measurement error. Clinical examinations
for muscle-strength measurements as a part of a total
clinical examination—for example, a disability pay-
ment or worker’s compensation, in case of RSD pa-
tients—should be done by more than one observer in
more than one session/repetition.
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