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Abstract. Background/Aim: The JAMAR-Dynamometer and
the Martin-Vigorimeter are frequently used tools in a hand
surgeon’s daily routine. This survey is primarily concerned
with the establishment of valid conversion factors for
measured values of both instruments, as well as the
investigation of influence of anatomical characteristics and
age and sex on maximal measured grip strength. Patients
and Methods: We registered anamnestic data and specific
anatomical conditions in 339 patients, maximal grip strength
was measured using all notches of both instruments. Results:
We found moderate to very high correlation comparing all
28 settings in both instruments. The influence of the hand’s
anatomy on the grip strength was greater using the JAMAR-
Dynamometer than it was using the Martin-Vigorimeter.
Conclusion: The high reproducibility allowed us to calculate
multiplying factors for the conversion of measured data for
all settings of both tools. Therefore, the amount of data for
meta-analyses relating to hand surgical issues can be
significantly increased.

Grip strength measurements are routinely used in clinical
settings. They are an indicator for the efficacy of hand
surgical therapies and serve as outcome control (1-4). The
most commonly used instruments for measuring grip
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strength are the JAMAR-Dynamometer and the Martin-
Vigorimeter. The former is a hydraulic instrument measuring
the isometric strength in kilograms, the latter measures the
force of compression in kilo pascal by means of a
compressible rubber ball (5, 6). Numerous studies have
investigated the reliability of both instruments in different
populations (2, 4, 7-11). However, to the best of our
knowledge, only a few studies directly compare these two
instruments. Sipers et al. compared the applicability and the
test-retest reliability of both instruments in geriatric patients
and found no significant difference in test-retest reliability.
Handgrip strength showed a strong correlation between the
first and second measurement in both instruments (1).
Molenaar et al. examined reliability and accuracy of both
instruments in 104 children under 12. Their results indicate
that both instruments are reliable for measuring grip strength
within this population. The Lode dynamometer (equivalent
to JAMAR-Dynamometer) detected small differences in grip
strength more accurately (12). Desrosiers et al. analyzed a
population of 360 randomly selected healthy, elderly patients
and while they found a good correlation between the
respective results of both instruments, they did not determine
a conversion factor (13).

To recap, most scientific studies have only used one of the
two methods. Moreover, measuring has mostly been limited
to one level or one size of balloon, respectively (4, 14-16).
Using just one level per instrument to determine grip
strength impairs optimal comparability of the results given
that a couple of studies have found a correlation between
morphological parameters of the hand and lower arm and
maximum grip strength, depending on the level of the
instrument or the size of the balloon used (17-19). Until
recently, it has been impossible to compare results of studies
that use just one of the two instruments in any setting with
results of studies using the other. Therefore, the primary aim
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of this study was to determine conversion factors for the
values of both instruments for all levels or sizes and to
enable the comparison of the results of numerous studies,
and thereby enlarging the amount of data available for meta-
analyses within the field of hand surgery. We also aimed to
show anatomical influences on the results in order to make
informed recommendations about which settings to use on
which instrument regarding specific hand sizes, and to
determine the influence of age and sex on the results.

Patients and Methods

This survey was authorised by the local ethics committee (Nr. 1498-
2012). Each patient in our study group signed a written consent form.

Patients. We randomly included all patients between the ages of 14-
90 years with healthy and symptom free hands, who were treated in
the Department of Traumatology over a period of three months. We
excluded patients with injuries, deformities, degenerative or
inflammatory functional limitations of the upper extremities as well
as patients with dementia to minimise any bias that could influence
correlation. Since the study design contained many subgroup
analyses and focused on a correlation between the two machines,
we desisted from conducting a power analysis and chose a sample
size following the study of Desrosiers et al. (13).

