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Introduction
The Intensive Care Unit (ICU) is highly specified and 

sophisticated area of a hospital which is specifically 
designed, staffed, located, furnished and equipped, 
dedicated to the management of critically ill.[1] Prolonged 
stay in ICU may precipitate complications such as 
ventilator‑associated pneumonia, deep vein thrombosis, 
ICU‑acquired weakness (ICUAW), blood stream 
infections, and abnormal gastrointestinal bleeding.[2] 
Prolonged bed rest involving skeletal muscle dysfunction 
may hamper the rehabilitation of ICU survivors.[3] The 
significant decrease in muscle strength during ICU stay is 
a prognostic indicator of critical illness in ICU survivors.[4]

ICUAW is clinically detected weakness in critically ill 
patients in whom there is no plausible etiology other than 

critical illness.[5] It is multifactorial and predominantly 
due to muscle inactivity, sepsis, corticosteroid, 
neuromuscular blockers, and hyperglycemia that 
results in a reduction of force generating capacity of 
muscles.[5,6] The physical inactivity results in significant 
loss of muscle mass and strength up to 1% to 5% per day 
in critically ill patients.[3,7]

The incidence of weakness in mechanically ventilated 
critically ill patients has been noted to be 58% on 
electrophysiological evaluation and 25–33% on clinical 
evaluation.[8] As electrophysiological testing is not always 
practical or feasible in ICUs, its clinical applicability is 
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limited for measuring ICUAW.[9,10] This highlights the 
need for objective and reliable methods to measure the 
presence of muscle weakness and to determine the effects 
of interventions on its progression.[11]

Measuring the peripheral muscle strength manually 
requires patient’s cooperation. The Richmond Agitation 
and Sedation Scale (RASS, r = 0.956) is a valid and 
reliable tool for categorizing sedation and agitation levels 
in patients in ICU.[12] The different methods to assess 
ICUAW are an electrophysiological examination, manual 
muscle testing (MMT) (medical research council [MRC] 
score), and dynamometry. The electrophysiological 
examination can be performed at an early stage, but it 
is time‑consuming, technically challenging, expensive, 
and not readily available in all ICUs.[5,13] The MRC scale 
is an ordinal measure limited by its sensitivity at the 
higher grades 4 and 5 that have been noticed in patients 
recovering from critical illness. The dynamometer can 
detect this change in a more objective manner as even 
minimum muscle strength loss can have an impact on the 
physical function of ICU survivors.[11,14‑16] These devices 
usually record the force produced by loading through 
tension or compression and often used for quantification 
of muscle strength.[11,17] The minimal change in the peak 
torque value can be measured in units of weight such as 
pounds or kilograms.[18‑20]

It is truly challenging to detect physical functional 
abnormalities early in the course of critical illness.[21] 
Hence, dynamometry has been accepted as reliable 
skeletal muscle strength measuring apparatus in 
ICU population,[11] however, its ability to detect the 
progression of ICUAW has not been tested.

There is a need for simple clinical assessment method 
to measure ICUAW in critically ill patients at the earliest. 
There is a paucity of literature about the hand‑held 
dynamometer to detect the change in force generated 
by muscles in ICU patients. The aim was to observe 
the changes in dynamometry values for biceps, triceps, 
deltoid in upper extremity and quadriceps, dorsiflexors, 
plantar flexors in lower extremity during ICU stay.

Methodology
This is an observational cohort study done after 

approval from Institutional Ethical Committee. Critically 
ill patients, who were admitted at least for 3 days in ICU, 
were screened. After taking informed consent, patients 
whose RASS score was −1 to +1 and Attention Screening 
Examination (ASE) score was ≥8, were included in this 
study. Biceps, triceps, deltoid in upper extremity and 

quadriceps, dorsiflexors, and plantar flexors in lower 
extremity were assessed bilaterally. The handheld 
dynamometer was used to measure the force generated 
by each muscle in critically ill patients on day 3. The 
procedure was repeated on 5th and 7th day of ICU stay by 
the same examiner. On each test day, the alertness and 
attention of critically ill subjects were assessed with the 
RASS and ASE score.

