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Objective. Grip strength testing offers a mechanism to identify patients in whom frailty might be present, discriminate between
robust elderly and vulnerable younger patients, and can be used as a tool to track changes in muscle bulk over the course of an
inpatient stay. We compared gold-standard quantitative grip strength measurement to a low-tech alternative, a manual bedside
sphygmomanometer. Design. Under supervision, subjects performed hand-grip strength testing with each instrument. A mean
score is calculated from three measurements on the dominant and nondominant hand. Setting. Testing was performed in a tertiary
centre in Perth, Western Australia, in both outpatient clinics and intensive care units. Participants. 51 adult pre-operative surgical
outpatients were assessed, alongside 20 intensive care inpatients identified as being weak. Main outcome measures. A statistical
correlation between the two measures was evaluated. Feasibility, safety, and convenience were also assessed in outpatient and
bedside settings. Results. Highly correlated results in both tertiary surgical outpatients (r;=0.895, p<0.001, N=102; r (100) =
0.899, p <0.001) and weak intensive care patients (r;=0.933, p <0.001, N=39r (37) =0.935, p <0.001) Conclusions. Modifying a
manual bedside sphygmomanometer to measure grip strength is feasible and correlates well with a formal dynamometer in
preadmission surgical patients and weak patients in the intensive care unit. The use of an existing, safe, and available device
removes barriers to the measurement of weakness in patients and may encourage uptake of objective measurement in
multiple settings.

1. Introduction

Frailty is defined as “decline in multiple body systems, which
increases an individual’s vulnerability to changes in health or
their environment” [1]. Grip strength may be used alone to
screen for frailty [2-4], or as part of a frailty scoring system
[5]. Measuring grip strength is simple and rapid, though not
routinely used in clinical practice outside of research settings
[6]. Scoring systems that attempt to evaluate frailty without a
functional test have been shown to not be predictive of
outcome [7], whereas those that include a functional test
have been shown to predict mortality in general [8], trauma
[7], and surgical patients [9-12]. Separately, grip strength

alone may predict extubation success [13], identify intensive
care unit acquired weakness (ICUAW) [14-16], and predict
outcomes in ventilated chronic obstructive pulmonary
disease (COPD) patients [17]. In a more diverse French
intensive care population, grip strength was shown to be
predictive of difficult weaning from ventilation [18].
Barriers to the evaluation of grip strength include the
limited availability of a dynamometer, in part due to its being
relatively expensive, fragile, and requiring specific training.
Its use may also be limited due to infection control pre-
cautions. In contrast, the manual sphygmomanometer is
widely available and prior research in healthy volunteers
established that it accurately measured grip strength [19,20].
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FIGURE 1: Creation of the blood pressure cuff for grip strength testing. The sphygmomanometer starts fully open, then, rolled closed to its
minimum size on the fastening surface, then, inflated to 20 mm-Hg, resulting in a hand-sized pillow.

Grip strength testing offers a noninvasive mechanism
to identify patients in whom frailty might be occult, where a
more extensive frailty index is unwieldy, impractical, time-
consuming, or where clinical suspicion might need to be
confirmed [21-23]. It can also be used as a tool to track
recovery or deterioration in muscle strength in the in-
tensive care unit (ICU) [24]. Early frailty [21] and frailty in
the obese [25] are challenging to identify; objective func-
tional testing offers a way to improve sensitivity in
screening. Gait-speed, six-minute-walk test results, and
timed “get up and go” tests remain alternatives to quan-
titative grip strength measurement that do not require
specialist equipment [25], but are comparatively lengthy
and not useful in a group of people who have difficulty
walking or are critically unwell. The complete frailty indices
available take considerable time to carry out, and simple
screening tests are attractive for busy clinicians [12]. Brief
scoring systems and the more complete Fried frailty as-
sessment both require assessment of grip strength. Existing
systems that ask clinicians to rate patients’ frailty on a
scale-for example, the Canadian Frailty Scale (CFS)—have
advantages over “end of the bed” assessment [26] but have
deficits compared to evaluations that include objective
outpatient testing [21].

Given the utility of these measurements and the
weaknesses of the dynamometer, we chose to make a
comparison of the dynamometer’s measurements to those of
a manual sphygmomanometer. The use of a more easily
available device would allow easier grip strength testing and
facilitate the addition of objective, functional information.
Showing the correlation of these measurements might en-
able further research in premorbid patients, patients within
the ICU, and in recovered patients. For these reasons, and to
further validate the apparatus, we selected an outpatient
group as well as a weak ICU cohort.

