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ABSTRACT. Grip strength during short and (5). Colles’ fracture is usually caused by a fall on the
sustained maximal voluntary isometric contrac- outstretched arm, the wrist being in dorsi-flexion. It
tions was measured in 28 females and 5 males with involves a fracture of the distal metaphysis of the
displaced Colles’ fracture involving the distal radius, which occurs within 2—3 cm proximally to the
radio-ulnar joint. The patients were randomized articular surface, and might extend into the radio-
into two groups, treated either through immobili-  carpal joint, the distal radio-ulnar joint, or into both
zation with plaster cast or with external fixation. these joints. An accompanying fracture of the ulnar
The recovery of isometric grip strength was styloid may occur (4). Dorsal angulation, dorsal
followed over a two-year period. A significant displacement, radial angulation, radial displacement,
difference was registered between women with radial shortening and supination of the distal fragment
plaster casts and women with external fixators six may be present (10). Patients with Colles’ fracture are
weeks after the fracture. Regaining of grip often referred to physiotherapy in the rehabilitation
strength occurred up to one year after the period.

fracture. The pattern of recovery was slower for Grip strength is an important function in daily life
women with primary external fixation. Neither the activities, and has been reported in studies on the
dominant nor the non-dominant injured side functional outcome after Colles’ fracture (7, 11, 15,
regained short or sustained maximal voluntary 17, 19).

isometric contraction. The dominant injured side The aims of the investigation were (i) to study
showed no significant difference between sides but differences in grip strength between patients immo-
the non-dominant injured side remained signifi- bilized with plaster cast or with external fixation after
cantly weaker. Itis thus important to identify hand ~ Colles’ fracture, and (ii) to follow the course of
dominance. Pain during measurements was re- recovery of isometric grip strength of the injured side
duced after two years, but about one-fifth of the compared to the uninjured side during two years.
patients still perceived pain. The present findings These aims are of importance in determining timing
may serve as guidance in physiotherapy for these and need of physiotherapy.

patients.
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MATERIAL AND METHODS

Criteria for inclusion

INTRODUCTION The target sample included 68 consecutive patients, 45to 75
) ) years of age, with displaced intra-articular Colles’ fractures
Fractures of the distal end of the radius are amorigvolving the distal radio-ulnar joint. The required degree of
the most common fractures (18). During 1988 théiSplacement was3 mm shortening>10° dorsal, and/or

. . . >10° radial angulation of the radius. The fractures should
incidence of distal radius fractures was 3.8 per 1,04Gcally be feasible to immobilize either with a cylindrical

inhabitants in the city of Bergen (5). The age-specifibelow-elbow plaster cast (P-group) or with a light-weighted,
incidence was highest for women between 60 and ggn-cylindrical AO External Fixatdt made from chrome-

. . , cobolt (E-group). Patients with medical conditions or
years (13.7/year/1,000 inhabitants). Colles’ fracturgngyage difficulties that might interfere with the results
constituted 87% out of the 609 distal radius fracturesf the investigation were excluded.
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ments: information about the fracture and the expected
course of recovery, and an exercise programme for

35 . . . T
eligiblf prevention of post-traumatic oedema and for maintaining
pa ents

range of motion of the free joints of the injured upper
§ extremity. Early after the surgical treatment, patients were

was removed, mobility training for the wrist and forearm
joints was started. During the first 14 weeks after the
Drop-out: % fracture, the time and the number of treatments were
1 women standardized. Additional physiotherapy was applied as
indicated by the patients’ individual needs.

A ‘ Pooron B 1 taught gradually to increase the use of their injured side in
’ | Womew 17 Women: 13 ! activities of daily living. When the immobilization device
Men: 0 Men: 5

Drop-out: ‘
1women |

B. (7]

Measurement procedures

Fig. 1. The number of patients with Colles’ fracture afterGrip strength measurementShort and sustained maximal
randomization (A) and participating (B). P-group =voluntary isometric contraction (MVC, SMVC) were
patients immobilized with plaster cast. E-group = patientsieasured bilaterally with the Grippit(9, 12, 13), a device
immobilized with external fixator. consisting of an elliptical handle with electronic transducers
based on strain gauges, and a wooden base on which an arm
. . guide is mounted. Grip strength (Newton, N) was recorded
Design and patients every half-second, and connected to a computer, grip versus

