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mortality.1 The number of mechanically ventilated (MV) patients in medical CCUs 
has increased dramatically over the past two decades. Currently in the United 
States, about 800,000 patients per year require MV with annual mortality exceed-
ing 200,000.2 Several studies have demonstrated that 60–80% of MV and intubated 
patients show clinically significant diaphragm dysfunction leading to prolonged MV 
and weaning failure and worsening of clinical outcomes.3,4 Recent evidence sug-
gests diaphragm dysfunction is twice as prevalent as limb weakness among criti-
cally ill patients.3

Causes of diaphragm dysfunction are multifactorial in nature.5 Acute diaphragm 
injury and weakness may result from sepsis, trauma, systemic inflammation, or MV.6 

Ventilator-induced diaphragmatic dysfunction (VIDD) was previously defined as loss 
of diaphragmatic force-generating capacity specifically related to use of MVs. VIDD 
may typically be observed after variable periods of controlled MV.7 The other poten-
tial causes of diaphragm weakness in mechanically ventilated patients is sepsis-induced 
diaphragm dysfunction (SIDD). Oxidative stress from infective pathologies damage 
mitochondrial electron transport chain subunits, contributing to reduction in muscle en-
durance, activation of proteolytic enzyme pathways leading to reduction in contractile 
proteins and consequent reduction in muscle strength.3

Diaphragmatic dysfunction is also a prevalent cause of mortality among patients 
with systemic neuromuscular disorders such as Guillain–Barré Syndrome, myasthenia 
gravis, amyotrophic lateral sclerosis or multiple sclerosis, in addition to critical illness 
polyneuropathy, critical illness myopathy, or critical illness neuromyopathy.8

Higher CCU mortality is known to correlate with diaphragm weakness. A study 
reported, 49% incidence of intensive care unit (ICU) death in patients with poor dia-
phragm muscle strength. In fact, it has been reported that diaphragm weakness is a more 
potent predictor of CCU mortality than the degree of organ failure, the severity of lung 
function abnormalities, or the comorbidity index among MV patients.9

Clinical signs suggestive of presence of diaphragm function abnormal were the 
earliest methods used for diagnosis of diaphragm dysfunction. Presence of abdominal 
paradox, a marked inward motion of abdomen during inspiration was considered as 
a cardinal sign of existence of severe diaphragm weakness or bilateral diaphragmatic 
paralysis.9,10 Presence of diaphragm dysfunction was considered as a differential diag-
nosis for patients on MV with failed weaning trials despite clinical improvement in 
pulmonary infiltrates, lung examination, and several days of bronchodilator or antibi-
otic therapy to treat the underlying pulmonary disorder. High rapid shallow breathing 
index and observation of abnormality in chest radiograph suggests the possibility of 
diaphragm pathology.3 Further, with development of instrumented diagnosis, methods 
such as invasive pulmonary function test (PFT), ultrasound and electromyography have 
been used for evaluation of structure and function of diaphragm.11

Moreover, rapid and detectable diaphragmatic atrophy in patients on controlled 
mandatory ventilation within 18–69 hours of treatment necessitates the need for early 
diagnosis of diaphragm dysfunction and treatment strategies for prevention. Muscle 
atrophy tends to be worse in patients ventilated with controlled modes compared to 
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spontaneous modes.12,13 Inactivity-induced disuse muscle atrophy also results from de-
creased protein synthesis and increased protein degradation due to prolonged immobi-
lization, effects of general anesthesia and disturbed redox signaling due to presence of 
infection.12,13

Existing systematic reviews reported medical management as mainstay of treat-
ment for diaphragm dysfunction. Although, surgical techniques such as diaphragm 
pacing, plication of diaphragm and phrenic nerve stimulation are available, they re-
quire expertise and resources in additional to hemodynamic stability of the patient. 
Implementation of early physiotherapy techniques to improve lung hygiene and lung 
function is of substantial importance in early discharge from the CCU. Several studies 
have established the role of physiotherapy techniques in the CCU. Systematic reviews 
report improved respiratory muscle strength and endurance following inspiratory 
muscle training (IMT) in patients suffering from diaphragm dysfunction. Despite this 
emerging evidence, IMT is not a standard practice in most CCUs around the world.13 
Although respiratory muscle weakness is highly prevalent and manageable, standard 
treatment protocol for diaphragm dysfunction lacks definitive clinical evaluation meth-
ods that will aid in early diagnosis and management to improve diaphragm muscle 
strength. The present review aims to explore clinical evaluation methods and phys-
iotherapy management techniques to prevent and treat diaphragm dysfunction. Early 
identification and timely intervention can potentially reduce associated morbidity and 
mortality in patients admitted in CCU.

II. MATERIALS AND METHODS

A. Database Source and Search

A systematic literature search was performed from January to June 2022 using the 
Cochrane Library, PubMed, Google Scholar, and CINAHL databases. Studies from the 
year of inception of the database until date were included in the review. Search using key 
words “diaphragm dysfunction,” “physiotherapy,” “intensive care unit,” “rehabilitation, 
training,” and “critical care unit” and Boolean operators “AND” and “OR” was under-
taken. Titles and abstracts were screened based on the key words and relevant articles 
were further scrutinized for inclusion. Cross references from the identified articles were 
also included. PRISMA guidelines were followed for reporting findings of review as 
represented graphically in Fig. 1.

B. Inclusion Criteria

Articles published in English language from inception to 2022, including the key-
words in title and abstract were screened for inclusion. Articles reporting diaphragm 
dysfunction in patients admitted to the CCU and articles discussing evaluation and 
physiotherapy techniques used for management of diaphragm dysfunction were 
included.
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C. Exclusion Criteria

Articles in languages other than English, articles discussing surgical management and 
studies not presenting the effect of physiotherapy management on diaphragm func-
tion were excluded. Level of evidence was assessed using PEDro scale for quality of 
evidence.

A total of 588 articles were identified on initial screening. After removal of dupli-
cate articles, 578 article titles screened for inclusion. Forty-five articles were retrieved 

FIG. 1: PRISMA flowchart of methods used to identify studies from databases
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further screening based on inclusion and exclusion criteria. Nine articles were not rel-
evant to the review. From the 36 full text articles, 14 studies were excluded based on the 
exclusion criteria. Twenty-two relevant full text articles were included for the review.

III. RESULTS

All the studies included in the review were conducted on patients with diaphragm dys-
function admitted to the medical CCU. Out of the 22 articles included in current review, 
six studies were reviews and one a systematic review with meta-analysis presenting 
level I evidence; 15 were prospective studies, of which one study was randomized con-
trol trial (level II).

Among the 22 included studies, six articles were literature reviews. Of the re-
maining 16 articles, 14 articles were rated as fair quality and two articles were rated 
as poor quality on PEDro scale as presented in Table 1. Data reporting, patient char-
acteristics, duration on mechanical ventilator, study setting, duration of ICU stay, 
methods used for evaluation of diaphragm and treatment techniques used are pre-
sented in Table 2.

In the current review, we observed the following methods of evaluation and phys-
iotherapy management for early diagnosis and management of diaphragm dysfunction. 
Intubated as well as non-intubated patients on MV were studied. Average length of CCU 
stay was 15 days. Methods use to evaluate included physical examination, physiological 
and radiological evaluation. Physiotherapy treatment techniques observed were prone 
positioning, early mobilization, IMT and functional electrical stimulation (FES) in pa-
tients suffering from diaphragm dysfunction related to either ventilator, sepsis or neuro-
muscular pathology.

A. Evaluation

Detailed clinical evaluation is necessary to identify the etiology of diaphragm dysfunc-
tion, and to confirm the presence and severity of disease. Commonly used methods of 
evaluation were as follows.

B. Physical Examination

A single study with poor level of evidence suggested tests for evaluation of diaphragm 
function. Bordoni diaphragmatic test, a two-phased test, was performed with the patient 
standing with eyes closed. The patient was required to rhythmically raise one knee and 
then the other and, while flexing the thighs, an inhale deeply. The second phase of the 
test, included placing resistance on the knee each time the patient flexed the thigh. A 
wider inhalation movement was equated to a greater thickness of the diaphragm muscle, 
which was correlated with better respiratory function. The test was repeated, without 
deep breaths, in order to highlight the positive influence of the diaphragm. Reliability 
and validity of test was not reported.14
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In another study, an alternative method of inspiratory muscle strength assessment 
was used in ICU patients. In the Marini method, the patient exhaled for 25 s through a 
one-way valve to reach true residual volume before maximal inhalation. A maximum 
inspiratory pressure (MIP) score of < 30 cmH2O was considered indicative of inspira-
tory muscle weakness which influence weaning from ventilator and functional recovery. 
Reliability and validity of Marini test is not reported. This necessitates need for explor-
ing and evaluating physical examination tests using robust scientific techniques.15

C. Physiological Evaluation

1. PFT

Diaphragm contraction is an essential component responsible for maintaining pulmo-
nary pressures within thorax. Direct invasive tests provide confirm diagnosis with stag-
ing of dysfunction. Multiple studies report the use of invasive pulmonary tests include 
esophageal pressure (Pes) and transdiaphragmatic pressure (Pdi) measurement by es-
timating the difference between Pes (intrathoracic pressure) and gastric pressure (Pga) 
(intra-abdominal pressure) [Pdi = Pes − Pga]. A Pdi of 0 is considered confirmatory of 
bilateral diaphragmatic paralysis. However, some researchers have established the cut-
off point at < 10 mm Hg.16 Pdi, reportedly predicts extubation duration better than MIP. 
Successful extubation is anticipated at Pdi values of –30 cmH2O. A Pdi of > 10 cmH2O 
with unilateral phrenic nerve stimulation or > 20 cmH2O with bilateral phrenic nerve 
stimulation rules out diaphragmatic dysfunction.17

Four studies report the use of indirect PFTs such as determination of maximum 
static pressures during inspiration (MIP) and expiration [maximum expiratory pressure 
(MEP)] with airway closed for evaluation of respiratory muscle weakness.16–19 It is con-
sidered a reasonable method for measuring the force generated jointly by the inspiratory 
and expiratory muscles. Normal MEP combined with low MIP suggests the existence 
of isolated weakness of the diaphragm. Concomitant reduction of MIP and MEP sug-
gests that diaphragmatic involvement due to a generalized process, with simultaneous 
involvement of the inspiratory and expiratory muscles. In percentage values, MIP is 
around 60% of the predicted value in unilateral affectation vs. 40% in bilateral dysfunc-
tion. Nasal sniff maneuver to determine inspiratory pressures through the nose which in-
volved performance of rapid voluntary inspiratory effort through the nasal passages. The 
test was considered useful for evaluating strength of the diaphragm in clinical practice 
due to its feasibility and portability. Pressure values < 70 mm Hg in men and 60 mm Hg 
in women were likely to be associated with significant inspiratory muscle weakness.16,17

2. Electrophysiological Tests

Five studies report the use of magnetic stimulation of the phrenic nerve as the gold stan-
dard method for the quantification of the mechanical function of the diaphragm which 
is measured by calculating the negative pressure generated by diaphragm contraction in 
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response to the stimulation of the phrenic nerve.16,17,19 Transcutaneous electrical phrenic 
stimulation was performed at the level of the neck unilaterally or bilaterally. However, 
this technique caused patient reported discomfort and was technically difficult in obese 
patients. The magnetic stimulation of phrenic nerve was usually applied bilaterally at 
the level of the cervical spine. A Twitch Pdi < 10–20 cm H2O is considered suggestive 
of diaphragmatic dysfunction. 16

Some researchers have used the traditional method of electromyography activity of 
the diaphragm to measure phrenic nerve latencies and amplitudes of muscle compound 
action potentials. In some neuromuscular disorders such as demyelinating polyneuropa-
thies, latencies are delayed due to slow phrenic nerve conduction (6–8 m/s in healthy 
adults). A lack of muscle action potential after phrenic stimulation is suggestive of dia-
phragmatic paralysis with a lesion near or at the neuromuscular junction.16

A randomized controlled trial reported a standard weaning protocol followed with 
spontaneous breathing trials. For measuring electrical activity of diaphragm (Edi) a 
catheter was inserted via nasogastric tube and connected via a cable to the neurally ad-
justed ventilatory assist module of a SERVO-i ventilator (MAQUET, Solna, Sweden). 
TFdi showed significant reduction by a magnitude of 2.98% every 30 min of weaning; 
but no change over number of days of weaning. A significant increase in diaphragm ex-
cursion were observed and leads to a successful breathing trial.20,21 The neuromuscular 
efficiency index (NME) can be used to estimate inspiratory effort; however, its reliabil-
ity has not been investigated yet. There was moderate correlation reported between Edi 
and NME (r = −0.90 to r = 1.0).22

D. Radiological Evaluation

1. Ultrasonography

Multiple studies report the use of Ultrasonographic evaluation of the diaphragm.2–4,16–20 
The technique is simple, non-invasive and readily available tool at the bedside. Studies 
report that static measurement of diaphragm thickness (Tdi), dynamic evaluation of 
inspiratory diaphragm thickening fraction (TFdi) and excursion (EXdi). Diaphragm 
thickening fraction correlates with pressure-generating capacity of diaphragm, work 
of breathing and respiratory effort (correlation coefficient reported 0.35). A literature 
review reported use of diaphragm thickening fraction to identify diaphragm dysfunc-
tion, monitor temporal changes and predict weaning outcomes in patients with invasive 
or non-invasive ventilation admitted in CCU. Diaphragm thickening fraction value < 
20% and diaphragm thickness value < 2 mm was considered as a diagnostic marker for 
diaphragm paralysis. The normal lower limit accepted for diaphragm thickening frac-
tion was 20%.16 Higher diaphragm thickening fraction was reported in the first 96 hrs of 
post successful non-invasive ventilation (NIV) weaning compared with NIV failure and 
lower respiratory rate/Tdi.22 Diaphragm excursion using curvilinear probe positioned 
over infra-hepatic region. Diaphragm excursion was reproducible and related to trans-
diaphragmatic pressure and weaning outcome in intubated patients.19
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A meta-analysis reported that diaphragm excursion values between 7 and 27 mm 
predict weaning failures. The B-mode ultrasonography was useful in evaluating fiber 
morphometry in relaxation as well as in respiratory maneuvers whereas the M-mode 
quantified the direction and amplitude of the diaphragm excursion during inhalation.17

Recent ultrasonography method of two-dimensional speckle tracking imaging mea-
sures have been used to study contraction-associated longitudinal muscle shortening. 
Previous modes of ultrasonography employed techniques to measure diaphragm thick-
ening which is poor indicator of dysfunction as compared to muscle shortening. Strain 
value of –30% indicates local muscle fiber shortening by 30%. The more negative the 
number, greater the deformation and greater the contraction.20

A literature review reported the use of ultrasound shear wave elastography imaging 
method that allows real-time quantification of tissue mechanical properties and relies 
on the estimation of the propagation velocity of shear waves generated inside tissues. 
Shear modulus (SMdi) of the diaphragm was reported to increase along with increase 
in airway pressures (Paw) with positive correlation between SMdi and mouth pressures 
(r2 = 0.99 ± 0.01).20 Ultrasonography has a high sensitivity (93%) and specificity (100%) 
for diaphragmatic neuromuscular disease.14

2. Radiological Imaging

Six studies reported use of chest radiographs to detect diaphragm dysfunction.2–4,16,17,19 
Ricoy et al. reported sensitivity, specificity, and positive and negative predictive value 
for the diagnosis of unilateral diaphragmatic paralysis are 90%, 44%, 33%, and 93% 
respectively using radiographs.16 An elevated hemidiaphragm was suggestive of unilat-
eral phrenic nerve paralysis. However, it was difficult to detect diaphragm elevation in 
patients with bilateral paralysis.16

A study reports the use of static magnetic resonance imaging (MRI) to assess the 
shape, position, thickness and surface area of diaphragm. Advanced imaging technique 
of dynamic MRI was used to study the mechanisms responsible for the diaphragm’s 
shape at functional residual capacity, diaphragm motion in different body postures and 
to quantify the volume displaced by the contraction of the diaphragm.20

E. Physiotherapy Management

1. Prone Positioning

Three studies report the use of prone positioning for improving lung ventilation.23–25 In 
ventilated patients, prone position is reported to improve thoraco-pulmonary compliance 
resulting from the release of the posterior regions. The mean end inspiratory diameter 
decreased (2.8 mm [2.4–3.19] in supine position vs. 2.45 mm [2.24–2.95] in prone posi-
tion). Maximum TFdi was showed with the posterior level (posterior: 45%, median: 31% 
and anterior: 38%).23 Inspiratory diaphragmatic thickness and diaphragmatic thicken-
ing fraction increased moving from supine to prone position (inspiratory diaphragmatic 

 1
 2
 3
 4
 5
 6
 7
 8
 9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43

CRP-45362.indd               54                                           Manila Typesetting Company                                           11/09/2022          01:55PM

Critical Reviews™ in Physical and Rehabilitation Medicine



Volume 34, Issue 4, 2022

Evaluation and Physiotherapy Management of Diaphragm Dysfunction 55

thickness; diaphragmatic thickening fraction). Application of awake prone positioning 
did not show any improvement in expiratory thickness of the diaphragm.24

2. Diaphragmatic Release Technique

One study reports the use of diaphragmatic release technique which involves applica-
tion of a low load of myofascial stretch for long duration. With application of 6 treat-
ments on non-consecutive days for 2 weeks of diaphragm release technique, residual 
volume decreased from 4.5 to 3.9 L, inspiratory capacity increased from 2.0 to 2.1 L 
and SpO2 increased from 93% to 96% in patients admitted to ICU with chronic obstruc-
tive pulmonary disease (COPD) exacerbation. The manual diaphragm release technique 
improved diaphragmatic mobility, exercise capacity and inspiratory capacity in people 
with chronic obstructive pulmonary disease admitted to ICU.25

Level 1a evidence for IMT in diaphragm dysfunction, level 2a evidence on Sackett 
for physiotherapy management techniques of early activity, FES and prone positioning 
were included in this review.

3. IMT

Evidence suggests IMT improves respiratory muscle performance and weaning out-
comes. Studies have reported the use of inspiratory resistance devices placed at the 
end of endotracheal or tracheal tubes to provide training stimulus. Inspiratory pressure 
generated across a resistive load is proportional to the inspiratory airflow. Whereas, 
threshold inspiratory devices provide pressure overload that is not dependent upon 
the inspiratory flow. Other approaches included flow resistive training, diaphragmatic 
breathing exercises, and biofeedback on respiratory patterns such as rapid shallow 
breathing and relaxed breathing patterns. They also describe effects of these training 
methods individually.26

A study reported improved maximal inspiratory pressure measured at the tracheal 
tube by approximately 71% of the inspiratory muscle strength after training for 2 weeks 
of high pressure, low repetition training program (four sets of six to 10 inspiratory ef-
forts daily, 5 days/week at the maximal pressure tolerated). Control group’s maximal in-
spiratory pressure increased 47% compared to study group. The differences in maximal 
inspiratory pressure and weaning outcome between the intervention and control groups 
were significant.26,27 An intensity of minimum 50% of MIP was well-tolerated, although 
in practice this should be considered the minimum training threshold. With improve-
ment in inspiratory muscle strength, the intensity should be increased incrementally in 
the magnitude of 1–2 cmH2O every 1–2 days.13,15

4. Early Physical Activity

Prolonged immobilization and inactivity in addition to steroid induced myopathies 
lead to skeletal muscle as well as diaphragm atrophy. Studies have shown that skeletal 
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muscle fiber area decreases by 2–4% per day in the CCU, with atrophy occurring 
within days of onset of critical illness.5,6,12 A recent randomized clinical trial showed 
that implementation of early physiotherapy resulted in improved physical function 
and a reduced duration of delirium in critically ill patients.12 Early physical activity in-
tervention was combined with daily sedation interruptions and protocol-driven breath-
ing trials resulting in improved breathing without assistance.12 Another randomized 
controlled trial reported a novel rehabilitation program for implementation of early 
physical activity in ICU patients. Rehabilitation therapy consisted of six levels: level 
0: turning over once every 2 hours for unconscious patients with unstable vital signs 
where level 1–2 included maintaining joint range of motion to prevent muscle atrophy 
at least 20 min, three times a day, level 3 included sitting on the edge of the bed for 
patients who could perform upper-limb anti-gravity training, in level 4 patients who 
could perform lower-limb anti-gravity training performed standing up or sitting in a 
chair for at least 20 min a day and in level 5, patients actively moved from the bed and 
walked bedside.28

Level 1–5 exercises were observed to be suitable for conscious patients. Level 1–3 
exercises were implemented for intubated patients, while level 3–5 exercises was imple-
mented for patients with tracheotomy. The two groups were assessed for diaphragm 
excursion and TFdi using ultrasonography at 1 day and 4 days of MV. Before rehabilita-
tion therapy, there was no significant difference in diaphragm excursion and diaphragm 
thickness fraction between both groups on first day of MV. At 4-day of MV, the rehabili-
tation group demonstrated significantly decreased TFdi compared to the control group 
(0.15 ± 0.06 g vs. 0.12 ± 0.05 g). These results reveal that early rehabilitation training 
can reduce diaphragm dysfunction caused by prolonged MV.28

5. Functional Electrical Stimulation (FES)

Two studies report the use of FES, the application of electrical pulses to a motor nerve, 
causing muscle contraction in the associated muscle.29,30 A pilot study showed that FES 
of the rectus abdominis and pectoral muscles maintained respiratory muscle thick-
ness to a greater degree than sham stimulation and shortened the length of ICU stay. 
Stimulation was applied for 30 min, twice per day, 5 days per week until discharge 
from the ICU via surface electrodes. Electrodes were placed postero-laterally over the 
abdominal wall to activate the transversus abdominis and internal and external oblique 
muscles. Stimulation was applied during exhalation using a commercially available 
abdominal FES device with automatic synchronization with the participant’s breath-
ing. Intervention group received abdominal FES at an intensity causing strong visible 
muscle contraction (median 60 mA [range 50–65 mA]), with a frequency of 30 Hz and 
a pulse width of 350 μs. Control (sham stimulation) group stimulation current was set at 
10 mA with no visible abdominal muscle contraction, with a frequency of 10 Hz and a 
pulse-width of 350 μs. Ventilation duration (median 6.5 versus 34 days) and ICU length 
of stay (median 11 versus not estimable days) were shorter in the intervention group as 
compared to the control (sham stimulation) group.29
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In another study, neuromuscular electrical stimulation of quadriceps muscle pre-
sented better results in compared MV duration, MIP, Barthel index, and functional status 
with diaphragm and control group. Although, recent studies have reported an increase in 
respiratory muscle strength with electrical stimulation of the diaphragm. However, the 
study was conducted in non-hospitalized patients.30

IV. DISCUSSION

The current review, reports evaluation and physiotherapy management techniques for 
diaphragm dysfunction in patients admitted to medical CCU. Timely identification of 
respiratory muscle weakness using robust, reproducible results can lead to early imple-
mentation of interventional strategies to decrease morbidity and mortality in artificially 
ventilated patients.

The review identifies paucity of literature on physical tests evaluating isolated dia-
phragm function. Bordoni test and Marini’s test for clinical evaluation of diaphragm 
dysfunction are not well established and reliability and validity of these tests has not 
been reported. Thus, more robust studies exploring clinical evaluation methods for di-
agnosis of diaphragm dysfunction are needed.

PFTs and radiological imaging are the second most preferred modes of evaluation. 
Invasive methods of pressure assessment provide a direction and accurate clinical pic-
ture. Primary drawback of volitional clinical assessment such as PFT is the high level 
of dependency on cooperation and effort of the patient, which is difficult to achieve in 
patients admitted to ICU.16

Gold standard method of evaluation of diaphragm dysfunction is phrenic nerve 
stimulation that measures contractile capacity of diaphragm. However, this technique 
causes considerable patient discomfort and is technically more difficult in obese pa-
tients. Recent techniques of application of neurally adjusted ventilatory assist during a 
spontaneous breathing trial can aid in ventilation liberation model of ICU care and pre-
vent diaphragm dysfunction due to prolonged MV.21 The main advantage of monitoring 
diaphragm function by surface EMG is that it is continuous and noninvasive. However, 
electrical noise from the electrical conduction of heart, neighboring skeletal muscle ac-
tivity and electromagnetic interferences from multiple machines operating make surface 
EMG difficult to implement in CCU. Edi values are difficult to interpret; as very limited 
data is currently available concerning normative values. Strong correlation has been 
reported between Electrical activity of diaphragm and Transdiaphragmatic pressure 
suggesting, NME ratio could be used to estimate inspiratory effort on breath-by-breath 
analysis. However, reliability of neuromechanical efficiency ratio has been questioned 
recently and requires further scientific exploration.31

Considerable evidence pertinent to evaluation and diagnosis of diaphragm dysfunc-
tion employing Ultrasonography as primary tool of evaluation is available. B-mode and 
M-mode ultrasound imaging were methods of choice for early diagnosis of diaphragm 
dysfunction. While M-mode is ideal in CCU patients with acute respiratory failure as it 
enables early goal-directed ultrasound examination, the technique is not applicable for 
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patients who are on MV. As excursion measured with M-mode (in centimeters) repre-
sents the composite score of diaphragmatic contraction plus pressure applied by me-
chanical ventilator. In such cases, B-mode ultrasound aids direct visualization of the 
diaphragm’s thickness in its zone of apposition.4

Dynamic imaging methods of measuring inspiratory diaphragm thickening fraction 
(TFdi) and excursion (EXdi) are more sensitive and specific compared to previously 
reported outcome measure of static modes of US imaging such as diaphragm thick-
ness.16,19 Newer methods of two-dimensional speckle tracking and Shear wave elastog-
raphy provide with an estimate of muscle contraction and tissue mechanical properties 
respectively. These methods aid in greater understanding of biomechanical patho-
physiology of diaphragm dysfunction which were not offered using previous methods. 
Ultrasonography is conventionally considered a superior method of evaluation as com-
pared to other methods for the prediction of diaphragm dysfunction. Factors contribut-
ing towards the success of this method are ability to provide serial, non-invasive data at 
the point of care (i.e., at the bedside of critically ill patients in CCU) and enabling the 
evaluation of diaphragmatic function over time. Limitations identified for accurate di-
agnosis of diaphragm dysfunction using ultrasonography are poor acoustic window (oc-
curs in about 2–10% of cases), variability in diaphragm thickness at different levels of 
intercostal space, and variable reproducibility (18%) and repeatability (8%) in reporting 
of TFdi%. Although proven superior over older methods of ultrasonography imaging, 
these newer methods require expertise and special training.4,15,17

Chest radiographs are easy and most feasible tool of evaluation in CCU for de-
tection of DD. Although, most widely available, chest radiographs provide nonspe-
cific findings that are indicative of other pathologies like atelectasis, pneumonia, 
lobectomy and pulmonary fibrosis. However, chest radiographs pose difficulty in 
detecting bilateral diaphragm paralysis. MRI emerges as a better tool to detect asym-
metrical and disproportional involvement of diaphragm. Limited downwards motion 
and increased diaphragmatic curvature in the thorax indicate diaphragmatic dysfunc-
tion, while limited anterior motion of thoracic wall indicates weakness of intercostal 
muscles.32 Thereby, Dynamic MRI is reported effective alternative to overcome the 
shortcoming of radiological imaging in diaphragm dysfunction.20 Moreover, MRI 
might be able to detect a decreased diaphragmatic function when PFTs are still in the 
normal range. However, the limited motion of the thoracic wall can also be caused 
by a decreased compliance increased stiffness. MRI is relatively expensive and time-
consuming and necessitates maximum breathing performance of the patient within 
the MRI machine.32,33

Although several management techniques have been used in patients with diaphragm 
dysfunction, IMT was most commonly preferred mode of treatment. Prone position 
helps improving oxygenation, and improved mobility in posterior and lateral regions. 
Beneficial changes are reported after minimum 1 hour of prone position thereby, posing 
difficulty as it requires additional manual labor. It was also suggested in a study, motion 
was non-uniform in prone with motion mostly occurring in the dorsal i.e non-dependent 
regions. Proprioceptive Neuromuscular Techniques such as Diaphragm release although 
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reported benefits and improvement in diaphragm function, validity and reliability of the 
technique necessitates further exploration.34

IMT helped improving inspiratory muscle strength and quality of life post dis-
charge.13 IMT in general when applied in various patient populations shows beneficial 
effects on diaphragm function, functional exercise capacity, and fatigue.35

A study reported simple diaphragmatic breathing exercises with IMT can signifi-
cantly increase the recruitment of the diaphragm as compared with simple IMT ap-
plication. Concluding with questionable reliability in advantages of IMT strategy for 
diaphragm function.35

A randomized controlled trial reported no significant impact on weaning time or 
successful weaning rates when IMT was implemented in tracheostomized patients.36,37 
Through a scientific perspective, Shei et al. conclude that, despite decades of research 
and evidence on IMT, some studies showing clear benefit and others show no benefit. 
This demands for personalized, and tailored IMT training and not a generalized training 
protocol.38,39

Effects of physical activity on diaphragm has not been reported directly but as a 
part of inspiratory muscle group. Early activity reverses the effects of inactivity and 
immobilization on myofibrils of diaphragm, thereby improving muscle function.28 A 
randomized controlled trial reported early mobilization can delay diaphragmatic atrophy 
and systolic dysfunction in patients who are MV.40 Although beneficial, there are stud-
ies reporting no significant change in CCU discharge rate, reduction in CCU days of 
stay. These variations could be attributed to difference in study population and setting. 
However, it warrants further robust studies exploring direct effects of early mobilization 
and physical activity in patients admitted to CCU.41

Phrenic nerve stimulation is invasive technique that involves pacing of phrenic 
nerve and inducing diaphragm contraction. Evidence suggests it reduces the rate of dia-
phragm atrophy during MV and leads to an increase diaphragm thickness.34 On the other 
hand, FES is a noninvasive technique applied at abdominal muscles can achieve desired 
effects on diaphragm function with much ease and comfort. Abdominal FES did not re-
sult in increased diaphragm thickness, but it did reduce CCU length of stay and ventila-
tor dependence. We recommend further exploratory studies to be conducted to examine 
the effect of the same.29

In summary, diaphragm dysfunction is prevalent in about 60% of critically ill 
ventilated patients within 24 hours after CCU admission. The current review explores 
existing methods of evaluation and management of diaphragm dysfunction. Existing 
evidence suggests that robust evaluation methods comprising of ultrasonography, sur-
face EMG and MRI are useful in identifying diaphragm dysfunction. However, these 
investigations place a considerable demand on resources. Poor level of evidence of 
physical examination tests warrants the dire need of developing bedside physical ex-
amination methods for early identification of diaphragm dysfunction. This will aid 
early diagnosis of diaphragm dysfunction independent from need of additional high-
end diagnostic resources which may not be available across hospital settings with fi-
nancial constraints.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43

CRP-45362.indd               59                                           Manila Typesetting Company                                           11/09/2022          01:55PM



60 Bagwe, Agarwal, & Mullerpatan

Benefits of physiotherapy management in improving respiratory muscle strength 
and endurance in critically ill patients admitted to the ICUs is established with fair level 
of evidence. physiotherapy and other health-care professionals working in the ICUs can 
adopt these techniques for maximization of respiratory function and early weaning off 
artificial ventilation. However, more research is required in this area of rehabilitation to 
generate high quality evidence. The current review was limited to studies reported in 
English language and patients admitted to medical CCU. The effect of physiotherapy 
management techniques in patients with diaphragm dysfunction in presence of surgical 
conditions was not reviewed.