2. Materials and Methods

Patients were enrolled at Sir Charles Gairdner Hospital, a
tertiary level teaching hospital in Western Australia. Two
cohorts were selected: a convenience sample of elective
surgical patients in a preadmission clinic; and intensive care
patients identified as weak by the treating intensivists.

Patients were required to be competent to consent and
obey commands sufficiently to engage in measurement.
Patients were recruited between September 2018 and March
2019. Approval was granted as a quality improvement
project (GEKO *26469).

We used the Jamar plus hand dynamometer (Sammons
Preston, Bolingbrook, IL) and compared it to a manual
aneroid sphygmomanometer (ABN Healthcare Systems).

Figure 1 illustrates how to create the blood pressure cuft
into a grip strength tool. To use the sphygmomanometer, the
cuff is opened fully, and then, folded as if to bring it to its
“smallest” size [19]. The result is a small pillow. The cuff is
then inflated until the pressure gauge reads 20 mm-Hg; a
moment is taken to allow the air to distribute through the
internal bladder fully, and then, the measurement is checked
again; the cuff may also be inflated above this threshold for a
period, then, deflated back to 20 mm-Hg.

All patients were assessed with both the Jamar dyna-
mometer and the manual sphygmomanometer as originally
described by Fess and Moran [27]. Patients sat with shoulder
adducted, elbow flexed to 90 degrees, wrist 0-30 degrees
dorsiflexion. Both upper limbs were assessed with both
measurement devices. Three successive trials were made
with vocal encouragement [19, 20, 27]; the mean of three
trials was recorded as the grip strength for each limb. The
measurement of peak exerted force was recorded for each
trial made with each hand, with both the dynamometer and
the sphygmomanometer read off the pressure gauge.
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TaBLE 1: Descriptive data for both cohorts.

Preadmission clinic patients

Weak intensive care patients

Total patients (n) 51 20
Male gender (%) 29 (57%) 9 (45%)
Mean 62.8 67.75
Age (years) Median 65 68
Q1-Q3 (IQR) 55.5-73.5 (18) 59.25-73.25 (14)
Mean 85.12 73.28
Weight (kg) Median 80 63.95
Q1-Q3 (IQR) 68.50-94 (25.5) 55.30-86.12 (30.82)
Mean 24.668 9.25
Grip Strength (kg F) Median 21.3 8.37
Q1-Q3 (IQR) 16.67-33.75 (17.08) 2.93-13.22 (10.28)
Mean 172.91 94.68
Grip Strength (mm-Hg) Median 160 90
Q1-Q3 (IQR) 117-224 (107) 49.17-117.17 (68)
n 120 39
Spearman’s rank correlation rho 0.895 0.933
p <0.001 <0.001
df 100 37
Pearson’s product moment correlation rho 0.899 0.935
p <0.001 <0.001
Correlation in outpatients
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FIGURe 2: Correlation between grip strength techniques in pre-
admission surgical patients.

Twenty patients in the intensive care unit were also
evaluated. These patients were chosen if they were felt to be
globally weak by the treating intensivist. Patients were ex-
cluded if they could not give consent, could not obey
commands, could not be positioned so as to adequately
perform the measurements, or had suffered direct injury or
pathology to either upper limb (for example, pressure injury
or local infection).

Demographic data were collected from both groups of
patients.

3. Results

Fifty-one participants from the preadmission clinic com-
pleted the testing procedure. These are summarised in

Dynamometer measurement (KgF)

FiGure 3: Correlation between grip strength techniques in weak
ICU patients.

Table 1. Figure 2 plots the grip strength using the two
techniques (n =102, 51 patients).

The Spearman’s rho correlation coefficient was used to
assess the relationship between the two grip strength
measures in outpatients; there was a significant correlation
between the two, r,=0.895, p<0.001, N=102. Also, Pear-
son’s product-moment correlation was used, also finding a
significant correlation r(100) =0.899, p <0.001.

A linear regression model was used to predict a dyna-
mometer measurement (KgF) from a sphygmomanometer
measurement (mm-Hg); R*=0.96, Rzadjusted=0~96; the re-
gression coefficient (B=0.14, 95%CI [0.14-0.15]) indicated
that an increase in sphygmomanometer measurement by
1 mm-Hg corresponded to an increase in dynamometer



measurement of 0.14 KgF. Figure 3 outlines the correlation
in the weak ICU patients (n =39, 20 patients).

The Spearman’s rho correlation coefficient was used to
assess the relationship between the two grip strength
measures in weak ICU patients; there was a significant
correlation between the two, r,=0.933, p<0.001, N=39.
Pearson’s product-moment correlation also found a sig-
nificant correlation r (37) =0.935, p<0.001.