Grip strength analysis. We registered anamnestic data that could
influence our measurements such as: age, sex, handedness and
current occupation. Patients were divided into five different age
categories (<20/20-40/41-60/61-80/>80 years). Specific anatomical
conditions were measured in all patients: circumference of the
forearm 15 cm distal of the radial epicondyle, length of the palm
(from the palmar fold of the wrist to the fold of the
metacarpophalangeal joint of the middle finger), length of the hand
(from the palmar fold of the wrist to the tip of the middle finger),
the hand’s circumference without the thumb and the width of the
palm (from the ulnar margin of the metacarpophalangeal joint of the
thumb to the ulnar border of the palm). The measurements of the
grip strength were determined by means of the JAMAR-
Dynamometer (J A Preston Corporation, New York, USA) using all
five notches and by means of the Martin-Balloon-Vigorimeter
(Firma Gebriider Martin, Tuttlingen, Germany) using all three ball
sizes (Figure 1). All of the instruments were checked for damages,
inspected for proper function and calibrated. Each patient was
shown the correct handling and positioning of the instruments:
Patients were asked to sit straight, with the upper arm in a neutral
position and a 90° flexion of the elbow. The forearm was held in
neutral position and the wrist at a 0 to 30° extension. The instrument
was held freely: neither the hand nor the forearm was allowed to
rest on a surface. To minimise signs of fatigue we included resting
periods after each trial. Additionally, to avoid systematic errors we
randomised the sequence in which we carried out the trials.
Sequence one: JAMAR notch 1 — Martin balloon 2 — JAMAR notch
2 — Martin balloon 3 — JAMAR notch 3 — Martin balloon 5 —
JAMAR notch 4 — JAMAR notch 5. Sequence two: Martin balloon
2 — JAMAR notch 1 — Martin balloon 3 — JAMAR notch 2 —
JAMAR notch 3 — Martin balloon 5 — JAMAR notch 4 — JAMAR
notch 5. Afterwards, we randomised the side to be tested first. All
measurements were repeated three times on each side.
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Statistical analysis. The data were processed with Excel 2011
(Microsoft Corporation, Redmond, USA) and GraphPad Prism 6.0
(GraphPad Software, Inc., La Jolla, USA). We calculated the median
values and the interquartile range (25th — 75th percentile) as data
proved to be non-parametric. We calculated the conversion factors
by forming the quotients of the measured values for all notches and
determined mean values and standard deviations. The influence of
anatomical characteristics on the grip strength was determined using
a Spearman rank correlation to minimise the effect of outlying data
and non-parametric distribution. The level of significance was placed
at p<0.05. The interpretation of the correlation coefficient followed
Mukaka (20), who distinguished low (r<0.5), moderate (r<0.7), high
(r<0.9) and very high (r>0.9) correlation.

Results

Subject characteristics. Three hundred and thirty-nine
patients (132 women/207 men) aged between 14-88 years
(mean 49+18.4 years) were included. Our study group
primarily comprised age groups 41-60 years (n=129), 61-80
years (n=103) and 20-40 years (n=85). 91.45% of all patients
were right-handed, 6.19% were left-handed and 2.36% had
no dominant hand (Table I).

Grip strength results. The median maximum grip strength in
men was 79% greater than in women using the JAMAR-
Dynamometer, and it was 38% greater using the Martin-
Vigorimeter (19.7 kg women/35.3 kg men and 53.3 kPa
women/73.3 kPa men). Overall, we found very high
correlations between the measured grip strength of the
dominant hand using notch 2 of the JAMAR-Dynamometer
and balloon 5 of the Martin-Vigorimeter (r=0.86), as well as
between notch 3 of the JAMAR-Dynamometer and balloon 5
of the Martin-Vigorimeter (r=0.86). Within the measurements
of one instrument, we found a very high correlation between
measured grip strength using notch 3 and 4 of the JAMAR-
Dynamometers (r=0.97), as well as between balloon size 3
and 5 of the Martin-Vigorimeter (r=0.92) (Table II). We
calculated multiplying factors for the correlation of all
measured data for all settings on both instruments (Table III).
With regards to the anatomical characteristics we found a
moderate correlation between the maximum grip strength and
the hand’s circumference without the thumb of the dominant
hand using the JAMAR-Dynamometer (r=0.64). We also
found a moderate correlation (r=0.65) between the width of
the palm and the circumference of the forearm to the maximal
grip strength measured with the JAMAR-Dynamometer.
Both, the length of the palm and the length of the dominant
hand had a moderate correlation with the maximal grip
strength using the JAMAR-Dynamometer (r=0.52 and 0.55,
respectively). Using the Martin-Vigorimeter, the maximal grip
strength showed only a low correlation to the anatomical
characteristics (r<0.5). The highest correlation was found
with the circumference of the forearm (r=0.49) (Figure 2). At
least 64% of patients reached the maximal grip strength when
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Figure 1. A. The JAMAR-Dynamometer is a hydraulic instrument measuring the isometric strength in kilogram. B. The Martin-Vigorimeter measures
the force of compression in kilo pascal by means of a compressible rubber ball.

using notch 2 of the JAMAR-Dynamometer irrespective of
the sex. At notch 3 of the JAMAR-Dynamometer, 31% of
male and 16% of female patients achieved the highest results.
Using the Martin-Vigorimeter, the highest results were
achieved with balloon size 3 notwithstanding the sex (Figure
3). Overall, the age group 20-40 years showed the highest
measured results for the grip strength regardless of the
notch/balloon size (Figure 3).