Subjects
The critically ill patients were screened in ICUs of 

tertiary care hospital, Karnataka from February 2013 
to February 2014. Patients were excluded if they had 
an absolute contraindication that prevented peripheral 
muscle strength testing, an acute or preexisting neurologic 
condition, cardiovascular condition, organophosphate 
poisoning, a fracture in the assessment limb, a cognitive/
intellectual/psychiatric impairment that impaired 
capacity to follow verbal instructions and those who 
started walking before 7th day from ICU admission. The 
patients on a mechanical ventilator and supplemental 
oxygen therapy were included in the study. The sample 

size was calculated using formula 
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anticipating a standard deviation (𝜎) = 5.13 (based on 
a pilot study of six critically ill patients), at 5% level of 
significance, clinically significance difference (d) =2, and 
80% power, which was approximately 70.

Procedure for measurement of muscle strength using 
handheld dynamometer

The handheld dynamometer was used to measure the 
force generated by each muscle. One wooden board 
was placed under the limb to be tested to avoid the 
effect of water bed in ICU. The patients were instructed 
to perform maximum isometric contraction during 
dynamometry measures. The dynamometer was placed 
perpendicular to limb to be tested. The selected muscles 
were tested in the supine position as it was the most 
convenient for critically ill patients. Resistance was 
applied by the examiner to avoid movement of the 
limb that was tested. The rest period of one minute was 
given between two consecutive trials. The patients had 
to perform three efforts for each muscle and the best 
reading among three trials was recorded. The upper 
extremity muscles were assessed first and then the lower 
extremity muscles. Similar procedures were followed 
on 5th and 7th day of ICU stay. Standard physiotherapy 
management was delivered to the critical care patients 
as per the ICU protocol of the hospital.
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Statistical analysis
SPSS version 15 (SPSS Inc. Released 2006. SPSS for 

Windows, Version 15.0. Chicago, SPSS Inc.) was used 
for data analysis. Repeated measures ANOVA were used 
to analyze the changes in force generated by the muscle 
on alternate days in ICU. The level of significance was 
set at < 0.05.

Results
A total of 184 patients were screened during the 

study period. Fifty‑one subjects did not meet RASS and 
ASE score, to participate in the study. Seventy‑eight 
subjects were recruited for the study. The assessment 
of 14 subjects was incomplete as they were shifted from 
ICU within 7 days of admission (n = 12), and death (n = 2) 
during the study period. Sixty‑four subjects completed 
the study [Figure 1].

Among the study population (n = 64) 33% subjects 
were on oxygen therapy. Fourteen subjects were on 
ventilator support with FiO2 ranges from 0.4 to 0.5. 
Six subjects had an acute exacerbation of COPD, 
maintaining oxygen saturation >90% during assessment 
[Table 1].

There was a reduction in force generated by each 
muscle from day 3 to day 5 as well from day 5 to day 
7 of ICU stay [Table 2]. This reduction in value of force 
was significant with P < 0.05 in both upper limb and 
lower limb muscles.

The average reduction in peripheral muscle strength 
observed in the study was 11.8% during ICU stay. The 
percentage reduction was 13% in deltoid and quadriceps 
muscle groups. The minimum reduction in force was 

10% in dorsiflexors and plantarflexors during 7 days of 
ICU stay [Figure 2].

Discussion
We aimed to observe the changes in dynamometry 

values for biceps, triceps, deltoid in upper extremity and 
quadriceps, dorsiflexors, and plantar flexors in lower 
extremity during the subjects’ ICU stay. In our study, 
we observed a reduction in muscle force measured by 
handheld dynamometer in the above muscle groups 
through day 3 to day 7 of ICU stay. The hand‑held 
dynamometer was found to be sensitive in detecting 
the muscle strength reduction in critically ill. Findings 
of our study were consistent with the earlier study by 
Garnacho‑Montero et al.,[22] who similarly found that 
ICUAW is associated with reduced muscle strength, 
using electrophysiological examination.