The linear regression model (mm-Hg); R*=0.87,
Rzadjustedz 0.87; the regression coeflicient (B=0.11, 95% CI
[0.10-0.13]) indicated that an increase in sphygmoma-
nometer measurement by 1mm-Hg corresponded to an
increase in dynamometer measurement of 0.11 KgF. Sup-
plementary Table 1 provides a description of the charac-
teristics of the ICU patients who were “designated weak.”

Feasibility of testing: no patients found the experience
uncomfortable or difficult. The testing took less than ten
minutes, and in the intensive care setting, this procedure was
easy to perform between episodes of care and intensive care
nurses reported it to be easy to do and had no significant
impact on nursing workload.

4. Discussion

The use of a low-tech measure of grip strength performed
very well compared to the use of a standard dynamometer.
The correlation between the measurements made with the
sphygmomanometer and those made with the dynamometer
was very high in this population. Previous work has shown
these measures to be largely comparable, albeit in a pop-
ulation of well, younger, stronger females [19] and healthy
volunteers [20]. The Jamar device is taken as a gold standard,
although there are competitor devices that have been
evaluated in the published literature, such as the Rolyan [28]
and Bodygrip [29] dynamometers.

The use of the low-tech measure of grip strength also
performed well in weak intensive-care patients; the corre-
lation remained high (0.935). The device was noninvasive,
useable, and safe in the intensive care unit. Normative data
available for the Jamar device in Australia [30] and Canadian
research [5] describes a weak relationship to BMI but a clear
difference in sex; patients are said to be abnormally weak if
they fall into the weakest 20% of their sex and BMI cohort.
Dynamometry readings of <29 kgF in males and <17 kgF in
females meet the cutoff for the grip strength component
(dominant hand) of frailty scoring and <11kgF in males,
<7kgF in females is the definition used for ICUAW [14, 24].
In the sampled outpatients, 20 of 51 (8 females and 12 males)
met the Fried cutoff; in the sampled weak ICU patients, 9 of
20 (5 females and 4 males) met the criteria for ICUAW, with
all ICU patients recording grip strengths under the Fried
limit. Based on linear regression in the outpatient dataset,
the predicted strength in KgF is 0.14 * (strength in mmHg).
These values reflect approximately 50-210 mm-Hg, an area
easy to evaluate on the gauge.

A low-tech, more readily available measure of grip
strength might increase screening for ICU-acquired weak-
ness. Quantitative grip strength assessment has been shown
to be sensitive in detecting ICUAW [24]. The
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sphygmomanometer is familiar, safe, and often disposable or
single-use, which is of benefit where there are infection
control precautions. A high standard of calibration also
exists for the device. For this reason, the sphygmoma-
nometer would be an excellent substitute for the dyna-
mometer in many clinical scenarios. The familiarity,
ubiquity, and availability of the sphygmomanometer would
allow quantitative grip strength to be incorporated into ICU
nursing assessment or ICU physician assessment inside and
outside the ICU.

Conceptually, there is overlap between the concepts of
frailty and acquired weakness. While frailty is a prehospital
diagnosis, weak patients assessed in the ICU might be frail or
might have developed weakness after admission. Grip
strength assessment therefore might be helpful in identifying
patients who will be at need of significant rehabilitation, or
prioritise for early referral to specialist rehabilitation [31].

There are several limitations to this study. It was more
difficult to recruit the weak group in intensive care than
anticipated; the principal barrier was identification of weak
ICU patients who also had appropriate capacity to consent
to research and obey commands. This group was chosen to
demonstrate that the device could still reproduce lower
figures in a group expected to have lower grip strength,
which it did. The use of a convenience sample for the
outpatient group is a potential problem. However, this
comparison has not previously been made in any patient
population of which we are aware, and we did not expect
significant biases using a convenience sample evaluating this
technique.

The sphygmomanometer is likely to underestimate the
strength in very strong patients due to its upper limit of
accurate measurement at approximately 300 mm-Hg-al-
though suitable for blood pressure measurement, this might
be exceeded by very robust patients. For this reason, we
cannot assess the validity of the comparison outside this
range of strength.

Grip strength is, by convention, evaluated in the distal
upper limb in a standardised position-while this is the
published standard, this may not reflect the degree of whole-
body sarcopenia expected in frailty. This is of interest in the
ICU, where the syndrome of intensive care mononeuropathy
tends to preserve distal power relative to proximal limb
power and truncal stability; patients may thus “overperform”
if their distal strength is measured, and appear less weak than
they are. Finally, we did not evaluate this measurement
chronologically in ICU patients; it might be desirable to
evaluate how this measure changes over time in a subsequent
study.