Discussion

In this study, we examined 339 randomly selected patients with
healthy hands to determine the correlations between all notches

and balloon sizes for the Martin-Vigorimeter and the JAMAR-
Dynamometer. All 28 comparisons of the notches and balloon
sizes showed moderate to very strong correlations. Within the
instrument groups, the strongest correlations were found
between the measured results of the JAMAR-Dynamometer
notch 3 and notch 4 and Martin-Vigorimeter balloon size 3 and
5. Matching the results of both groups, the highest correlations
were found between notches 2 and 3 of the JAMAR-
Dynamometer and balloon size 5 of the Martin-Vigorimeter.
The lowest correlation was found between notch 5 of the
JAMAR-Dynamometer and balloon size 2 of the Martin-
Vigorimeter. These results can be explained by the large
distance of approximately 90 mm between the handles of the
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Table 1. Demographic characteristics, Handedness and profession in all study participants.

Demographics Female (n=132) Male (n=207) p-Value Whole collective
Age (years) 48.8+17.5% 49.1+19.0* p>0.05 49+18.4
Gender [n (%)] 132 (39%) 207 (61%) p>0.05 339 (100%)
Handedness

Right-handed [n (%)] 125 (95%) 185 (89%) p>0.05 310 (91,45%)

Left-handed [n (%)] 4 (3%) 17 (8%) p>0.05 21 (6,19%)

Ambidextrous [n (%)] 3 (2%) 5 (2%) p>0.05 8 (2,36%)
Profession

Not specified [n (%)] 25 (19%) 39 (19%) p>0.05 64 (19%)

Easy manual work [n (%)] 90 (68%) 118 (57%) 0.039%* 208 (61%)

Moderate manual work [n (%)] 14 (11%) 14 (7%) p>0.05 28 (8%)

Hard manual work [n (%)] 4 (3%) 37 (18%) p<0.001%*%* 41 (12%)

Retired [n (%)] 43 (33%) 72 (35%) p>0.05 115 (34%)
*Data are expressed as mean+SD. **Significant (p<0.05)
Table II. Correlation coefficients JAMAR-Martin.

Martin 2 Martin 3 Martin 5 JAMAR 1
Martin 2 r=1 r=0.87 (0.84-0.90) p<0.001 r=0.80 (0.76-0.84) p<0.001 r=0.70 (0.64-0.75) p<0.001
Martin 3 r=0.87 (0.84-0.90) p<0.001 r=1 r=0.92 (0.90-0.93) p<0.001 r=0.74 (0.69-0.79) p<0.001
Martin 5 r=0.80 (0.76-0.84) p<0.001 r=0.92 (0.90-0.93) p<0.001 r=1 r=0.73 (0.68-0.78) p<0.001
JAMAR 1 r=0.70 (0.64-0.75) p<0.001 r=0.74 (0.69-0.79) p<0.001 r=0.73 (0.68-0.78) p<0.001 r=1
JAMAR 2 r=0.70 (0.63-0.75) p<0.001 r=0.79 (0.75-0.83) p<0.001 r=0.86 (0.83-0.89) p<0.001 r=0.86 (0.82-0.88) p<0.001
JAMAR 3 r=0.67 (0.60-0.72) p<0.001 r=0.78 (0.73-0.82) p<0.001 r=0.86 (0.82-0.88) p<0.001 r=0.81 (0.77-0.84) p<0.001
JAMAR 4 r=0.67 (0.60-0.72) p<0.001 r=0.77 (0.72-0.81) p<0.001 r=0.85 (0.81-0.87) p<0.001 r=0.81 (0.74-0.82) p<0.001
JAMAR 5 r=0.63 (0.56-0.69) p<0.001 r=0.73 (0.67-0.78) p<0.001 r=0.82 (0.78-0.85) p<0.001 r=0.78 (0.74-0.82) p<0.001
JAMAR 2 JAMAR 3 JAMAR 4 JAMAR 5

