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Sarcopenia and frailty are two clinical entities that generate
loss of independence. Sarcopenia is characterized by loss of
skeletal muscle mass and strength and is a risk factor for fraility and physical disabilities [1]. To diagnose fragility must is
necessary 3 of the following 5 criteria: unintentional weight
loss, decreased walking speed, low physical activity, fatigue
and decreased grip strength [2].

Both conditions are related with multiple comorbid factors
such as falls, functional decline, osteoporosis, impaired thermoregulation and glucose intolerance that contribute to disability, morbidity and hospital lengstay [3,4].

There are few studies about sarcopenia prevalence according
to standards of European study group of sarcopenia in the
elderly (EWGSOP) [1], but there is a growing interest in the
study of this entity. In fact in our country there are recent studies in hospitalized elderly [5] and some research projects with
institutionalized elderly [6].
One of the aspects to be evaluated is the skeletal muscle
strength often decline with age in both upper and lower limbs
in different proportions.

In young healthy populations, quadricipital strength exceeds
prehensile (grip) strength by approximately 25%. With age,
quadricipital and grip strength values tend to be on the same
level at 1:1 [7], which reflects loss of accelerated strength in
lower limbs (by around 27%) as opposed to upper limbs (loss
of 14%) in a healthy adult population aged between 60 and 80
years [7,8]. As from 80 years, such loss of strength becomes
much more marked [9].

Measuring grip strength and its correlation with lower-extremity strength is a logical construct while physically examining a healthy adult population [10,11] and while also predicting invalidity in an aged population[12]. Recently Sotello
et al. describe that lower limb (LL) decline is a sign of frailty in
older ambulant subjects [13]. Elderly people hospitalized for
several clinical reasons has, in most cases, loss of walk ability
that shows sarcopenia and frailty conditions and consequent
dependence and disability.
It is unknown if in frail bedridden rate of muscle mass loss
between upper and lower limbs is higher than healthy elderly
population. In frail bedridden old subjects assessing muscle
strength, is not an easy task because often there isn’t optimum
collaboration for several reasons: difficulty in understanding
the exploratory maneuvers existence of cognitive impairment
or delirium.
Measuring grip strength by dynamometry is a relatively easy
technique, can be done at patient’s bedside, and even in patients with a limited level of comprehension.
So we propose the following work whose objectives are:
1)

Assess grip strength value in frail elderly inpatients

2)
Assess the correlation between grip strength and lower limbs strength in this sample
3)
Analyze the influence of cognitive impairment in assess grip strength value.
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Materials and Methods
Descriptive longitudinal observational study of all consecutive geriatric, cancer and non-cancer patients admitted to the
mid- and medium-term (patient admission for 1-2 months)
palliative care unit for non-terminal palliative treatment, convalescence or rehabilitation irrespectively of origin (medical,
surgical, intensive units). Patients under 65 years old, patients
requiring terminal palliative care, and those with severe cognitive impairment, no qualified carer or with a language barrier
that would not allow them to participate in the clinical interview were excluded. Patients were collected from October
2011 to October 2013. Clinical exam was conducted by specialists in Physical Medicine and Rehabilitation familiar with the
assessment of physical function as ad hoc protocol between
the first and second week of admission.
Method assessment included the following sections:

•
Mean manual muscle test (MMT) of the pelvic muscle girdle based on the Medical Research Council Scale (MRC)
[14]. This is an ordinal scale for for diagnosis and monitoring
of muscle strength. Testing muscle strength goes from 0 (no
movement, no contraction) to 5 (Muscle contracts against full
manual oppose: normal strength). Tested muscle was: hip flexion, hip abduction muscle and knee extension muscle of both
lower limbs as its ability to ensure the standing and walking.
We considered strength average for both lower limbs.
•
Manual passive joint arch exam of upper and lower
limbs in order to assess structured stiffness with a possible
impact on the strength training. It was accept joint limitation
of over 50% for age.

•
Hand grip strength measured with a hydraulic hand
dynamometer (Baseline® measurements Fabrication Enterprises, USA) according to the standard protocol[15], which employs the mean of three strength tests as the resultant score for
both hands. For each grip strength test, the subject was seated
or placed in a semi-seated position (according to the patient’s
clinical conditions) with shoulder adducted and neutrally rotated, elbow flexed at 90°, forearm in a neutral position, and
wrist between 0° and 30° dorsiflexion and between 0° and 15°
ulnar deviation.
•
Recording cognitive impairment as a confounding
variable according to the Short Portable Mental Status of
Pfeiffer (SPMSQ)[16,17]. This is shelf-administered questionnaire consisting of 10 items. The cutoff is 3 or more errors in
the case of people who at least can read and write and 4 or
more for those who do not. From that score is suspected of impairment cognitive.

Statistical Analysis
•

Spearman’s non-linear correlation was used to check

2
the possible association between an ordinal variable (lower
limb muscle) and the two quantitative variables (grip strength
of the right and left hands).
•
Ordinal regression analysis to determine the probability of obtaining a different pelvic muscle strength score according to the patient’s grip strength.