V. CONCLUSION

The review informs methods used to evaluate diaphragm dysfunction. Ultrasonography, 
magnetic resonance imaging, surface electromyography and physical examination were 
the most commonly used evaluation tools. Management strategies for strengthening 
diaphragm involved use of IMT, early physical activity, prone positioning, propriocep-
tive neuromuscular facilitation of diaphragm, and phrenic nerve stimulation. Strong evi-
dence is available for efficacy of IMT and early mobilization in improving respiratory 
muscle strength and functional recovery of patients admitted in the CCU, suggesting the 
need to include these techniques in existing treatment and weaning protocols used in 
intensive-care units.
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of Panvel Tehsil. We selected these vil-
lages because the institute participated 
in the Unnat Bharat Abhiyan flagship 
scheme of the Indian government Min-
istry of Human Resource Development 
and adopted these villages through the 
Mahatma Gandhi Mission Community 
Health-Care Project.

Participatory rural appraisal

In 2018, the community medicine 
department of the institute performed 
essential participatory rural appraisal 
in the villages. To identify general is-
sues in village life, including health 
problems and other challenges, the 
community medicine team adopted a 
community need assessment approach. 
Villagers, including people living with 
disabilities, and accredited social health 
activist workers participated in infor-
mal discussions with the team during 
transect walks, and village mapping was 
conducted in all five villages. Transect 
walks were organized to follow the 
geographical map of each village. Village 
mapping was organized in an open space 
outside the anganwadi (rural childcare 
centre). One anganwadi worker, one 
youth volunteer and a few villagers 
participated in village mapping. The 
youth volunteer drew a rough sketch of 
the village map on the ground soil with 
a stick and ash. Thereafter, the detailed 
sketch was drawn on chart paper with a 
pencil, and coloured pens were used to 
mark critical landmarks in the village 
such as the anganwadi, samaj mandir 
(community hall), Dhamani subcentre 
and schools. 

Additionally, the community medi-
cine team and a medical social worker 
held focus group discussions with per-
tinent stakeholders, namely: district 
officers, gram panchayat (council for 
a group of villages), a medical officer 
and a resident auxiliary nurse from the 
primary health centre, local leaders, 
primary school teachers and CHWs. 
Topics of discussion included health 
issues such as prevention of infectious 
diseases, noncommunicable diseases, 
breastfeeding, supplementary nutrition 
and anaemia.

Service delivery model

To integrate rehabilitation service deliv-
ery into the existing primary care system, 
a team from Mahatma Gandhi Mission 
Institute of Health Sciences (including 
physiotherapists, preventive-community 
medicine doctors, nurses and medical 

social workers, along with members from 
obstetrics–gynaecology, paediatrics, 
medicine, otorhinolaryngology, ophthal-
mology, dermatology and orthopaedics 
departments) developed a strategic plan 
based on findings of the participatory 
rural appraisal. This team held monthly 
integrated multidisciplinary clinical 
meetings at the institute to discuss imple-
mentation of the strategies developed. 
During these meetings the following 
activities were undertaken: (i) designing 
of a comprehensive multidisciplinary 
rehabilitation framework; (ii) scheduling 
of monthly visits to the primary health 
centre and subcentre; (iii) identifying 
members from involved health disci-
plines who should be included in the 
upcoming outreach visits; (iv) optimizing 
the use of the institute’s resources; (v) re-
viewing the patient referral protocol; and 
(vi) brainstorming on feasible preventive 
care measures. 

The multidisciplinary rehabilita-
tion team from the institute included 
two community medicine doctors, two 
gynaecologists, two paediatricians, one 
general physician, one orthopaedic 
surgeon, and one resident each from 
otorhinolaryngology, ophthalmol-
ogy and dermatology departments. The 
multidisciplinary team also included a 
physiotherapy team comprised of one 
faculty member, one master’s student, 
one PhD student and five bachelor’s 
students from Mahatma Gandhi Mission 
School of Physiotherapy. The team’s task 
was to visit the primary health centre, 
subcentre and villages twice per week 
to address the health and rehabilitation 
needs of the population. 

The institute also organized a mul-
tidisciplinary programme to address the 
identified health-pertinent issues dur-
ing the rural appraisal. The programme 
consisted of: (i) health camps delivered 
by the multidisciplinary team including 
the physiotherapy team, who clinically 
evaluated pregnant women and managed 
identified health concerns; and (ii) com-
munity health education programmes. 

This service delivery model used 
qualified workforce and resources avail-
able at Mahatma Gandhi Mission In-
stitute of Health Sciences to strengthen 
existing government efforts (Fig. 1). The 
institute developed this model in align-
ment with the recent updates in national 
health-care policy,4 which attempts to 
address the growing burden of noncom-
municable diseases; reduce unsustainable 
health expenditure; fill gaps in infra-

structure in health-care facilities; and ad-
dress scarcity of CHWs and community 
rehabilitation personnel, especially in 
rural areas.11 Gaps in implementation of 
existent policies, especially in the area of 
health promotion, prevention and man-
agement of commonly reported health 
conditions, led to the development of the 
service delivery model. 

Implementation

In 2018, the physiotherapy team con-
ducted door-to-door surveys in house-
holds and screened all the present vil-
lagers for major health conditions, such 
as musculoskeletal pain, neurological 
conditions, cardiorespiratory condi-
tions, and women’s health issues such 
as stress urinary incontinence and uro-
genital prolapse. Following the survey, 
patients requiring rehabilitation were 
referred to the primary health centre 
for physiotherapy. The referral protocol 
instructed the physiotherapy team to 
refer patients with a medical history 
indicating a risk of having a serious 
disorder, such as infection, cancer or 
fracture,12 to Mahatma Gandhi Mission 
University Teaching Hospital, Kamothe 
for tertiary-level multidisciplinary care.

Household members identified with 
rehabilitation needs received informa-
tion about the outreach visits. CHWs 
reminded the patients about these 
visits a day before the planned visits 
through public announcements on a 
loudspeaker. 

The multidisciplinary team made 
day-long (8 hours) outreach visits to 
the primary health centre and Dhamani 
subcentre twice a week for the delivery 
of rehabilitation services for patients 
identified during the survey. On the 
first visit to the primary health centre, 
patients were attended to on a first-come 
first-served basis. The services were free 
of charge to all patients. Patients with 
identified health conditions were given 
a follow-up appointment at the next 
outreach visit. CHWs reminded patients 
about follow-up visits through public 
announcements on a loudspeaker. We 
used existing resources of the institute 
to deliver rehabilitation services, and 
the institute supported the costs for 
the travel of the team and for portable 
equipment.

For the health camps, the multi-
disciplinary team used the Surakshit 
Matritva Din platform offered by Prad-
han Mantri Surakshit Matritva Abhiyan 
to deliver antenatal care to pregnant 
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women at the primary health centre once 
a month. This scheme is funded by the 
government to ensure comprehensive 
and quality antenatal care, free of cost 
across the nation on the ninth day of ev-
ery month.13 The team prescribed medi-
cines and nutritional supplements and 
provided physiotherapy. CHWs helped 
with dissemination of information about 
the camp and assisted with the registra-
tion and crowd management. Before the 
camps, the team obtained medicine and 
consumable supplies from the university 
teaching hospital. The institute supported 
the transportation of supplies. 

To discuss the logistics of creat-
ing awareness, review the activities 
conducted and strategies to garner 
community support, regular meetings 
were held every 6 months. These meet-
ings included members of the gram 
panchayat, a public health nurse and a 
medical social worker of the community 
medicine team, and university teaching 
hospital administrators, and took place 
at the Maldung gram panchayat office or 
the university teaching hospital.

To build awareness regarding the 
role of physiotherapy in women’s health, 
we adopted strategies to reach women 
and children in need of rehabilitation 
by approaching them during antenatal 
health check-up and immunization 
campaigns at the primary health centre. 
Simultaneously, community health edu-
cation programmes delivered by resident 
doctors and physiotherapy master’s stu-

dents built awareness regarding the need 
for rehabilitation among villagers and 
CHWs. The team used various strategies 
such as health talks, awareness rallies, 
poster exhibitions and street plays, as well 
as the distribution of informative picto-
rial brochures, the display of educational 
charts, and the provision of exercises, 
yoga, ergonomic advice and home-based 
self-care strategies to empower patients 
through self-rehabilitation. 

Results
Findings of the participatory rural ap-
praisal and focus group discussions 
revealed lack of awareness, lack of health 
facilities at village level and in hamlets, 
lack of CHWs in one village, lack of 
medical doctors at the subcentre and 
lack of rehabilitation personnel in all five 
villages. The rural participatory appraisal 
also revealed health-pertinent issues such 
as infectious diseases, noncommunicable 
diseases and anaemia (Table 1). 

During the door-to-door survey, 
we questioned 2073 people about spine 
care. The point prevalence of low back 
pain was 4.9% (101 respondents) and 
neck pain was 2.9% (61 respondents). 
Among the 250 tribal people surveyed, 
10% (25 respondents) had low back 
pain and 3.6% (9 respondents) had 
neck pain.14 Additionally, screening for 
developmental disorders revealed lack 
of knowledge among 500 new mothers 
about age-appropriate, neurodevelop-

mental milestones and need for postna-
tal exercises for new mothers.

To address the rehabilitation needs 
identified through the screening, the 
physiotherapy team offered physio-
therapy care through the outreach visits. 
During the implementation, an average 
of 50 patients (range: 35–55) attended 
the outreach visits per month. In total, 
the physiotherapy team provided care for 
1800 patients, of which 50% (900) of pa-
tients, including elderly people, presented 
with musculoskeletal disorders, such as 
knee pain and spine pain; 10% (180) with 
neurological disorders; and 40% (720) 
were women who received postnatal care 
during immunization campaigns. 

Between 2018 and 2021, 40 health 
camps were conducted, and the physio-
therapy team delivered antenatal care 
to 1629 pregnant women with muscu-
loskeletal pain or stress urinary incon-
tinence. On the Surakshit Matritva Din 
platform, the team educated pregnant 
women about antenatal physiotherapy 
care, offered antenatal physiotherapy 
care, and then followed them up during 
consecutive outreach visits.

The multidisciplinary team offered 
rehabilitation services to all patients 
who reported disability due to musculo-
skeletal, neurological, cardiorespiratory 
or geriatric health problems or women 
requiring antenatal or postnatal care at 
primary care level. None of the patients 
required referral for tertiary care at the 
university teaching hospital. Of the 900 

Fig. 1. Existing and proposed model of care adopted at Mahatma Gandhi Mission Institute of Health Sciences to integrate rehabilitation 
into primary care, India, 2018–2021

Existing care model Proposed care model

Model proposed based on lessons 
learnt during implementation

Rehabilitation–medical 
team of health institute

Government support 
NGOs within community
Accredited social health 

activist workers and 
CHWs

Caregivers
Family

Individuals 
requiring 

rehabilitation in 
rural community

Full-time physiotherapist  
at primary health centre 

+
Visiting team from rehabilitation–

medicine department of health 
institute

Caregivers
Family

Individuals 
requiring 

rehabilitation in 
rural community

Government support 
NGOs within community
Accredited social health 

activist workers and 
CHWs

CHW: community health worker; NGO: nongovernmental organization.
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patients with musculoskeletal disorders 
who underwent rehabilitation, 360 
(40%) performed daily-living activities 
and continued to work with reduced 
pain within 2–3 days after rehabilitation. 

In parallel, the pilot implementa-
tion of the service delivery model helped 
to sensitize and train 945 bachelor’s 
students and 67 master’s students of 
physiotherapy in service delivery at 
primary care level through a real-life 
problem-solving learning approach. 

The estimated cost for delivery 
of rehabilitation services per year was 
computed by accounting for the cost 
of human resources, capital resources 
including rental of the primary health 
centre building, medicine, transport, 
equipment, furniture, stationery and 
printing. Total in-house cost of delivery 
of rehabilitation care was 876 277 Indian 
rupees (about 11 033 United States dol-
lars) per year. However, projected cost 
for rehabilitation service delivery in 

primary care by an external dedicated 
rehabilitation service agency is likely 
to be higher, as the current model was 
embedded within the resources of a 
multidisciplinary health institute.

Discussion
Our experience of providing rehabili-
tation services in a rural part of India 
taught us several lessons (Box 1). The 
model of service delivery resulted 

Table 1. Key problems identified and lesson learnt during integration of rehabilitation services into primary care in a rural setting, 
India, 2018–2021

Key problems 
identifieda 

Processes identified Key findings Lessons learnt

Lack of awareness 
regarding need for 
rehabilitation and 
available health-care 
solutions

• Villagers were introduced to 
the health-care team during 
survey, camps, health check-
up, antenatal check-up and 
immunization drive conducted 
at primary health centre

• Awareness talks by 
physiotherapists on specific 
health conditions

• Distribution of informative 
pictorial brochures to patients 
and caregivers

• Use of informative charts and 
street plays to highlight benefits 
offered by rehabilitation

• Door-to-door screening for need 
assessment

• Increase in awareness regarding 
the need for rehabilitation in the 
management of various health 
conditions such as spine pain, knee 
pain, antenatal care, postnatal care, 
developmental disorders and stroke 
among people in the local setting

• The screening survey identified 
the need for rehabilitation over the 
implementation period 

• 900 adults with musculoskeletal 
disorders

•  180 infants, children and adults living 
with various neurological disorders 

• 1629 antenatal women with 
musculoskeletal pain and/or stress 
incontinence

• A specific in-depth need 
assessment for rehabilitation 
services is essential to plan required 
resources for uninterrupted care

• This rehabilitation service delivery 
model can be used to initiate 
improvement in attitudes, 
correct beliefs about various 
noncommunicable diseases, 
maternal and child health, and 
developmental disorders, increase 
awareness regarding rehabilitation 
options and encourage people 
to seek care early on to minimize 
disability and optimize functioning

Inadequate qualified 
multidisciplinary 
rehabilitation 
workforce and lack of 
access to care

• Strengthened workforce in 
the community through using 
resources of the university 
teaching hospital, namely 
experts in community medicine, 
physiotherapy, orthopaedics, 
gynaecology and other 
disciplines, faculty members, 
postgraduate students, interns 
and residents

• Use of university transport to 
reach distant locations of rural 
villages to offer rehabilitation 
services

• The model is sustainable as the 
workforce resources of the health 
institute are available consistently

• All specialty services provided by the 
multidisciplinary rehabilitation team 
exist at the health institute

• Faculty members are experienced in 
evidenced-informed care

• A large taskforce of postgraduate 
students and interns are involved in 
delivery of care enabling a greater 
reach-out

• Students can connect with local 
problems faced by the community and 
are exposed to real-life situations which 
instil critical thinking for problem solving

• Students feel a sense of societal 
contribution

• Patients do not need to travel long 
distances to access health care, therefore 
the model is economically viable for 
patients

• Workforce reconfiguration with 
inclusion of dedicated and qualified 
multidisciplinary rehabilitation team 
members and offering services 
within the community to increase 
the use of rehabilitation services

Lack of infrastructure 
and resources at 
primary health centre 
and subcentre

• We encouraged use of tools 
available in local setting, e.g. 
use of mud packs for local heat 
application in patients with knee 
pain

• Use of portable resources of university 
teaching hospital to offer rehabilitation 
services in primary care 

• Resources of the university teaching 
hospital can be used to initiate care 
at primary level.

• Infrastructure needs can be met 
by engaging in research-driven 
activities, engaging the local 
governments and developing 
industry partnership

a  We identified the problems during a participatory rural appraisal and a door-to-door survey of villagers.
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in changes for various stakeholders, 
including patients and caregivers, the 
health institute, community volunteers 
and policy-makers. This approach 
helped to build knowledge and aware-
ness about rehabilitation needs, leading 
to increased demand for physiotherapy 
services. The approach also helped to 
improve attitudes and beliefs of patients 
and caregivers, through first-hand ex-
perience of substantial improvement in 
functional status and well-being.

Raising awareness among policy-
makers – such as the gram panchayat, 
government officers and local leaders 
– through focused group discussions 
and meetings, facilitated delivery of 
rehabilitation services. The experience 
gained during the implementation of the 
service delivery model helped to orga-
nize basic infrastructure for a full-time 
physiotherapist at the primary health 
centre using human resources and 
portable equipment from the institute. 

The service delivery model in-
formed the institute’s strategic research 
planning framework. This framework 
guides the institute to design and 
conduct implementation research that 
identifies evidence-informed, cultur-
ally acceptable models of rehabilitation 
service delivery. Linking the model to 
student training at the institute made the 
model sustainable, both economically 
and workforce wise. The model was also 
used for engaging students in the com-
munities and in social responsibility, 
by conducting community-based par-
ticipatory research. Training students 
in real-life problem-solving learning 

approaches is pivotal in creating a future 
trained and sensitized rehabilitation 
workforce.

The service delivery model faced 
various challenges at the beginning of 
implementation such as community 
acceptability due to lack of knowledge 
about rehabilitation, the team’s access 
to remote areas and transport for the 
workforce. We gained community ac-
ceptability by adopting a participatory 
approach, wherein CHWs were engaged 
along with community leaders in sensi-
tization of people (Table 1).

We anticipate that the magnitude 
of rehabilitation need in the district is 
higher because we were unable to survey 
the entire population of the five villages, 
as a few houses were closed at the time 
of the survey, some people were at work 
or migrated to other areas.14 Therefore, 
further need assessment is essential for 
precise planning of necessary resources 
for rehabilitation services. Alongside 
this, the service delivery model created 
a need for development of a central da-
tabase spanning across district, state and 
national levels to monitor rehabilitation 
outcomes.

The service delivery implementa-
tion model faced disruptions caused 
by emergencies such as the coronavi-
rus disease 2019 pandemic and heavy 
monsoon. The climatic conditions made 
access to the primary health centre and 
villages difficult. Other challenges caus-
ing disruptions were limited transport 
facility and time constraints caused by 
academic engagements of faculty mem-
bers and students.

Therefore, we recommend making 
provision for a full-time dedicated phys-
iotherapist at primary health centres 
supported by visiting rehabilitation per-
sonnel (Fig. 1). Furthermore, strength-
ening the model through partnerships 
with industry and nongovernmental 
organizations (NGOs), sharing similar 
ideologies, is essential to augment gov-
ernment resources. We are currently 
attempting to partner with NGOs work-
ing in this field and are seeking funding 
from the industry through corporate 
social responsibility initiatives.

In addition to the need for training 
caregivers and CHWs, formal engage-
ment of people with disabilities into 
the planning and implementation of the 
rehabilitation service delivery model is 
imperative for the outcomes. 

To reach more people, integrat-
ing technology into service delivery 
is warranted. We are in the process of 
developing mobile-based applications 
to strengthen existing capacities for de-
tection, rehabilitation and monitoring.

By involving the large network of 
government and private health institutes 
in India, the service delivery model 
presented here can be scaled up, lead-
ing to more people with rehabilitation 
needs improving their functional health. 
Subsequently, this improvement will 
contribute to the overall sustainable de-
velopment of the rural health sector. 
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ملخص
التنفيذ التجريبي لخدمات إعادة التأهيل الريفي، الهند

منطقة  في  ريفية  منطقة  في  التأهيل  إعادة  خدمات  تنفيذ  الغرض 
رايجاد، ماهاراشترا، بالهند.

الطريقة قمنا بتجريب نموذج تقديم خدمة إعادة التأهيل من خلال 
أجرى  قرى.  خمس  في  الصحية  العلوم  لبعثة  غاندي  مهاتما  معهد 
المعهد تقييمًًا ريفيًا مشتركًا، ومناقشات جماعية مركزة مع أصحاب 
المصلحة لتحديد القضايا العامة في حياة القرية، والتي بإمكانها أن 

تؤثر على تقديم الخدمة. لدمج تقديم خدمة إعادة التأهيل في نظام 
الرعاية الأولية القائم، قام فريق من المعهد بوضع خطة إستراتيجية 
من خلال اجتمًاعات تحليلية متعددة التخصصات. قام فريق إعادة 
التأهيل بإجراء استطلاع للرأي من خلال الزيارات المنزلية، وإحالة 
الأشخاص الذين يحتاجون إلى خدمات إعادة التأهيل إلى زيارات 
التوعية التي كان يقوم بها الفريق إلى مركز الصحة الأولية مرتين في 

Box 1. Summary of main lessons learnt

• Rehabilitation service delivery offered by health institutes needs to be complemented by 
the rehabilitation workforce including full-time physiotherapist and visiting speech therapist, 
occupational therapist, prosthetist and orthotist at primary care facilities.

• The multidisciplinary rehabilitation workforce needs to be strengthened by partnerships 
with industry and nongovernmental organizations.

• To improve detection, rehabilitation and monitoring, new technology needs to be integrated 
into the service delivery model.
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摘要
印度：农村地区开展康复服务试点
目的 在印度马哈拉施特拉邦莱加德农村地区提供康复
服务。
方法 我们通过圣雄甘地医学健康科学研究所，在五
个村庄开展康复服务试点。该研究所与利益攸关方进
行了参与式农村评估和专题小组讨论，确定了农村生
活中可能影响康复服务的一般问题。为了将康复服务
整合到现有的初级医疗保健体系中，由研究所人员组
成的小组在临床应用多学科会议上制定了一项战略计
划。我们的一个康复小组进行了挨家挨户的调查，将
需要康复治疗的患者转介到外展服务中心，该小组每
周前往初级卫生保健中心进行两次会诊。如需要，会
将患者转介到医学院的附属医院进行三级护理。
结果 农村评估发现，缺乏康复宣传、康复服务人员以
及基础设施建设，这是提供康复服务面临的关键问题。

因此，我们开展了宣传活动，并组建了一个由研究所
人员和学生组成的康复小组。2018 年至 2021 年间，小
组为 1800 名患者提供了护理服务，其中半数患者（900 
名患者）患有肌肉骨骼疾病。康复治疗后，这 900 名
患者中的 360 (40%) 名患者可以进行日常活动，并在
康复后 2-3 天内疼痛减轻，继续开始工作。小组为 1,629 
名患有肌肉骨骼疼痛或压力性尿失禁的孕妇提供了产
前护理。
结论 康复服务的提供促进了人们对物理治疗的认识，
制定了康复护理方案并满足了人们对常规服务的需
求。利用研究所的现有资源，并让学生参与，可以有
效促进该模型的可持续性。

Résumé

Mise en œuvre expérimentale de services de réadaptation en milieu rural en Inde
Objectif Proposer des services de réadaptation dans une région rurale 
du district de Raigad, dans le Maharashtra, en Inde.
Méthodes Nous avons déployé un modèle de prestation de services de 
réadaptation dans cinq villages par l'intermédiaire du Mahatma Gandhi 
Mission Institute of Health Sciences. L'institut a procédé à une évaluation 
rurale participative et organisé des discussions au sein de groupes 
de réflexion impliquant différentes parties prenantes, afin de repérer 
les principaux problèmes rencontrés dans les villages et susceptibles 
d'affecter les prestations. En vue d'intégrer les services de réadaptation 
dans le système de soins primaires existant, une équipe de l'institut a 
élaboré un plan stratégique lors de réunions cliniques multidisciplinaires. 
De son côté, une équipe de réadaptation a effectué une enquête en 
porte-à-porte et proposé aux personnes nécessitant de tels services de 
se rendre dans le centre de soins de santé primaires, à l'occasion des 
visites de proximité qu'elle réalise deux fois par semaine. Si besoin, les 
patients pouvaient être transférés vers un hôpital universitaire pour des 
soins de niveau tertiaire.

Résultats L'évaluation rurale a permis d'identifier les obstacles majeurs à 
la prestation de services de réadaptation: un manque de sensibilisation, 
ainsi que l'absence d'infrastructures et de personnel qualifié. Pour y 
remédier, nous avons mené des campagnes de sensibilisation et formé 
une équipe de réadaptation, composée d'employés et d'étudiants de 
l'institut. Entre 2018 et 2021, cette équipe a pris en charge 1800 patients; 
la moitié (900 patients) souffraient de troubles musculosquelettiques. 
À l'issue de leur réadaptation, 360 (40%) de ces 900 patients étaient 
capables d'accomplir les tâches du quotidien et ont repris le travail 2 
à 3 jours plus tard avec une douleur moins vive. L'équipe a également 
prodigué des soins prénatals à 1629 femmes enceintes présentant des 
douleurs musculosquelettiques ou une incontinence urinaire à l'effort.
Conclusion Les prestations de réadaptation ont permis de faire 
connaître la kinésithérapie, de développer un parcours de soins en 
la matière et d'exprimer la nécessité d'une régularité des services. 
L'utilisation des ressources de l'institut et l'implication des étudiants ont 
assuré la viabilité du modèle.

Резюме

Пилотное внедрение реабилитационных услуг в сельской местности, Индия
Цель Внедрение реабилитационных услуг в сельской местности 
района Райгад, штат Махараштра, Индия.
Методы При содействии Института медицинских наук имени 
Махатмы Ганди в пяти деревнях была экспериментально запущена 
модель предоставления реабилитационных услуг. Институт провел 
в сельской местности совместную оценку и обсуждения в фокус-

группах с заинтересованными сторонами с целью выявления 
общих проблем в жизни деревни, которые могут повлиять на 
предоставление услуг. Чтобы интегрировать предоставление 
реабилитационных услуг в существующую систему первичной 
медико-санитарной помощи, командой института был разработан 
стратегический план в рамках междисциплинарных клинических 

الأسبوع. وإذا لزم الأمر، يمكن إحالة المرضى إلى مستشفى تعليمي 
جامعي للحصول على رعاية من المستوى الثالث.

النتائج أشار التقييم الريفي للنقص في الوعي، وعدم ملاءمة قوى 
لتقديم  رئيسية  قضايا  باعتبارها  التحتية،  البنية  وضعف  العمل، 
توعية  بحملات  قمنا  لذلك،  وكاستجابة  التأهيل.  إعادة  خدمات 
من  وطلاب  موظفين  من  يتكون  التأهيل  لإعادة  فريقًا  وشكلنا 
الرعاية  بتقديم  و2021،   2018 عامي  بين  الفريق  قام  المعهد. 
لعدد 1800 مريض، يعاني نصفهم (900 مريض) من اضطرابات 
(40%) من هؤلاء   360 عضلية هيكلية. بعد إعادة التأهيل، قام 

المرضى البالغ عددهم 900 بأداء أنشطة الحياة اليومية، واستمروا 
في العمل مع تخفيف الألم في غضون 2 إلى 3 أيام بعد إعادة التأهيل. 
قدم الفريق رعاية ما قبل الولادة لعدد 1629 امرأة حامل يعانين 

من آلام عضلية هيكلية، أو سلس البول الإجهادي.
الاستنتاج أدى تقديم خدمات إعادة التأهيل إلى بناء الوعي بالعلاج 
إلى  الحاجة  وإنشاء  التأهيل،  إعادة  لرعاية  مسار  ووضع  الطبيعي، 
وإشراك  للمعهد  الحالية  الموارد  استخدام  أدى  المنتظمة.  الخدمات 

الطلاب إلى جعل النموذج مستدامًا.
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совещаний. Группа по реабилитации провела подомовой опрос 
и направила людей, нуждающихся в реабилитационных услугах, 
на консультации в центр первичной медико-санитарной помощи, 
которые проводились два раза в неделю. При необходимости 
пациенты могли быть направлены в клиническую больницу при 
институте для получения специализированного медицинского 
обслуживания.
Результаты По результатам оценки, проведенной в сельской 
местности, ключевыми проблемами для предоставления 
реабилитационных услуг были признаны недостаточная 
осведомленность, нехватка рабочей силы и инфраструктуры. 
В ответ были проведены информационно-просветительские 
кампании и сформирована группа по реабилитации, 
состоящая из сотрудников и студентов института. В период 

с 2018 по 2021 год группа оказала помощь 1800 пациентам, из 
которых у половины (900 пациентов) наблюдались заболевания 
опорно-двигательного аппарата. После реабилитации 360 (40%) 
из этих 900 пациентов выполняли повседневную деятельность 
и продолжали работать с уменьшением боли в течение 
2–3 дней после реабилитации. Группа предоставила дородовое 
наблюдение 1629 беременным женщинам с мышечно-скелетной 
болью или стрессовым недержанием мочи.
Вывод Предоставление реабилитационных услуг способствовало 
повышению осведомленности о физиотерапии, разработке 
плана реабилитации пациентов и формированию потребности 
в получении регулярных услуг. Использование существующих 
ресурсов института и привлечение студентов привели к 
устойчивости модели.

Resumen

Aplicación piloto de los servicios de rehabilitación rural en la India
Objetivo Establecer servicios de rehabilitación en una zona rural del 
distrito de Raigad, Maharashtra, en la India.
Métodos Se puso a prueba un modelo de prestación de servicios de 
rehabilitación a través de Mahatma Gandhi Mission Institute of Health 
Sciences en cinco pueblos. El instituto llevó a cabo una evaluación rural 
participativa y debates en grupos de discusión con las partes interesadas 
para identificar los problemas generales en la vivencia del pueblo que 
podrían afectar a la prestación. Para integrar la prestación de servicios de 
rehabilitación en el sistema de atención primaria existente, un equipo 
del instituto elaboró un plan estratégico mediante reuniones clínicas 
multidisciplinares. Un equipo de rehabilitación realizó una encuesta 
puerta a puerta y remitió a las personas que necesitaban servicios de 
rehabilitación a las visitas de promoción que el equipo realizaba al centro 
sanitario primario dos veces por semana. En caso necesario, se podía 
derivar a los pacientes a un hospital universitario para que recibieran 
atención de nivel terciario.