5. Conclusions

Modifying a manual bedside sphygmomanometer to mea-
sure grip strength is feasible and correlates well with a formal
dynamometer in preadmission surgical patients and weak
patients in the intensive care unit. The use of this commonly
available device enables the measurement of grip strength
objectively, a result that has utility for the identification of
patients with acquired weakness in the hospitals,
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quantitative evaluation of progress after intensive care, and
improved sensitivity in the identification of frail patients.
The use of an existing, safe, and available device removes
barriers to the measurement of weakness in patients and
may encourage the uptake of objective measurement in
multiple settings.

Data Availability

The data used to support the findings of this study are
available from the corresponding author upon reasonable
request.

Conflicts of Interest

The authors declare that they have no conflicts of interest.

Supplementary Materials

Table 1. Description of weak ICU patients. (Supplementary
Materials)

References

[1] A. Clegg, J. Young, S. Iliffe, M. O. Rikkert, and K. Rockwood,
“Frailty in elderly people,” in The Lancetvol. 381, 2013.

[2] D. Yoshida, T. Suzuki, H. Shimada et al., “Using two different
algorithms to determine the prevalence of sarcopenia,” Ge-
riatrics and Gerontology International, vol. 14, pp. 46-51,
2014.

[3] H. Syddall, C. Cooper, F. Martin, R. Briggs, and A. Aihie
Sayer, “Is grip strength a useful single marker of frailty?” Age
and Ageing, vol. 32, no. 6, pp. 650-656, 2003.

[4] T. E. Reeve, R. Ur, T. E. Craven et al., “Grip strength mea-
surement for frailty assessment in patients with vascular
disease and associations with comorbidity, cardiac risk, and
sarcopenia,” Journal of Vascular Surgery, vol. 67, no. 5,
pp. 15121520, 2018.

[5] L. P. Fried, C. M. Tangen, J. Walston et al., “Frailty in older
adults: evidence for a phenotype,” The Journals of Gerontology
Series A: Biological Sciences and Medical Sciences, vol. 56,
no. 3, pp. M146-M157, 2001.

[6] K.Ibrahim, C.R. May, H. P. Patel, M. Baxter, A. A. Sayer, and
H. C. Roberts, “Implementation of grip strength measurement
in medicine for older people wards as part of routine ad-
mission assessment: identifying facilitators and barriers using
a theory-led intervention,” BMC Geriatrics, vol. 18, no. 1,
p. 79, 2018.

[7] A. Cheung, B. Haas, T. J. Ringer, A. McFarlan, and
C. L. Wong, “Canadian study of health and aging clinical
frailty scale: does it predict adverse outcomes among geriatric
trauma patients?” Journal of the American College of Surgeons,
vol. 225, no. 5, pp. 658-665e3, 2017.

[8] C. A. Celis-Morales, P. Welsh, C. M. Lyall et al., “Associations
of grip strength with cardiovascular, respiratory, and cancer
outcomes and all cause mortality: prospective cohort study of
half a million UK biobank participants,” BMJ, vol. 361, 2018.

[9] A. Tsiouris, Z. T. Hammoud, V. Velanovich, A. Hodari,
J. Borgi, and I. Rubinfeld, “A modified frailty index to assess
morbidity and mortality after lobectomy,” Journal of Surgical
Research, vol. 183, no. 1, pp. 40-46, 2013.

[10] R. Griffiths and M. Mehta, “Frailty and anaesthesia: what we
need to know,” Contin Educ Anaesthesia, Crit Care Pain,
vol. 14, 2014.

[11] K. V. Patel, K. L. Brennan, M. L. Brennan, D. C. Jupiter,
A. Shar, and M. L. Davis, “Association of a modified frailty
index with mortality after femoral neck fracture in patients
aged 60 years and older,” Clinical Orthopaedics and Related
Research, vol. 472, no. 3, pp. 1010-1017, 2014.

[12] T. N. Robinson, D. S. Wu, L. Pointer, C. L. Dunn,
J. C. Cleveland, and M. Moss, “Simple frailty score predicts
postoperative complications across surgical specialties,” The
American Journal of Surgery, vol. 206, no. 4, pp. 544-550,
2013.

[13] D. De Bels, J. Devriendt, P. Gottignies et al., “Hand-grip test is
a good predictor of extubation success in adult ICU patients,”
Critical Care, vol. 15, no. S1, p. P161, 2011.

[14] N. A. Ali, J. M. O’Brien, S. P. Hoffmann et al., “Acquired
weakness, handgrip strength, and mortality in critically ill
patients,” American Journal of Respiratory and Critical Care
Medicine, vol. 178, no. 3, pp. 261-268, 2008.