•
Ordinal regression analysis to distinguish whether
cognitive impairment exists and if it acts as a confounding variable of the strength measure.

All these analyses were done with the R software (version
2.15.3).

Results

The study sample was made up of 138 patients, 71 men and 67
women, whose mean age was 81.14 years (65-98a).

Among the reasons (from the most frequent to the least frequent) for being admitted into hospital, the following predominated: infections (23.9%: 33 patients of the sample), decompensations of a previous lung pathology (21.7: 30 patients) or
heart problems (15.9: 22 patients).
Descriptive analysis results

Regarding joint movement most of the study sample presented adequate articular mobility in upper limbs (87.76%, 121
patients) and lower limbs (87.0%, 120 patients) for their age.
Sample presented generalized muscle pelvic muscle weakness
with a median MMT score of 4 (1st-3rd Q: 3-4). The mean grip
strength values between both upper limbs were similar: 12.0
kg (SD: 6.38) right-hand grip strength; 11.25 kg (SD: 6.03);
left-hand grip strength. No relation was found between grip
strength and handedness. Figure 1 provides details of grip
strength and MMT of the pelvic muscle girdle, differentiated by
genders. Table 1 shows raw ordinal data with medium, quartiles and dispersion data. When evaluating cognitive status,
36.2% of our patients (N=50) presented cognitive impairment
according to the Pfeiffer test.
Non-linear correlation analysis results

Figure 2 depicts how the range of grip strength values varied (left hand, right hand, both hands) for each pelvic muscle
strength value. This graphic association between both values is
observed as grip strength in both hands (both the right and left
hands) increased at the same time as pelvic girdle strength increased (box diagram). Reciprocally, the greater pelvic muscle
strength became, the stronger grip strength was.

Table 2 provides the Spearmen’s correlation test results. The
“rho” values obtained as a measure of the degree of association between the two strength variables (0.42, 0.47 and 0.46)
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Figure 1. Mean grip strength values for each hand (expressed as kg and mean Manual Muscle Test

DYNAMOMETER MEASUREMENTS OF GRIP STRENGTH IN FRAIL ELDERLY
3 INPATIENTS

indicate a positive relation to the extent that if one variable in(MMT) of lower extremities). Standard deviations (SD) are shown in brackets.
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the other also did.
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Table 1. Raw ordinal data with medium, quartiles and dispersion data.
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Left hand grip

0

7.07

14.75

30

11.25

6.03

Charlson index

0

2

3

7

2.67

1.41

DYNAMOMETER MEASUREMENTS OF GRIP4,4STRENGTH
IN FRAILMENELDERLY INPATIENTS
(0,7)
6

WOMEN

3,98 (0,5)

4
2
0

RIGTH HAND
(KG)

LEFT HAND
(KG)

LIMB
STRENGTH
(mean MMT)

Figure 1. Mean grip strength values for each hand (expressed as kg
and
mean
Manual
(MMT)
of lower
extremities).
Table
1. Raw
ordinal Muscle
data withTest
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quartiles
and dispersion
data. Standard
deviations (SD) are shown in brackets.

Variable
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Quartile 1

Quartile3 Max
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SD

Age

65
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87

98

81.13

7.64

MMT upper limbs

2

4

5

5

4.22

0.75

MMT lower limbs

2

3

4

4
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0.91

Rigth hand grip

0
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Left hand grip
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Table 2. Spearman correlation test “Rho” values as a measure of the degree of
Figure 2. Box diagram between pelvic muscle strength value and grip
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(leftbetween
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and grip strength.
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Table 1. Raw ordinal data with medium, quartiles and dispersion
Pelvic muscle girdle strength – Left hand
data.
						

P-VALUE

RHO VALUE

< 0.01

0.42

< 0.01

0.47

< 0.01

0.46

Pelvic muscle girdle strength – Both hands

Table 2. Spearman correlation test “Rho” values as a measure of the degree of association between muscle strength of
lower limbs and grip strength.			
						

Ordinal regression analysis results

Table 2. Spearman correlation test “Rho” values as a measure of the degree of
association between muscle strength of lower limbs and grip strength.
RELATION

P-VALUE

RHO VALUE

Pelvic muscle girdle strength – Right hand

< 0.01

0.42

Table 3 reflects the ordinal regression analysis results to determine the probability of obtaining an MMT score for pelvic
muscle girdle higher than 3 and an MMT value higher than 4
depending on the grip strength exerted. Ordinal regression
analysis shows that the association between grip strength and
MMT remains statistically significant with or without cognitive
impairment (p <0.001).

Cite this article: Soto R B. Dynamometer Measurements of Grip Strength in Frail Elderly Inpatients. J J Intern Medicine. 2016, 2(1): 018.