Resultados La evaluación rural identificó la falta de concienciación, la 
falta de personal y los problemas de infraestructura como problemas 
clave para la prestación de servicios de rehabilitación. En respuesta, 
se organizaron campañas de concienciación y se formó un equipo de 
rehabilitación compuesto por personal y estudiantes del instituto. Entre 
2018 y 2021, el equipo prestó atención a 1800 pacientes, de los que la 
mitad (900 pacientes) tenían trastornos osteomusculares. Después de la 
rehabilitación, 360 (40 %) de estos 900 pacientes realizaron actividades 
de la vida diaria y siguieron trabajando con un dolor reducido en los 2 a 
3 días posteriores a la rehabilitación. El equipo prestó asistencia prenatal 
a 1629 mujeres embarazadas con dolor osteomuscular o incontinencia 
urinaria de esfuerzo.
Conclusión La prestación de servicios de rehabilitación permitió 
concienciar sobre la fisioterapia, desarrollar una vía de atención a 
la rehabilitación y establecer la necesidad de servicios regulares. La 
utilización de los recursos existentes en el instituto y la participación de 
los estudiantes hicieron que el modelo fuera sostenible.
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finger are important predictors of multidomain deficiencies in in- 

dividuals with DS. 5 

While summoning back to embryological development, DS in- 

dividuals have delayed appearance of the primary center of ossi- 

fication of digit 5, in comparison with premature fusion and thus 

explaining brachymesophalangia of digit 5 (wider and shorter mid- 

dle phalanx of digit 5). Radiological studies infer the presence of 

pseudo-epiphysis of a base of the second metacarpal. 6 , 7 

Upper extremity function is usually associated with motor coor- 

dination, manual dexterity, muscle strength, and sensibility. Man- 

ual dexterity provides precision, speed and coordination of upper 

extremity movements to a task; grip and pinch strength provide 

quantitative measurement of upper extremity integrity. 8 Individu- 

als with DS are restrained and sensitive from exploring different 

possibilities that require time to experience movement, to attain 

and refine fine motor skills. 9 

The quality of hand function often exhibits longer reaction 

time, high incidence of muscle coactivation, hypotonicity, ligamen- 

tous laxity. This alters the movement patterns in DS, inferred as 

“clumsy.”10 Proximal coordination of trunk and arm segment is a 

limiting factor for reach-to-grasp control in children with DS; also, 

slow and atypical movement contribute to late-onset of prepara- 

tory grip closure that limits manipulative skills and contributes to 

poor dexterity. Low muscle tone impairs recruitment and sequenc- 

ing of muscle activation, resulting in compensation for instability 

and delayed interaction between the trunk and arm movements. 

Therefore, arm movements are poorly differentiated in DS, which 

prompts for atypical and immature grasps characteristics and ori- 

entation of hand to an object 11 

The International Classification of Functioning, Disability and 

Health in Children and Youth (ICF-CY) is referred to understand the 

pathway of a particular disease. Determinants of health play a vi- 

tal role in assisting us in designing an assessment rehabilitation. 12 

Amongst which, behavioral determinants of health consist of ge- 

netic conditions (such as DS, Klinefelter syndrome, etc.) as higher 

classification levels. This aids to connect us to different domains of 

ICF-CY. 13 

All these helps and guide us in understanding pathway of the 

physical, social and behavioral contribution of a population to- 

wards different aspects of ADLs and IADLs. 

The various forms of studies performed to evaluate hand func- 

tion in this population had insufficient results due to smaller sam- 

ple size, incomplete tests and age appropriateness. Also, the sys- 

tematic review published consisted of one component of hand 

function, whereas hand function is a broad term and has various 

sub-functions which needs to be roofed. The cross-sectional stud- 

ies performed often had incomplete test results when compared 

with other populations (Typically developed [TD], other intellec- 

tual disabilities [ID]) and so results were inadequate and incom- 

plete tests score were not involved in results. Physical character- 

istics studied are more restricted to hand span evaluation, which 

tells us about susceptibility towards hand injury and power grasp 

function. 

Thus, in this scoping review, we aimed at exploring the com- 

prehensive hand function of children and adolescents in DS. We 

also look for these altered comprehensive hand functions’ effect on 

activities of daily living and instrumental activities of daily living. 

Methodology 

Searches 

The methods of study analysis were ascertained. PRISMA-ScR 

guidelines were adopted for structuring this study. Data collection 

was done first by reading the title and abstract, second by prepar- 

ing documents of selected studies obtained by applying search 

strategies in the database. It was discussed with reviewers and 

studies that had closed access, contact to correspondence author 

was established for same. 

Data source information was obtained from studies listed in 

PICO format, studies including children and adolescents; focusing 

on hand function, grip strength, pinch strength, manual dexterity 

and fine motor function in the DS population. 

Further data sources were obtained through textbooks, refer- 

ence books, and cross-references on embryological development, 

musculoskeletal development, hand function and fine motor devel- 

opment in children with and without DS. 

A total of 41,884 articles were listed on application of keywords 

to searching of the database, articles were selected on basis of in- 

clusion criteria, out of which duplicate articles were removed 

Screening 

a) Human studies, b) studies presented in PICO format, c) stud- 

ies exploring hand function in children and adolescents with DS 

with or without comparison with typically developed, d) age be- 

tween 4 months to 25 years e) any study design (systematic re- 

views, RCTs, non-RCTs, cross-sectional, observational studies, pi- 

lot RCTs) f) Studies on hand function, upper limb function, reach, 

grasp, manipulation; manual dexterity, fine motor control, and co- 

ordination, precision grasping skills, g) studies in English language 

Results 

The survey comprised 41,884 scientific papers published nation- 

ally and internationally. Out of which 84 full-text articles were se- 

lected for review, among these 55 full-text articles were excluded. 

Out of the total, 6 articles were not accessible. Amongst all these, a 

total of 28 articles were included and studied in this review based 

on inclusion criteria. 

a. Embryological studies: The studies relating to embryological ab- 

normalities in DS was reflected in our search strategy as review 

articles and chapter from the textbook. Jonathan et al, in his 

review, stated shortening of humerus in sonographic markers 

in the first trimester (9% of fetuses had below 5th percentile 

shortening) 14 

b. Biomechanical constraints: Lopes et al, in their review stated 

that few studies performed the kinematic evaluation of upper 

limb in DS. They further added up stating that overall peak 

force and velocity in DS is lower and reaching tasks affects the 

dynamics of postural control. Also, this function was more feed- 

back dependent. 

c. Grip and pinch strength: Matute et al, examined the correlation 

of hand span on grip strength in DS and found that optimal grip 

span had a higher correlation in dominant ( r = 0.66, p > 0.05) 

than nondominant hand ( r = 0.408, p < 0.05). Jover et al, tested 

for grasping characteristics in DS and with TD; stated DS used 

fewer fingers to grip coin (effect size = 6), placing pegs (effect 

size = 0.5), picking up blocks (effect size = 0.92). Priosti et al, 

evaluated grip strength and manual dexterity in DS, and found 

no linear relation between dominant grip strength and manual 

dexterity ( r = 0.31) and mean grip strength in DS were lower 

than TD (p = 0.0) and dominants’ mean manual dexterity were 

lower in DS (p = 0.00). de Campos et al, (2010) study tested 

for reach and grasp in infants with DS, and found increase fre- 

quency of reach (u (1) = 6.5, p = 0.01) and decreased grasping 

frequency (U (1) = 3.9, p = 0.04). de Campos et al (2014), found 

DS infants used less unimanual grasping (p = 0.03) than biman- 

ual grasping (p = 0.009) for smaller objects. Valvano et al, find- 
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ings during reach to grasp analysis in DS were increased in end- 

point trunk rotation (effect size = 0.88), preparatory phase had 

poor anticipatory adjustment (effect size = 1.11 for gripping the 

aperture). Mullerpatan et al, findings stated that the DS pop- 

ulation showed 60% less grip strength, 33% less palmar pinch 

strength and 20% less key pinch strength.de Campos et al (2014) 

studied the effect of object size on grasping in infants with DS 

and stated that DS infants touched larger objects with higher 

velocity (p = 0.02); in another study (2013) they found that DS 

infants reached frequently for large rough balls (p = 0.004) and 

large softballs (p = 0.02). 

d. Manual dexterity and fine motor function: Vimercati et al, 

tested for fine motor function in DS through a drawing test, 

stating no significant difference was found in overall drawing 

performance but had increased velocity. Zareian et al, in their 

intervention study, stated improved reaction time in DS inter- 

vention post-intervention (F = 75.5, p = 0.6). dexterity im- 

proved (F = 7.8 for card sorting, F = 23.0 for arranging beads). 

Schott et al, in a cross-sectional study, stated the results of M- 

ABC, highest effect size found in “Forming letters using pen 

or pencil” ( r = 0.88), “uses scissors to cut paper” ( r = 0.84), 

“Fastens buttons” ( r = 0.78). Marchal et al, in a longitudinal 

study, found manual dexterity is poor and testswere incom- 

plete (CI = 4.5-5.5, SD = 5.0). Masumoto et al, found DS adoles- 

cents showed larger force generation and thus significant error 

in performing finger-tapping tasks. 

e. Palmar arches and creases: There is lacunae in literature whilst 

addressing this sub-component of hand function, specifically 

concerning the DS population. However, their development and 

delayed are often expressed by a few authors but that was 

traced back four to five decades ago. 

f. Dermatoglyphics: Lakshmi Prabha in her short review has given 

a highlight on dermatoglyphics in DS. Although a new term 

holds an important aspect when describing dental health in 

normal as well as DS population 

Discussion 

The results in Table 1 highlight the relationships and different 

aspects of hand function across life spans in children and adoles- 

cents with DS. 

The acquisition of reaching and grasping represents an im- 

portant milestone and contributing factor for functional indepen- 

dence during the growth period. Motor skills are distilled by repet- 

itive and rhythmic task performance; also known as the repetitive 

perception-action-perception cycle, in children with DS this char- 

acteristic is refrain, and they have limitations while exploring their 

possibilities consequently requiring more time for acquiring and 

refining motor skills. 10 

In infancy reaching and grasping skills in the DS population are 

being influenced by various intrinsic factors, and there is a corre- 

lation between intrinsic (age, biomechanical factors, posture, etc.) 

and extrinsic (environment, object properties, and experience) fac- 

tors. This results in the adoption of different strategies for reach- 

ing in infants with DS. 10 Intrinsic properties influence the accu- 

racy and speed of reaching and grasping in infants with DS. 25 Pre- 

grasping behaviors in infants with DS seemed to be less efficient in 

generating action-relevant information, and postgrasping behaviors 

required greater perceptual-motor demands and difficulty. 16 DS in- 

fant characteristics of grasping rely on object configuration rather 

than object properties. These infants require a longer time to ad- 

just to uni and bimanual strategies which may be a functional lim- 

itation since early ages. 15 

Interest in an object often speaks about a child’s engagement 

in an activity and development of language. In children with DS 

novel actions and objects might be repeated but a carry-over in 

their language and communication was reduced. 30 Reaching tasks 

in infants with DS leads to an exploration of environment and ob- 

ject, helping an infant with motor, and cognitive function. 34 

The birth performance-based measures and teachers’ report re- 

flects the bottom-up approach of current motor skills performance 

and long-term impression (top-down) in both DS and TD. Both 

the combined methods help in the evaluation of individually per- 

formed skills and thereby aid in tailored-made rehabilitation for 

each child. 11 

Children with DS demonstrated a moderate rate of grip and 

pinch strength reduction when compared to typically developed 

children. Also, weight, height, forearm length, hand length, and 

breadth were factors that influenced upper extremity strength dif- 

ferences. 26 

Hand strength and manual dexterity were similar in both gen- 

ders; a correlation was also seen between age and hand func- 

tion. Sound knowledge of manual skills is important for plan- 

ning various aspects of developmental activities. Hand dynamome- 

ter is the gold standard tool for the evaluation of hand strength 

in healthy population and is used frequently. The same method 

can be used in DS population for evaluation of hand strength. 

It will help us to gain a sound knowledge about their hand 

strength. 22 

The three-dimensional analysis of kinematics for the evalua- 

tion of upper limb movements is necessary in children with DS 

to understand the velocity, speed and accuracy of movements. 

However, due to the dearth of standardizing protocol for eval- 

uation of upper limb kinematics properties, there are often de- 

viated protocols. Thus, a three-dimensional upper limb move- 

ment analysis should be developed for understanding the patterns 

of movements adopted during gripping and other hand function 

activities. 23 

Mental assessment at the age of 2 years, gender, and pres- 

ence of infantile spasms can aid to some extent in predicting 

adaptive and motor skills by the end of school age in children 

with DS. 35 Understanding perceptual-motor development in chil- 

dren with T21, with an emphasis on atypical grasping features; 

and correlation of perceptual-motor functioning and grasping be- 

haviors. 21 

The population with T21 often scores poorly in fine motor 

skills tasks because of specific brain and body characteristics. This 

lessens their effective dexterity skills and often contributes to their 

clumsiness and reduced participation in life situations represented 

in ICF (C-Y). 17 

The fine motor task in children with and without DS shows 

differences concerning developmental milestones, sensory, motor, 

cognitive and perceptual domain. These domains are often im- 

paired in the DS population and many times inadequately ad- 

dressed while testing fine motor tasks. 19 The adolescent with DS 

showed higher peak force-velocity and systematic delay on the on- 

set of finger tapping movement. It may be due to differences in 

motor unit recruitment patterns. 18 

Significant limitations were found in RTG (reach-to-grasp) 

which contributes to more upper limb movement limitations and 

poor manual dexterity performance in school-aged children with 

DS. 29 

The postural sway (defined as small oscillatory motion made 

in body segments by an healthy individual to control and maintain 

an upright posture) in DS population is more with increased veloc- 

ity in center of pressure (CoP). The CoP displacement was greater 

in medial/lateral directions. The motor skills performance such as 

standing, walking, running/jumping were inadequately achieved as 

per the results on gross motor functional measure (GMFM) and 

Bruininks-Oseretsky test of motor proficiency (BOT-2). 36 
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Table 1 

Data charting and synthesis of results highlight the relationships and different aspects of hand function across life spans in children and adolescents with DS. 

Sr no Title Study population age & 

gender 

Level of evidence/ study 

design 

Outcome measure Method 

1 Priosti et al, 24 Down Syndrome 7-9 y/ 

both 

II cross-sectional Jamar dynamometer assessed grip 

strength using American Society 

of Hand Therapy guideline of 

measurement, Box and Blocks test 

assessed manual dexterity 

Grip strength and manual dexterity were assessed for 

both hands. Each evaluation lasted for 15 min 

2 Matute-Llorente et al, 

2017 22 

Down Syndrome 15-18 y/ 

Both 

II Cross-sectional Hand span measured and Digital 

Dynamometer 

Hand span was measured with hand widely opened, 

references from tip of thumb to the tip of the little 

finger; digital dynamometer was used for measuring grip 

strength with subject attaining standard bipedal position 

arm in abduction, elbow incomplete extension and 

forearm pronation. Subjects were recruited in two 

sections; one 27 subjects were tested and after a few 

weeks, 15 subjects were further recruited to determine 

optimal grip strength and reduce the risk of bias. 

3 Zareian & Delavarian, 

2014 5 
Down Syndrome 7-12 y/ 

both 

II Experimental study Bruininks-Oseretsky test to assess 

fine motor skills, Briggs-Nebes 

Handedness Inventory was used to 

establish laterality 

Pre and post-test evaluations were performed. Hand 

laterality was established using Briggs-Nebes Handedness 

inventory. Subjects performed individual and group 

exercise of sport stacking in two sessions per week for 30 

min. At first, edutainment video was set for patterning 

and speed, techniques were the point of emphasis 

4 de Campos et al, 

2010 10 

Down Syndrome and 

Typically developed 4-6 

mo/ both 

II Cross-sectional study Alberta Infant Motor scale Infants were placed on baby chairs reclined 50 degrees 

from horizontal. Pearl-like spherical markers were affixed 

to infants’ wrists. An attractive spherical object was 

presented at infants’ midline, shoulder height and arm’s 

length for 1 min or until infant performed seven reaches. 

Reaching movements were recorded by using a 

three-camera (60 Hz) motion capture system 1 camera 

was positioned above and behind the chair and the other 

two were positioned in front of the diagonally to chair on 

right and left sides. 

5 Lopes et al, 2018 23 Down Syndrome and 

Typically developed 

I Systematic review PRISMA, PICO criteria, Crowe 

Critical Appraisal Tool (CCAT)for 

quantification of methodological 

quality of studies 

The title and abstract were retrieved by researchers 

individually using a systematic strategy based on 

inclusion criteria. A total of 344 articles were retrieved 

and five full texts were included in this review. 

6 Vimercati et al, 2015 19 Down Syndrome and 

Typically developed 14-19 

y/ both 

II Clinical measurement IQ assessment and SMART-D BTS 

(optoelectronic system) 200Hz 

frequency camera and integrated 

video system 

The children were seated comfortably on an adjustable 

chair and in front of the desk. They were given a paper 

sheet with a printed figure (a circle, an equilateral cross, 

a square) and were asked to copy the illustrated figure 

with their dominant hand. Children were given modified 

ink pen with markers on the cap that allowed 

reconstruction of the trace drawn. 

7 Camargo Oliveira & 

Cavalcante Neto, 2016 3 
Down Syndrome I Systematic review PRISMA Exploratory and descriptive literature review, realized by 

digital media by recommendations of Cochrane Handbook 

for Systematic Reviews. Databases comprised LILACS, 

Medline, PubMed, Scielo, IBECS, Scopus. MeSH was 

selected for searching keywords, a medical classification 

system based on English language articles indexed in the 

area of research. Out of 38 articles, eight were selected 

on basis of common agreement amongst judges. 

( continued on next page ) 
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Table 1 ( continued ) 

Sr no Title Study population age & 

gender 

Level of evidence/ study 

design 

Outcome measure Method 

8 Jover et al, 2010 21 Down Syndrome and 

typically developed v 4-18 

y/ both 

II Cross-sectional Movement Assessment Battery for 

Children (M-ABC) 

Children were asked to write their name or their 

signature on a sheet of paper and to show which hand 

they preferred to brush their teeth or comb their hair; to 

determine preferred and non-preferred hand (PH) and 

(NPH) respectively. Then the children were asked to 

perform three manual tasks: a) posting coins, b) placing 

pegs, c) picking up blocks. 

9 Memisevic & Macak, 

2014 33 

One group (Down 

syndrome, Fragile X 

syndrome, Williams 

Syndrome, Prader Willi 

Syndrome) and a second 

group (unknown etiology 

of intellectual disability) 

7-15 y/ both 

II Comparative study Purdue Pegboard test, The test consists of four tasks to be performed by the 

children. The first three tasks required the children to 

place as many pegs in a peg-hole in a period of 30 s. The 

final task involves making as many assemblies as possible 

within one group 

10 Chen et al, 2014 4 Down syndrome Young 

male 

II Interventional study Hydraulic Dynamometer, 

treadmill, PAR-Q, Peabody picture 

vocabulary test 

It is a pre-and post-evaluation study evaluating 

effectiveness of bout exercises on grip force in individuals 

with DS. The participants performed treadmill walking 

for 20 min following multistage protocol. 

11 de Campos et al, 

2011 25 

Down Syndrome and 

Typically developed 4-6 

mo/ both 

II Exploratory study Apgar score, Cytogenic analysis Infants were placed on baby chairs reclined 50 degrees 

from horizontal. Pearl-like spherical markers were affixed 

to infants’ wrists. Four attractive spherical balls of 

different textures (two soft and two rigid) were 

presented at infants’ midline, shoulder height and arm’s 

length for 1 min or until infant performed seven reaches. 

Reaching movements were recorded by using a 

three-camera (60 Hz) motion capture system 1 camera 

was positioned above and behind the chair and the other 

two were positioned in front of the diagonally to chair on 

right and left sides. Kinematics characteristics of reaching 

were additionally performed by calculating deceleration 

time and maximum time by calculating maximum 

velocities value as a result of the difference of two 

minimum velocities. 

12 de Campos et al, 

2013 16 

Down Syndrome and 

Typically developed 4-6 

mo/ both 

II Observational study Apgar score, Cytogenic analysis Infants were placed on baby chairs reclined 50 degrees 

from horizontal. Pearl-like spherical markers were affixed 

to infants’ wrists. Four attractive spherical balls of 

different textures (two soft and two rigid) were 

presented at infants’ midline, shoulder height and arm’s 

length for 1 min or until infant performed seven reaches. 

Reaching movements were recorded by using a 

three-camera (60 Hz) motion capture system 1 camera 

was positioned above and behind the chair and the other 

two were positioned in front of the diagonally to chair on 

right and left sides. Grasping behaviors were studied in 

four stages: pregrasping behavior, grasping, post grasping 

and post grasping exploration behaviors and frequencies 

of reaches were studied. 

( continued on next page ) 

P
le

a
se

 
cite

 
th

is
 

a
rticle

 
a

s:
 

N
.
 

P
a

d
ia

,
 

M
.
 

B
o

se
 

a
n

d
 

S
.
 

P
a

ra
b

,
 

D
e

te
rm

in
a

n
ts
 

o
f
 

h
a

n
d
 

fu
n

ctio
n
 

in
 

ch
ild

re
n
 

a
n

d
 

a
d

o
le

sce
n

t
 

w
ith

 
D

o
w

n
 

S
y

n
d

ro
m

e
-A

 sco
p

in
g
 re

v
ie

w
,
 Jo

u
rn

a
l
 o

f
 H

a
n

d
 T

h
e

ra
p

y,
 h

ttp
s://d

o
i.o

rg
/1

0
.1

0
1

6
/j.jh

t.2
0

2
2

.0
7.0

1
0
 

https://doi.org/10.1016/j.jht.2022.07.010


6
 

N
.
 P

a
d

ia
,
 M

.
 B

o
se
 a

n
d
 S.

 P
a

ra
b
 /
 Jo

u
rn

a
l
 o

f
 H

a
n

d
 T

h
era

p
y
 xxx

 (xxxx)
 xxx

 

A
R

T
IC

L
E

 IN
 P

R
E

S
S

 

JID
:
 H

A
N

T
H

E
 

[m
N

S
;
 S
ep

tem
b
er
 1

7
,
 2

0
2
2
;9

:4
4
 ]
 

Table 1 ( continued ) 

Sr no Title Study population age & 

gender 

Level of evidence/ study 

design 

Outcome measure Method 

13 de Campos et al, 

2014 15 

Down Syndrome and 

Typically developed 4-8 

mo/ both 

II Exploratory study Apgar score, Infants were placed on a reclined chair with truncal 

support. Four spherical objects (two large and soft and 

two soft and small) were placed in infant’s midline at 

shoulder height in the line of arm. The object was 

presented for seven trials on both sides. Three cameras 

were used to record the reaching performance. 

14 Fidler et al, 2014 30 Down Syndrome and 

Typically developed Both 

II Observational study Leiter-Scale of performance, child 

development and family history, 

oral and written language scales, 

generativity performance 

Different objects such as pipe cleaners, wooden beads, 

plastic coins, rubbery bracelets, paper cups for baking, 

straws, miniature pompoms, colored popsicles stick, foam 

sheets with holes punched around perimeter and lanyard 

strings. These objects created ambiguous plays. 

Participants’ engagement was coded using Nodulus 

Observer XT coding software on following criteria: type 

of engagement and novel use of an object. 

15 Holzapfel et al, 2015 27 Intellectual disabilities 

17-20 y/ both 

II Interventional study Modified Snellen chart, 

audiometer, Peabody Picture 

Vocabulary test 4th edition, 

Participants completed cycling sessions using modified 

motorized stationary recumbent bicycling for 30 min 

three times per week for 8 weeks. 

16 Jover et al, 2014 17 Down Syndrome and 

Typically developed 5-20 

y/ both 

II Observational study Movement Assessment Battery for 

Children (M-ABC) 

The participants were recorded whilst they performed 

two tasks selected from M-ABC with both the hands 

preferred and non-preferred in sitting posture in front of 

a table 

17 Latash et al, 2002 20 Down Syndrome and 

age-matched typically 

developed 19-21 y/ both 

II Cross-sectional Study Experimental setup using sensor 

and piezoelectric effect tapping 

systems for recording a maximum 

voluntary contraction 

All the participants performed trials of maximum 

voluntary contraction test using each finger separately 

and all four fingers together of the dominant hand. A 

ramp test was done with 12 trails with zero force for 5 

sec projecting contraction and then a 30 percent increase 

in force for 2 s and repeat. 

18 Lobo et al, 2015 34 Down Syndrome, typically 

developed and high-risk 

infants 0-6 mo/ both 

III Exploratory study Observation of various grasping 

behaviours 

Through various observations, the authors have described 

typical and atypical characteristics of the grasping 

behavior of infants. They have also highlighted stages of 

grasping and emphasized shifting of grasping behavior 

from general exploration to typical infant grasping and 

how it differs in infants with DS 

19 Marchal et al, 2016 35 Down Syndrome 6 

months-10.7 y/ both 

I Randomized Controlled 

Trial 

Bayley Scale of Infant 

Development, Snijders-Oomen 

Nonverbal Intelligence test, 

Vineland Adaptive Behavior, 

M-ABC 2, 

The participants were recruited right from their birth and 

a regular follow up every 2 mo were made. Their 

demographic data were recorded and different scales 

were used at different age intervals to score for various 

activities, such as early mental and motor development, 

intelligence at age of 10.7 y, adaptive functioning at age 

of 10.7 y, motor skills at age of 10.7 y. 

( continued on next page ) 
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Table 1 ( continued ) 

Sr no Title Study population age & 

gender 

Level of evidence/ study 

design 

Outcome measure Method 

20 Masumoto et al, 

2012 18 

Down Syndrome 15-17 y/ 

male 

II Cross-sectional Edinburgh Handedness Inventory 

scale 

The apparatus consisted of two load cells used for finger 

tapping were amplified with a strain amplifier and 

displayed on an oscilloscope. Participants were seated 

facing load cells and were instructed to perform uni and 

bi-manual tapping movements at a target force of 2N. 

21 Rigoldi et al, 2015 28 Down Syndrome 21-25 y/ 

both 

IV Pilot experimental 

study 

IQ The NMT was applied over cervical spine bilaterally, over 

the shoulder and extensors of the hand and fingers of the 

same dominant hand. The optoelectric system was used 

for graphic picture tracing like squares, circles and 

triangles. 

22 Schott et al, 2014 11 Down Syndrome and 

Typically developed 7-11/ 

both 

II Cross-sectional study Test of gross motor development, 

M-ABC, 

Data was collected from gym of schools where the 

children wore proper sports dresses and running shoes 

and had not been attending any motor activity prior 

23 Valvano et al, 2017 29 Down Syndrome and 

Typically developed 6-13 

y/ both 

II Exploratory study Three-dimensional kinematic 

evaluation of RTG (reach-to-grasp) 

Participants began the trial by sitting on a chair and no 

back support, arm on table. The object was placed at the 

end of reach point measuring full arm length. First was a 

kaleidoscope, that was kept and the participants had to 

reach and grasp it then bring it towards the eye for 

viewing. second was a small box to measure trunk and 

upper limb coordination. 

24 Wang et al, 2012 36 Down Syndrome and 

age-matched typically 

developed 14-17 y/ both 

II Cross-sectional study Force plate, GMFM, BOT-2 Participants were supposed to stand on force plates with 

eyes open and closed for measuring postural control for 

15 s, then they had to concentrate on the visual signal 

that was the cue for throwing a ball, GMFM and BOT-2 4 

subtests for further evaluation. 

25 Herrero et al, 2017 37 Down syndromev 3-5 mo/ 

both 

II Exploratory study Prechtl method of global and 

detailed general movement 

assessment 

Within GenGM 5 min video recording of the infant’s 

mobility was recorded during the period of wakefulness, 

feeding, supine lying. 

26 John et al, 2016 26 Down Syndrome and 

age-matched typically 

developed 9-16 y 

II Cross-sectional study Jamar hydraulic dynamometer, 

B&L gauge pinch dynamometer, 

anthropometric measurement of 

arm using semi-flexible tape 

The students were recruited from two special schools and 

grip and pinch strength was measured using a 

standardized protocol for three trials and the best out 

three scores were taken as the final score. 

27 Girish et al, 2013 32 Down syndrome, 

Left-handedness, 

hypothyroidism 
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PRISMA. flow diagram. 

Children with DS present motor impairments pertinent for con- 

tinued studies on this population, mainly based on appropriate 

motor interventions and construction of standardized scales for 

populations with DS. An opportunity for sports evaluation and in- 

tervention especially in the DS population will aid in enhancing 

the skills of hand-eye coordination and perceptual-motor activities. 

It will also allow the medical team for providing better guidance 

towards an evaluation of manual skills concerning reaction time. 

