Scand J Rehab Med 31: 49-54, 1999

EVALUATION OF GRIP STRENGTH MEASUREMENTS AFTER COLLES’
FRACTURE: A METHODOLOGICAL STUDY

Christel Lagerstim, RPT?*Bengt Nordgren, MD, PhB? & Claes Olerud, MD, PhB

From the Departments dRehabilitation Medicine?Clinical Physiology *Orthopaedics, andCentre for Caring
Sciences, Uppsala University, Uppsala, Sweden

ABSTRACT. Maximal isometric grip strength The aims of this investigation were (i) to apply our

during short and sustained contractions was previously developed methods for measuring MVC
registered in 28 females and five males with and SMVC (11) in patients with Colles’ fracture, and

displaced Colles’ fracture involving the distal (ii) to determine intra-observer reliability and dis-

radio-ulnar joint. After reduction the patients criminatory ability during two years, especially for

were immobilized with plaster cast or with use in physiotherapy.

external fixation. The reliability of the measure-

ments of the uninjured side was high and stable

over a two-year follow-up period. The between- MATERIAL AND METHODS

occasion reliability of the injured side was lower Design and patients

than that of the uninjured side. At each sessionthe s jnvestigation included 33 patients, mean 58.3 SD 8.4
intensity of pain was measured. There was a years, with unilateral displaced Colles’ fractures involving

reduction in pain after two years. The discrimina- the distal radio-ulnar joint, immobilized either with a plaster
bility of th ¢ tisfact cast =16 females), or with an external fixaton£ 12
tory ability of the measurements was satistactory. temales and 5 males). Apart from Colles’ fracture they

It is suggested that the measurement methods and showed no other symptoms or signs of disease or injury. The

After the first measurement occasion six weeks after the

physiotherapy for these patients, especially if the fractyre, one patient refractured, and another patient no
uninjured side is used as reference. longer wanted to participate.

There were no significant differences between the women
and men concerning age. The men were, however,
%ignificantly taller and heavier than the women (10).
According to the method described by Saltin & Grimby
(16), the patients reported light to moderate workloads and
spare-time activities. All patients with the exception of one
woman were self-reported right-hand dominant.

Key words:Colles’ fracture; physiotherapy; isometric grip
strength; measurement method; reliability; discriminator
ability.

INTRODUCTION

Grip strength is an important function in activities ofTreatment
daily living, and is often used as an outcome measukggical treatmentDisregarding the immobilization meth-

of the functional recovery of patients with Colles’od, treatment was standardized and equal for primary

fracture (8,12, 15,17, 18). Methods for measurin rthopaedic treatment, and clinical follow-ups. The im-
. Lo . - a%obilization period was six weeks from the day the fracture

maximal isometric grip strength during short maximaly s finally treated.

voluntary contraction (MVC) and sustained maximal Physiotherapystarted the same day or the day after the

voluntary contraction (SMVC) (9,11) have pre_fra(:ture had been immobilized. The programme, consisting
. v b | d showi ' high i f basic information and active exercises, was identical for

ylousy een evgugFg showing |.g .lnter- andy| patients (= 33).

intra-observer reliabilities when applied in healthy

subjects. It is important to study whether comparablr\gleasurewIent rocedures
reliability is achieved with injured subjects. To P

mopen for chan r [ting from the biologic&iP strength measurementdMVC and SMVC were
compensate for changes resulting from the biolog C&"easured bilaterally with the Grippit(11, 13, 14), a device

variation over time, comparison with the un'nlurec&nsisting of an elliptical handle with electronic force
side is important. transducers based on strain gauges, and a wooden base on
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which an arm guide is mounted. Grip strength (Newton, N) RESULTS
was recorded every half-second, and connected to a
computer, grip versus time curves could be visualized. Accuracy of the instrument
The instrument was calibrated against known weights
through the measuring range in 50- to 100-N increment®n calibration before and after the measurement
before and after the testing period, as has previously beﬁ%riod the correlation coefficients between applied
described (11). The instructions, the verbal encouragement, .
and the position of the instrument and of the patients wef@Tces and the measurement values indicated by the
standardized. The Gripgit handle was mounted on the Grippit® were bothr = 0.9999 (11).
wooden base. The use of the forearm guide ensured that the
wrist and the hand were placed in a position that was

minimally affected by gravity (11). _ Within-session reliability of MVC
All measurements were performed bilaterally, the unin-