Pelvic muscle girdle strength – Left hand

< 0.01

0.47

Pelvic muscle girdle strength – Both hands

< 0.01

0.46

Jacobs Publishers

4

TheTable
ordinal
regression
modeldetermines
included
the variables
grip
3. Ordinal
regression analysis
the probability
of obtaining
strength, Charlson index and cognitive impairment as predicforas
pelvic
girdle depending
on the grip strength exerted.
torsMMT
andscore
MMT
response
variable.

relation between grip strength and the strength of the quadriceps strength in normal adult population [11] in the population receiving physiotherapy[23] and elderly population
population[9,10,22]. Muscle analytical assessment by MMT
To assess
association
and cognitive
impairMinimumthe
gripstrength
valuesbetween
to achieve aMMT
MMT greaterthan
3 (firstcolumn)
or 4 is commonly used in clinical and constitutes a fundamental
ment
a model nested to the first one was fitted without the
(second column) with a probability of 50% (firstrow), 75% or 90% (second and tool for the control and monitoring of muscular balance. It is
variable cognitive impairment and a likelihood ratio test was a subjective method although several studies confirm its relithirdrows)
used.
Since the p value was not significant we found no evi- ability and validity [24]. The contribution offered by our work
dence that cognitive impairment is associated to MMT values. is to ensure that this relationship is maintained with a valuation method of the subjective force such as manual muscle test
Grip strength (kg)
(MMT).
Probability
MMT>3>3

MMT>4

50%

6.5

22

75%

14

29

90%

22

36

Table 3. Ordinal regression analysis determines the probability of
obtaining MMT score for pelvic girdle depending on the grip strength
exerted.							
Minimum grip strength values to achieve a MMT greater than 3 (firstcolumn) or 4 (second column) with a probability of 50% (first row),
75% or 90% (second and third rows).

Discussion
The study of muscle strength in geriatric population is interested because it has been found that their decline is related to
disability [9] and mortality[18].
In our study sample, comprised of elderly frail patients whose
mean age was 81.4 years, we verified the existence of generalized weakness in grip strength and in lower extremities. We
can see that the elderly non-institutionalized population presents strength values that are approximately 3-fold higher than
those obtained by the subjects in our sample [19-22].

The decline in skeletal muscle strength is related sarcopenia
and frailty. Although there are methodological aspects not
measured to define these concepts in the present study, our
results are consistent with the concepts of frailty and sarcopenia because the sample has very low values of strength, severe
physical function impairment, loss of ambulation and bedridden.
The Spearman’s correlation test shows a statistically significant relation (p<0.01) between grip strength (both left and
right) and strength in lower limbs (hip flexors and abductors
muscle, and knee extensors; Table 1). “Rho” values indicate
that the positive correlation is moderate (values between 0.5
and 0.69). In figure 2, Box diagram between pelvic muscle
strength value and grip strength (left hand, right hand, both
hands) graphics this relation. In this sense, is not novel cor-

The ordinal regression analysis also establishes pelvic girdle
MMT score probabilities according to the grip strength exerted
(Table 2). This aspect we consider may be useful in daily clinical assessment in this patient group whose psycho-physical
conditions frequently hinder evaluation of their physical function. In line with this, the possible influence of cognitive deterioration on the grip strength exerted has been considered.
Thus, the ordinal regression analysis reveals that the association between grip strength and MMT is still statistically significant (p < 0.001), which renders cognitive impairment as being
a less important confounding variable in our sample. Tappendien et al. in their systematic review, verified that the functional
results between a population not presenting deterioration and
one with slight or moderate dementia were similar [25], which
coincides with our results.

In this patient group, the use of simple evaluation tools that
provide reliable, reproducible information on strength is particularly useful. The Jamar dynamometer is considered to be
the gold standard, although other instruments, such as the
Baseline dynamometer employed in the present work, provide
measures that can be interchanged with the first-cited instrument and offer excellent inter-instrumental reliability [26].
In this way, we accept the grip strength results as being valid,
which are much lower than those obtained in a healthy geriatric population, as mentioned earlier. Moreover in our study
sample, the strength exerted by each (left and right) hand does
not differ significantly, and this result is in line with those reported in previous studies [27].

Therefore, measuring grip strength by dynamometry is a relatively simple technique, can be done at the patient’s bedside,
even among patients whose comprehension is limited. With
our findings, we can approximately determine strength of
lower extremities from grip strength in patients whose collaboration is deficient and who find it hard to understand the
examination manoeuvres involved, or those with cognitive
deterioration or confusional syndrome. Therefore, applying
hydraulic dynamometry to frail hospitalised patients could be
useful to evaluate grip strength. So we think that this method is
very useful for assessment lower limb strength without assess
it when patient collaboration is very poor.
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Conclusion
In elderly frail patients, there is generalised weakness in grip
strength and in lower extremities. A statistically significant relation exists between dynamometric grip strength and the lower limbs strength analysed with manual muscle test. Strength
of both lower extremities can be approximately deduced from
grip strength.

Measuring grip strength by dynamometry is a simple technique
that can be applied to frail hospitalised patients with a limited
level of comprehension. Authors conclude that with a simple
and economical method is objectively possible to approach the
lower limbs strength in frail elderly inpatients whose cooperation is very limited and thus establish therapeutic programs to
improve their physical function.
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