In this prospective investigation the same material was us&'€ curves could be visualized. Calibration of the Grifipit
as in the study by Lagersmo et al. (8). Thirty-five con- and the measurement procedure were carried out as

secutive patients were allotted to the treatment groups byP&eviously described (8, 9). Immediately after each mea-

computer-based random assignment within 6-unit block&irement session, the patients were asked to report any pain
(Fig. 1). One woman in the P-group and one in the E-groug discomfort in connection with the grip strength measure-
discontinued the follow-up measurements, and were eQ€nt. The intensity of pain was measured with a 10-cm
cluded, leaving 16 women in the P-group and 12 women aryisua! analogue scale (6, 8). _ _
5 men in the E-group. Because of redisplacement within 10 All measurements were performed by the same investi-
days, five women with plaster casts were re-reduced a§@tor (C. L.) on six occasions starting on the same day as the
immobilized with an external fixator (PE-group). After theimMmobilization device was removed: 6, 10, 14, 18 weeks
first measurement occasion six weeks after the fracture, ofBd 1 and 2 years after the fracture.
woman (E-group) refractured, and another woman (P-
group) did not want to participate. - .
Twenty-nine fractures were similarly distributed inStatistical analysis
classes VI-VIIl, according to the Frykman classificatior"\/lissing values for injured and uninjured sides were
system (4). Four fractures belonged to class V. There weignstituted by interpolation for 9 patients (MVC: 16 values;
no significant differences between the women in the tweyve = area: 11 values; perceived pain: 9 values).
%rc_)urp])ts conchérggzaage (mef23_5187g range: 45'_th2 years)as the grip strength values of this sample were fairly
eight (mean: 163.8, range: 73 cm), or weight (MeaRarmally distributed, parametric statistics were performed.
66.2, range: 50-94 kg), nor any difference in age betweghescriptive statistics, correlation coefficients, paired and
the men (mean: 60, range 45-72 years) and the women. Thenairedt-tests and analyses of variance were calculated

men were significantly taller (mean: 174.8, range: 1705¢c0rding to standard routines. Differences were considered
182 cm) and heavier (mean: 80.6, range: 73-94 kg) than t@%nificar?t if thep-value was< 0.05.

women (8). According to the method described by Saltin &

Grimby (16), the patients reported light to moderate work-

loads and spare-time activities. All patients with the

exception of one woman in the plaster-group were self- RESULTS

reported right-hand dominant (8). . .
The maximal values of all three trials were chosen to

represent the patients’ MVC (Newton, N) in all

analyses. SMVC was expressed as the area below the

. . . . I grip versus time curve (Newtonseconds, Ns) (8). One
Surgical treatmentDisregarding the immobilization meth- . :
od, treatment was standardized and equal Concemipéaster casted and 12 externally fixated patients were
primary orthopaedic treatment, and clinical follow-upsnot able to perform the SMVC test for the injured side
The immobilization period was six weeks from the day thg), the day the immobilization device was removed.

fracture was finally treated. heref h Its f hi
Physiotherapystarted the same day or the day after thd Nerefore, the results from this measurement occa-

fracture had been immobilized. The therapists wersion were not analysed (8).
specially trained in managing the programme. The pro- apsolute values and differences between uninjured

gramme, consisting of basic information and active . .
exercises, was identical for all patients(33). Briefly, and injured sides for MVC and area were used for

the physiotherapy contained the following principal eleanalysis of differences between treatment groups, and

Treatment
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Fig. 2. Recovery of maximal voluntary isometric contraction (MVC; N) between 6 and 104 weeks after Colles’ fracture.
A: Women immobilized with plaster cast (P-womensz 11) and primary external fixation (E-womenz= 12). B: Five

men with primary external fixation (E-men). Shaded fields represent uninjured side (U). | =injured sidet+!g&an
forU and I. *p < 0.05.

of changes over time within groups. The rate ofplaster-casted womem:=11; women with primary
recovery was expected to vary during the two-yeaxternal fixationn=12)].

follow-up. Therefore, separate analyses were per-For the uninjured side there were no significant
formed for short- and long-term changes, between dfferences in MVC between the plaster casted and
and 18 weeks and between 18 weeks and 2 yeatlse externally fixated women during the two-year
respectively. follow-up. For the injured side the women with
plaster casts showed significantly higher MVC than
the women with primary external fixation on the day
the immobilization device was removed (difference:
38.4 N). No other significant differences in MVC or
All men were randomized to immobilization with thearea were found between the two groups.