Martin 2 r=0.70 (0.63-0.75) p<0.001 r=0.67 (0.60-0.72) p<0.001 r=0.67 (0.60-0.72) p<0.001 r=0.63 (0.56-0.69) p<0.001
Martin 3 r=0.79 (0.75-0.83) p<0.001 r=0.78 (0.73-0.82) p<0.001 r=0.77 (0.72-0.81) p<0.001 r=0.73 (0.67-0.78) p<0.001
Martin 5 r=0.86 (0.83-0.89) p<0.001 r=0.86 (0.83-0.89) p<0.001 r=0.85 (0.81-0.87) p<0.001 r=0.82 (0.78-0.85) p<0.001
JAMAR 1 r=0.86 (0.82-0.88) p<0.001 r=0.81 (0.77-0.84) p<0.001 r=0.81 (0.74-0.82) p<0.001 r=0.78 (0.74-0.82) p<0.001
JAMAR 2 r=1 r=0.97 (0.96-0.98) p<0.001 r=0.95 (0.94-0.96) p<0.001 r=0.92 (0.90-0.94) p<0.001
JAMAR 3 r=0.97 (0.96-0.98) p<0.001 r=1 r=0.97 (0.97-0.98) p<0.001 r=0.95 (0.94-0.96) p<0.001
JAMAR 4 r=0.95 (0.94-0.96) p<0.001 r=0.97 (0.97-0.98) p<0.001 r=1 r=0.97 (0.97-0.98) p<0.001
JAMAR 5 r=0.92 (0.90-0.94) p<0.001 r=0.95 (0.94-0.96) p<0.001 r=0.97 (0.97-0.98) p<0.001 r=1

Correlation coefficient is rated as low (r<0.5), moderate (r<0.7), high (r<0.9), and very high (r>0.9). Martin: Martin-Vigorimeter; JAMAR: JAMAR-

Dynamometer.

JAMAR-Dynamometers at notch 5. We believe that patients
with small hands were unable to fully clasp the instrument and
therefore could not make use of their full strength while the
small balloon of the Martin-Vigorimeter is easily compressed
irrespective of hand sizes. These results correspond to the
findings of Espana-Romero et al., who showed a very strong
correlation between the grip strength and the setting of the
JAMAR-Dynamometer and patient hand size (21). Ruiz et al.
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(22) also recommended determining the position of the notch
of the JAMAR-Dynamometer according to a patient’s hand
size. Therefore, it must be assumed that the correlation
coefficient of the individual positional settings of each
instrument would be smaller if there was a high anatomical
variance of the patients’ hands sizes in the study group.
Regarding the weak correlations, the anatomical variance
of our patients’ study group allowed no prediction of the



Neumann et al: Grip Strength Comparison in Hand Surgery

28 -
25
4 Hand's circumference (without thumb)
g r=0.6378, p<0.0001
— 22
E 1 Length of the palm
) —
= 5 r=0.5228, p<0.0001
E L th of the h d
@ ength of the han
@ - r =0.5496, p<0.0001
E ]
'..g Width of the palm
@ r=0.6489, p<0.0001
I 139
Circumference of the
10 =e= forearm
r=0.6501, p<0.0001
7~
T T ? T T ; T T v T 1
0 10 20 30 40 50 60 T0
Maximum grip strength JAMAR (kg)
Martin
284
25
4 - Hand's circumference (without thumb)
b — r = 0.4087, p<0.0001
- 224 .
E il Length aof the palm
o —
= 1 =5 ! r=0.3426, p<0.0001
Z 19__ ; S DT E R BRI I S e i 4 Length of the hand
2 * i .0‘5"0 e ‘e w v = =
@ Fo Pohal s r=0.3229, p<0.0001
£ 16 a - - -
= - - - Width of the palm
= 1 r=0.4374,p<0.0001
o 13 - v vy L v
- v YR YYYY  YYYYe VYT ¥V v ww Yy ¥ ¥ Circumference of the
v ¥ Yy ¥ ¥ YYYY YY ¥ YYYY hd
B Y YYY O YYYYY  YYV TYET & & oYY v ——
3 Yy ¥ _YveseY Y& Y TYB B Y YT B S T Ve forearm
10 pr— ¥ YYYY TYYVEYE BFOV YD SaBSSE & TOB
4 os” o oav 'ass H - e 8 & ente . . r= 0:3348, pL0.000
7 - (11} 4
7 - . e
I T T T T T T 1
] 20 40 60 80 100 120 140

Maximum grip strength (kPa)

Figure 2. Graph shows the correlation between the influence of anatomical characteristics of the patient’s forearm and hand with the maximum
grip strength measured with the JAMAR-Dynamometer and the Martin-Vigorimeter.

Table III. Conversion table JAMAR-Martin.