In our study, the overall reduction in force detected 
with dynamometer was 10–13% for the analyzed 
peripheral muscles. As reported by Hermans et al.[6] 
weakness in the proximal muscles were more than 
distal muscle groups, in critically ill. We also observed 
a greater reduction in quadriceps muscle strength (13%) 
as compared to plantarflexors and dorsiflexors (10%). 
ICUAW reflected by reduced muscle force has been 
attributed to several underlying pathologies.[8,23] It has 
been suggested in previous studies that the quadriceps 
muscle has considerable protein reservoir that may 
be a target of increased proteolysis and preferential 
type II fiber atrophy.[24] Studies have shown that 
muscles with type I fibers have a high degree of 
immobilization‑induced atrophy, such as adductor 
pollicis and diaphragm muscles.[25] It is known that type II 
fibers are responsible for force production as they are rich 
in glycogen. Quadriceps muscle contains approximately 
48% type II fibers. This could be a probable reason for 
greater reduction in force in the quadriceps muscle. In 
the upright position, middle fibers of deltoid muscle 

184 patients were 
screened.

106 patients couldn’t 
meet inclusion 

criteria.

Total 78 patients were 
enrolled.

64 patients completed 
the study.

12 patients were shifted from 
Intensive Care Unit within 7days of 
Intensive Care Unit admission.
2 patients died during Intensive 
Care Unit stay.

Figure 1: Flow of recruitment of subjects
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Figure 2: Percentage (%) reduction in muscle strength with dynamometry 
values from day 3 to day 7
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continuously work to hold humerus in a neutral position. 
While in critically ill subjects, because of recumbent 
supine position, antigravity action of deltoid muscle may 
get hampered. This might have caused disuse muscle 
atrophy and impart marginal reduction (13%) in the 
strength of deltoid muscle during ICU stay.

Studies have shown that critically ill subjects with 
impaired peripheral circulation, show low skin and muscle 
temperature, possibly due to cytokine effect.[26] Moreover, 
drugs that cause vasoconstriction may also decrease blood 
flow to muscle, skin resulting in reduced temperature.
[27] Studies on adductor pollicis muscle  have shown that 
reduction in temperature affects the maximal force and 

isometric force in critically ill subjects.[25] Elevated reactive 
oxygen species or nitric oxide levels can result in contractile 
dysfunction causing muscle weakness and fatigue.[28]

The reduction in muscle strength in ICU subjects 
might have been due to systemic inflammation in the 
body, poor glycemic control, and muscle inactivity itself. 
Sedatives and corticosteroids are well‑known drugs 
for enhancing muscle weakness in critically ill. It has 
been shown in few studies that inflammatory markers 
like plasma Interleukin‑6 is associated with myosin 
loss in critically ill subjects.[29] Most of the previous 
studies have reported a predominance of myopathic 
changes in the form of muscle necrosis or myosin loss 
and muscle atrophy.[8] Hence, sepsis is considered as a 
major risk factor for ICUAW[27] although in our study 
only 11% subjects had sepsis. It is still unclear whether 
the reduction in muscle strength is related to ICUAW or 
due to the disease progression itself.

Though most of the earlier studies reported muscle 
strength reduction using MMT and MRC score, 
we quantified the loss of muscle strength using a 
dynamometer, which is a more objective method as 
compared to MMT. Thus, to mobilize the critically ill 
subjects, dynamometer can be proposed as an important 
alternative to MMT in routine physiotherapy assessment.

The limitation of this study is that we did not assess 
the fatigue level of subjects during dynamometry 
measurement that may have influenced the results. Since 
subjects with critical illness are not routinely subjected 

Table 1: Baseline characteristics of critically ill patients (n=64)

Baseline characteristics Value

Age (years) median (IQR) 49.00 (18-80)
Gender male: female, n (%) 41:23 (64.1:35.9)
Dominant side, n (%) Right ‑ 56 (87.5)

Left ‑ 8 (12.5)
Presence of IV line during examination, 
n (%)

62 (96.9)

Mechanical ventilation, n (%) 14 (21.9)
Oxygen therapy, n (%) 21 (32.8)
Length of ICU stay (days) mean 9.55
RASS score, n (%)

+1 ‑ restless 11 (17.2)
0 ‑ alert and calm 47 (73.4)
−1 ‑ drowsy 6 (9.4)

ASE, n (%)
8 25 (39.1)
>8 39 (60.9)