external fixator. Comparisons of grip strength were Regaining grip strength over tim€omparisons of
made between them and the women with primarylVC and area, expressed in absolute values, showed
external fixation. The gradual regains and levels afimilar courses of the uninjured sides for the two
MVC and area in absolute values are presented groups and were pooled. Figs. 2A and 3A illustrate
Figs. 2A and B, and 3A and B. There was no sigthe gradual regains and the levels of MVC and area
nificant interaction between the courses of recoverycompared with the uninjured side. Analyses using the
differences between uninjured and injured sides
showed the same rate of recovery except for the area
of the women with an external fixator, where the
increase was not significant between 10 and 14 weeks.
Differences between group&nalyses of differences MVC and area covariated significantly for both
in MVC and area between treatment groups wergroups on all measurement occasions for the injured
performed per protocol [women who remained irand for the uninjured sides (ranges: injured side:
their treatment group according to the randomization= 0.85-0.97; uninjured side:= 0.76—0.95).

Comparisons of women and men immobilized with
primary external fixation

Women immobilized with plaster cast or with
external fixation
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Fig. 3. Recovery of area (Ns) between 10 and 104 weeks after Colles’ fracture. A: Women immobilized with plaster cast
(P-women; n=10) and primary external fixation (E-womem=11). B: Five men with primary external fixation
(E-men). Shaded fields represent uninjured side (U). | =injured side. M&h for U and I. *p < 0.05.

Women with secondary external fixationH5) with the women with the non-dominant sides injured

For the uninjured side, there were no differences i&n: 12). Regarding MVC and area, the injured non-
) ' ominant side wa%20% weaker than the uninjured

MVC or area between women with SeConda%ominam side. The injured dominant side was equal

external fixation compared with the women with . . .

. . N with the uninjured non-dominant side. Four men had

plaster cast and with primary external fixation. The_. . . . o .

L . injured their non-dominant side. The injured side was
regain in MVC and area, expressed as the dlffereni % weaker than the uninjured side in the men

between uninjured and injured side, for the three
groups of women is presented in Table |. The women
with secondary external fixation showed greater
differences between sides for both variables on aHerceived pain during grip strength measurements
measurement occasions except for MVC on the d

. - : aP/here were no significant differences concerning
the immobilization device was removed.

perceived pain between women with plaster cast and
primary external fixation. Therefore, they were
pooled for the subsequent analyses of pain. Fig. 4
shows the numbers and ratios of patients perceiving
The relations of grip strength (MVC and area)ain (ratio = number of patients with pain divided by
between the uninjured and injured side two year®tal number of patients). Perceived pain during MVC
after the fracture, and the distribution of fractures oand SMVC measurements at 6 and 104 weeks after
hand dominance were analysed (Table Il). Whethe fracture is presented in Table Ill. The pain was
laterality was not taken into account, the differencesiost pronounced on the day the immobilization
between sides in the combined women-graup 6) device was removed, and decreased gradually over
were higher compared with the women with thdime. The women with secondary external fixation
dominant sides injurech(= 14), and lower compared had less pain than the other groups.

Grip strength and laterality
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Table I.Maximal voluntary isometric contraction (MVC; N) and area (Ns) for women immobilized with plaster
cast (P-women) and with external fixation primarily (E-women) or secondarily (PE-women). Differences

between uninjured and injured sides on six and five measurement occasions, respectively

P-women

E-women PE-women
Wks n Mean SD n Mean SD N Mean SD
MVC (N) 6 11 190.7*** 49.0 12 206.7*** 775 2 193.0 18.4
10 10 126.4** 48.8 11 155.6** 596 4 182.5 51.9
14 10 91.3 398 11 110.1* 655 5 162.4* 66.2
18 10 67.4* 425 11 86.9** 50.1 5 119.2* 59.4
52 10 32.6 381 11 34.2% 350 5 44.4 62.2
104 10 16.2 31.7 11 21.3 489 5 42.4 61.1
Area (Ns) 10 10 2,953.4** 1,183.8 11 3,420.6 1,604.3 4 3,622.3 1,032.6
14 10 1,937.1 1,323.2 11 2,918.0** 1,552.2 5 3,407.0 1,576.9
18 10 1,501.5% 9215 11 1,932.0* 1,166.4 5 2,558.2 1,478.2
52 10 621.6 813.0 11 880.4 1,164.0 5 1,019.6 1,323.6
104 9 635.3 8255 10 636.5 1,453.7 5 762.8 1,263.3

Wks = no. of weeks after fracture.
* p< 0.05; *p < 0.01; **p < 0.001.