[15] R. D. Braganga, C. G. Ravetti, L. Barreto et al, “Use of
handgrip dynamometry for diagnosis and prognosis assess-
ment of intensive care unit acquired weakness: a prospective
study,” Hear Lung, vol. 48, 2019.

[16] R. D. Braganca, T. B. L. S. Ataide, L. M. B. Mouréo et al,,
“Intensive care unit acquired weakness, handgrip strength,
and mortality in critically ill patients,” Journal of Critical Care,
vol. 42, pp. 388-389, 2017.

[17] A. A. R. Mohamed-Hussein, H. A. Makhlouf, Z. I. Selim, and
W. Gamaleldin Saleh, “Association between hand grip
strength with weaning and intensive care outcomes in COPD
patients: a pilot study,” The Clinical Respiratory Journal,
vol. 12, no. 10, pp. 2475-2479, 2018.

[18] G. Cottereau, M. Dres, A. Avenel et al., “Handgrip strength
predicts difficult weaning but not extubation failure in
mechanically ventilated subjects,” Respir Care, vol. 60, 2015.

[19] G. F. Hamilton, C. McDonald, and T. C. Chenier, “Mea-
surement of grip strength: validity and reliability of the
sphygmomanometer and Jamar grip dynamometer,” Journal
of Orthopaedic & Sports Physical Therapy, vol. 16, no. 5,
pp. 215-219, 1992.

[20] P. R. G. Lucareli, M. de O. Lima, F. P. S. Lima et al,
“Comparison of methods of measurement of the finger flexor
muscles’ strength through dynamometry and modified
manual sphygmomanometer,” Einstein (Sao Paulo), vol. 8,
2010.

[21] L. Lee, T. Patel, A. Costa et al., “Screening for frailty in
primary care accuracy of gait speed and hand-grip strength,”
Can Fam Physician, vol. 63, 2017.

[22] R. E. Hubbard, I. A. Lang, D. J. Llewellyn, and K. Rockwood,
“Frailty, body mass index, and abdominal obesity in older
people,” The Journals of Gerontology Series A: Biological
Sciences and Medical Sciences, vol. 65A, no. 4, pp. 377-381,
2010.

[23] R.E.Hubbard and D. A. Story, “Patient frailty: the elephant in
the operating room,” vol. 84, Anaesthesia, 2014.

[24] N. R. Samosawala, K. Vaishali, and B. C. Kalyana, “Mea-
surement of muscle strength with handheld dynamometer in
intensive care unit,” Indian Journal of Critical Care Medicine,
vol. 20, no. 1, pp. 21-26, 2016.

[25] H. P. Patel, H. E. Syddall, K. Jameson et al., “prevalence of
sarcopenia in community-dwelling older people in the uk
using the european working group on sarcopenia in older


https://downloads.hindawi.com/journals/ccrp/2022/3428851.f1.docx
https://downloads.hindawi.com/journals/ccrp/2022/3428851.f1.docx

[26]

(27]

(28]

(29]

(30]

(31]

people (EWGSOP) definition: findings from the Hertford-
shire Cohort Study (HCS),” Age Ageing, vol. 42, 2013.

K. Rockwood, X. Song, C. MacKnight et al., “A global clinical
measure of fitness and frailty in elderly people,” Canadian
Medical Association Journal, vol. 30, 2005.

E. Fess and C. Moran, Clinical Assessment Recommendations,
American Society of Hand Therapists, Indianapolis, IN, USA,
1981.

V. Mathiowetz, “Comparison of Rolyan and Jamar dyna-
mometers for measuring grip strength,” Occupational Therapy
International, vol. 9, no. 3, pp. 201-209, 2002.

R. S. Guerra, T. F. Amaral, A. S. Sousa, I. Fonseca, F. Pichel,
and M. T. Restivo, “Comparison of jamar and Bodygrip
dynamometers for handgrip strength measurement,” The
Journal of Strength & Conditioning Research, vol. 31, no. 7,
pp. 1931-1940, 2017.

N. M. Massy-Westropp, T. K. Gill, A. W. Taylor,
R. W. Bohannon, and C. L. Hill, “Hand Grip Strength: age and
gender stratified normative data in a population-based study,”
BMC Research Notes, vol. 4, no. 1, p. 127, 2011.

N. E. Brummel, T. D. Girard, P. P. Pandharipande et al.,
“Prevalence and course of frailty in survivors of critical ill-
ness,” Critical Care Medicine, vol. 48, no. 10, pp. 1419-1426,
2020.

Critical Care Research and Practice