Data/Result  Martin 2 Martin 3 Martin 5 JAMAR 1 JAMAR 2 JAMAR 3 JAMAR 4 JAMAR 5
Martin 2 1 1.15(SD 02) 0.83(SD0.3) 559(SD5.8) 221(SD0.8) 239(SD1.0) 2.89(SD1.5) 4.25(SD 4.6)
Martin 3 0.90 (SD 0.2) 1 0.73(SD02) 630(SD7.7) 243(SD0.8) 262(SD09) 3.17(SD1.5) 4.78 (SD 5.6)
Martin S 1.34 (SD0.5) 147 (SD 0.4) 1 442(SD5.6) 168(SD05) 1.8(SD0.5) 2.13(SD0.7) 2.93(SD 1.5)
JAMAR1 026 (SD0.1) 023(SD0.1) 0.32(SD0.1) 1 051(SD02) 0.55(SD0.2) 0.64(SD0.3) 0.86(SD 0.4)
JAMAR2 052(SD02) 046 (SD02) 0.65(SD02) 2.59 (SD 2.5) 1 1.09(SD02) 129 (SD0.3) 186 (SD 1.5)
JAMAR3 049 (SD02) 043(SD03) 0.61(SD02) 248(SD2.7) 094 (SDO0.1) 1 1.19(SD 02) 1.71(SD 1.3)
JAMAR4 042(SD02) 037(SD02) 052(SD0.2) 208(SD2.1) 081(SD02) 0.86(SD 0.2) 1 1.39 (SD 0.7)
JAMARS 033(SD02) 029(SD02) 040(SD02) 163(SD1.8) 063(SD02) 0.67(SD02) 0.77 (SD0.2) 1

Data are given as conversion factors £SD for all values and all notches. Martin: Martin-Vigorimeter; JAMAR: JAMAR-Dynamometer.
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Figure 3. Graph shows the correlation between the influence of the patient’s age and sex with the maximum grip strength measured with the JAMAR-

Dynamometer and the Martin-Vigorimeter.

maximal grip strength using the Martin-Vigorimeter. The
results of Desrosiers et al. (13) and Li et al. (17) confirm our
observation that the correlation between maximal grip
strength and anatomical parameters is lower when using the
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Martin-Vigorimeter than when using the JAMAR-
Dynamometer. In this study, the results of the maximal grip
strength that were measured using the JAMAR-

Dynamometer showed the highest correlation with the width
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of the palm and the circumference of the forearm on the
dominant side. At this point, our results are consistent with
the current literature (13, 19, 23, 24). However, regarding the
length of the hand, the literature presents inconsistent results.
Our results show moderate correlation between grip strength
and length of the hand and correspond to Li et al. (17). In
contrast to these findings, the results of Boadella er al. (25)
and Trampisch et al. (26) displayed either no correlation or
merely a positive trend between grip strength and length of
the hands/fingers and width of the hand and recommended
standardised instrument settings. Ruiz-Ruiz et al. (27) found
a correlation between hand size and strength in the female
study group, but not in the male one. The inconsistent and
partly contradictory results of the literature and our findings
suggest that the influence of the anatomic variables on the
grip strength is not significant and that anatomical factors
will only influence the results when patients with small
hands use settings with a large distance between the handles.
We therefore concluded that anatomical factors alone should
not determine the instrument’s setting. Our results showed
the highest grip strength for the JAMAR-Dynamometer on
notch 2 and 3 and balloon size 3 for the Martin-Vigorimeter.
These findings, as well as the strong correlation between the
instruments indicate that measurements should be carried out
on notch 2 and 3 with the JAMAR-Dynamometer and on
balloon size 3 on the Martin-Vigorimeter. Settings for
patients with either very large or very small hands should be
adapted accordingly.

Similar to our findings of maximum grip strength for
female and male patients in the age group of 20-40 years,
Mathiowetz et al. (15) observed a peak of grip strength
between the ages of 25 and 39 years, which slowly decreased
thereafter. In the present study, the lowest strength was found
in the group of patients >80 years, regardless of the sex of a
patient. Tyler ez al. (28) noticed that patients with weak hands
had problems or were unable to use the JAMAR-
Dynamometer properly. Our study supports these findings
since much older patients had difficulties handling this
instrument due to its rigidity and weight. This could indicate
that false low results could occur in older or sicker patients
and that the correlation with the results of the Martin-
Vigorimeter, which is easier to handle, decreases as a result.

Limitations to our study include the following: The
evaluated instruments are primarily used on patients that
have been deliberately excluded from this trial. We tried to
minimize any measurement errors concerning the conversion
factors by eliminating unpredictable results in an unhealthy
population. The majority of the comparisons conducted in
our study are already available in the current literature but,
to our knowledge, this is the first study that correlates the
two instruments in all available settings and determines
conversion factors for the results of the JAMAR-
Dynamometer and the Martin-Vigorimeter. The conversion

factors will allow us to compare studies with similar
populations that use either one instrument in any setting and
therefore add more data for eventual meta-analyses for hand
surgical questions.
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