Focus on evaluation of fine motor skills and training them effi- 

ciently will help to improve quality of life in the DS population. 3 , 5 

A lower extremity rhythmical activity such as walking, stim- 

ulates peripheral sensory inputs, that reach the motor cortex, 

which in turn leads to improvement of grip strength in the DS 

population. 44 Finger coordination through repeated finger tapping 

tasks improves fine motor activities, and helps children to have a 

carryover effect in their ADLs and perform them with ease. The 

NMT (neuromuscular taping) aids by stimulating skin receptors 

and thus, creates sensory efference copy. 20 This intervention re- 

duces dependency on external stimuli for functional tasks perfor- 

mance. 28 

Conclusion 

Thus, from this review, we conclude that physical characteristics 

of upper limb (such as anthropometric measurements of arm, fore- 

arm and hand) have an influence on hand function performance 

(like grip and pinch strength, fine motor functions, manual dexter- 

ity) in the DS population. Further, a comprehensive evaluation of 

upper limb anthropometric measurements and hand function is re- 

quired. A correlational study of the upper limb measurements and 

hand function will help us design tailored-made rehabilitation in 

DS population ( PRISMA 1 ). 
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Methodology: Group A  received conventional 
exercises. Group B received TENS on Vastus Medialis 
Obliques muscle additionally. They were assessed pre 
intervention, 6th week and 12th week of study using 
NRS, Modified WOMAC, Bergs Balance Scale and 30 
Second Chair Stand Test
Analysis: Data was analyzed using SPSS software 
(Version 24; USA, 2019)  and Shapiro- Wilk test was 
used to assess normality.
Results: Intra group analysis reported reduction in pain 
(p=0.00) level (on NRS- 63.6% in group A and 39.6% in 
group B; on WOMAC- 72.4% in group A and 36.6% in 
group B), increase in function by 56.4% in group A and 
33% in group B (p=0.00), and improvement in strength 
by 35% in group A and 0.2% in group B (p=0.00). No 
significant improvement was noted on inter group 
comparison in pain (p= 0.086), function (p= 0.066) and 
strength (p=0.190) post 12 weeks of intervention.
Conclusion: Findings from present study report 
application of Low Intensity TENS for Vastus Medialis 
Obliques muscle activation along with exercise versus 
conventional exercises demonstrated no significant 
difference on chronic osteoarthritis knee patients for 
pain, function and strength.
Implications: TENS would act as an adjunct to 
conventional treatment of osteoarthritis in not only 
chronic stage but also in early stages. It could also be 
implied to any age group having osteoarthritis

Keywords: Osteoarthritis Knee, Pain, Function, 
Strength, Low intensity TENS, Exercise

AB No: 175: Effect of Matrix Rhythm Therapy on Pain 
and Hand Intrinsic Muscle Strength in Students with 
Nomophobia.
Author: Tushar Palekar,  Sanjana Chakrabarty,  Pramod 
Palekar and  Gaurang Baxi.
Affiliation: Dr. D.Y. Patil Vidyapeeth, Pune

DOI: 10.4103/2456-7787.361090

Background and purpose: Matrix Rhythm Therapy 
(MRT) is a new electrotherapy modality which 
provides effective treatment for the conditions related 
to disturbance in the microcirculation. It is effective 
in pain management as it helps the cells to restore its 
original frequency between 8-12Hz. In the modern era, 
smartphone have become a very intrigue part of human 
life, 74% population uses smartphone worldwide. There 
is risk of developing various repetitive strain injuries 
in smartphone users. The aim of this study was to 
evaluate the effectiveness of Matrix Rhythm Therapy 
on hand pain in excessive Smartphone users.
Methodology: 140 students in age group of 18–25 years 
were screened on basis of Smartphone Addiction 
Scale: Short Version to assess the addiction towards 
smartphone. The participants having the score more 
than 25/60 were included in the further study which 
turned out to be 90 students. These participants were 
told to install My Addictometer application in their 
smartphone, the participants using their smartphone 
for more than 3 hours per day were further assessed 
for hand pain using Cornell Hand Discomfort 
Questionnaires (CHDQ). 30 participants having hand 
pain were given MRT for three sessions, spread across 
one week. MRT was given to lumbricals, thenar and 
hypothenar muscles. Outcome measures were visual 
analog scale (VAS) at rest and on activity, pinch 
strength and grip strength. All outcome measures were 
assessed pre & post treatment.
Results: Results showed significant improvement in VAS 
on activity and rest (p<0.001), grip strength (p<0.001) 
and pinch strength (p<0.001) after application of 
Matrix Rhythm Therapy.
Conclusion: From the findings of this study, we can 
conclude that MRT is effective in reducing hand pain. 
Also, there is significant improvement in grip and pinch 
strength in individuals who are using smartphones for 
more than 3 hours a day.

Keywords: Hand pain, Intrinsic Muscle Strength, 
Matrix Rhythm Therapy, Nomophobia, Texting

Stroke Rehabilitation

AB No: 11: Identifying Post-Stroke Physiotherapy 
Practice in India using a Delphi approach
Author:  Harpreet Singh, 1 Sampada Jahagirdar2 and  
Jaspreet Singh Vij3

Affiliation: 
1AIIMS, New Delhi, 
2Amar Jyoti Institute of Physiotherapy, 
3BFUHS, Punjab.

DOI: 10.4103/2456-7787.361071

Background: A competent workforce and a uniform 
code of  practice are cornerstones of  good quality 
healthcare. Knowledge of  current practices is a 
prerequisite for quality of  post stroke rehabilitation 
in India. It is thus, important to address and 
determine, on a regular basis, the competencies 
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developing countries are physically inactive.[1] WHO 
recommendations for daily physical activity for children 
aged 5–17 years include engaging in 60 min of  moderate-
to-vigorous activity. According to the Centers for Disease 
Control and Prevention, only 17%–39% of  children in the 
United States are involved in organized physical activity for 
at least 60 min per day.[1,2] Similar observations are reported 
from European and Asian countries.[3-5]

In developing countries, like India, a decline in moderate-
to-vigorous physical activity is observed among urban 
school children.[1,6] Children engage in physical activity 
either during physical education classes during school hours 
or recreational playtime over weekends. Physical training 
in Indian educational institutes is restricted to less than 
30–60 min of  physical education activity period once or 
twice a week, which is inadequate and unstructured.

Further, it is well known that the practice of  regular physical 
activity promotes fitness and enables a person to perform 
daily activities without fatigue. The modification of  a 
sedentary lifestyle can contribute to an active and healthy 
life beyond childhood and adolescence.[7,8] Industrialization 
has brought about changes in lifestyle with greater 
engagement of  children in sedentary activities.[6] Reduced 
physical fitness in children is associated with an elevated 
risk of  presenting an increase in body mass index, elevated 
lipoproteins and cholesterol level, and developing obesity 
and insulin-resistance juvenile diabetes mellitus in school-
aged children.[2,9-11]

General recommendations for promoting physical activity 
in children include engagement in structured play, games, 
sports, planned exercise or physical education activity, and 
yoga.[1,12,13] Yoga has been practiced for over 5000 years and 
is an ancient form of  physical activity that encompasses 
breathing techniques, postures, strengthening exercises, and 
meditation. The practice of  yoga originated in India and 
has slowly gained popularity all over the world.[14]

Suryanamaskar is one of  the ancient yogic practices, which 
means “to worship the Sun.” In Suryanamaskar, “Surya” 
denotes the Sun, and “namaskar” denotes salutation; 
therefore this yogic practice is discerned as “salutation to 
the Sun.”[15]

Suryanamaskar is a set of  six asanas or postures performed 
in a cyclic reversal, which include Pranamasana (prayer pose) 
as the first and 12th pose, Hasta uttanasana (raised arms 
pose) as the second and 11th pose, Hastapadasana (hand 
to foot) as the third and 10th pose, Ashwa sanchalanasana 
(equestrian pose) as the fourth and ninth pose, Parvatasana 

(mountain pose) as the fifth and eighth pose, Ashtanga 
namaskar (salutation with eight parts) as the sixth and ninth 
pose, and Bhujangasana (Cobra pose) as the seventh pose 
performed preferably in the morning facing the rising 
Sun[16,17] [Figure 2].

The benefits of  Suryanamaskar on the musculoskeletal, 
cardiovascular, neurological, gastrointestinal, and endocrinal 
systems have been studied predominantly in adults.[18] 
Suryanamaskar confers great benefits on health, stamina, 
mental stability, physical strength, and mental calmness and 
is believed to revitalize cellular function.[10]

Regular practice of  Suryanamaskar has been reported to 
improve blood circulation, to maintain health, to increase 
strength, flexibility, and the general feeling of  well-being 
in adults. Physiological benefits include increased blood 
circulation to the brain and spinal mobility due to the 
various 12 positions achieved in Suryanamaskar. It also 
helps improve the peristaltic movement of  the gut and 
cardiac myocardial contractility.[16]

Simultaneously, Suryanamaskar develops neuromuscular 
awareness (i.e., coordination and movement control), 
maintains healthy body weight, prevents chronic illnesses 
such as cancer, type 2 diabetes, and cardiovascular 
diseases, maintains good mental health, improves sleep, 
and lowers stress.[14] However, the physiological effects of  
Suryanamaskar have not been reviewed in children.

Therefore, there is an urgent need to review the 
physiological effects of  Suryanamaskar and the benefits 
conferred on various body systems by performing 
Suryanamaskar intervention in children. Thus, a systematic 
review was undertaken to inform existing evidence 
of  physiological effects of  Suryanamaskar for health 
promotion in children.

MATERIALS AND METHODS

The study was commenced following ethical approval from 
the Institution Ethical Review Committee. A  systematic 
review was carried out to review existing knowledge 
regarding the physiological effects of  Suryanamaskar in 
children to enable the prescription of  Suryanamaskar 
as a healthy lifestyle measure. A review of  the literature 
was performed using the Preferred Reporting Items for 
Systematic Review and Meta-Analyses guidelines. PubMed, 
Cochrane Library, Science Direct, and Google Scholar 
databases were searched using keywords “Suryanamaskar” 
AND “Children” AND “Physical fitness” OR “Yoga” OR 
“Sun salutation” [Figure 1].
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Studies that included Suryanamaskar intervention in healthy 
children, in the age group of  9–15 years, published in the 
English language, in peer-reviewed journals were considered 
for inclusion. Studies with yoga interventions other than 
Suryanamaskar were not included. Studies included in the 
review were then screened in three stages: title screening, 
abstract screening, and screening for full-text articles. Titles 
that did not meet eligibility criteria were excluded. Further, 
abstracts of  eligible studies were screened for content. The 
full texts of  relevant articles were included in the review.

Each eligible article was reviewed for the objective of  the 
study, age of  the population included in the study, study 
design, outcome variables (physiological parameters, 
flexibility, vital capacity, musculoskeletal strength and 
endurance, and coordination), assessment tools, and 
primary observations. The internal validity of  each article 
was independently assessed by using Physiotherapy 
Evidence Database (PEDro) score for randomized control 
trial (RCT) studies. The tool assesses the ability of  each 
study to conclude the link between eligibility criteria and the 
physical parameters of  the study. Flaws in the design and 
methodology of  the study can increase the risk of  bias and 
decrease the internal validity of  the article. Two reviewers 
(AK and HB) scored each of  the 11 items of  the quality 
assessment tool as “YES” (√) and “NO” (×). To compare 

the risk of  bias across studies, the answers weighted as 
“YES” were assigned a score of  1 and “NO” was assigned 
a score of  0. The total score for each study was used to 
classify the quality of  the study and the risk of  bias. Score 
< 4 was considered “poor,” 4–5 were considered “fair,” 
6–8 were considered “good,” and 9–10 were considered 
“excellent.”[19,20] In case of  conflict between the assessors, 
a third reviewer (BA) assessed the methodological quality 
of  the study [Tables 1 and 2].

RESULTS

Thirty-five studies were identified using the keywords. 
Seventeen titles were identified as duplicates and were 
excluded. Abstracts of  18 articles were screened. Three 
studies did not meet the eligibility criteria and were excluded 
from the review process. The full text of  the remaining 15 
articles was reviewed. Eight full-text articles were excluded 
as they did not meet the eligibility criteria. Seven RCTs 
meeting the inclusion criteria were included in this review.

Quality assessment interpretation
As per the PEDro scale, all studies were of  fair quality 
with clearly defined eligibility criteria, objectives, inclusion–
exclusion criteria, and variables. Participants were 
randomized to Suryanamaskar or a control condition. 
However, a high risk of  bias was observed as none 
of  the studies included blinding of  participants or 
researchers. Individual characteristics of  the study group, 
gender classification, duration of  intervention, type of  
Suryanamaskar, and clinical variables studied are described 
in the further sections. The level of  evidence based on 
Sackett is 2a (limited), at least one “fair” quality RCT 
(PEDro scale score = 4–5).

Characteristics of the study group
Most studies included school-going children in the age 
group 9–15  years. Both male and female children were 
included in three studies (n = 221), whereas four studies 
included only male children (n  =  126). The gender 
distribution of  the total number of  samples was 53% boys 
and 47% girls. The duration of  Suryanamaskar intervention 
ranged between 8 and 12 weeks.

Types of Suryanamaskar
The various studies included some variations in the types 
of  Suryanamaskar studied. The forms used were slow 
Suryanamaskar, fast Suryanamaskar, Hatha Suryanamaskar, 
Vinyasa Sun salutation, mantra chanting with Suryanamaskar, 
and breathing control with Suryanamaskar.

In slow Suryanamaskar, participants performed all 12 poses 
slowly and rhythmically in which all 12 postures were held 
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Figure 1: Flow diagram of the study selection process
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for 30 s. In fast Suryanamaskar, participants were instructed 
to perform all 12 postures rapidly without any holds. 
Vinyasa Sun salutation focused on dynamic connecting 

posture that created a link between Suryanamaskar poses 
and breathing. These postures are performed at a quicker 
pace than other forms of  Suryanamaskar. In one study, 

Table 1: PEDro score quality assessment scale (PEDro scale)

Bhavanani 
et al., 2011[21]

Sharma and 
Acharya[22]

Sasi Kumar 
et al., 2011[23]

Javadekar and 
Manjunath 2012[24]

Pal 2014[2] Pal 2014[25] Pal 
2014[26]

Eligibility criteria √ √ √ √ × × ×
Randomized allocation × √ √ √ √ √ √
Concealed allocation × × × × × × ×
Comparable at baseline √ √ √ √ √ √ √
Blinded subjects × × × × × × ×
Blinded therapist × × × × × × ×
Blinded assessors × × × × × × ×
Adequate follow-up × × × × × × ×
Intention to treat analysis × × × × × × ×
Between-group comparisons √ √ × √ √ √ √
Point estimate and variability √ √ √ √ √ √ √
Total score 4/10 5/10 4/10 5/10 4/10 4/10 4/10
 Fair quality Fair quality Fair quality Fair quality Fair quality Fair quality Fair quality

Figure 2: Suryanamaskar poses
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Table 2: Study selection process

Authors Study type and 
sample size

Population Intervention Primary outcome Outcome measures

1. Bhavanani 
et al., 2011[21]

Interventional study  
n = 42  
Two groups with 
21 children in each 
group

School children, 
12–16 years of 
age

Group 1—Fast Suryanamaskar was 
performed in such a way that all 
12 postures were completed in 
2 min, and to complete 15 rounds of 
Suryanamaskar, took 30–40 min

Slow Suryanamaskar 
reduced diastolic 
pressure, whereas fast 
Suryanamaskar increased 
systolic pressure

Isometric handgrip, 
respiratory pressure 
such as MIP, and MEP 
measured by mercury 
manometer  
Pulmonary function 
test, PEFR, FVC, and 
FEV were measured 
by computerized 
spirometer

 Group 1 performed 
fast Suryanamaskar  
Group 2 performed 
slow Suryanamaskar

 Group 2—Slow Suryanamaskar was 
performed such that each of the 12 
postures was held for 30 s. Each 
round was completed in 6 min, five 
rounds were performed in 30–40 min. 
Duration of intervention is 6 months

Both types increased 
isometric handgrip strength 
and endurance, increased 
MIP, and peak flow rate

Cardiovascular 
parameter—blood 
pressure (BP)—was 
measured using semi-
automatic BP monitor

2. Javadekar 
and 
Manjunath 
2012[24]

Interventional study  
n = 64  
32 in each group

School children, 
12–14 years

The experimental group underwent 
Suryanamaskar practice

Suryanamaskar group 
showed a 16.7% 
improvement

DLST visual scanning, 
mental flexibility, 
sustained attention, 
psychomotor speed of 
information processing

   The control group underwent routine 
physical exercises for 30 days

The physical exercise 
group showed 13.2% 
improvement in DLST. No 
difference was observed 
between the two activities

 

3. Sasi Kumar 
et al., 2011[23]

Interventional study  
n = 115

School children, 
10–14 years of 
age 

Suryanamaskar was performed for 
45 days  
Cardiorespiratory parameters—BP, 
heart rate, RR, FVC, and PEFR—were 
measured pre- and postintervention

An increase in FVC and 
PEFR was observed  
Reduction in heart rate, 
diastolic pressure, and 
RR was reported after the 
practice of Suryanamaskar

FVC was measured by 
a spirometer, PEFR by 
using mini-Wright peak 
flow meter, BP using a 
sphygmomanometer, 
and RR by manual 
method

4. Pal 2014[25] Interventional study  
n = 30  
15 in each group  
The experimental 
group performed 
a Vinyasa Sun 
salutation

School children, 
14–16 years

The experimental group performed 
Vinyasa training for 45 min in the 
morning, 3 days a week for 8 weeks

Participants who followed 
Vinyasa Sun salutation 
training improved their hip 
joint flexibility higher than 
participants in the control 
group

Hip joint flexibility 
was measured using 
goniometry

 The control group 
was given no 
intervention

 The control group continued routine 
daily activities

  

5. Pal 2014[26] Interventional study  
n = 30  
15 in each group

14–16 years 
student

The experimental group performed 
Vinyasa training for 45 min in the 
morning 5 days a week for 8 weeks

An increase in vital 
capacity (VC) was observed 
following Vinyasa training

VC was measured by 
a dry spirometer and 
recorded in liters

 The experimental 
group performed 
Vinyasa Sun 
salutation  
The control group 
was given no training 
protocol

 The control group continued routine 
daily activities

  

6. Pal 2014[2] Interventional study  
n = 30  
15 in each group

School children, 
14–16 years

The experimental group performed 
Vinyasa training for 45 min in the 
morning, 3 times a week for 8 weeks. 
The control group continued a basic 
daily routine

A significant difference was 
seen in the experimental 
group who followed 
Vinyasa Sun salutation 
poses, which improved 
wrist joint flexibility among 
school-going children

Flexibility for the wrist 
joint was measured 
using a goniometer in 
degrees
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one group of  children performed mantra chanting and 
another group performed breathing control with 12 
Suryanamaskar poses.[9,25,27] Hatha Suryanamaskar consisted 
of  12 spinal poses performed with emphasis on breathing 
patterns and was the commonest form practiced. Poses 
included were Pranamasana, Hasta uttanasana, Hastapadasana, 
Ashwa sanchalanasana, Parvatasana, Ashtanga namaskar, and 
Bhujangasana performed in a cyclic manner.[16,17]

Effect of Suryanamaskar on physiological variables
Cardiorespiratory variables
Three studies observed a significant improvement in the 
cardiorespiratory variables post-Suryanamaskar intervention. 
Significant improvement was observed in systolic blood 
pressure and diastolic blood pressure with Suryanamaskar 
training. Resting cardiovascular variables such as heart rate 
and diastolic blood pressure decreased significantly following 
Suryanamaskar training for 6 months.[23,25,26]

Studies reported a significant improvement in peak 
expiratory flow rate (PEFR), forced vital capacity (FVC), 
and a decrease in respiratory rate (RR) after Suryanamaskar 
practice.[23,25,26] PEFR and FVC were measured using 
spirometer.[28] Change in lung volumes was observed 
following both slow and fast Suryanamaskar. Similarly, 
pulmonary functions such as PEFR, FVC, and forced 
expiratory volume (FEV) increased following both fast 
Suryanamaskar and slow Suryanamaskar. Additionally, an 

increase in respiratory muscle strength evaluated using 
maximum inspiratory pressure (MIP) and maximum 
expiratory pressure (MEP) was observed following the 
Suryanamaskar intervention. A  greater increase in MIP 
was reported following fast Suryanamaskar compared with 
slow Suryanamaskar, whereas a greater increase in MEP was 
observed in the slow Suryanamaskar group compared with 
the fast Suryanamaskar group. These values were measured 
using a mercury manometer.[25]

Muscle strength and endurance
Studies have reported an improvement in muscle strength 
and endurance following Suryanamaskar. Isometric 
handgrip strength endurance and time for 33% of  isometric 
handgrip, i.e., handgrip endurance, improved in children 
performing fast and slow Suryanamaskar, with a greater 
increase in the fast Suryanamaskar group. Handgrip 
strength was measured with the dominant hand gripping 
the inflated cuff of  mercury and sustaining the gripped cuff 
measured the handgrip endurance.[13,15,29]

Flexibility
A significant improvement in the flexibility of  children 
is reported following Suryanamaskar intervention.[2] The 
flexibility of  hip and wrist joints was observed to increase 
after 8 weeks of  Vinyasa Suryanamaskar training. Flexibility 
was assessed by recording joint range of  motion using a 
standard goniometer.[2]

Authors Study type and 
sample size

Population Intervention Primary outcome Outcome measures

 The experimental 
group performed 
Vinyasa Sun salutation  
The control group 
was given no training 
protocol

    

7. Sharma 
and 
Acharya[22]

School children, 
13–15 years of age

Group 1 
performed 
Suryanamaskar 
with mantra 
chanting  
Group 2 
performed 
Suryanamaskar 
with a fixed 
breathing 
pattern

No difference was observed on 
the DLST between the mantras 
and breathing group and breathing 
and control group following the 
intervention

DLST involves visual 
scanning, mental flexibility, 
sustained attention, 
psychomotor speed of 
information processing

 

  Group 3 
performed 
general 
Suryanamaskar  
For 45–50 min 
for 5 days a 
week for 6 
weeks

   

FVC = forced vital capacity

Table 2: Continued
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Cognition
Two studies report a significant improvement in the 
cognition and reaction time in children after Suryanamaskar 
intervention.[23,30] Significant difference in the performance 
of  the digit letter substitution test (DLST) was reported 
between children performing Suryanamaskar with mantra 
chanting for 6 weeks compared with the control group 
children who did not perform any intervention.[24,28]

DISCUSSION

This systematic review was undertaken to identify the 
physiological effects of  Suryanamaskar and the benefits 
to include this style of  yogic practice (Suryanamaskar) in 
routine physical activity for health promotion in children. 
Based on a literature review inclusive of  seven studies, the 
benefits of  Suryanamaskar on physical fitness and mental 
health are discussed further.

Most of  the reviewed studies included school-going 
children in the age group 9–15  years. Children younger 
than 9  years were not included in any of  the reviewed 
studies. All interventions were carried out during school 
hours, indicating that the inclusion of  Suryanamaskar 
into the physical education curriculum is a feasible option 
for the health promotion of  children within the school 
environment. Children of  both genders were included 
in the studies reflecting on the application of  common 
physiological benefits to both genders.

First, an improvement in the cardiorespiratory function 
is reported after Suryanamaskar training.[25-27] Resting 
cardiovascular variables such as heart rate decrease 
with increased training of  Suryanamaskar. Systolic 
blood pressure was observed to increase, and diastolic 
blood pressure decreased significantly with increased 
Suryanamaskar training. Suryanamaskar is a dynamic 
aerobic activity that activates large muscles of  the trunk 
and lower extremity, thus placing a volume overload on 
the heart. The dynamic muscle contractions help increase 
venous return and cardiac output during exercise. Long-
duration training leads to the conditioning of  the skeletal 
muscles with enhanced mitochondrial oxygen extraction 
and aerobic enzymatic activity, thus reducing the O2 
demand following training.[21,25]

A significant improvement is reported in PEFR, FVC 
along with a reduction in RR.[31] Also respiratory pressures 
such as MIP and MEP show a significant improvement 
that increases the endurance and strength of  respiratory 
and expiratory muscles. In pulmonary functions, FVC 
and FEV increased significantly.[29] VO2max value was 

also hypothesized to have a significant improvement after 
practicing Suryanamaskar with physical activity exercise.[1] 
Suryanamaskar asana such as Hasta uttanasana, Bhujangasana, 
and Ashtangasana stretch the respiratory and intercostal 
muscles, thus facilitating respiratory muscle contraction. 
This concept can be related to the Frank Starlings law, which 
suggests that greater stretch of  the muscle leads to forceful 
muscular contraction.[32] Similarly, compression of  the 
abdominal contents with a consequent diaphragm stretch 
during Ashwa sanchalanasana can increase tidal breathing 
and subsequently the vital capacity following long-duration 
training. Further, breathing coordination with exhalation 
during trunk flexion and inspiration during trunk extension 
along with mantra chanting improve total lung capacity 
as it improves the strength of  respiratory muscles, which 
leads to adequate inflation and deflation of  the lungs as 
the respiratory muscles work to their maximal extent.[17,33]

Second, muscle strength and endurance were reported 
to improve following Suryanamaskar intervention 
in children. Performing the 12 asanas included in 
Suryanamaskar demands isotonic muscle activation, 
whereas the maintenance of  the postures requires isometric 
contraction during the steady state of  different postures 
in Suryanamaskar as shown in Figure 2. Suryanamaskar 
is a well-sequenced composite asana designed in such 
a way that soft tissues such as the fascia muscles are 
stretched and joints undergo a varying degree of  flexion 
and extension movements. While performing asanas such 
as Hasta uttanasana, Hasta padasana, Ashwa sanchalanasana, 
Ashtangasana, Parvatasana, and Bhujangasana, major muscle 
activity is observed in erector spinae, latissimus dorsi, lower 
trapezius, gastrocnemius gluteus maximus, vastus lateralis, 
and rectus abdominis. The activation of  these postural 
muscles improves the posture of  the body.[16,31] The regular 
performance of  Sun salutation training thus strengthens 
the muscles of  the lower extremity and trunk and improves 
muscle strength and general body endurance.[1,3,30]

Further,  in comparison between fast and slow 
Suryanamaskar, studies indicate a greater increase in muscle 
strength following fast Suryanamaskar.[25] During physical 
activity, motor units are recruited in order of  size during 
voluntary contraction concerning the increase in force 
and effort. During fast Suryanamaskar, the high-intensity 
exercise leads to increased recruitment of  large motor units 
that produce greater muscle contraction and confers greater 
gains in muscle strength.[32]

Third, Suryanamaskar involves 12 asanas that demand 
alternate flexion and extension postures of  the spine 
and extremities. These alternate postures improve 
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the stretchability of  muscles of  the lower limb, back, 
thorax, gluteal group of  muscle, and length of  the fascial 
structures such as the dorso-lumbar fascia.[10] Asanas 
such as the Hasta padasana stretches the hamstring and 
calve muscles while bringing about a complete flexion 
of  the spine and hips, whereas Bhujangasana brings about 
the complete extension of  the spine and hips.[10,17] It 
has also been shown to increase the flexibility of  the 
hip joint, knee joint, ankle joint, and wrist joint.[2,25,29] 
Studies indicate that Suryanamaskar moves the joints of  
the spine and lower extremity through a large range of  
motion, which can result in the overall improvement in 
body flexibility observed following the regular practice 
of  Suryanamaskar.[34]

Lastly, cognition was observed to be improved significantly 
following Suryanamaskar training, in the parameters 
such as DLST. Mantra chanting during the practice of  
Suryanamaskar improves sustained attention, visual 
scanning, mental flexibility, sustained attention, and 
psychomotor speed of  information processing, leading to 
enhanced performance on DLST.[25,28,35]

This review summarizes the benefits offered by 
Suryanamaskar in children in the age group of  9–15 years 
on health-related physical fitness domains such as muscular 
strength and endurance, flexibility, cardiovascular and 
respiratory endurance cognition, and reaction time.[35] 
Existing studies were methodological of  fair quality. Thus, 
better quality RCTs with a low level of  bias need to be 
undertaken to establish the role of  Yoga and Suryanamaskar 
as a lifestyle practice and health promotion strategy in 
school-going children.

The current review identified a lacuna in information 
regarding the benefits of  Suryanamaskar on performance 
measures such as balance, speed, and agility. Further 
research is required in this area to study the comprehensive 
health benefits of  Suryanamaskar in children. Most studies 
have been undertaken to include healthy children; therefore, 
the benefits of  Suryanamaskar can be explored in children 
with attention disorders and children with developmental 
disorders.

CONCLUSION

Based on the current review, it can be concluded that 
Suryanamaskar training improves muscle strength 
and endurance, flexibility, cardiorespiratory function, 
cognition, and reaction time in children. The inclusion 
of  Suryanamaskar into the regular physical education 
curriculum at school emerges as a feasible plan to 

increase physical fitness, deter physical inactivity, and 
promote healthy behavior (sanskar) in school-going 
children.
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Rehabilitation 2030 initiative to mobilize the global com-
munity and reduce the burden of disability [4].

Recently in 2019, four large spine care and research non-
governmental organizations (EUROSPINE, the North Amer-
ican Spine Society, the German Spine Society, and the Saudi 
Spine Society) formed SPINE20, an advocacy group to 
bring global attention to spine disorders (Table 1). In 2020, 
the Italian Spine Society (SICV and GIS), the Indonesian 
Spine Society (ISS), and the Association of Spine Surgeons 
of India (ASSI) joined, which were the dominant societies 
of future G20 host countries. The main focus of SPINE20 
is to develop evidence-based policy recommendations for 
the G20 countries to work with governments to reduce the 
burden of spine disease, disability, and injuries. 

How can SPINE20 inform G20 nations?

The report from the May 21, 2021, G20 Global Health Sum-
mit summarized its support of these efforts in its statement: 
“We, the leaders of G20 and other states, in the presence of 
the heads of international and regional organizations meet-
ing at the Global Health Summit in Rome, May 21, 2021, 
having shared our experience of the ongoing global COVID-
19 pandemic, and welcoming relevant work in this regard.” 
The G20 Global Health Summit provided 16 recommenda-
tions related to the COVID pandemic and recognized the 
very damaging impact of the pandemic on progress toward 
achieving the Sustainable Development Goals (SDG). In this 
document, the G20 group reaffirmed their commitment to 
achieving the goals to strengthen efforts to build back better 
(as in UNGA resolution, September 11, 2020) [5], and to the 
International Health Regulations 2005, which together will 
improve resilience and global health outcomes. [6]

As a newly formed advocacy group, SPINE20 is com-
mitted to working to facilitate the implementation of these 
recommendations. Specifically, SPINE20 recognizes the 
COVID-19 pandemic has led to a reduction in the availabil-
ity and access of non-COVID-related surgical and rehabilita-
tion care. Moreover, SPINE20 recognize that the burden of 
spine disorders in general, and low back pain in particular, 
will likely increase due to unmet rehabilitation needs and 
the growing number of people with “Long-COVID.”[7] 
This is particularly important because spine problems are 
the greatest contributor to disability and health expendi-
tures globally. [8] Furthermore, low back pain affects most 
severely female, elderly, and low-income populations. [9] 

The SPINE20 recommendations to the G20 group are meant 
to highlight deficiencies in prevention, education, access to 
spine care, and mitigate disability from spinal disorders in 
an effort to reduce the wave of disability that may follow the 
COVID-19 pandemic.