jured side first. After instructions and a trial with poyr patients, immobilized with the external fixator,

submaximal effort, the multitrial procedure of measurin% 1d not perf MVC ts for the iniured
MVC (9), continuously exerted for 4 seconds, was carrie§OU!d NOt perrorm measurements tor the injure

out. Each series ranged between 3 and up to 5 trials. Tséde on the day the immobilization device was
condition was that the last trial was not the highest. The 'afﬁémoved. The average within-session MVC values

three trials comprised one session, and were used eﬁ{' ted in Table I. Th anifi t
analysis of the MVC. In order to minimize artefacts, th ) are presented in Table |. There were significan

registrations for the second to the fourth second of the griithin-session differences for both uninjured and
versus time curves were used as representative of the MVigjured sides on all but one measurement occasion

SMVC was measured as the maximal contractio . . . o
continuously exerted for 40 seconds and expressed as ﬁ%eaﬂ differences all occasions included: uninjured

area below the grip versus time curve (Newtonseconds; N§jde: 0.48-13.19 N (0.2-5%); injured side: 0.50-
For this measurement there was one trial for each hand @3 27 N (1-6%)]. The first or the second trial was

each occasion. The intervals between MVC trials we8® . L .
seconds. Between tests of MVC and SMVC and betwedi9nest equally often for the uninjured side. For the

two SMVC sessions there wete2 minutes. In order to injured side the MVC at the second trial was
reduce errors caused by fatigue or practice, the sequences@jnificantly higher than at the first one on almost

the measurements was identical on all occasions. All tes - .
were performed at approximately the same time of the da?l occasions. Intra-class (_:o.rrelatlo_ns were beﬂv_een
for each patient. .98 and 0.99 for the UnanUI'Ed side. The within-

All Eféeisiirem?nts were performed byhthe Samg investéession g and G, for uninjured and injured sides are
gator . L.)onsixoccasions startlng on the same ay ast A
immobilization device had been removed: 6, 10, 14, 1§?ese”ted in Table II.
weeks and 1 and 2 years after the fracture.
Pain measurementmmediately after each session, the N
patients were asked to report any pain or discomfort i €st-retest reliability of MVC and area
connection with the measurement. The intensity of pain was . .
measured with a 10-cm visual analogue scale (7). THYVC determined as the mean of all three trial values
endpoints were “No pain” and “The strongest pain | havgvas significantly lower for both sides than that
ever perceived”. determined as the highest value of three on all except
one measurement occasion. Thus, the maximal values
were chosen to represent the patients’ MVC in all
Statistical analysis analyses. One plaster-casted and 12 externally fixated
Missing values for injured and uninjured sides were sulPatients were unable to perform the SMVC test for the
stituted by interpolation for nine patients (MVC: 16 valuesinjured side on the day the immobilization device was

area: 11 values; perceived pain: 9 values). . removed. Therefore, the results from this measure-
As the grip strength values of this sample were fairly .

normally distributed, parametric statistics were performedn€nt occasion were not analysed. The area below the

Descriptive statistics, correlation coefficients, paitédsts grip versus time curve of uninjured and injured sides

and analyses of variance were calculated according f@r the remaining five measurement occasions are

standard routines. Differences were considered significant | .

thep-value was< 0.05. In order to estimate the reliability of Presented in Table IIl.

the measurement methods, intra-individual standard devia-There were no significant differences between

tions &= \/(>_d?/2)/n) were used for calculating coeffi- easyrement occasions for MVC or area in the

cients of repeatability, referring to short-term, within- " " . L . .
session variations, and of reproducibility, referring tdininjured side apart from a significant increase in area

long-term, between-occasion variationsgr(@or both= between the measurements at 10 and 14 weeks. Intra-