DISCUSSION both MVC and area more slowly than the women

Differences between women and men immobilized (Figs. 2A and B, and 3A and B).
with primary external fixation

The differences in grip strength between the exter-
nally fixated women and men were obvious (Figs. 2
and B, and 3A and B). As expected, the men hal
higher MVC and area than the women on both sidéekhe women with external fixation showed signifi-
on all measurement occasions, except for MVC in theantly lower MVC than the women with plaster
injured side on the day the external fixator wasasts on the day the immobilization device was
removed. The men also showed bigger differenceemoved. The patterns of regaining MVC and area
between uninjured and injured sides for MVC andvere similar for the two groups up to 18 weeks
area than the women, particularly during the earlgfter the fracture, the plaster-casted women remain-
follow-up period. The men, however, tended to regaiing stronger (Figs. 2A, and 3A). They showed a

ifferences between women immobilized with
aster cast or with external fixation

Table Il.Relations between uninjured and injured sides for maximal voluntary isometric contraction (MVC; N)
and area (Ns), and distribution of fractures on hand dominance 2 years after the fracture. Female grouy
immobilized with plaster cast or with external fixation primarily or secondarily

Injured side
Dominant or non-dominant Dominant Non-dominant
MVC (n=26) Area (=24)® MVC (n=14) Area(=14) MVC (n=12) Area (i=10)®
U-I side 23.4N* 662.4 Ns * 0.3N 129.9 Ns 50.3 N *** 1,407.9 Ns ***
Ratio 1/U 91.1% 90.0% 100.0% 98.1% 79.6% 77.9%

U = uninjured side; | = injured side; N = Newton; Ns = Newtonseconds.

® Two women could not complete the measurements of sustained maximal voluntary isometric contraction.
* p<0.05; **p < 0.001.
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Fig. 4. Pain during measurements of short (A) and sustained (B) maximal voluntary isometric contractions after Colles’
fracture in six and five measurement occasions, respectively. Numbers and ratios of patients perceiving pain.
Ratio = number of patients with pain divided by total number of patients. Women with plaster cast (P-womgh),

and with primary external fixatiom(= 12) pooled, and five men with primary external fixation (E-men).

faster rate of recovery than those with externalVomen with secondary external fixation compared

fixation, which could be due to firmer immobiliza- with women with plaster cast and with primary

tion in the external fixator. Within 18 weeks andexternal fixation

one year the women with external fixation had

recovered to the same grip strength (MVC an€ompared with the women immobilized with primary
area) as the plaster-casted women. No differenexternal fixation or plaster cast, the women with
was found after one year. The results, thus, indicatecondary external fixation showed lower MVC and
early intervention with physiotherapy after Colles’area during the whole follow-up period, and a
fracture, especially with externally fixated womentendency to slower recovery (Table ). The extended
The rather high correlation between area and MV@nmobilization period for the women with secondary
shows that either could be used for evaluation axternal fixation may have contributed to these
these patients. findings. This might indicate the need for early

Table IIl. Perceived pain (visual analogue scale; cm) during measurements of short and sustained maximal
voluntary isometric contractions (MVC; SMVC). Women immobilized with plaster cast and with primary
external fixation, and men with primary external fixation

Women Men
Wks n Mean Md Range n Mean Md Range
MvC 6 23 2.2 15 0-7.0 4 2.6 1.6 0-7.0
104 21 0.4 0 0-5.0 5 0.5 0 0-2.7
SMVC 10 21 0.9 0.1 0-3.9 5 1.8 0.7 0-6.6
104 20 0.2 0 0-2.0 5 0.5 0 0-2.5

WKks = no. of weeks after fracture.
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intervention with physiotherapy for patients secondagrip strength. Furthermore, the differences between
rily immobilized with an external fixator. uninjured and injured sides were still in evidence after
two years, which also indicates the need for

Laterality physiotherapy up to at least two years.
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