The recommendations are intended to benefit individuals 
with spine and low back ailments, thereby benefitting the 
community and ultimately the country adopting the recom-
mendations. The world has different needs depending on 
the geographical location and socioeconomic status. One 
recommendation will not fit all. The potential solutions and 
strategic plans must be developed by the local health minis-
try with support from spine societies, public health officials, 
the communities, and the available care systems. The recom-
mendations must be adapted and accepted by the cultural 
environment, have a positive human and economic impact, 
and finally must show progress over time.

SPINE20 domain concept

The concept indicates that all recommendations should be 
based on the specific domain that SPINE20 considered as 
critical for global improvement in spine health. In 2020, 
SPINE20’s first recommendations were created based on 
11 domains including “Spinal disability,” “Prevention,” 
“Value-based care,” “Patient’s safety,” “Access to care,” 
“Education,” “Research and innovation,” “Pediatric,” “Aging 
spine,” “Spinal cord injury,” and “Low back pain.” In 2021, 
the Publication and Recommendation Committee decided to 
retain 5 domains from 2020 to 2021 including “Spinal dis-
ability,” “Value-based care,” “Access to care,” “Research and 
innovation,” and “Aging spine.” Additionally, this year the 
committee has decided to add two critical domains: “Imple-
mentation and outcomes” and “Building capacity.” There is 
a need to implement global outcomes to measure progress 
and to create and monitor benchmarks to improving spine 
care for governments. Building capacity means to create a 
sustainable environment to reduce disability and enhance 
spine health.

Recommendations and rationale proposed 
for SPINE20 2021

On September 17 and 18, 2021, SPINE20 held its second 
annual meeting in Rome, Italy, with the theme “Spine Care 
for People’s Health and Prosperity.” Before the meeting, 

Table 1  The SPINE20 
suggested multi-dimensional 
initiatives

Establish high educational standards for spine care providers that ensure quality care throughout the world
Invest in spine research that increases our knowledge to improve spine care globally
Adopt spine disability prevention strategies that lead to healthier populations
Improve the ability to address issues relative to the aging population with spine disorders through govern-

ment policies and recommendations
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the SPINE20 Scientific Committee and Publication and 
Recommendation Committee created six proposed Recom-
mendations including their rationale. These recommenda-
tions were uploaded to the SPINE20 website (https:// spine 
20. org/ event/) 10 days before the second annual meeting 
and opened to the public for comments. Subsequently, the 
recommendations were discussed at the hybrid annual 
meeting September 18, 2021, allowing the participants to 
object and provide comments. Finally, 188 participants 
from 34 societies have approved with no objection the pro-
posed SPINE20 recommendation statement for 2021. The 
recommendation paper, which are listed below with their 
respective rationale, was again reviewed and endorsed by 
27 societies (Table 2). Recommendations acted upon by 

SPINE20 participating societies will be tracked and pre-
sented at the upcoming SPINE20 meeting in Bali, Indo-
nesia, (August 4–5, 2022) where the next G20 summit 
will take place. The following recommendations from the 
SPINE20 gathering in 2021were endorsed (Fig. 1).

Table 2  The list of societies endorsed the SPINE20 2021 recommendations (December 19, 2021)

Society Nations SPINE20 recommendations

Asian spinal cord network India Under reviewing
Asociación Mexicana de Cirujanos de Columna Mexico Under reviewing
Association of spinal surgeons of Russia Russia Reviewed and endorsed
Association of spine surgeons of India India Reviewed and endorsed
Associazione dei Cavalieri Italiani del Sovrano Militare Ordine di Malta Italy Reviewed but not endorsed
Australian pain society Australia Reviewed and endorsed
Brazil spine society Brazil Reviewed and endorsed
Egyptian spine association Egypt Reviewed and endorsed
Egyptian spine study group Egypt Reviewed and endorsed
EUROSPINE International Reviewed and endorsed
Foundation of orthopedics and complex spine Ghana Under reviewing
German spine society Germany Reviewed and endorsed
Hellenic society spine surgeons Greece Reviewed and endorsed
Indonesia spine society Indonesia Reviewed and endorsed
International society on scoliosis orthopedic and rehabilitation treatment International Reviewed and endorsed
Inter-state council secretariat India Reviewed and endorsed
Italian society of physical and rehabilitation medicine Italy Under reviewing
Italian spine society (SICV and GIS) Italy Reviewed and endorsed
Japanese society for spine surgery and related research Japan Reviewed and endorsed
Middle East spine society International Reviewed and endorsed
North America spine society USA Reviewed and endorsed
Order of Malta Italy Under reviewing
Saudi association of neurological surgery Saudi Arabia Reviewed and endorsed
Saudi physical therapy association Saudi Arabia Reviewed and endorsed
Saudi spine society Saudi Arabia Reviewed and endorsed
Sociedad Iberolatinoamericana de Columna International Reviewed and endorsed
Società Italiana di Ortopedia e Traumatologia Italy Reviewed and endorsed
Society for education, action and research in community health India Reviewed and endorsed
Society indian physiotherpy India Reviewed and endorsed
South african spine society South Africa Reviewed and endorsed
Spinal cord society India Reviewed and endorsed
Ukrainian spine society Ukraine Under reviewing
World federation of chiropractic International Reviewed and endorsed
World spine care International Reviewed and endorsed

https://spine20.org/event/
https://spine20.org/event/
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Fig. 1  SPINE20 Recommendations to G20 countries, 2021
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Recommendation: research and innovation, access 
to care

SPINE20 calls upon the G20 countries to expand 
telehealth for the access to spine care, especially 
in light of the current situation with COVID‑19

Background

The COVID-19 pandemic has greatly affected life, health, 
and society worldwide [10]. Though the emergent counter-
measures, including home confinement and lockdowns, were 
effective to some extent in preventing the spread of COVID-
19 in the community, the prolongation of these countermeas-
ures is also negatively affecting many aspects of people’s 
lives, such as overall decreasing physical activity and daily 
exercise [11]. In addition, due to the pandemic, patients with 
spinal disorders are experiencing delays in timely access to 
needed care.

Problem

Many patients with spinal disease have lost access to care, 
especially during the COVID-19 pandemic.

Potential solutions

SPINE20 calls upon the G20 countries to expand telehealth 
for spine care, especially due to the current ongoing situa-
tion with COVID-19 [12]. By taking this measure, patients 
with spinal diseases can obtain timely advice toward alle-
viating pain and recognizing critical symptoms that need 
urgent care, and thus obtaining treatment in a timely manner 
[13]. Telehealth has not been widely adopted in the diag-
nosis and treatment of spine disease. This might reflect the 
inherent limitations of telehealth visits for performing physi-
cal examinations and demonstrating rehabilitation instruc-
tions, but also reflects the previous restrictions on billing for 
application of electronic health and mobile health, telehealth 
visits, and the need for technical troubleshooting during tel-
ehealth visits [14, 15]. Although before COVID there was a 
lack of any strong impetus to change our approach to patient 
care, there is now a critical ongoing need to provide alter-
native means of evaluating and treating patients affected 
by the pandemic. Hence, SPINE20 recommend that each 
G20 country urgently develop a system to support telehealth 
in this COVID-19 era in order to ensure access to care for 
patients with spinal diseases. We believe that economic 
evaluations of telehealth, including the resulting increased 
productivity of workers worldwide, will validate the benefits 
of telehealth spine care [16].

Recommendation: value‑based care

SPINE20 calls upon the G20 countries to adopt 
value‑based interprofessional spine care 
as an approach to improve patient outcomes 
and reduce disability

Background

Lower back pain affects 80–90% of the adult population in 
both industrialized and emerging countries. Evidence sug-
gests that 30% of affected individuals experience some dis-
ability and loss of function [3]. Prolonged pain leads to loss 
of function, loss of ability to work, poverty, and the loss 
of the ability to provide for oneself, one’s family, and the 
community, and is often a primary cause for loss of quality-
of-life, ability to function, and independent activity of daily 
living [17].

Problem

Due to its high prevalence and chronicity, spinal disease 
remains a leading cause of disability.

Potential solutions

SPINE20 calls upon the G20 countries to understand that 
effectiveness in spine care occurs when different specialists 
work together, i.e., interprofessional care, using evidence-
based methods to prescribe the most effective and efficient 
care for any given patient. By utilizing the varied education 
and experience of professionals from different specialties, 
patients are the ultimate benefactors [18]. Spine Care pro-
viders include primary care physicians, surgeons, physia-
trists, physical therapists, occupational physicians/therapists/
nurses, chiropractors, pain management specialists, psy-
chologists, psychiatrists, social workers, orthotists, assistive 
technologists, vocational counselors, peer counselors, and 
others who can all contribute key insights that will optimize 
comprehensive care for patients [19]. Governments should 
encourage interprofessional care by providing incentives or 
fair payment paradigms that bring multiple perspectives to 
bear on any given patient.



1338 European Spine Journal (2022) 31:1333–1342

1 3

Recommendation: spinal disability, access to care

SPINE20 calls upon the G20 countries to facilitate 
access and invest in the development 
of a competent rehabilitation workforce to reduce 
the burden of disability related to spine disorders

Background

The COVID-19 pandemic has led to an unprecedented 
increase in unmet rehabilitation needs. Moreover, the 
prevalence of chronic spine pain and disability is likely to 
increase because of the growth in the number of individu-
als with “Long COVID” in which spine and bodily pain are 
frequently reported symptoms. Even if COVID is resolved, 
low back and neck pain will continue to be the main causes 
of disability globally and this puts a great burden on the 
health care systems and economic welfare of our societies 
[8]. However, most people who would benefit from reha-
bilitation for their back and neck pain cannot access these 
services because they are not available, are not affordable, 
or because of a shortage of health care providers in their 
community [3].

Problem

Despite significant health expenditures, the global burden 
of disability related to spine pain continues to grow and the 
COVID-19 pandemic has amplified this problem [20].

Potential solutions

SPINE20 calls upon the G20 countries to facilitate and invest 
in the development of a competent rehabilitation workforce 
to reduce the burden of disability related to spine ailments. 
The health, well-being, and productivity of the population 
will benefit from: (1) Developing a rehabilitation workforce 
that can deliver high quality and value-based rehabilitation 
for people with spine pain; (2) Promoting the delivery of 
high quality and value-based rehabilitation for people with 
spine pain; and (3) Facilitating easy access to high quality 
and value-based rehabilitation aimed at returning injured 
workers to a productive life. The government efforts should 
target the timely delivery of quality rehabilitation to these 
individuals to promote population prosperity. The delivery 
and accessibility of rehabilitation services (including return-
to-work interventions) that are supported by high-quality 
evidence must be prioritized.

Recommendation: aging spine

SPINE20 calls upon the G20 countries to adopt 
a strategy to promote daily physical activity 
and exercises among the elderly population 
to maintain an active and independent life 
with a healthy spine, particularly after COVID‑19 
pandemic

Background

The degenerative spinal diseases occurring later in adult life 
have a significant impact on lifestyle expectations and activi-
ties of the elderly population [21]. In addition, osteoporotic 
vertebral fractures are major problems for the elderly popu-
lation [22]. These conditions effect the role of the elderly 
in their family, and also effect local economic productivity.

Problem

The social and financial burden placed upon local communi-
ties and on the G20 countries by spinal degenerative diseases 
and osteoporotic vertebral fractures in the elderly is signifi-
cantly increasing.

Potential solutions

SPINE20 calls upon the G20 countries to adopt strategies 
to promote daily exercises among the elderly population 
to maintain an active and independent life with a healthy 
spine. Physical activity and exercises, proper nutrition, and 
a smoking-free lifestyle are proven to reduce the severity of 
osteoporosis and frailty of the trunk among the elderly, help-
ing them to maintain the ability to ambulate and carry out 
daily activities [23]. Education for health care practitioners 
on prevention strategies for the aging population along with 
the concurrent education of the elderly population are the 
best tools to prevent degenerative changes and osteoporotic 
fractures that often lead to severe symptoms and disability 
[24]. Finally, a proper interprofessional treatment strategy 
for patients with osteoporosis and/or degenerative spinal 
diseases should be defined according to scientific evidence-
based assessments, and these approaches must be subject to 
human and financial long-term outcome and cost analyses 
[25].
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Recommendation: capacity building

SPINE20 calls upon the G20 countries to engage 
in capacity building with emerging countries 
and underserved communities for benefit of spine 
patients

Background

Spinal problems are among the most frequent causes of loss 
of function and disability [17]. It is one of the major causes 
of significant loss of quality-of-life, especially in the under-
served areas of the world. Ignorance, cultural and financial 
problems, and geographical and political impediments are 
essential factors that limit people’s access to care and these 
factors deserve to be considered and discussed in detail [26]. 
It is crucial to understand the role of inadequate information 
and lack of awareness of the general public in preventing 
spinal diseases and spinal injuries [27, 28].

Problem

There is a poor standard of spine care in different parts of the 
world, especially in underserved communities or in emerg-
ing countries.

Potential solutions

SPINE20 calls upon the G20 countries to increase spine care 
capacity-building in emerging countries and in all under-
served communities [29]. To address the disproportionate 
distribution and access to optimal spine care, senior admin-
istrators and policymakers in developing and underserved 
countries need to network and create alliances with G20 
countries, and to adopt specific strategies based on the best 
clinical practices of countries with robust spine health care 
systems [30]. Long-term, realistic, region-specific goals for 
the improvement in spine care need to be developed based 
on region-specific factors such as the local epidemiology, 
availability of resources, social beliefs, attitudes/mindset, 
and urban versus rural distribution of health services. Strate-
gies to improve the standards of spine care also need to focus 
on cost-effective high-impact practices, locally relevant clin-
ical guidelines, professional oversight, targeted education/
professional training, organizational change, and dedicated 
research. More proactive collaboration and support from 
the G20 scientific communities, individually or in working 
groups, is needed to help build and promote autonomous 
local scientific bodies in underserved communities.

Recommendation: implementation and outcomes

SPINE20 calls upon the G20 countries to promote 
strategies to transfer evidence‑based advances 
into patient benefit through effective 
implementation processes

Background

Proving the effectiveness of a clinical approach is not 
always enough to guarantee its adoption by health services 
and health care professionals. It has always been a chal-
lenge to find the best way to enhance the incorporation of 
evidence-based practices and thereby increase their public 
health impact. The lack of a common language, agreement 
on transformative goals, an embedded evaluation process, 
common plans, and a shared agenda, in addition to the men-
tality of ‘short-termism’, are some of the main obstacles to 
translating evidence-based scientific discoveries into wide-
spread patient benefit [31].

Problem

It is reported that evidence-based practices take an average 
of 17 years to be incorporated into routine general practice in 
health care, even though research constantly produces con-
firmed findings that can contribute to more effective and 
efficient health care. [32]

Potential solutions

SPINE20 calls upon the G20 countries to promote strategies 
that enhance the translation of the evidence-based discov-
eries into patient benefit at a global level through effective 
implementation processes. Addressing the gaps between 
knowledge and practice with efficient strategies should be 
a policy priority. [33, 34] A range of strategies is available 
to overcome these gaps. Stakeholder engagement, effective-
ness studies, research synthesis, artificial intelligence, and 
mathematical modeling are some of the methods used by 
implementation scientists to identify strategies that embed 
evidence-based interventions into clinical practice and pub-
lic health programs. While there is insufficient evidence to 
adequately support the use of some guideline implemen-
tation strategies, such as traditional educational strategies 
and guideline dissemination in isolation, there is convincing 
evidence in favor of the use of multifaceted interventions, 
interactive education, and clinical reminder systems for the 
effective implementation of clinical guidelines. [33] Further-
more, one of the most important aspects of the implementa-
tion process is economic evaluation. It is a crucial tool that 
always needs to be incorporated into the implementation 
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decision-making process for any adopted strategy because 
it has been found to be the predominant reason (or “excuse”) 
that change is not implemented. We need to further promote 
research on the costs and cost–benefit analyses of guideline 
implementation strategies, along with the other environmen-
tal, organization, and individual clinician factors that are 
associated with effective implementation strategies [33].

Conclusions

SPINE20 is created as an advocacy group for spine socie-
ties around the globe, and for governments, institutions, and 
other organizations to highlight evidence and valued-based 
spine care that can help prevent disability. Its recommenda-
tions are intended to reduce the burden of disease related to 
spinal disorders by engaging governing stakeholders in the 
development of evidence-based policies. SPINE20 can serve 
as a resource of expertise for local and/or global advisement 
to mitigate disability from spine ailments. It is the hope of 
the founding group that its advocacy will reduce needless 
suffering and costs from disabling pain through education 
about rehabilitation and other treatment modalities that can 
be instituted across the globe.

Author contributions SA, KT and MN led the drafting of this paper 
in collaboration with the other authors and were part of the team that 
coordinated the production of papers. GC, BM, LR and ED closely 
revised many sections. Thereafter all authors contributed to all sections 
of the paper and edited it for key intellectual content. All other authors 
have read and provided substantive intellectual comments to the draft 
and have approved the final version of the paper.

Funding No funding received.

Data availability The datasets generated during and/or analyzed dur-
ing the current study are available from the corresponding author on 
reasonable request.

Declarations 

Conflicts of interest All authors declares that they have no conflict of 
interest.

Consent to participate All authors have read and approved the final 
version of the paper.

Consent for publication All authors give our consent for the publi-
cation of identifiable details to be published in the European Spine 
Journal.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 

otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

 1. Diseases GBD, Injuries C (2020) Global burden of 369 diseases 
and injuries in 204 countries and territories, 1990–2019: a system-
atic analysis for the global burden of disease study 2019. Lancet 
396:1204–1222. https:// doi. org/ 10. 1016/ S0140- 6736(20) 30925-9

 2. Beard JR, Officer A, de Carvalho IA, Sadana R, Pot AM, Michel 
JP, Lloyd-Sherlock P, Epping-Jordan JE, Peeters G, Mahanani 
WR, Thiyagarajan JA, Chatterji S (2016) The World report on 
ageing and health: a policy framework for healthy ageing. Lan-
cet 387:2145–2154. https:// doi. org/ 10. 1016/ S0140- 6736(15) 
00516-4

 3. Cieza A, Causey K, Kamenov K, Hanson SW, Chatterji S, Vos 
T (2021) Global estimates of the need for rehabilitation based on 
the global burden of disease study 2019: a systematic analysis for 
the global burden of disease study 2019. Lancet 396:2006–2017. 
https:// doi. org/ 10. 1016/ S0140- 6736(20) 32340-0

 4. World Health Organization, Rehabilitation 2030: A Call for 
Action. https:// www. who. int/ rehab ilita tion/ rehab- 2030- call- for- 
action/ en/

 5. https:// global- health- summit. europa. eu/ rome- decla ration_ en. 
Global Health Summit, European Union

 6. https:// www. who. int/ publi catio ns/i/ item/ 97892 41580 496. Inter-
national Health Regulations (2005) Third Edition, World Health 
Organization

 7. https:// www. nhs. uk/ condi tions/ coron avirus- covid- 19/ long- term- 
effec ts- of- coron avirus- long- covid/. Long-term effects of corona-
virus (long COVID), NHS

 8. Disease GBD, Injury I, Prevalence C (2018) Global, regional, 
and national incidence, prevalence, and years lived with disability 
for 354 diseases and injuries for 195 countries and territories, 
1990–2017: a systematic analysis for the global burden of dis-
ease study 2017. Lancet 392:1789–1858. https:// doi. org/ 10. 1016/ 
S0140- 6736(18) 32279-7

 9. Hoy D, Bain C, Williams G, March L, Brooks P, Blyth F, Woolf 
A, Vos T, Buchbinder R (2012) A systematic review of the global 
prevalence of low back pain. Arthritis Rheum 64:2028–2037. 
https:// doi. org/ 10. 1002/ art. 34347

 10. Zhu N, Zhang D, Wang W, Li X, Yang B, Song J, Zhao X, Huang 
B, Shi W, Lu R, Niu P, Zhan F, Ma X, Wang D, Xu W, Wu G, 
Gao GF, Tan W (2020) A novel coronavirus from patients with 
pneumonia in China, 2019. N Engl J Med 382:727–733. https:// 
doi. org/ 10. 1056/ NEJMo a2001 017

 11. Adams JG, Walls RM (2020) Supporting the health care workforce 
during the COVID-19 global epidemic. JAMA 323:1439–1440. 
https:// doi. org/ 10. 1001/ jama. 2020. 3972

 12. Kolcun JPG, Ryu WHA, Traynelis VC (2020) Systematic review 
of telemedicine in spine surgery. J Neurosurg Spine 34(2):1–10. 
https:// doi. org/ 10. 3171/ 2020.6. SPINE 20863

 13. Satin AM, Shenoy K, Sheha ED, Basques B, Schroeder GD, Vac-
caro AR, Lieberman IH, Guyer RD, Derman PB (2020) Spine 
patient satisfaction with telemedicine during the COVID-19 Pan-
demic: a cross-sectional study. Global Spine J. https:// doi. org/ 10. 
1177/ 21925 68220 965521

 14. Moss RJ, Sule A, Kohl S (2019) eHealth and mHealth. Eur J Hosp 
Pharm 26:57–58. https:// doi. org/ 10. 1136/ ejhph arm- 2018- 001819

 15. Piche J, Butt BB, Ahmady A, Patel R, Aleem I (2021) Physical 
examination of the spine using telemedicine: a systematic review. 

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/S0140-6736(20)30925-9
https://doi.org/10.1016/S0140-6736(15)00516-4
https://doi.org/10.1016/S0140-6736(15)00516-4
https://doi.org/10.1016/S0140-6736(20)32340-0
https://www.who.int/rehabilitation/rehab-2030-call-for-action/en/
https://www.who.int/rehabilitation/rehab-2030-call-for-action/en/
https://global-health-summit.europa.eu/rome-declaration_en
https://www.who.int/publications/i/item/9789241580496
https://www.nhs.uk/conditions/coronavirus-covid-19/long-term-effects-of-coronavirus-long-covid/
https://www.nhs.uk/conditions/coronavirus-covid-19/long-term-effects-of-coronavirus-long-covid/
https://doi.org/10.1016/S0140-6736(18)32279-7
https://doi.org/10.1016/S0140-6736(18)32279-7
https://doi.org/10.1002/art.34347
https://doi.org/10.1056/NEJMoa2001017
https://doi.org/10.1056/NEJMoa2001017
https://doi.org/10.1001/jama.2020.3972
https://doi.org/10.3171/2020.6.SPINE20863
https://doi.org/10.1177/2192568220965521
https://doi.org/10.1177/2192568220965521
https://doi.org/10.1136/ejhpharm-2018-001819


1341European Spine Journal (2022) 31:1333–1342 

1 3

Global Spine J 11:1142–1147. https:// doi. org/ 10. 1177/ 21925 
68220 960423

 16. Thakar S, Rajagopal N, Mani S, Shyam M, Aryan S, Rao AS, 
Srinivasa R, Mohan D, Hegde AS (2018) Comparison of tele-
medicine with in-person care for follow-up after elective neuro-
surgery: results of a cost-effectiveness analysis of 1200 patients 
using patient-perceived utility scores. Neurosurg Focus 44:E17. 
https:// doi. org/ 10. 3171/ 2018.2. FOCUS 17543

 17. Hartvigsen J, Hancock MJ, Kongsted A, Louw Q, Ferreira ML, 
Genevay S, Hoy D, Karppinen J, Pransky G, Sieper J, Smeets RJ, 
Underwood M, Working LLBPSG (2018) What low back pain is 
and why we need to pay attention. Lancet 391:2356–2367. https:// 
doi. org/ 10. 1016/ S0140- 6736(18) 30480-X

 18. Kwon B, Tromanhauser SG, Banco RJ (2007) The spine 
service line: optimizing patient-centered spine care. Spine 
32(Supplement):S44–S48. https:// doi. org/ 10. 1097/ BRS. 0b013 
e3180 53d491

 19. Lessing NL, Zuckerman SL, Lazaro A, Leech AA, Leidinger A, 
Rutabasibwa N, Shabani HK, Mangat HS, Hartl R (2020) Cost-
effectiveness of operating on traumatic spinal injuries in low-
middle income countries: a preliminary report from a major east 
african referral center. Global Spine J. https:// doi. org/ 10. 1177/ 
21925 68220 944888

 20. Deer TR, Sayed D, Pope JE, Chakravarthy KV, Petersen E, Moe-
schler SM, Abd-Elsayed A, Amirdelfan K, Mekhail N, Workgroup 
AC (2020) Emergence from the COVID-19 pandemic and the care 
of chronic pain: guidance for the interventionalist. Anesth Analg 
131:387–394. https:// doi. org/ 10. 1213/ ANE. 00000 00000 005000

 21. Gibbs JC, MacIntyre NJ, Ponzano M, Templeton JA, Thabane L, 
Papaioannou A, Giangregorio LM (2019) Exercise for improving 
outcomes after osteoporotic vertebral fracture. Cochrane Database 
Syst Rev. https:// doi. org/ 10. 1002/ 14651 858. CD008 618. pub3

 22. Cauley JA, Hochberg MC, Lui LY, Palermo L, Ensrud KE, Hillier 
TA, Nevitt MC, Cummings SR (2007) Long-term risk of inci-
dent vertebral fractures. JAMA 298:2761–2767. https:// doi. org/ 
10. 1001/ jama. 298. 23. 2761

 23. Sherrington C, Fairhall NJ, Wallbank GK, Tiedemann A, Michal-
eff ZA, Howard K, Clemson L, Hopewell S, Lamb SE (2019) 
Exercise for preventing falls in older people living in the commu-
nity. Cochrane Database Syst Rev. https:// doi. org/ 10. 1002/ 14651 
858. CD012 424. pub2

 24. Salmi LR, Coureau G, Bailhache M, Mathoulin-Pelissier S (2016) 
To screen or not to screen: reconciling individual and population 
perspectives on screening. Mayo Clin Proc 91:1594–1605. https:// 
doi. org/ 10. 1016/j. mayocp. 2016. 07. 017

 25. Shamji MF, Goldstein CL, Wang M, Uribe JS, Fehlings MG 
(2015) Minimally invasive spinal surgery in the elderly: does it 
make sense? Neurosurgery 77(Suppl 4):S108-115. https:// doi. org/ 
10. 1227/ NEU. 00000 00000 000941

 26. Brady O, Nordin M, Hondras M, Outerbridge G, Kopansky-
Giles D, Cote P, da Silva S, Ford T, Eberspaecher S, Acaroglu 

E, Mmopelwa T, Hurwitz EL, Haldeman S (2016) Global forum: 
spine research and training in underserved, low and middle-
income, culturally unique communities: the world spine care char-
ity research program’s challenges and facilitators. J Bone Joint 
Surg Am 98:e110. https:// doi. org/ 10. 2106/ JBJS. 16. 00723

 27. Chou R, Cote P, Randhawa K, Torres P, Yu H, Nordin M, Hur-
witz EL, Haldeman S, Cedraschi C (2018) The global spine care 
initiative: applying evidence-based guidelines on the non-invasive 
management of back and neck pain to low- and middle-income 
communities. Eur Spine J 27:851–860. https:// doi. org/ 10. 1007/ 
s00586- 017- 5433-8

 28. Oña A, Strøm V, Lee B-S, Le Fort M, Middleton J, Gutenbrunner 
C, Barzallo DP (2021) Health inequalities and income for people 
with spinal cord injury. a comparison between and within coun-
tries. SSM Popul Health 15:100854. https:// doi. org/ 10. 1016/j. 
ssmph. 2021. 100854

 29. Jackson T, Thomas S, Stabile V, Han X, Shotwell M, McQueen 
K (2015) Prevalence of chronic pain in low-income and middle-
income countries: a systematic review and meta-analysis. Lan-
cet 385(Suppl 2):S10. https:// doi. org/ 10. 1016/ S0140- 6736(15) 
60805-4

 30. Haldeman S, Nordin M, Outerbridge G, Hurwitz EL, Hondras M, 
Brady O, Kopansky-Giles D, Ford T, Acaroglu E (2015) Creating 
a sustainable model of spine care in underserved communities: the 
world spine care (WSC) charity. Spine J 15:2303–2311. https:// 
doi. org/ 10. 1016/j. spinee. 2015. 06. 046

 31. Rapport F, Clay-Williams R, Churruca K, Shih P, Hogden A, 
Braithwaite J (2018) The struggle of translating science into 
action: foundational concepts of implementation science. J Eval 
Clin Pract 24:117–126. https:// doi. org/ 10. 1111/ jep. 12741

 32. Westfall JM, Mold J, Fagnan L (2007) Practice-based research: 
“Blue Highways” on the NIH roadmap. JAMA 297:403–406. 
https:// doi. org/ 10. 1001/ jama. 297.4. 403

 33. Prior M, Guerin M, Grimmer-Somers K (2008) The effectiveness 
of clinical guideline implementation strategies: a synthesis of sys-
tematic review findings. J Eval Clin Pract 14:888–897. https:// doi. 
org/ 10. 1111/j. 1365- 2753. 2008. 01014.x

 34. Grimshaw J, Thomas R, MacLennan G, Fraser C, Ramsay C, Vale 
L, Whitty P, Eccles M, Matowe L, Shirran L, Wensing M, Dijkstra 
R, Donaldson C (2004) Effectiveness and efficiency of guideline 
dissemination and implementation strategies. Health Technol 
Assess. https:// doi. org/ 10. 3310/ hta80 60