1.96x /2 x ). These coefficients have the same unit OEI ss correlations were 0.99 and 0.98 for MVC and
measure as the observed variables (N; Ns). Coefficients oP

variation (G,; %) were computed to express the variation irfif€3, re§peCtive|y- ¢ and CV for uninjured and
relation to the magnitude of the observed values (1-3). injured sides are presented in Table IV.
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Table I. Within-session values (Newton; N) of maximal voluntary isometric contractions for uninjured and
injured sides in patients with Colles’ fracture, recorded on six measurement occasions during 2 years afte

fracture treatment

Trial 1 Trial 2 Trial 3

Side Wks n Mean SD n Mean SD n Mean SD
Uninjured 6 32 272.3 90.1 32 271.4 87.1 32 259.1 89.1
10 31 270.1 86.2 26 259.6 66.4 26 248.7 64.1
14 31 280.7 87.8 28 261.5 65.4 28 252.1 61.2
18 31 272.7 86.7 29 261.4 76.2 29 249.4 68.2
52 31 270.5 85.8 29 261.4 711 29 250.1 72.3
104 31 268.2 80.6 31 271.2 87.7 31 258.8 85.3
Injured 6 29 45.3 33.4 28 55.7 40.2 28 46.2 35.3
10 30 102.2 53.6 28 111.3 58.6 28 102.1 55.5
14 31 145.5 68.6 31 149.9 67.8 31 144.2 66.9
18 31 168.5 69.4 30 182.8 67.7 30 173.1 64.9
52 31 229.1 83.8 30 238.4 83.6 30 225.1 77.7
104 31 241.1 90.8 31 248.1 85.9 31 232.6 84.7

Wks = no. of weeks after fracture treatment.

Table Il.Within-session reliability. Coefficients of repeatabilityzj@nd of variation (&) of the within-session
maximal voluntary isometric contraction values on six measurement occasions 6, 10, 14, 18, 52 and 104 wex
after treatment of Colles’ fracture

Uninjured side Injured side

Wks n Cr (N) Cv (%) n Cr (N) Cv (%)
6 32 42.96 5.8 28 26.11 19.0
10 26 41.00 5.8 29 27.50 9.6
14 28 38.97 5.4 31 27.28 6.7
18 29 48.09 6.7 30 32.10 6.6
52 29 40.36 5.6 30 32.87 51
104 31 41.02 5.6 31 39.14 5.9

Wks = no. of weeks after fracture treatment; N = Newton.

Table Ill. Area, below grip versus time curve (Newtonseconds), for uninjured and injured sides in patients wit
Colles’ fracture, recorded on five measurement occasions during 2 years after fracture treatment

Uninjured side Injured side
Wks n Mean SD n Mean SD
10 30 6,728.1 2,153.5 30 3,130.1 1,613.7
14 30 7,091.4 2,207.4 31 4,302.8 2,001.8
18 30 7,210.6 2,153.0 31 5,168.7 2,155.4
52 30 6,968.7 2,232.4 31 6,260.1 2,406.4
104 28 7,291.6 2,185.0 30 6,555.8 2,610.5

Wks = no. of weeks after fracture treatment.

Discriminatory ability

total follow-up period. With the exception of the area
between the one- and two-year measurement occa-
The differences between the injured and uninjuresions, both variables increased significantly on the
sides were significant for MVC and area during thénjured side.
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Table IV. Test—retest reliability. Coefficients of reproducibility lCand of variation (G; %) from

comparisons of maximal voluntary isometric contraction values (MVC; Newton) and of area (Newtonseconds)

on six and five measurement occasions, respectively, after treatment of Colles’ fracture

Uninjured side Injured side
Intervals (weeks) n Cr Cv n Cr Cv
MVC (N) 6-10 30 43.75 5.6 27 151.63 65.3
10-14 31 44.86 5.7 30 102.66 27.5
14-18 31 43.32 55 31 68.89 14.8
18-52 31 47.03 6.2 31 140.08 24.3
52-104 31 34.12 4.4 31 94.75 14.0
Area (Ns) 10-14 30 1,452.24 7.6 30 2,900.64 28.1
14-18 30 1,394.46 7.0 31 2,141.98 16.2
18-52 30 1,374.43 7.0 31 3,014.86 19.0
52-104 28 1,378.00 6.9 30 1,711.61 9.6

Intervals = test-retest intervals; N = Newton; Ns = Newtonseconds.