Presenting diagnosis, n (%)
Pneumonia 10 (15.63)
Pleural effusion 2 (3.13)
A/E bronchial asthma 2 (3.13)
Pulmonary TB 2 (3.13)
Emphysema 1 (1.56)
ARDS 6 (9.38)
COPD 5 (7.81)
Sever pancreatitis, gastroenteritis 12 (18.75)
Abdominal sepsis, urosepsis 11 (17.19)
Cirrhosis of liver 8 (12.5)
Lung abscess with empyema 2 (3.13)
Leptospirosis 2 (3.13)
Left diaphragmatic hernia 1 (1.56)

Co‑morbidities
DM 9 (14.06)
Hypertension 8 (12.5)
MODS 6 (9.38)
AKI 12 (18.75)
UTI 2 (3.13)
Ascites 2 (3.13)

Drugs
Corticosteroids 22 (34.38)
Sedatives 51 (79.68)
Antibiotics 64 (100)

IQR: Interquartile range; ICU: Intensive Care Unit; RASS: Richmond Agitation and Sedation 
Scale; ASE: Attention screening examination; TB: Tuberculosis; COPD: Chronic obstructive 
pulmonary disease; ARDS: Acute respiratory distress syndrome; MODS: Multiple organ 
dysfunction syndrome; AKI: Acute kidney injury; UTI: Urinary tract infection; DM: Diabetes 
mellitus; A/E: Acute exacerbation

Table 2: Comparison of means of dynamometry values 
(in pounds) through day 3 to day 7

Muscle group Mean±SD P

Day 3 force Day 5 force Day 7 force

Biceps
Right 17.1641±5.98 16.2109±5.75 15.1016±5.54 <0.01
Left 17.6406±5.96 16.7344±5.47 15.4063±5.74 <0.01

Triceps
Right 16.5938±5.36 15.9297±5.07 14.7969±94.91 <0.01
Left 16.9609±5.38 15.9609±4.95 15.0000±4.95 <0.01

Deltoid
Right 12.2422±4.44 11.5859±4.31 10.6250±4.47 <0.01
Left 12.7422±4.41 11.8828±4.36 10.9922±4.05 <0.01

Quadriceps
Right 20.2656±5.23 18.6328±5.39 17.6172±5.07 <0.01
Left 20.3594±5.26 19.0859±5.20 18.0234±5.20 <0.01

Dorsiflexors
Right 17.6172±4.53 16.7797±4.24 15.6172±4.17 <0.01
Left 17.4922±4.49 16.5156±4.42 15.7031±4.52 <0.01

Planterflexors
Right 20.8906±5.33 19.89906±5.30 18.7344±5.09 <0.01
Left 20.6953±5.24 19.6562±5.11 18.4531±5.13 <0.01

SD: Standard deviation
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to electrophysiological examination on admission, 
any previously undiagnosed neuropathies were not 
segregated in our study. This could have been a possible 
confounding factor as we were trying to detect newly 
AW and its progression. Age‑related neuropathic 
changes could have also influenced the study as 9% of 
the subjects were more than 65 years. Our study had 
5 chronic obstructive pulmonary diseases which could 
have also influenced the study results. However, we 
chose not to exclude as acute exacerbation of COPD is 
one of the conditions which require ICU admission.

To avoid the impact on sedation level on muscle 
strength performance, and reduction in muscle 
strength, RASS score was recorded each time prior to 
assessment. Gross peripheral edema that can affect 
muscle performance was not existent in any of our study 
subjects. There were no adverse events recorded during 
assessment in critically ill subjects.

ICUAW is considered as a rapidly progressing 
complication among critically ill subjects. Bed‑mobility 
exercises alone may not be sufficient to alleviate the 
progression of muscle weakness. In our study, all 
subjects who were only on bed mobility exercises showed 
reduced muscle strength. So for hemodynamically stable 
critically ill subjects, strengthening exercises may be 
encouraged.

The significant reduction in strength of antigravity 
muscles may have an impact on rehabilitation of ICU 
survivors. Early detection of a loss in muscle strength 
and adopting appropriate measures to prevent such 
muscle weakness may help in the early and successful 
rehabilitation of subjects who are critically ill.

Scope of future research
The validation of dynamometry needs to be established 

with a gold standard method such as electrophysiological 
examination.

Conclusion
This study showed a progressive reduction in 

peripheral muscle strength as measured by handheld 
dynamometer during the early period of ICU stay.
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