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1177/2192568220960423
https://doi.org/10.1177/2192568220960423
https://doi.org/10.3171/2018.2.FOCUS17543
https://doi.org/10.1016/S0140-6736(18)30480-X
https://doi.org/10.1016/S0140-6736(18)30480-X
https://doi.org/10.1097/BRS.0b013e318053d491
https://doi.org/10.1097/BRS.0b013e318053d491
https://doi.org/10.1177/2192568220944888
https://doi.org/10.1177/2192568220944888
https://doi.org/10.1213/ANE.0000000000005000
https://doi.org/10.1002/14651858.CD008618.pub3
https://doi.org/10.1001/jama.298.23.2761
https://doi.org/10.1001/jama.298.23.2761
https://doi.org/10.1002/14651858.CD012424.pub2
https://doi.org/10.1002/14651858.CD012424.pub2
https://doi.org/10.1016/j.mayocp.2016.07.017
https://doi.org/10.1016/j.mayocp.2016.07.017
https://doi.org/10.1227/NEU.0000000000000941
https://doi.org/10.1227/NEU.0000000000000941
https://doi.org/10.2106/JBJS.16.00723
https://doi.org/10.1007/s00586-017-5433-8
https://doi.org/10.1007/s00586-017-5433-8
https://doi.org/10.1016/j.ssmph.2021.100854
https://doi.org/10.1016/j.ssmph.2021.100854
https://doi.org/10.1016/S0140-6736(15)60805-4
https://doi.org/10.1016/S0140-6736(15)60805-4
https://doi.org/10.1016/j.spinee.2015.06.046
https://doi.org/10.1016/j.spinee.2015.06.046
https://doi.org/10.1111/jep.12741
https://doi.org/10.1001/jama.297.4.403
https://doi.org/10.1111/j.1365-2753.2008.01014.x
https://doi.org/10.1111/j.1365-2753.2008.01014.x
https://doi.org/10.3310/hta8060


1342 European Spine Journal (2022) 31:1333–1342

1 3

Authors and Affiliations

Giuseppe Costanzo1 · Bernardo Misaggi2 · Luca Ricciardi1 · Sami I. AlEissa3 · Koji Tamai4  · Fahad Alhelal5 · 
Yahya Alqahtani6 · Hana I. Alsobayel7 · Markus Arand8 · Massimo Balsano9 · Thomas R. Blattert10 · 
Marco Brayda‑Bruno11 · Jamiu O. Busari12 · Marco Campello13 · Harvinder S. Chhabra14 · 
Francesco Ciro Tamburrelli15 · Pierre Côté16 · Bambang Darwono17 · Frank Kandziora18 · Giovanni A. La Maida19 · 
Eric J. Muehlbauer20 · Raghava D. Mulukutla21 · Paulo Pereira22 · Shanmuganathan Rajasekaran23 · 
Dominique A. Rothenfluh24 · William J. Sullivan25 · Eeric Truumees26 · Edward J. Dohring27 · Tim Pigott28 · 
Ajoy P. Shetty23 · Marco G. A. Teli29 · Jeffrey C. Wang30 · Christopher Ames31 · Johannes R. Anema32 · Anand Bang33 · 
Kenneth M. C. Cheung34 · Douglas P. Gross35 · Scott Haldeman36 · Salvatore Minisola37 · Rajani Mullerpatan38 · 
Stefano Negrini39,40 · Louis‑Rachid Salmi41 · M. Silvia Spinelli42 · Adriaan Vlok43 · Kwadwo P. Yankey44 · Fabio Zaina45 · 
Ahmed Alturkistany46 · Jörg Franke47 · Ulf R. Liljenqvist48 · Michael Piccirillo20 · Margareta Nordin49

1 Sapienza Rome University, Rome, Italy
2 Orthopaedic Institute Gaetano Pini-CTO, Milan, Italy
3 National Guard Health Affairs, Riyadh, Saudi Arabia
4 Department of Orthopedics, Graduate School of Medicine, 

Osaka Metropolitan University, Osaka, Japan
5 National Guard Hospital, Riyadh, Saudi Arabia
6 Presidency of State Security, Riyadh, Saudi Arabia
7 King Saud University, Riyadh, Saudi Arabia
8 Medical Faculty, University of Ulm, Ulm, 

Baden-Württemberg, Germany
9 University and Hospital Trust of Verona, Verona, Italy
10 Schwarzach Orthopaedic Clinic, Schwarzach, Germany
11 IRCCS Orthopedic Institute Galeazzi, Milano, Italy
12 Faculty of Health, Medicine and Life Sciences, Maastricht 

University, Maastricht, The Netherlands
13 New York University Grossman School of Medicine, 

New York, NY, USA
14 Indian Spinal Injuries Center, New Delhi, India
15 Orthopedic Catholic University, Rome, Italy
16 Ontario Tech University, Oshawa, ON, Canada
17 Gading Pluit Hospital, North Jakarta, Jakarta, Indonesia
18 Center for Spinal Surgery and Neurotraumatology, Frankfurt, 

Germany
19 Spine Surgery Department, Orthopedic Institute Gaetano 

Pini, Milan, Italy
20 North American Spine Society, Chicago, USA
21 Udaiomni Hospital, Hyderabad, India
22 University of Porto, Porto, Portugal
23 Ganga Hospital, Coimbatore, India
24 Oxford University Hospitals NHS Foundation Trust, Oxford, 

UK
25 Vanderbilt University Medical Center, Nashville, USA

26 University of Texas, Austin, USA
27 Spine Institute of Arizona, Scottsdale, AZ, USA
28 EUROSPINE, Zurich, Switzerland
29 Walton Centre NHS Trust, Liverpool, UK
30 University of Southern California Spine Center, Los Angeles, 

CA, USA
31 University of California San Francisco, San Francisco, CA, 

USA
32 Amsterdam University Medical Center, Amsterdam, 

The Netherlands
33 Society for Education, Action and Research in Community 

Health, Gadchiroli, Maharashtra, India
34 The University of Hong Kong, Hong Kong, China
35 University of Alberta, Edmonton, Canada
36 University of California, Irvine, CA, USA
37 Sapienza University of Rome, Rome, Italy
38 Mahatma Gandhi Mission Institute of Health Sciences, 

Navi Mumbai, India
39 University La Statale, Milan, Italy
40 IRCCS Istituto Ortopedico Galeazzi, Milan, Italy
41 Université de Bordeaux, Bordeaux, France
42 Gaetano Pini Institute, Milano, Italy
43 Stellenbosch University, Cape Town, South Africa
44 FOCOS Orthopaedic Hospital, Accra, Ghana
45 ISICO (Italian Scientific Spine Institute), Milan, Italy
46 King Faisal Specialist Hospital and Research Center, Jeddah, 

Saudi Arabia
47 Klinikum Magdeburg gGmbH, Magdeburg, Germany
48 St. Franziskus-Hospital, Münster, Germany
49 New York University, New York, NY, USA

http://orcid.org/0000-0003-1467-2599


 



70 Desai & Mullerpatan

increase more than 250% from 2010 to 2050, compared to a 71% increase in developed 
countries.1 Hence aging of the global population is the most important medical and so-
cial demographic issue today.

Aging is ultimately a combination of physiological changes and the effect of envi-
ronmental factors on body systems. Hypertension, diabetes, arthritis (rheumatism and 
osteoarthritis), osteoporosis, stroke (cerebral embolism and thrombosis), chronic ob-
structive pulmonary disease, coronary artery disease, Alzheimer’s disease, depression, 
dementia, cataract, and cancer are common conditions that affect many older adults.2–5 
Common conditions in older adults may lead to functional decline such as mobility 
limitation, restricted activities of daily living, impaired postural balance, and decline in 
muscle strength and flexibility.6–8

Age-related functional decline may lead to disability in some older adults. The bur-
den imposed by disability in old age is one of the major challenges faced by health-
care systems worldwide not only in high-income countries (HICs) but also in low- and 
middle-income countries (LMICs). Literature reports that severe disability affects 8% 
of older adults in low and middle income countries. Being women, living in rural areas, 
being pre-frail or frail, and having sarcopenia or cognitive impairment were important 
socioeconomic and health factors associated with higher severity levels of disability.9

Apart from functional decline related to co-morbidities, normal aging results in 
an overall decline in physical, functional, and cognitive abilities. Integrated decline in 
function associated with normal aging process increases the likelihood of non-traumatic 
falls. Falls lead to mild-to-severe injuries such as bruises, internal injuries, sprains, 
grazes, cuts, fractures (hip fractures), traumatic brain injuries, upper limb and lower 
limb injuries, and are an underlying cause of emergency departmental visits.10

Besides physical factors, personal and environmental factors also negatively im-
pact health-related quality of life of older adults. An increasing number of older adults 
live alone in both rural and urban areas due to urbanization, migration of young adult 
population, and the concept of the nuclear family. During the last decade, 36 million 
have moved from rural areas to urban areas in India.11 According to a report by the 
United Nations, 18 million people from India live outside their homeland. The United 
Arab Emirates, United States of America, and Saudi Arabia host the largest number 
of migrants from India.12 Older adults who live alone have difficulty complying with 
prescribed treatment regimens.13 Poor compliance to treatment regimens can result in 
a low level of physical activity that can eventually lead to early functional decline. 
Maintaining optimal physical functioning of older adults is therefore crucial.

Additionally, low socioeconomic status and poor welfare systems are major factors 
responsible for lack of medical and financial support, deterioration of physical and men-
tal health, and disability among older adults in low-middle income countries.14

The World Health Organization (WHO) highlights the role of function in healthy 
aging: “functional ability is about having the capabilities that enable all people to be and 
do what they have reason to value.”15

Physical functioning in older adults can be described as a cumulative effect of 
medical conditions, lifestyle and age-related physiologic changes in the context of an 
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individual’s environment.15 Decline in physical functioning is a core determinant of 
health-related quality of life in old age, hence even a small decline in functioning is as-
sociated with increased mortality, need for caregiving assistance, and health-related ex-
penditures.16 Although physical function has become a common determinant for social, 
epidemiologic, and clinical research in high-income countries, it remains less explored 
in low and middle income countries.17

Current information on physical function and disability among older adults in low-
middle income countries is very limited, though available evidence suggests older adults 
face a substantial burden of physical limitation in later life. Therefore, it is important to 
explore physical functioning of older adults from low and middle income countries be-
cause it is essential for sustainable development of the world including people of all age 
groups.18 An exploration of physical function in older adults is crucial for understand-
ing the level and profile of physical functioning, identification of most affected areas of 
physical functioning, and recommendations for rehabilitation and treatment strategies to 
support and maintain functional independence in older adults.

II. METHODOLOGY

A. Database Source and Search

A comprehensive electronic search was conducted through PubMed, Google Scholar, 
CINAHL, and Cochrane. Medical Subject Headings (MeSH) and text words includ-
ing (functioning* OR functional impairment* OR functional limitation* OR func-
tional decline* OR functional status* OR functional fitness* OR physical fitness* 
OR muscle strength* OR muscle flexibility* OR hand-grip strength* OR pinch 
grip* OR postural balance* OR coordination* OR cardio-respiratory endurance* 
OR Senior fitness test battery* OR agility* OR activities of daily living* OR in-
strumented activities of daily living* OR cognitive function* OR depression* OR 
quality of life*) AND (Older Adults* OR aged* OR elderly* OR older adults* OR 
geriatric* OR community-dwelling elderly individuals*) AND (low- and middle-
income countries* OR developing countries*) were used. Papers describing original 
studies, available in English and conducted in the last 19 years were included (be-
tween 2003 and 2022).

B. Inclusion Criteria

Articles reporting assessment of functioning, profile of physical and cognitive function, 
and risk factors associated with functional decline in older adults from low- and middle-
income countries in the title and abstract were screened for inclusion and 53 articles 
were identified. On further screening of 53 full-text articles for inclusion and exclusion 
criteria, 18 articles were finally included in the review. Study design, study setting, aims 
of study, number of participants, age group, method of assessment, outcomes of the 
study were noted from each article.
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C. Exclusion Criteria

Articles reporting profile of functioning of individuals < 60 years from high income 
countries and not indexed in PubMed were excluded. Eighty-seven articles were re-
trieved from various databases, of which 53 articles were excluded after initial title and 
abstract screening. Finally, out of these 53 articles, only 18 articles fulfilling inclusion 
criteria were reviewed (Fig. 1). Quality of evidence was graded on the PEDro scale.

III. RESULTS

The present review was conducted to understand profile of functioning, factors deter-
mining functioning, influence of physical co-morbidities on functioning profile, and 
factors affecting H-RQoL of older adults in low- middle-income countries. Eighteen pa-
pers were included in the review, of which 15 cross-sectional articles from Asia, Africa, 
North and South America (China, India, Malaysia, Russia; Central and West Africa, 
Mexico and Brazil), one longitudinal study from South America (Brazil), and two pro-
spective cohort studies from Turkey and Asia (India) were rated as Level IV evidence.

A. Characteristics of Included Studies

Articles included in the review reported findings on both males and females aged ≥ 
60 years; with marital status single, married, divorced, or widowed; occupational sta-
tus retired, pensioner, or housewife; education level illiterate, incomplete elementary, 
complete elementary, complete high school, or complete higher education; financial 
status completely dependent, partially dependent or independent and with or without 
co-morbidities.

B. Profile of Functioning

Profile of functioning was reviewed and described under two domains: body function 
and activity limitation.

FIG. 1: Flowchart describing literature search strategy
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1. Body Function

A prospective study was conducted to assess lower extremity muscle performance of 
individuals aged 65–95 years. Older adults demonstrated a slow walking velocity (65.51 
± 23.57 m/min), medium fall risk (Tinetti gait test score: 10.94 ± 1.71), and a low fall 
risk (Tinetti balance test score: 14.94 ± 2.05) during walking and balance activities, 
respectively. Older adults exhibited lower performance on both eccentric decline squat 
test (20.73 ± 13.47 repetitions/min) and half squat test (31.75 ± 15.6 repetitions/min).19

Association between hand-grip strength and gait speed with functional disability 
was explored in a cross-sectional study conducted on individuals ≥ 65 years from China, 
Mexico, Ghana, India, Russia, and South Africa. Hand-grip strength was assessed using 
hand-held dynamometer and gait speed was evaluated over a 4-meter flat surface. Gait 
speed of participants from Mexico, India, South Africa, Ghana and Russia was less than 
or equal to 0.8 m/s. Participants from Mexico had the lowest grip strength (21.6 kg), 
while South Africa exhibited the highest (36.0 kg) grip strength. Mean grip strength of 
participants from China, Ghana, India, and Russia was 25.5 kg, 25.8 kg, 22.1 kg, and 
27.7 kg, respectively.20

Hand grip strength was also evaluated with Jamar Hand-held Dynamometer on 434 
older adults from Pahang, Malaysia. Study results showed that males demonstrated sig-
nificantly higher hand-grip strength (28.8 kg) than females (18.9 kg). On the other hand, 
when depressive symptoms were assessed using geriatric depression scale, females had 
higher geriatric depression score (GDS) (mean GDS score in females: 3.8, mean GDS 
score in males: 3.2). In males, as age and GDS score increased, hand-grip strength de-
clined significantly.21

One thousand three hundred seventy-five (1,375) individuals aged ≥ 60 years were 
studied in São Paulo and Manaus, Brazil, to assess the prevalence of disability and iden-
tifying areas affected by disability. WHO Disability Assessment Schedule (WHODAS 
2.0) questionnaire was used to assess the prevalence of global and severe disability. 
Prevalence of global disability was significantly higher in Manaus (66.2%) than in São 
Paulo (56.4%). Prevalence of disability was higher specifically in participants aged ≥ 80 
years, with low level of schooling, low income, widow/living alone or divorced, White/
Asian, ≥ 2 morbidities, depression, poor self-rated health, consulted family physicians 
in last 3 months, unhappy with support received from children or friends, and those 
who have not attended church in last one year. Participation and mobility were found 
to be most impaired domains of WHODAS 2.0, followed by cognition, life activities, 
self-care, and getting along. Females demonstrated more impairments than males in all 
WHODAS domains.22

Prevalence and correlates of functional limitation and physical disability were 
also examined in another study. Seven hundred sixty-five (765) older people aged ≥ 
60 years were assessed using Barthel Index (10 items), Katz Index (6 items), 5-item 
scale (feeding, dressing, bathing, toileting, and transferring), Elderly Cognitive 
Assessment questionnaire, Geriatric Depression Scale (GDS-15 items), and Tinetti 
performance-oriented mobility assessment tool (TPOMA). In total, 10.4% older 
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adults exhibited borderline cognitive impairment, and 3.5% exhibited probable cog-
nitive impairment. A total of 20.3% older adults exhibited depressive symptomology. 
Prevalence of functional limitation (gait and balance impairment-TPOMA) increased 
with advancing age (60–64 years: 6%, 65–69 years: 13%, 70–74 years: 24.5%, and 
75 years and over: 48.3%). Overall, women had a higher prevalence of functional 
limitation (men: 14.5%, women: 22.3%), cognitive impairment (borderline cogni-
tive impairment in men: 5.9% and women: 12.9%; probable cognitive impairment in 
men: 1.4% and women: 4.8%), and depressive symptomology (men: 24.2%, women: 
22.7%) than men.23

2. Activity Limitation

Eight studies reported limitations in basic or instrumental activities of daily living. Pune-
Functional Ability Assessment Tool (Pune-FAAT), Barthel Index, Lawton and Brody 
scale were used as assessment tools in these studies.

A cross-sectional study was conducted on 362 (≥ 65 years) older persons to assess 
social and functional status. A pre-designed and pre-tested interview technique was used 
to collect social and functional status information. In total, 7.5 % of older adults re-
quired partial assistance and 2% required total assistance in basic activities of daily liv-
ing (BADL). The majority of older adults required assistance with dressing and getting 
in and out of bed (4.4%) followed by bathing (4.1%), toileting (3.1%), feeding (2.5%), 
and managing continence (2.2%), while one-fourth of the study population required 
partial or total assistance in instrumental activities of daily living (IADL). The amount 
of partial assistance needed in instrumental activities of daily living was as follows: 
higher percentage of older adults required assistance in housekeeping (15.7%) followed 
by cooking, using public toilets (10.5%), managing finances (8.6%), using telephones 
(8.3%), and shopping (4.7%). Difference in prevalence of activity limitation between 
men and women were not reported in this study.24

Similarly, another study reported data on prevalence of functional disability (de-
fined as assistance required to execute at least one of the BADLs) in basic activities 
of daily living. Basic activities of daily living were evaluated using modified Barthel 
Index. Only 11.7% of the older adults were functionally independent, while the rest 
had functional disability. Among the functionally dependent individuals, 89.9% demon-
strated minimal dependency, 9.2% mild dependency, 0.3% moderate dependency, and 
0.6% total dependency. Performing personal hygiene, grooming, and transferring from 
bed to chair were most prevalent functional disabilities while bathing was least preva-
lent. Functional disability was higher in females than males.25

Older adults residing in urban area of Bagé-RS, Brazil required greater partial as-
sistance in bathing (4.0%) and total assistance in dressing (7%) compared to other ba-
sic activities of daily living. Higher percentage of older adults could perform feeding 
independently (96.5%). Taking medicines (86.8%) was most independent activity with 
respect to instrumental activities. Housekeeping (11.6%) and telephone usage (11%) 
required greater amount of partial help than other instrumental activities.26
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Prevalence of functional disability on 10-item basic activities of daily living scale 
among 495 older adults residing in a rural area of West Bengal, India was 16.6%. 
Amount of assistance required in each activity and most frequently affected activities of 
daily living were not specified by this study.5

A two-year follow-up study conducted in India demonstrated that ability to perform 
activities of daily living reduced over the years. Ability to perform squatting (55.5% to 
44.3%), bending (59.1% to 48.4%), walking (62.5% to 54.9%), and climbing (56.8% to 
46.3%) significantly declined with advancing age. Inability to perform at least one basic 
activity of daily living was 63% at baseline, which was elevated to 67.3% at follow-up. 
Nearly 73% of older adults at baseline and 73.6% at follow-up were unable to perform 
instrumental activities of daily living.27

Similarly, a four-year follow-up study conducted in Brazil, demonstrated that 
level of functioning in instrumental activities of daily living reduced over the years. 
Of the 24.2% older adults who were independent at baseline, their percentage dropped 
to 12.8% at follow-up, and the percentage of older adults in the partially dependent 
category dropped from 24.6% at baseline to 82.5% at follow-up. On the other hand, 
complete dependency percentage dropped from 41.2% at baseline to 4.7% at follow-up. 
Overall mean instrumental activity of daily living (IADL) score declined in both the 
genders from baseline to follow-up (men: mean IADL score: 16.02 ± 3.47 at baseline 
and 14.96 ± 3.88 at follow-up and women: mean IADL score: 18.26 ± 3.57 at baseline 
and 16.87 ± 4.05 at follow-up).28

Another study demonstrated that with advancing age both males and females 
needed help in at least one of the day-to-day activities on 10-item, 5-item, or 6-item 
scale, respectively. Overall, 24.7%, 14.3%, and 10.6% of older adults needed help in 
at least one of the day-to-day activities on 10-item, 5-item, or 6-item scale, respec-
tively. Prevalence of activity limitation was greater in females than males in each age 
group.15 Similarly, among older adults from rural Pahang, Malaysia, males (97.5 ± 
7.0) demonstrated higher mean basic activity of daily living score than females (95.4 
+ 12.6).21

B. Factors Determining Functioning

Seven studies identified sociodemographic or socioeconomic or behavioral factors, or 
health status or extent of use of health services as determinants for activity limitation, 
decline in grip strength, and functional disability.

Age ≥ 75 years old, widower, low level of schooling, no alcohol consumption 
in the last 30 days, history of hospitalization in the past 12 months, receiving home 
care in the past 3 months,26 female, and experience of memory loss and feeling 
of loneliness were factors associated with higher prevalence of limitation in basic 
activities of daily living.27 Older adults satisfied with life had lower prevalence of 
limitation in basic activities of daily living.26 Brown or indigenous or Asian older 
adults and former smokers had a higher prevalence of limitation in instrumental 
activities of daily living.26
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A direct association was identified between nutritional status and instrumental ac-
tivities of daily living. Malnourished older adults had higher limitation in instrumental 
activities of daily living.29

In males and females, body weight, height, activity of daily living score, and ge-
riatric depression score were significant predictors for hand-grip strength. An increase 
in weight, height, and activity of daily living score was associated with an increase in 
hand-grip strength. Whereas, hand grip strength significantly declined in males and fe-
males with increase in geriatric depression score.20

A study conducted in the south of India evaluated timed gait at usual and fast pace 
over 10-m distance between older adults with dementia, mild cognitive impairment, and 
cognitively normal older adults. Older adults with dementia and mild cognitive impair-
ment walked slower at their usual and fast pace over a 10-ft pathway compared to the 
cognitively normal older adults. A direct association between gait and cognition was 
identified.30

Global disability and severe disability are defined as having difficulty in executing 
at least one of the activities on 12 items on the World Health Organization Disability 
Assessment Schedule (WHODAS 2.0). Older adults who were current smokers were at 
a higher risk of global disability than non-smokers. Older adults with negative percep-
tion of health status were at a higher risk of severe disability.22 Being male gender and 
having completed four years of schooling were two factors associated with a low risk 
of disability.22

Another study reported that older adults with impaired gait speed and grip-strength 
had higher prevalence of functional disability.20

C. Influence of Physical Co-Morbidities on Functioning

Four studies reported influence of physical co-morbidities on functioning.
A study conducted in Brazil on 405 individuals (mean age = 69.87 years) reported 

that cognitively impaired older adults were at a greater risk of functional decline, such 
as inability to use the telephone (OR = 3.01), and a higher risk of hospitalization (OR = 
1.95). Similarly, frail older adults were at a higher risk of hospitalization (OR = 3.19).28

A cross-sectional study was conducted on individuals from six LMIC (Russia, 
Mexico, India, Ghana, South Africa, and China) to explore association between hand-
grip strength and chronic physical conditions among middle-aged and older community 
dwellers. Individuals aged ≥ 65 years with > 2 co-morbidities, smokers, and people with 
depression exhibited weaker hand grip strength.31

Medical conditions such as osteoporosis (OR = 7.97), anemia (OR = 4.00), osteo-
arthritis (OR = 3.82), diabetes (OR = 3.53), and acid peptic disorder (OR = 3.15) were 
strongly associated with functional disability (limitation in daily activity). Age, gender, 
anemia, chronic obstructive pulmonary disease, scabies, hypertrophy of prostate, isch-
emic heart disease, osteoporosis, osteoarthritis, and acid peptic disorder were identified 
as risk factors of functional disability.4 Similarly, another study reported that diabetes, 
stroke, depressive symptomology, and visual impairment were significantly associated 
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with physical disability (gait and balance impairment). Presence of arthritis and having 
depressive symptoms were significantly associated with activity limitation.23

D. Factors Affecting Health-Related Quality of Life (H-QOL)

A cross-sectional study conducted on 33,019 older adults in six low and middle income 
countries examined the factors influencing health-related quality of life (H-RQoL). 
Income, arthritis, and diabetes were three factors that affected H-RQoL of older adults 
in all six countries (China, Russia, Ghana, South Africa, Mexico, and India). Living 
environment and community support had a positive influence on H-RQoL across all 
countries except Ghana. Family support was positively associated with H-RQoL only 
in South Africa. Income, cognitive and physical function, and living environment were 
significantly associated with H-RQoL among male in all 6 countries. Diabetes or ar-
thritis was negatively associated with quality of life among male older adults in China, 
Russia, and Ghana. Whereas, income, cognitive and physical function were significantly 
related to QoL among females in all six countries. Marital status as being married was 
positively associated with quality of life among female participants from all countries, 
except for Ghana, and diabetes or arthritis were negatively associated with QoL among 
female participants in all countries, except for Ghana.32

Similarly, a study conducted in rural Nepal reported the factors associated with high 
and low quality of life score (H-RQoL). Older adults aged < 75 years, residing in the 
urban areas, married (p = 0.002) employed, those who were literate, as well as those who 
were satisfied with the amount of time they spent with family members, perceived they 
were respected, and those who reported not to be abused verbally or physically by any 
family member demonstrated significantly higher H-RQoL scores. Older adults having 
any chronic physical health problems, those who were obese and had limited mobility 
demonstrated significantly lower H-RQoL score. Urban residence, employment status, 
absence of chronic physical health problems, and no depression were the four significant 
positive predictors of the H-RQoL in older adults.33

Musculoskeletal disorders, diabetes, low vision, hearing impairment, and impaired ac-
tivity of daily living were significantly associated with physical domain of health-related 
quality of life. Only musculoskeletal disorders were associated with psychosocial domain, 
musculoskeletal disorders and low vision were associated with social relationship, and 
hearing impairment and impaired ADL were significantly associated with environmental 
domain of health-related quality of life. Factors such as advancement in age, no schooling, 
living alone/without spouse, nuclear family, musculoskeletal disorders, low vision, and 
impaired hearing were associated with low health-related quality of life score.34

IV. DISCUSSION

The present review describes the profile of functioning, determinants of functioning, 
influence of co-morbidities on functioning status, and factors affecting health-related 
quality of life of older adults in low and middle income countries.
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Profile of functioning is described according to the domains of the WHO International 
Classification of Functioning, Disability and Health (ICF) model.

A. Profile of Functioning

1. Body Function

Lower-extremity muscle strength, hand-grip strength, balance, gait speed, and cognition 
were the most affected body function variables in individuals aged ≥ 60 years in low and 
middle income countries (LMIC).19–23 Physiological changes that occur as part of natural 
aging process could be the source of affection of these body function variables. Older 
adults from high income countries (HIC) have reported decline in similar variables of 
body function. However, none of the studies from LMIC or HIC reported precise onset 
of decline in body function at a specific age group among older adults. Additionally, 
the magnitude of decline of body functions among older adults in LMIC with reference 
to HIC is not available. Variability in the use of functioning assessment tools in older 
adults across LMIC and HIC could account for the lack of information on the magnitude 
of decline in body functions.

2. Activity Limitation

Dressing, bathing, transfers, and housekeeping were the most affected activities of daily 
living.24–26 Series of movements such as unipedal stance, good upper and lower-extrem-
ity muscle strength, flexibility and endurance, squatting, spinal flexion, extension, and 
side flexion movements are required to carry out these activities of daily living. Older 
adults may find it difficult to execute these series of movements with advancing age. 
Similar pattern of activity limitation was observed among older adults in a high-income 
country.35

3. Factors Determining Functioning

Body mass, body height, activity of daily living score, and geriatric depression score 
were significant predictors for hand-grip strength. An increase in body mass, body height, 
and activity of daily living score were associated with an increase in hand-grip strength. 
Whereas, increase in geriatric depression score was associated with decrease in hand-grip 
strength.20 Lack of motivation to participate in daily living activities in a depressed older 
adult can be a reason for reduced hand-grip. In high income countries, hand-grip strength 
was negatively associated with instrumental activities of daily living.36,37 Cognition had a 
positive association with gait.30 Similar study findings were reported in older adults from 
a high-income country.38 Being ≥ 75 years, widowers, low level of schooling, no alcohol 
consumption in the last 30 days, history of hospitalization in the past 12 months, receiv-
ing home care in the past 3 months, malnourished older adults, females, older adults with 
experience of memory loss, former smokers, brown or indigenous or Asian older adults, 
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extent of use of health services, and feeling of loneliness were factors associated with 
higher prevalence of limitation in activities of daily living.26–29 Whereas, older adults sat-
isfied with life had lower prevalence of limitation in activities of daily living.26

4. Influence of Physical Co-Morbidities on Functioning

Medical conditions such as osteoporosis, arthritis, anemia, osteoarthritis, diabetes and 
acid peptic disorder, chronic obstructive pulmonary disease, scabies, hypertrophy of 
prostate, ischemic heart disease, osteoporosis, stroke, and visual impairment were nega-
tively associated with functional disability.4,23 Co-morbidities have a major impact on 
cardiovascular, musculoskeletal, neurological, olfactory, and auditory systems, thus 
leading to negative influence on cardio-respiratory endurance, musculoskeletal strength, 
endurance and flexibility, postural balance, gait, vision, and hearing. Overall, co-mor-
bidities lead to rapid decline in physical function of older adults, and eventually may 
lead to disability and lower health-related quality of life.

5. Factors Affecting Health-Related Quality of Life (H-RQOL)

Physical and cognitive function; environmental factors; marital, employment, and edu-
cational status; loneliness were major factors directly associated to health-related qual-
ity of life of older adults in low and middle income countries.39

Information on profile of physical functioning has been reported in different and 
singular domains by included studies. Hence, it is difficult to comment on comprehen-
sive profile of physical functioning of older adults in LMIC. Therefore, further stud-
ies reporting comprehensive functioning profile of older adults from various low and 
middle income countries will enable exploration of association between functioning 
variables to understand interaction between domains because older adults present with 
multi-domain limitations in physical, psychological, and social health.

V. CONCLUSION

Hand-grip strength, lower extremity muscle strength, balance, cognition, and activities 
such as bathing, dressing and housekeeping were the most affected functioning variables 
in older adults.