Perceived pain during grip strength measurements DISCUSSION

Ratios of the number of patients perceiving pain an@ihe accuracy of the instrument
the total number of patients measured on ea

B . B/ . ..
occasion were calculated. During measurement %ﬂ_'e Grippit® had very high precision. It showed

MVC the ratio was 0.8 on the day the immobilizationcahbraltlon coeff|C|en.ts ak_)ove the minimum level of
éolerance for recalibration and readjustment of

device was removed, and 0.6 during SMV ®
measurement at the 10-week follow-up. After twd]ama dynamometers, suggested by Fess (5, 11).

years the corresponding ratios were 0.2 and 0.1.
Perceived pain during measurements of MVC an
SMVC is presented in TableV. An analysis of
within-session variation and difference betweevaluation of grip versus time curves from an earlier

injured and uninjured sides was performed fostudy (9) showed that most healthy subjects had
individuals with the highest intensity of painreached their peak value and a plateau of the
(>3.9cm during MVC; >2.7cm during SMVC). subsequent decrease of strength within 30 seconds.
Neither the standard deviation between trials nor theMVC measured as the maximal contraction exerted
difference between sides was greater for those witbr 40 seconds showed satisfactory test—retest relia-
strong pain than for those with little or no painbility in healthy subjects (11). Therefore, this same

during measurements. duration was chosen in the present investigation.

f\j/IethodoIogical aspects

Table V. Perceived pain measured with a visual analogue scale (cm; median (Md) and range) during

measurements of maximal isometric grip strength during short (MVC) and sustained (SMVC) contractions after

Colles’ fracture on six and five measurement occasions, respectively

MVC measurement SMVC measurement
Wks n Md Range n Md Range
6 29 1.5 0-7.0 - - -
10 30 0.05 0-6.4 30 0.4 0-6.6
14 31 0 0-4.0 31 0 0-4.1
18 31 0 0-3.9 31 0 0-2.5
52 31 0 0-1.9 31 0 0-2.0
104 31 0 0-5.0 30 0 0-2.5

WKks = no. of weeks after fracture treatment.
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In general, there were no difficulties in performinghigh coefficients of reproducibility and of variation
the MVC and SMVC measurements. On the day thir the injured side could be expected as a
immobilization device was removed, however, mangonsequence of the on-going grip strength recovery.
patients who had been immobilized with the externdt is noticeable that the between-occasion reliability
fixator could not grasp the Gripgithandle correctly of the injured side was still lower than that of the
due to lack of range of motion in the wrist, possiblyuninjured side after two years.
caused by the firm fixation of the wrist joint in palmar

and ulnar flexion during the immobilization period. . | .
Discriminatory ability of MVC and area

measurements

Within-session reliability of MVC
Y The measurement methods showed good ability to

The need of more than three trials for some patients tfiscriminate between impaired and unimpaired sides
reach their MVC in a session, and the differenceegarding MVC and area. They could identify
between the uninjured and injured sides in thehanges in these two variables over time on the
precedence of the within-session trial values suppdrjured side.
our previous findings in favour of the multi-trial
procedure (9). . . .

In the early part of the follow-up period thes@vas P&in during grip strength measurements

much lower for the injured side than for the uninjurethpout 25% of patients with distal radius fracture have
side, but increased over time and was about equ@lsidual dysfunction (6) including pain when exerting
with that of the uninjured side at two years (Table Il)grip strength (4). In this investigation the degree of
In contrast, at first the ¢was higher for the injured pain was rather low (Table V). It was most
than for the uninjured side but then decreased ovgfonounced on the first measurement occasion for
time, and was about equal with the uninjured sidgoth MVC and SMVC, and decreased over time, but
from 14 weeks onwards. The within-session repeaj_g% of the patients had persistent pain after two
ability of both sides was equal to or better than thosgears. The degree of pain perceived during a
reported in our two previous studies on grip strengtheasurement session did not seem to influence the
in healthy subjects (9, 11). The variability of themagnitude of the within-session trials.
measurements of the injured side was high at 6 and 10, summarythe measurement methods, applied in
weeks after fracture treatment. This implies that thgatients with Colles’ fracture, appear to be acceptably
within-session rellablllty of the injured side was |0Werre|iab|e, and sensitive to |0ng_term Changes in MVC
than that of the uninjured side during the first tWaand area. Thus, they are applicable to following the
months of the follow-up but equally high for bothnatural course and the effect of treatment in

sides at two years. physiotherapy and for other healthcare professionals.
Our findings of differences in within-session and test—
Test—retest reliability of MVC and area retest reliability of grip strength measurements during

recovery after Colles’ fracture could be helpful in

Measurements of MVC and area showed higfifferentiation between changes in strength due to
reliability for the uninjured side between measurerecovery and due to measurement errors.

ment occasions, which was in accordance with our
results in healthy subjects (11). The MVC reprodu-
cibility was even higher in the uninjured side of the
patients. Thus, MVC and area of the healthy ACKNOWLEDGEMENTS
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