Sociodemographic, socioeconomic, and behavioral factors; health status; and ex-
tent of use of health services were major factors responsible for functional decline in 
older adults. Older adults with arthritis and diabetes demonstrated greater limitation in 
basic activities of daily living. Chronic physical health problems, socio-economic, edu-
cational, employment status, and mild cognitive impairments were significant positive 
predictors of health-related quality of life in older adults.

The present information can be used by clinicians, researchers, and policymakers 
working in geriatrics to enhance care for older adults as well as to plan rehabilitation and 
treatment strategies to improve physical function.
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A. LIMITATION

EMBASE database was not searched for pertinent literature.

B. CHALLENGES

1. A single model for comprehensive assessment of functioning of older adults is 
not available.

2. Hence none of the researchers have reported comprehensive functioning assess-
ment based on a single model.

3. Thus mapping of the review results based on a single standardized model of 
functioning was not possible.
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apy reference in the ICU was considered as day of ICU admission. Data were collected at three
points, namely ICU admission, ICU discharge, and hospital discharge.

Results

Scores on all outcome measures increased linearly, and an upward functional trajectory was ob-
served in patients from the point of ICU admission till hospital discharge (p >0.001).

Conclusion

De�icits in functional recovery exist until hospital discharge, substantiating the need to imple-
ment home-based rehabilitation to recover optimum physical function and independence in ac-
tivities of daily living.

How to cite this article

Aglawe DR, Agarwal BM, Sawant BD. Physical Function in Critically Ill Patients during the
Duration of ICU and Hospital Admission. Indian J Crit Care Med 2022;26(3):314–318.

Keywords: Critical illness, Intensive care units, Physical function, Physiotherapy

I�����������

Physical activity is key to healthy functioning of the body.  Physical function refers to the ability
to carry out various activities ranging from self-care to more vigorous activities requiring in-
creased degrees of mobility, strength, or endurance. Regular moderate physical activity has fa-
vorable effect on all systems of the body. Lack of regular physical activity results in dysfunction
of body systems, impaired physical functional ability, and poor quality of life.

Patients in ICUs need continuous intensive or invasive monitoring; support of airways, breath-
ing, or circulation; stabilization of acute or life-threatening medical problems; comprehensive
management of injury and/or illness; and maximization of comfort. Patients in the ICU with crit-
ical illness are exposed to prolonged bed rest and immobilization, leading to decreased physical
activity and loss of functional abilities and dysfunctions of organ systems of the body. Impact of
inactivity in the form of bed rest on musculoskeletal and cardiovascular systems is central to loss
of functional independence.  Skeletal muscle atrophy, loss of muscle contractility and strength,
and reduced bone mass due to increased rate of bone resorption than bone formation take place
in the musculoskeletal system.  Response of cardiac muscles to inactivity is similar to the re-
sponse of skeletal muscles. Cardiac muscle atrophy along with reduced stroke volume, increased
resting heart rate, and reduced cardiac capacity occurs in response to physical activity.  Signs of
orthostatic intolerance begin to develop after 3–4 days of bed rest. Increase in orthostatic intol-
erance and decrease in muscle strength together lead to a higher risk of fall and injury.

Measuring physical functioning early and longitudinally in the ICU is key to determining patients
at high risk of poor physical outcomes, monitoring intervention ef�icacy, and informing recovery
trajectories. It is bene�icial to knowing the current functional status and further planning of ap-
propriate treatment for the individual.  Assessment followed by initiation of early rehabilitation
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of patients during ICU stay helps to increase the success rate in ventilator weaning, reduce ICU
and hospital stay, discharge early, and improve quality of life during and after ICU stay.  Physical
function is not completely recovered after ICU discharge; various physical, psychological, clinical,
and environmental factors in�luence physical activity of hospitalized patients.

ICU functional scales have been administered primarily for the evaluation of physical activity of
patients during ICU stay. Application of these scales during the post-ICU hospital phase is inade-
quate, resulting in lack of evaluation of physical activity status of patients during the post-ICU
hospital phase, despite the presence of residual impairments. There is lacuna in the literature in-
dicating functional limitations faced by patients post-ICU discharge. Hence, this study was de-
signed to evaluate physical function recovery trajectory of patients during ICU stay until hospital
discharge.

M����������

Ethical approval was sought from the Institutional Ethical Committee. Patients of age-group 18–
60 years admitted to medical and surgical ICUs from August to December 2020, with neurologi-
cal, respiratory, medical and surgical conditions, and physiotherapy referral were included.
Patients diagnosed with COVID-19 con�irmed with reverse transcription polymerase chain reac-
tion (RT-PCR) test and other infectious diseases, like acquired immunode�iciency syndrome
(AIDS) and hepatitis B, were excluded.

The study protocol was explained to the patients/patients’ caregivers, and written consent was
sought. Demographic data and daily vital parameters (heart rate, respiratory rate, blood pres-
sure, and oxygen saturation) were recorded. Patients were categorized into levels of function 0–
6, based on the level of ventilatory support, consciousness, and activity levels (Table 1).

Physical function was evaluated using FSS-ICU, PFIT, and FIM.

Functional Status Score in Intensive Care Unit measures �ive items (rolling, supine-to-sit
transfer, sitting at the edge of the bed, transfer from sit to stand, and walking) of physical func-
tion based on an individual's performance, scored on an eight-point ordinal scale of 0–7.

Physical Function ICU Test is a test of physical function with high clinical utility and effective
predictor of functional outcomes. Shoulder �lexion and knee extension strength are graded from
0 to 5 (no visible or palpable contraction—full range of motion against gravity with maximal re-
sistance). Sit-to-stand activity is scored based on the extent of assistance needed by the patient
to safely transfer from sitting to standing position. Step cadence is the number of steps per
minute. The patient was allowed to use assistive device if necessary. The test was concluded if
the patient was unable to clear their feet from the ground for six consecutive steps or if the pa-
tient stopped marching for >2 seconds. The highest score of 3 was given if the patient demon-
strated ability to march for >3 minutes.

Functional Independence Measure is an 18-item physical function measurement tool, with 13
motor and 5 cognitive domains. Functional Independence Measure grades functional status from
total independence to total assistance on the basis of level of assistance an individual requires to
perform speci�ic tasks.
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Physiotherapy treatment involving conventional therapeutic techniques based on the level of
function was administered. Physiotherapist instituting care was blinded to objective scoring on
functional scales. Physiotherapy care included positioning, airway clearance techniques, range-
of-motion exercises, resistance exercises, breathing techniques, incentive spirometry, and early
mobilization. Positioning included frequent alteration of body position, side-to-side turning in
bed, upright sitting, and proning. It also included prescription of modi�ied postural drainage po-
sitions to aid secretion removal. If needed, manual percussions and vibration techniques were
applied. Airway clearance techniques were utilized along with positioning or as a sole interven-
tion to facilitate secretion removal. Active cycle of breathing technique (ACBT), autogenic
drainage (AD), huf�ing, and coughing techniques were appropriately selected and utilized. For
intubated patients, postural drainage followed by suctioning and appropriate body positioning
was done. Range-of-motion exercises for upper and lower limbs were utilized to maintain joint
function. Resistance exercises targeted major muscle groups of upper and lower limbs using
body weight and free weight resistance. Breathing techniques involved pursed lip breathing, di-
aphragmatic breathing, and thoracic expansion exercises aimed at improving the breathing pat-
tern and relieving symptoms of dyspnea. Incentive spirometry provided a visual feedback to en-
courage sustained maximal inspiration to promote lung expansion. Early mobilization refers to
utilizing progressive strategies to get the patient out of bed and facilitate physical activity.
Intensity of exercises depended on the patient's clinical status and tolerance, starting with low
intensity and gradually increasing the intensity throughout the course of rehabilitation. Each pa-
tient received two sessions per day from the day of reference until hospital discharge. Duration
of each session was approximately 15–20 minutes.  Level-wise progression of treatment was
achieved according to change in functional status.

Statistical Methods

Data collected at ICU admission, ICU discharge, and hospital discharge were utilized for statisti-
cal analysis Mean score was calculated for each scale component. One-way ANOVA was used for
analysis of variance at the three data points. Tukey post hoc test was implemented to �ind out
statistically signi�icant difference or similarity between speci�ic groups based on data points.

R������

The total number of patients included in the study was 100 (78 males and 22 females) in the
age-groups of 20–29 years (N = 7), 30–39 years (N = 19), 40–49 years (N = 20), and 50–60 years
(N = 54). Fifty patients were diagnosed with neurological conditions, 20 with respiratory condi-
tions, and 30 with medical and surgical conditions. Average length of ICU stay and post-ICU hos-
pital stay was 12.67 and 8.68 days, respectively; and average length of hospital stay from the
point of ICU admission to hospital discharge was 21.33 days (Table 2).

Statistically signi�icant between-group difference (p <0.001) was demonstrated for all pre-am-
bulatory (rolling f = 170.21, supine-to-sit f = 145.67, and unsupported sitting f = 113.40) and am-
bulatory (sit-to-stand f = 172.97 and walking f = 122.32) categories of the FSS-ICU scale. All com-
ponents showed statistical difference (p <0.001) between ICU admission and ICU discharge, in-
dicating that a maximum number of patients were able to achieve independent pre-ambulatory
and ambulatory activities at hospital discharge.
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Similarly, statistically signi�icant improvement was observed in all categories of PFIT (shoulder
strength f = 85.97, knee strength f = 74.44, sit-to-stand f = 122.10, cadence f = 107.55, cadence
count f = 111.87, p <0.001). Shoulder and knee strength, sit-to-stand, and cadence improved
from ICU admission to ICU discharge and from ICU discharge to hospital discharge. Cadence
count was nonsigni�icant from ICU admission to ICU discharge (p = 0.016) and was statistically
signi�icant (p <0.001) from the point of ICU discharge to hospital discharge. Thus, both FSS-ICU
and PFIT scales demonstrated similar results and were capable of identifying functional limita-
tions during hospital stay.

With respect to self-care and transfer activities, statistically signi�icant improvement was ob-
served in all components of the FIM tool. Post hoc analysis revealed no change in scores at the
point of ICU admission to ICU discharge for self-care activities, such as bathing (p = 0.20) and
toileting (p = 0.03). However, scores for eating, grooming, and dressing upper and lower body ac-
tivities were statistically signi�icant (p <0.001). Bed, chair, and wheelchair transfer activity im-
proved signi�icantly at each data point (p <0.001). Further, nonsigni�icant change was observed
in walking (p = 0.001) and stair-climbing (p = 0.13) scores. Signi�icant improvement was ob-
served in the cognitive domains of comprehension, expression, social interaction, memory, and
problem-solving (p <0.001).

All motor components of FIM self-care, sphincter control, transfers, and locomotion demonstrat-
ed statistical signi�icance from the point of ICU discharge to hospital discharge (p <0.001); cogni-
tive domains, including comprehension (p = 0.62), expression (p = 0.58), social interaction (p =
0.49), problem-solving (p = 0.26), and memory (p = 0.67), were statistically nonsigni�icant from
the point of ICU discharge to hospital discharge. All 18 items for motor and cognitive domains
exhibited signi�icant statistical difference (p <0.001) from the point of ICU admission to hospital
discharge. Self-care activities evaluated by FIM showed low scores during ICU stay, which can be
attributed to the presence of disease, patients’ health status, and ICU restrictions. During the
post-ICU discharge phase, a faster improvement trajectory in performance of these activities was
seen, indicating improved independence in performing simple motor tasks. Ability to perform
transfers independently improved greatly during post-ICU hospital stay. Transfer activities re-
mained underachieved during the period of ICU stay, possibly due to restrictions imposed by pa-
tients’ health status and ICU environment. Walking function was underperformed until ICU dis-
charge and later showed improvement until hospital discharge. Stair-climbing activity could not
be scored in the ICU and remained less than satisfactory at hospital discharge. The post-ICU hos-
pital phase showed improvement in ambulation and locomotory independence of patients.

All components demonstrated a gradual improvement trajectory from the point of ICU admis-
sion to hospital discharge. Although patients improved in function with more than 50th per-
centile at the point of hospital discharge, large de�icits in function equivalent to 40–60% were
observed in one domain of each outcome measure. Physical function ICU test cadence count
(49.11%), FSS-ICU walking (56.71%), and FIM stair climbing (44.71%) showed less-than-satis-
factory improvements at the point of hospital discharge.

D���������

This study was undertaken to evaluate functional level of patients during ICU stay and post-ICU
hospital stay. A gradual improvement in physical function was observed from the point of ICU
admission until hospital discharge. Physical function measures were effective in identifying func-
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tional impairments in the ICU. The chosen scales were applicable for use throughout the length
of hospital stay as residual limitations continued to exist despite discharge from the ICU and
even until hospital discharge.

Patients demonstrated a similar pattern of gradual rise in physical functional level in all outcome
measures throughout the period of hospitalization in our study. Pre-ambulatory physical activi-
ties of rolling in bed, supine-to-sit transfer, and unsupported sitting displayed that these activi-
ties were well performed by patients during ICU stay. Similarly, weight-bearing ambulatory ac-
tivities, sit-to-stand, and walking remained underachieved during ICU stay and showed gradual
linear improvement during the post-ICU hospital phase. It can thus be said that applicability of
FSS-ICU is a sensitive measure that can be used to objectively record improvement in preambu-
latory and ambulatory activities.

Loss of muscle strength is known to be acquired in critically ill patients who are mechanically
ventilated for prolonged time periods. Studies show that ICU-acquired weakness (ICU-AW) is
present in more than 50% of patients at ICU discharge who were mechanically ventilated for
more than 48 hours. Signi�icant muscle loss due to both bed rest and the presence of critical ill-
ness results in decreased ability to perform self-care and transfer activities and worsening of
disability in ICU survivors. ICU-acquired weakness manifests even after discharge from acute
healthcare centers as post-intensive care syndrome (PICS), resulting in impairment in physical
functioning, cognitive dysfunction, and poor mental health status. Symptoms include generalized
weakness, fatigue, decreased mobility, anxious or depressed mood, sexual dysfunction, sleep dis-
turbances, and cognitive issues (memory disturbance/loss, slow mental processing, poor con-
centration, and so on) and can last for a few months to many years post-recovery. Physiotherapy
interventions focused on exercise-based interventions in the ICU, including both bed exercises
and mobilization out of bed, can help reduce incidence of ICU-AW and PICS.  Therefore, identi�i-
cation of these functional disabilities gains utmost importance prior to hospital discharge.

The physical function ICU test (PFIT) tool provides an objective measure of improvement in
muscle strength of shoulder �lexors and knee extensors; both these muscles groups showed
gradual improvement from the point of ICU admission to ICU discharge and further up to hospi-
tal discharge. This supports effectiveness of adding resistive exercises in the treatment protocol
of ICU patients. By identi�ication of muscle weakness, physiotherapy interventions focusing on
the management of the same can be utilized early in rehabilitation of ICU patients.

Results of our study supported the effectiveness of physiotherapy interventions and their effects
on physical function post-ICU discharge. After ICU discharge, considerable improvement in phys-
ical activity and functional level status of patients was demonstrated on FIM. Self-care activities,
such as eating, grooming, dressing, and toileting, showed greatest improvement in independence
during and after ICU discharge. Level of physical activity displayed a steady increase during and
after ICU discharge, with patients performing tasks of self-care and bed transfers much more in-
dependently than during ICU stay. Walking and stair-climbing activities remained underachieved
at hospital discharge, achieving less than 60% improvement. FSS-ICU, PFIT, and FIM were useful
for identifying limitations in walking and stair-climbing functions at the point of hospital dis-
charge. The results from this study emphasize the need to monitor impaired cardiorespiratory
function, muscle weakness, and malnutrition on a long-term basis as these are important factors
for poor ambulatory performance after ICU discharge.  Similar observations are reported in
previous studies conducted on individuals admitted to ICU for ≥72 hours.

14
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Dif�iculty in performing ADLs, transfers, and ambulation is commonly encountered by ICU sur-
vivors. ICU survivors with a low burden of preexisting comorbidities have little to no disability at
hospital discharge and generally show good outcomes.  Higher test scores of FSS-ICU, PFIT, and
FIM at ICU discharge can be used as signi�icant factors in determining discharge to home.

Out of all the outcome measures, only FIM scale evaluated cognitive aspects, including compre-
hension, expression, social interaction, problem-solving, and memory. All patients showed im-
provement in cognitive function from the point of ICU admission up to hospital discharge. Higher
physical activity level aided achievement and maintenance of good cognitive functions during
hospital stay. These �indings support previous studies that conclude early rehabilitation of pa-
tients in the form of physical activity in the ICU improves cognitive function and helps to reduce
symptoms of anxiety and depression. Early rehabilitation thus decreases risk of neuropsychi-
atric morbidities in critically ill patients.

Through this study, we were able to recognize barriers to early mobilization of ICU patients that
prevented achieving higher levels of mobility during ICU stay. Dafoe et al. categorized these bar-
riers as patient-related and institution-related barriers. Patient-related barriers include medical
instability, sedation, level of consciousness, and the presence of vascular lines/monitor attach-
ments. Institution-related barriers include poor staff awareness of the bene�its of early progres-
sive mobilization, resulting in a conservative culture where mobilization is undervalued, uncer-
tainty regarding staff responsibility for mobilization (e.g., physiotherapists or nurses), and insuf-
�icient staff/equipment.  Patient barriers play a major role in lack of achieving ambulatory ac-
tivities in the ICU. After ICU discharge, patients are exposed to greater functional freedom to per-
form physical activities with reduced or no barriers.

Our study demonstrated an upward trend in the physical functional trajectory of patients during
ICU stay and post-ICU hospital stay. However, residual physical function limitations continue to
persist at the point of hospital discharge, necessitating continuum of care. Thus, by informing
caregivers regarding these limitations, strategies can be adopted to combat and help overcome
long-term morbidity in these patients.

C���������

Objective assessment of the physical function trajectory helps to monitor and understand pa-
tients’ level of functional status throughout their hospital stay. It helps in gaining better insight
of patients’ limitations to functional activities and can help in goal-setting and planning of phys-
iotherapy care.

Early and progressive rehabilitation intervention programs are feasible for comprehensive man-
agement of ICU patients; this reduces physical and mental health complications that frequently
occur in survivors of critical illnesses. Early physical rehabilitation bene�its patients in domains
of muscle strength, physical function, and quality of life, which helps in recovering optimum
physical function and independence in daily life. Greater standardization of physiotherapy man-
agement of patients in the ICU can be achieved by continuing rehabilitation until hospital dis-
charge and follow-up rehabilitation after hospital discharge.

18
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Implementing and continuing early rehabilitation physiotherapy until hospital discharge and lat-
er implementing home rehabilitation after hospital discharge will help patients to recover opti-
mum physical function and independence in activities of daily living.

Clinical Implication

Identi�ication of functional limitations aids in prescribing a targeted treatment approach for pa-
tients starting early in the ICU, continuing throughout hospital stay and beyond hospital
discharge.

Limitations

Our study included a wide variety of patients with neurological, respiratory, medical, and surgi-
cal conditions. Further research on patients admitted to various other ICUs with speci�ic condi-
tions needs to be undertaken for wider applicability of observations from this study.
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Figures and Tables

Table 1

Level 0–6 for patient categorization based on functioning

Level 0 Level 1 Level 2 Level 3 Level 4 Level 5 Level 6

Patient on
arti�icial

ventilator on
CMV mode

Change of
ventilator mode

(CMV to SIMV/
Spontaneous)

Patient off
ventilator,

extubated
with or
without O

support

Patient is
conscious and

oriented with
or without O
support

Patient is
conscious

and oriented
without O
support

Patient is full
cooperative,

able to do major
things actively

Patient is full
cooperative,

able to do all
things actively

2

2 2
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Table 2

Mean scores on FSS-ICU, PFIT and FIM Scales (n = 100)

SI. No. Scale scores ICU admission ICU discharge Hospital discharge p value

Functional Status Score in Intensive Care Unit (FSS-ICU) scores

1 FSS Rolling 1.9 (1.5) 4.0 (1.6) 6.0 (1.4)

<0.001

2 FSS Supine to sit 1.4 (1.6) 3.2 (1.7) 5.5 (1.7)

3 FSS Unsupported sitting 1.2 (1.7) 3.2 (2.2) 5.5 (1.9)

4 FSS Sit to stand 0.1 (0.5) 1.5 (1.6) 4.7 (2.5)

5 FSS Walking 0.0 (0.5) 1.0 (1.5) 3.9 (2.6)

Physical Function ICU Test (PFIT) scores

6 PFIT Shoulder strength 0.6 (0.5) 1.2 (0.5) 1.7 (0.5)

<0.001

7 PFIT Knee strength 0.6 (0.5) 1.1 (0.6) 1.6 (0.6)

8 PFIT Sit to stand 0.0 (0.3) 0.6 (0.8) 2.1 (1.4)

9 PFIT Cadence 0.0 (0.1) 0.4 (0.5) 1.3 (0.9)

10 PFIT Cadence count 0.7 (4.3) 8.2 (12.7) 39.2 (30.6)

Functional Independence Measure (FIM) scores

11 FIM Eating 1.5 (1.1) 2.8 (1.6) 5.1 (1.6)

<0.001

12 FIM Grooming 1.6 (1.1) 2.7 (1.8) 4.9 (1.9)

13 FIM Bathing 1.1 (0.8) 1.4 (1.1) 3.8 (1.9)

14 FIM Dressing upper body 1.6 (1.1) 3.1 (1.6) 5.2 (1.7)

15 FIM Dressing lower body 1.6 (1.1) 2.8 (1.7) 4.8 (1.9)

16 FIM Toileting 1.1 (0.7) 1.6 (1.3) 4.4 (1.9)

17 FIM Bladder management 1.3 (1.3) 2.4 (2.1) 5.1 (1.9)

18 FIM Bowel management 1.3(1.3) 2.4 (2.1) 5.1 (1.9)

19 FIM Bed chair wheelchair transfer 1.4 (0.8) 2.5 (1.6) 5.0 (2.0)

20 FIM Toilet transfer 1.1 (0.5) 1.7 (1.4) 4.4 (2.1)

21 FIM Tub shower transfer 1.0 (0.5) 1.7 (1.4) 4.4 (2.1)

22 FIM Walk wheelchair 1.0 (0.4) 1.8 (1.3) 4.3 (2.3)

23 FIM Stairs 1.0 (0.0) 1.3 (1.0) 3.1 (2.0)

24 FIM Comprehension 5.1 (2.4) 6.5 (1.0) 6.7 (0.6)

25 FIM Expression 5.0 (2.6) 6.2 (1.4) 6.5 (1.1)

26 FIM Social interaction 4.9 (2.6) 6.0 (1.7) 6.3 (1.3)

27 FIM Problem-solving 4.8 (2.6) 5.9 (1.8) 6.3 (1.3)

28 FIM Memory 5.0 (2.6) 6.2 (1.4) 6.4 (1.1)
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muscle work but irrespective of the type of flour
used, kneading would provide a resistance stimulus
to the hand muscles. Kneading is also known to
produce physiological stress to the cardio-vascular
system, in addition to the physiological stress to the
muscular system and result in energy expenditure
[1]. Physiological stress in moderate intensity and
duration can be used therapeutically for enhancement
of physical fitness [1].

On the other hand, physical and psychological
load factors are known to lead to musculoskeletal
disorders in kitchen workers [2]. However, studies
reporting the average hand grip strength of dough
kneaders are unavailable. Collins et al. reported
repetitive hand movements, static work postures and
forceful exertions as precipitating factors which pose
kitchen workers at risk of developing musculoskele-
tal disorders [3]. Prevalence rate of musculoskeletal
disorders in the upper quadrant is reported to be high-
est in the shoulder region (62.3 %), wrist (43.9%),
elbow/forearm (31.6%) and neck (38.6%) among
kitchen workers [2]. It has also been reported that
Indian flatbread preparation imposes a greater risk of
musculoskeletal disorders than preparation of dosa
and rice [2].

Overall, indirect evidence from previous studies
suggests that dough kneading can produce strength
training stimulus to hand muscles which can result in
greater hand grip strength. Hence, kneading dough
can be explored as a potential therapeutic exercise
to improve hand grip strength, because hand grip
strength is such a strong indicator of overall health
and physical fitness [4]. Kneading is also used as a
key variable to monitor treatment outcomes in hand
rehabilitation [5]. Therefore, it would be useful to add
various exercise options to the therapeutic toolbox
which can improve hand grip strength.

It is known that athletes and sports players engaged
in various sports demanding intense hand function
such as golf, archery, volleyball, basketball and hand-
ball demonstrate greater hand grip strength compared
to adults not engaged in these sports. In addition to
specific demands of these sports on hand function,
athletes and sports players practising these sports
undergo intense training to improve and optimize
hand function to enhance sport performance [6,7].

However, compliance of sports persons to exercise
is notably greater than general people [8].

On the other hand, compliance of general people
to exercise is poor [8]. Therefore, in order to improve
compliance to hand exercise and enhance outcome of
exercise, identification of suitable activities of daily

living is prudent for general people. One such com-
mon activity in the kitchen is kneading. Kneading
dough is a common activity performed by home-
makers on a regular basis, which primarily targets
muscles involved with gripping activities. Typically,
the exposure to dough kneading varies in different
work settings and different resource settings across
the world ranging from daily exposure for domestic or
occupational purpose to occasional weekly exposure
for domestic purpose. Prolonged exposure in profes-
sional kitchen workers involving repetitive tasks and
forceful exertion may increase muscle fatigue [2].

The present study was designed to quantify the
influence of dough kneading exposure on hand grip
strength among females with varying kneading expo-
sure. The second objective was to study the effect of
dough kneading intervention on hand grip strength
with the purpose of recommending integration of
dough kneading as a safe, low cost therapeutic exer-
cise for the enhancement of hand grip strength.

2. Method

The study commenced after the Institute’s Ethics
Review Committee (IERC) approved the study. A
total of 150 healthy female participants between the
age group of 18 – 50 years with varying levels of expo-
sure to dough kneading were recruited. The sample
size was estimated based on the standard deviation
of the previous study where hand grip strength was
used as an outcome measure [9]. The sample size was
estimated to be 33 with hand grip strength as a pri-
mary outcome variable [10]. Considering a high rate
of dropout in healthy people, 50 participants were
recruited in each group [8]. The participants were
recruited using snowball sampling from the residen-
tial communities in the same city. Kneading exposure
was determined by frequency of dough kneading
sessions and volume of dough kneaded. Domestic
cooks kneaded dough two/three times a day as a part
of their occupation. The duration of kneading was
approximately 10–15 minutes per session. In con-
trast, homemakers, independently living adults, etc.
who were habitual in dough kneading, practiced it at
least once a day as a part of their daily living activity.
The participants were stratified in three groups: Occu-
pational dough kneaders (domestic cooks), habitual
dough kneaders (homemakers) and non-kneaders.
Non-kneaders had no exposure to dough kneading.
We hypothesized that dough kneading has a positive
influence on hand grip strength.
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Table 1
Demographic characteristics and hand grip strength

Occupational dough Habitual dough Non-kneaders
kneaders (n = 50) kneaders (n = 50) (n = 50)

Mean (SD) Mean (SD) Mean (SD)

Age (years) 35.16 (3.17) 38 (7.81) 21.44 (1.60)
BMI (kg/m2) 24.86 (1.93) 24.58(2.67) 22.54 (2.58)

Handgrip strength (kg)

Dominant hand 35.48 (2.54) 25.56 (5.66) 22.02 (4.39)
Non-dominant hand 32.92 (2.53) 22.62 (5.81) 19.70 (4.02)

Women presenting with pain or pathology of
upper extremity were excluded. The participants
were informed about the study procedure and signed
informed consent was sought. Demographic details
along with body composition including height,
weight and body mass index (BMI) were recorded.
Hand grip strength was measured using the Jamar
hand dynamometer in kilograms of force (kg). The
handle of the dynamometer was set to second posi-
tion for all participants. The participants were made
to sit on a chair without arm rest, back straight, shoul-
ders adducted and neutrally rotated, elbows flexed to
900, forearm in neutral position, wrist in 15 degrees
of extension and ulnar deviation. Grip strength was
recorded for dominant and non-dominant hands. An
average of three trials was recorded for all measure-
ments.

Non-kneaders followed a 6-week intervention pro-
tocol. The protocol included kneading a dough using
500 mg of flour with 200 ml of water. The flour was
placed in a wide bowl and water was added gradually
to bind the two ingredients into a dough. The dough
was then pressed using heel of hand and fingers by
repeatedly folding over and rotating it in the bowl.
This process was repeated for 15 minutes until the
dough was soft and malleable. The amount of water
added to the flour and the time duration for kneading
was kept constant for all the participants to ensure
consistency of the dough; because the consistency of
the dough would influence the extent of muscle work.
All participants performed dough kneading once a
day, three times a week, for six weeks.

Data were analysed using SPSS version 24. Mean
and standard deviations were computed for all the
variables. Level of significance was set at 0.05
for inferential statistics. The Wilcoxon signed rank
test was used to compare means pre- and post-
intervention in non-kneaders because the data did not
follow requirements for normal distribution.

Fig. 1. Mean hand grip strength of occupational dough kneaders,
habitual dough kneaders and non-kneaders.

3. Results

Reference values for hand grip strength were
recorded for 150 participants stratified as occu-
pational dough kneaders (n = 50), habitual dough
kneaders (n = 50) and non-kneaders (n = 50). Com-
parison between dominant and non-dominant hands
did not reveal a significant difference (p = 0.168).
Demographic characteristics and mean values of
hand grip strength for dominant hand are presented
in Table 1. Figure 1 presents mean grip strength val-
ues for occupational dough kneaders, habitual dough
kneaders and non-kneaders for dominant hand.

Normality of data was evaluated using the Shapiro-
Wilk test and, because the data were not normally
distributed, non-parametric tests were used for infer-
ential statistics.

Comparison of hand grip strength between the
three groups revealed a significant difference (p
value < 0.001). Linear contrast revealed linear decline
in hand grip strength; demonstrating maximum hand
grip strength in occupational kneaders and the least in
the non-kneaders group (p value < 0.001) (Table 2).
The effect of intervention for non-kneaders was anal-
ysed using Wilcoxon signed rank test. Significant
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Table 2
Comparison of handgrip strength between occupational, habitual and non-kneaders

Group Occupational
dough
kneaders

Habitual
dough
kneaders

Non-
kneaders

t value
(Kruskal-
Wallis
test)

Significance
p value

Dominant
hand (mean
rank)

2.92 1.72 1.36 15.118 0.000

Non-
dominant
hand (mean
rank)

2.92 1.71 1.37 15.117 0.000

Table 3
Handgrip strength in non-kneaders pre- and post-intervention

Hand grip
strength (kg)

Non-kneaders
(n = 50) (pre-
intervention)

Non-kneaders
(n = 50) (post-
intervention)

Wilcoxon signed
rank test z value

Significance p
value

Dominant
hand Median
(IQR)

22.02 (4.39) 25.32 (4.24) –6.167 0.000

Non-
dominant
hand Median
(IQR)

19.70 (4.02) 22.44 (3.79) –5.608 0.000

improvement (p value < 0.001) was noted in hand grip
strength post-intervention (Table 3).

4. Discussion

Findings from the present study report beneficial
influence of dough kneading exposure on hand grip
strength.

Kneading involves movement of both hands. It is
a bimanual activity and that may be the reason for
no difference in hand grip strength of right and left
sides. The participants included in the study used the
manual method for kneading dough, which is the
most common method adopted by kitchen workers
in domestic settings.

Kneading demands the activity of muscles of the
upper quadrant from distal to proximal segment [1].
In the hand, it engages activity of small and large
muscle groups of hand. Moderate exposure to knead-
ing is known to produce beneficial effect of muscle
strengthening [1], which was evident by greater
hand grip strength of domestic cooks, followed by
homemakers and the least in non-kneaders. How-
ever, prolonged exposure (more than 30 minutes) in
kitchen workers is associated with discomfort and
muscle fatigue [2]. The trapezius muscle is known to
demonstrate greater fatigue during kneading [2].

On the other hand, kneading dough simulates a
form of hand grip strengthening exercise. Because
dough kneading demands all the three manipulative
abilities unique to human hand, namely precision
handling, forceful precision gripping and power
squeeze gripping of cylindrical objects. Precision
handling is the ability to rotate and manipulate objects
with one hand using the fingertips and thumb. Force-
ful precision gripping uses pads of thumb and one
or more fingers to forcefully stabilize or manipulate
an object while withstanding large external forces.
Power squeezing of cylindrical objects allows the fin-
gers to grip the object diagonally across the palm with
thumb either wrapped around the object or in line with
the forearm. Kneading dough involves all three abil-
ities necessary to maintain adequate hand function
[9].

It is speculated that with a period of moderate
resistance training, as early as 2 to 3 weeks, hyper-
trophy becomes an increasingly important adaptation
accounting for strength gain in muscle. Hypertrophy
of skeletal muscle occurs due to an increase in protein
(actin and myosin) synthesis and a decrease in pro-
tein degradation. In addition, type II B muscle fibers
appear to increase in size most readily with resis-
tance training [9]. A recent study reported adaptation
to endurance training to be better in females as com-
pared to males due to a higher potential for oxidation
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of fat [12]. The rate of glycogen depletion has been
reported to be lower in females as compared to males
during endurance activity. Hence, females are effi-
cient in performing at workloads equal to 80 percent
of maximum oxygen uptake [12].

It is known that in repetitive dynamic gripping,
fatigability is low due to prolonged time available
to the muscle fibers between contractions to clear
the potassium in t-tubules of the muscle fibers [13].
Women are known to have low fatigability during
sustained and intermittent contractions [13]. Women
also demonstrate greater muscular endurance com-
pared to males while working at submaximal levels,
which is attributed to the higher proportion of type I
muscle fibers in women compared to men [13].

On the other hand, a previous study which evalu-
ated physiological stress of female workers, reported
reduction in hand grip strength of female kitchen
workers who were involved in kneading tasks at
a commercial kitchen workstation. It was reported
that hand grip strength decreased by 29% in left
and right hand, whereas pinch strength reduced by
44% and 47% in the left and right hand, respec-
tively; but the average hand grip and pinch strength
were not reported [14]. It can be speculated that the
kitchen workers who were studied from a commer-
cial setting had long exposure to kneading activity
resulting in fatigue and ultimately reduction in hand
grip and pinch strength. However, the study does
not provide information on duration of kneading
exposure. Secondly, it is important to note that the
kitchen workers were engaged in multiple kitchen
tasks which engaged hand muscles, namely cutting,
grating, rolling and dishwashing. Therefore, it is
likely that the cumulative effect of all kitchen sta-
tion tasks may have induced fatigue in hand muscles,
resulting in lower hand grip strength. Thirdly, the
instrument and protocol used for measurement of
hand grip strength varied from the standard protocol
for measurement [14]. Therefore, it is likely that the
results from the present study differ from the previous
study because the present study reports immediate
positive difference in hand grip strength after dough
kneading intervention performed for a short duration
(15minutes). The dosimetry of kneading interven-
tion was defined to achieve a therapeutic effect of
improved hand grip strength. It is already known that
precise dosimetry of exercise duration is crucial to
avoid fatigue induced by the exercise [14].

A wide spectrum of exercises is known to improve
hand grip strength over a period ranging from 8
weeks to 24 weeks among patients with various hand

conditions. Patients with hand osteoarthritis demon-
strated greater hand grip strength after an 8-week
finger exercise program [15]. Rubber ball exercises
by elderly over a period of one month demonstrated
improvement in hand grip strength [17]. Patients
with rheumatoid arthritis showed improved hand grip
strength following a strengthening exercise proto-
col ranging from 12 weeks to 24 weeks in duration
[18,19,20].

Similarly, CrossFit training has demonstrated
improvement in hand grip strength among sedentary
individuals with a mean age of 24 years post 12-week
intervention [16]. Hand grip strength was reported
to increase by 8.5 percent in sedentary individuals
following an intervention of high-intensity CrossFit
training for 12 weeks [16]. These findings corroborate
with findings of the present study, wherein expo-
sure to dough kneading was associated with increased
hand grip strength by 10 percent.

To summarize, findings from the present study
are consistent with previous studies which report
increased hand grip strength after a particular exer-
cise intervention. Therefore, dough kneading may
be recommended as an effective intervention for
improvement of hand grip strength. Moreover, dough
kneading is feasible in a routine daily home setting
and can be self-administered by the patient. Although
it is known that kneading dough is the second activ-
ity in the kitchen, which causes fatigue of kitchen
workers followed by grating [9]. It is also known that
hand-intensive and repetitive activities are a major
cause of work-related musculoskeletal disorders [9].
However, it is evident that moderate regular expo-
sure to kneading can be considered promising for
improvement of hand grip strength. Hence, it can
be explored as a potential exercise form to improve
hand grip strength in various hand conditions such as
osteoarthritis, rheumatoid arthritis, complex regional
pain syndromes and fractures around the wrist and
hand.

5. Limitations

Further studies are required to define the precise
duration of exercise in each session, particularly in
the acute phase of inflammatory disorders such as
osteoarthritis, rheumatoid arthritis, complex regional
syndrome, etc. It is necessary to identify the thresh-
old for hand muscle work before the onset of fatigue,
to plan the safest application of dough kneading in
hand rehabilitation. Also, it may not be appropriate
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to include this as an intervention in post-operative
cases until complete wound healing to avoid any con-
tamination of the wound. The present study did not
account for the level of physical fitness and hobbies
of the participants which demand a dextrous, prehen-
sile, or power grip of hand. Findings of the present
study are restricted to adult females.

6. Conclusion

Findings from the present study suggest that expo-
sure to dough kneading has a beneficial influence on
hand grip strength. Hand grip strength was lowest in
non-kneaders and maximum in occupational knead-
ers. Kneading dough also helps to improve hand
grip strength. Six weeks of kneading intervention
improved hand grip strength by approximately 10
percent. Therefore, kneading dough in moderation
can be used as a therapeutic intervention in rehabili-
tation of patients with hand dysfunction.
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problem in ICU survivors.5 Therefore, assessment of physical function during ICU stay 
is valuable in gaining perspective on current functional status and to further plan appro-
priate treatment of the individual. Functional limitations of ICU survivors often remain 
unassessed. Hence, measuring physical functioning early and longitudinally in the ICU 
is important to determine patients at risk of poor physical outcomes, monitor interven-
tion efficacy, and inform recovery trajectories. These insights are important to improve 
the outcomes of critically ill patients.6

Several scales have been used to assess functional ability, impairment, and dis-
ability in ICU patients. Functional scales in ICU have been administered mainly for 
evaluation of patient physical activity at ICU admission and during ICU stay. The 
choice of most appropriate assessment scale depends on the specific patient popula-
tion, the diagnosis and rehabilitation phase, and the psychometric properties of avail-
able measurements. Selecting an appropriate functional assessment outcome measure 
is crucial for evaluation, goal setting, and administration of the best possible rehabili-
tation measures. The aim of the current narrative review is to describe the commonly 
used tools for measuring physical function in patients admitted to the ICU along with 
the psychometric properties of the scales and their applicability in various patient 
groups.

II. METHODOLOGY

A literature search was performed using PubMed, Google Scholar, Cochrane Library, 
and Science Direct. Among the 495 titles/abstracts identified using the key words 
“physical function,” “functional ability,” “disability,” “impairment,” “scales,” “as-
sessment,” “intensive care unit,” “critical-illness” with Boolean operators “AND” and 
“OR;” 64 full text articles were examined and evaluated for inclusion. Reference lists 
of relevant articles were examined to identify additional eligible studies. Preferred 
reporting items for systematic reviews and meta-analyses (PRISMA) guidance was 
used.

A. Inclusion Criteria

Full-text articles published in English, reviews and randomized control trials utiliz-
ing these scales, and articles reporting the psychometric properties of the physi-
cal function scales applicable to patients with critical illness were included in this 
review.

B. Exclusion Criteria

Articles published in languages other than English, studies on neonatal and pediatric 
populations, studies not reporting description or psychometric properties of the mea-
surement tools and studies reporting health-related quality of life, mental health, and 
aspects other than physical function were excluded.
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III. RESULTS

Sixteen scales were identified through the literature review. A brief summary of each 
scale, domains of function evaluated by the scale, scoring system, and psychometric 
properties of each scale is provided to enable clinicians to make an informed choice 
while selecting measurement tools for evaluation of physical function in the ICU.

A. Glasgow Outcome Scale

Optimal arousal and adequate neurological function is mandatory to perform physi-
cal activities. The glasgow outcome scale (GOS), first published by Jennett and Bond 
in 1975, provides a global assessment of function, has been consistently used in 
ICU settings, and is highly cited in studies on brain injury. A GOS score of 1 = good 
recovery, 2 = moderate disability, 3 = severe disability, 4 = persistent vegetative 
state, and 5 = death. The range of outcomes includes minimal or no disability (GOS 
1), moderate disability (GOS 2), and severe disability (GOS 3 or 4).7,8,9 McMillan 
et al. charted the development, refinement, and application of GOS. Other versions 
of the original GOS are the glasgow outcome scale-extended (GOS-E), the glasgow 
outcome at discharge scale (GODS), and the GOS pediatric revision.9 Wier et al. 
reported higher sensitivity of GOS-E than GOS.10 Excellent inter-rater reliability k 
= 0.95 was reported by the developers of GOS, while other studies involving trained 
raters with direct or simultaneous contact with patients reported low inter-rater reli-
ability k = 0.76.11

B. Richmond Agitation-Sedation Scale

Patients in the ICU often demonstrate altered neurological status with agitation and 
require sedation in order to ensure synchrony between the ventilators and patient and 
comfort with artificial intubation. However, prolonged sedation can substantially im-
pact the length of ICU stay and related complications. The richmond agitation-seda-
tion scale (RASS) was developed by critical care physicians, nurses, and pharmacists 
with an objective of enhancing communication between care givers and optimizing 
rehabilitation. The RASS is a 10-point scale ranging from +4 to −5, where +4 denotes 
a combative stage; +2/3, agitation; +1, restlessness; and 0, alert and calm; −1 denotes 
drowsy; and −5, unarousable of sedation. Sessler et al. tested the reliability and va-
lidity of the RASS in adult critically ill patients. Excellent inter-rater reliability (r = 
0.922–0.983) is reported in ventilated and nonventilated patients with medical and 
surgical conditions.12

C. Barthel Index

The Barthel Index (BI) was developed by Mahoney and Barthel in 1955. It scores the 
ability of a patient to perform 10 basic self-care activities of daily living. Periodical 
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reassessment can be performed to assess the progress of physical activity status. 
Items include self-care activities like feeding, grooming, bathing, dressing, bowel 
and bladder care and toileting, and mobility activities such as ambulation, wheelchair 
transfers, and stair climbing. The scale gives a measurable estimation of the patient’s 
level of independence with scoring from 0 (totally dependent) to 100 (totally inde-
pendent). A score of 100 indicates that the patient is able to feed, dress, bathe, walk, 
and ascend and descend stairs independently. The BI classifies the patients as having 
minimal or no disability (BI score > 90), moderate disability (BI = 55–90), or severe 
disability (BI score < 55).13 Statistically high significance in coefficients of concor-
dance between the four different methods of BI rating have been reported (Kendall’s 
coefficient of concordance W = 0.93; p < 0.001). Internal consistency of BI was 
found to be 0.87.14

D. Modified Barthel Index

Barthel Index was considered a standard measure of ADLs until Shah et al. in 1989 re-
ported that BI sensitivity can be improved by variations in scoring of each ADL in the 
scale. The updated BI is known as the Modified Barthel Index (MBI). The items of the 
scale remain the same, whereas the scoring of each ADL is expanded to include more 
categories to record each item. A score of 0 indicates total dependence while 100 indi-
cates complete independence. The MBI also serves as a predictor of hospital discharge. 
A score < 40 indicates unlikely chances of discharge and a score > 85 indicates early 
discharge. The MBI is reported to have greater sensitivity, improved reliability, and 
excellent test-retest reliability compared to the original BI. The ICC of the MBI was 
reported to be 0.94, indicating high test-retest reliability. The MDC (minimal detectable 
change) of the MBI was 19% indicating that MBI scores are less affected by random 
measurement errors.15,16

E. Functional Independence Measure

The functional independence measure (FIM) was developed in 1983 by a task force 
created by the American Congress of Rehabilitation Medicine and the American 
Academy of Physical Medicine and Rehabilitation and headed by Carl Granger and 
Byron Hamilton.17 It is a widely used functional evaluation tool for assessing patients’ 
basic functional activities and their progress during their ICU stay and in-patient re-
habilitation. It includes two separate domains: the motor domain consists of 13 items 
and the cognitive domain consists of 5 items. The FIM is a multidimensional measure 
assessing self-care, sphincter control, transfers, locomotion, communication, and social 
cognition. FIM scores range from 1 to 7:7 indicates complete independence, while 1 
indicates total assistance. The sum of all components generates a total score between 
18 (complete dependence) and 126 (complete independence). The precision, inter-rater 
reliability, and validity of FIM have been well established at rehabilitation discharge 
and particularly at one-year post injury. Ceiling effects of the FIM have been studied in 
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patients with moderate and severely neurological impairment. Previous studies indicate 
that FIM scores are associated with mortality in critically ill elderly patients and diffi-
culty in weaning from a mechanical ventilator.18,19

F. Functional Status Score–ICU

The FSS-ICU is an ordinal scale used for in-patient rehabilitation in the ICU. It consists 
of three preambulation categories: rolling, supine-to-sit transfers, and unsupported sit-
ting; and two ambulation categories: sit-to-stand transfers and ambulation. Each cat-
egory is rated using score values from 1 (total dependent assistance) to 7 (complete 
independence) and total scores range 0–35. If a patient is unable to perform a task due to 
physical limitations or medical status, a score of 0 is assigned. The reliability and valid-
ity of the FSS-ICU had not been reported20 until Huang et al. conducted a clinimetric 
analysis and concluded that it has good internal consistency and is a valid and respon-
sive measure of physical function.21

G. 4P Questionnaire

The 4P questionnaire was named after its major content: patients, physical, psychoso-
cial, and problems. This questionnaire was developed by Eva Akerman et al. in 2008 
to assess ICU patients’ physical and psychosocial problems after ICU discharge, and 
to recognize the need for follow-up.22 It evaluates physical and psychosocial problems 
following ICU recovery and includes 53 items: 16 physical, 26 psychosocial, and 11 fol-
low-up. The items are scored on a 5-point Likert scale from “strongly agree” to “do not 
agree at all.” There is also a “not relevant” option. The questionnaire shows good con-
struct validity in all three sets and has strong factor loadings for all three sets. Internal 
consistency (Cronbach’s α for physical problems = 0.75, psychosocial problems = 0.81, 
follow-up = 0.91) has been shown to have reliable indices and good stability reliability 
on retesting for the physical and psychosocial factors.23

H. Physical Function ICU Test

The physical function ICU test (PFIT) is a reliable outcome measure developed for 
critically ill patients who may be unable to get out of bed. The four test domains are as-
sistance required to perform sit-to-stand transfers, strength of shoulder flexion, strength 
of knee extension, and marching in place. The assistance required to stand is rated from 
0 (no physical assistance required) to 3 (assistance of three people required). Strength 
for shoulder flexion and knee extension is rated on the Oxford Muscle Test Scale. For 
marching in place, the examiner records the number of steps taken and the time required 
to complete them. The PFIT has demonstrated reliability and good responsiveness to 
change.24 Denehy et al. conducted a nested cohort study to test the clinimetric properties 
of PFIT. Their observations indicate that scoring of sit-to-stand assistance is subjective, 
and cadence cut-points used may not be generalizable to a large population.25
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I.  Karnofsky Performance Scale Index (Karnofsky Status Scale/Karnofsky 
Index/Karnofsky Score)

The Karnofsky Index is a highly recommended outcome measure for scoring ICU pa-
tients and emphasizes physical performance and dependency to indicate the patient’s 
functional status. It is a descriptive, ordinal scale that ranges from 100 (good health) to 0 
(dead). A Karnofsky Index of 70–100 is generally considered a favorable functional out-
come measure. This measurement tool is well-established with proven validity and reli-
ability for the assessment of independent functioning in critically ill patients.26 Grieco 
et al. investigated the Karnofsky Performance Scale (KPS) as a measure of quality of 
life, reporting it as a reliable and valid global measure although it does not sufficiently 
capture the quality-of-life domain.27 Nikoletti et al.28 reported the use of KPS as a gold 
standard for quantifying physical function in cancer patients. A comparative study of 
KPS and its modified version Throne-KPS (T-KPS) suggested that T-KPS may be a 
more objective and sensitive measure of physical function in cancer patients residing in 
terminal care facilities. T-KPS avoids reference to the location of care. The middle and 
lower levels of T-KPS are modified such that they provide clinically relevant change in 
function as compared to KPS.28 A study undertaken by Carlos et al. to identify quality-
of-life predictors in Brazilian women undergoing palliative care reported that lower 
KPS scores were closely related to reduced quality of life.29 Recently, Nagihan et al. 
evaluated the reliability and validity of KPS and found a strong positive correlation (r 
= 0.895) between KPS and Katz ADL and a strong negative correlation (r = −0.894).30

J. Modified Rankin Scale

Rather than performance of specific tasks, the modified rankin scale (mRS) quantifies 
independence and disability. The scale consists of 6 grades from 0 to 5 as follows: 0 = 
no symptoms; 1 = no significant disability despite symptoms; 2 = slight disability, with 
the subject unable to carry out all previous activities but able to look after their own af-
fairs without assistance; 3 = moderate disability, with the subject requiring some help 
but able to walk without assistance; 4 = moderately severe disability, with the subject 
being unable to attend to bodily needs without assistance; and 5 = severe disability, with 
the subject bedridden, incontinent, and requiring constant nursing care and attention.31,32 
The scale was found to have good inter-rater agreement ICC = 0.675 in acute stroke pa-
tients, but problems with interpretation and relevancy in the hospital setting have been 
reported.33

K. Disability Rating Scale

The disability rating scale (DRS) is a common outcome measure used to determine 
impairment, disability, and handicap. The scale assesses general functional changes 
over the course of recovery. The first three items—“Eye Opening,” “Communication 
Ability,” and “Motor Response” indicate impairment ratings. “Feeding,” 
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“Toileting,” and “Grooming” indicate level of disability. “Level of Functioning” 
and “Employability” indicate handicap. Each area of functioning is rated on a scale 
of 0 to 3 or 5, higher scores representing higher levels of disability. The maximum 
achievable scores are 29 (extreme vegetative state) and 0 (no disability).34 Eliason 
et al. reported good reliability and validity coefficients for DRS in traumatic brain 
injury patients. Significant correlation was reported between initial DRS scores and 
length of hospital stay (r = 0.50, p < 0.01); at discharge DRS scores (r = 0.66, p < 
0.01); and discharge status (r = 0.40, p < 0.01).35 Struchen et al. reported that DRS 
provides a greater range of scores and is thus more sensitive to change than GCS.36

L. Patient-Reported Functional Scale–ICU

The patient-reported functional scale (PRFS-ICU) is a recently developed self-reported 
tool that measures patients’ perceptions of their ability to perform six activities— rolling 
in bed, sitting at the edge of the bed, sit-to-stand activity, bed-to-chair transfer, ambula-
tion, and stair climbing. Items are scored from 0 (unable) to 10 (able to perform at pre-
ICU level) with a maximum of 60.37

M. Katz Index of Independence in Activities of Daily Living

The Index of Independence in Activities of Daily Living, commonly known as the Katz 
Index, was developed by Dr. Sidney Katz in 1963. It was developed as a tool to measure 
function which can be used in objective evaluations of chronically ill and aging popu-
lations and the effectiveness of treatment in the same. The index is based on primary 
biological and psychosocial functions, and provides an objective guide to the course of 
chronic illness and aids in rehabilitation and summarizes six functions, namely, bathing, 
dressing, going to toilet, transferring, continence, and feeding.38,39 Patients are scored 
1 for “yes” and 0 for “no,” for independence in each of the six functions. A score of 
6 indicates full function; 4, moderate impairment; and 2 or less, severe functional im-
pairment.40 Haack et al. in 2019 reported that the Katz Index of ADL is significant in 
predicting hospital discharge and the need for disposition to outpatient or rehabilitation 
facilities for long-term rehabilitation. Katz et al. assessed the inter-rater reliability, re-
porting only insignificant differences between observers.39,41

N. Chelsea Critical Care Physical Assessment Tool

The development of this tool began in 2009 by Evelyn J. Corner, with the aim to for-
mulate a bedside scoring system to evaluate and grade physical morbidity in the criti-
cally ill population.42 The Chelsea Critical Care Physical Assessment Tool (CPAx) 
is a numeric and pictorial composite of 10 common components: physical function; 
respiratory function, cough, moving within the bed, supine-to-sitting transfer to the 
edge of the bed, dynamic sitting, standing balance, sit-to-stand transfer, transferring 
from bed to chair, stepping, and grip strength. These are graded on a 6-point Guttman 
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Scale, from complete dependence to independence (0 to 5). The component scores 
are added to produce a total score out of 50; 0 = complete dependence, and 50 = full 
independence. The score can also be plotted on a “radar” chart, giving a pictorial 
representation of patients’ physical functions and highlighting the problem areas.43 
Corner et al. reported high content validity and limited ceiling and floor effects for 
CPAx in critical illness survivors. Lower CPAx scores are associated with mortal-
ity.43 In an observational study, Corner et al. reported responsiveness of CPAx in 
measuring functional recovery in patients with acute severe burns.44 Whelan et al. 
evaluated postsurgical patients and patients admitted to ICUs with traumatic injuries 
using CPAx. They reported that CPAx can be used as a part of physical therapy as-
sessment to formulate problem-oriented rehabilitation resulting in improved levels 
of physical function, and that higher CPAx scores at admission are related to shorter 
hospital stays.45

O. Post COVID-19 Functional Status Score

The Post COVID-19 Functional Status Score (PCFS) was developed by Klok et al.46 and 
emphasizes relevant aspects of daily life during follow-up after COVID-19 infection. 
The scale is ordinal, scoring from 0 (no symptoms) to 5 (death, D). It covers a vast range 
of functional outcomes by focusing on limitations in usual duties/activities either at 
home or at work/study, as well as changes in lifestyle. The scale scores are intuitive and 
can easily be grasped by both clinicians and patients. The PCFS is applied at different 
time intervals: time of discharge from the hospital, first weeks after discharge to moni-
tor direct recovery (e.g., at four and eight weeks postdischarge, and six months after a 
COVID-19 diagnosis.46 A recent study reported wide degrees of functional limitations 
in COVID-19 patients at hospital discharge and at six months follow-up assessed using 
the PCFS.47

P. Perme ICU Mobility Score

The Perme ICU Mobility Score was developed to measure a patient’s mobility status, 
commencing with the ability to follow commands and culminating in distance walked in 
two minutes. It includes 15 items in 7 categories: mental status, potential mobility bar-
riers, functional strength, bed mobility, transfers, gait, and endurance. The scores range 
from 0 to 32, with higher scores indicating fewer potential mobility barriers and lower 
requirements for mobility assistance, and lower scores indicating more potential barriers 
and more assistance needed. Each of the 15 items is scored within the maximum range 
of 2–4. The total score that reflects the patient’s mobility status at one moment in time. 
Questions 1–8 require yes or no answers. For Questions 9–14, a score of 0 is assigned 
to patients who need total assistance (< 25% of the effort) or when the activity does not 
occur. A score of 3 is assigned to patients who need minimum assistance (> 75% of the 
effort) or when the activity requires supervision. Item 15 is scored from 0 to 3 based on 
the distance walked in two minutes. Perme et al. reported high validity and reliability 
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and good clinical applicability. Kappa values for specific items were described with 
overall median agreement between raters of 94.29%.48

Timenetsky et al. assessed mobility in COVID-19 patients using the Perme 
Mobility Score, and identified low mobility in patients at ICU admission and im-
proved mobility during the course of their stay.49 Luna et al. reported minimal 
detectable change (MDC) for a Perme Mobility Score of 1.36 points, thus giving 
evidence of sensitivity to changes in mobility.50 The tool is available in Spanish, 
Portuguese, and German. Psychometric properties of the translated versions have 
been established.50,51,52

IV. DISCUSSION

The ICU is a high-dependency zone, where patients present with severely compromised 
multisystemic dysfunction. An altered level of consciousness makes it difficult to evalu-
ate physical function. Breathing difficulties, mechanical ventilators, pain, sedation, 
medication lines, catheters, and other devices further hinder mobility. Therefore, it be-
comes imperative to undertake a structured evaluation of pain and dysfunction in order 
to maximize functional recovery.

Very few reviews are available on the functional scales used in ICUs to evaluate 
physical function and pain. The scales need to demonstrate satisfactory psychometric 
properties in terms of internal reliability and validity, intertester reliability, and test-re-
test reliability in order to enable comparison between outcomes evaluated on a periodic 
basis to assess function. Clinicians need to be knowledgeable about available tools to 
enable identification of the right one based on specific patient needs.

In this narrative review, we have summarized the most commonly used scales that 
evaluate physical function of patients in the ICU, presented the strengths and weak-
nesses of each tool, and reviewed the studies that have validated the clinimetric proper-
ties of the scales in different patient populations. Despite the number of scales available, 
no single one addresses all clinical or research conditions. The tools have been devel-
oped over the decades to provide measures of patient activity, capacity, disability, and 
dependency.

Application of assessment tools is dependent on patients’ level of functioning. 
Patients progress through complete dependency while unconscious, with poor ventila-
tory function requiring artificial ventilatory support, no spontaneous motor activity to 
gradually improving function (Fig. 1). Through the recovery trajectory, patients show 
linear improvement in neurological function, ventilatory function, voluntary activity, 
and physical function. Many of the scales are applicable through the complete func-
tional trajectory while some can be used in the later phases of recovery. Each scale has 
its strengths and limitations. All scales included in this review along with application 
guidelines are freely available and therefore can be easily accessed and applied in prac-
tice by professionals. During the initial stages of recovery, scales such as the RASS, 
IMS-ICU, FSS-ICU, KPS, MRS, DRS, PRFS-ICU, and CPAx may be more applicable 
whereas greater objective assessment can be performed during later stages of recovery 
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using scales such as the FSS-ICU and PFIT. Typically, patients demonstrate a linear rise 
in function with higher scores on the functional scales.

The Barthel Index provides accurate results when used by both trained and untrained 
clinicians. It is a time-tested tool and can be reliably self-reported,14 providing a quick 
assessment of self-care and mobility in patients with head injury and stroke. Good reli-
ability has been observed with a change in two points reflecting change in patient status 
from dependent to independent. Collin et al.14 reported that transfer and self-care items 
present challenges in reliable scoring and vary with observer skills. Variations in type of 
meal fed to patients create a difficulty in perceived difficulty in feeding. Ambiguity in 
dressing function led to modification of the tool. Further, observation of activities such 
as bathing and continence are time consuming, and patient input needs to be confirmed 
with nursing personnel. Thus, greater random error measurement and insensitivity to 
change due to scoring criteria make the modified Barthel Index a better measure of ADL.

The Modified Barthel Index with five-point scoring demonstrates better internal con-
sistency than the Barthel Index in patients with stroke.15 Yang et al. reported excellent 
test-retest reliability, lower randomized measurement error, and greater consistency in 
scoring than the modified Barthel Index.16 Minimal detectable change (MDC), adjusted 
at 18.4% variation of the basal score was reported to be a better measure of actual change 
in functional status, and recommendations indicate that clinicians and researchers use 
MDC% adjusted scores to identify effects of novel therapies with greater accuracy. High 
interclass correlation coefficients with the Barthel Index are consistent among studies 
(ICC 0.94–0.99), indicating that either test can be used as a clinical measure.9 Hsueh et 
al followed up a large cohort of stroke patients for six months and reported high internal 
consistency (alpha value 0.89–0.92) at different data points. In their observations, BI 
scores were well associated with scores of motor impairment on the Fugl-Meyer Motor 
Assessment Scale, the Berg Balance Scale, and the Frenchay Activities Index, which is a 
measure of instrumental activities of daily living. Thus, both the BI and the MBI emerge 

FIG. 1: Applicability of scales based on level of functioning
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as strong tools with high convergent and predictive validity and satisfactory responsive-
ness in assessing ADL functions in stroke patients.53

The Functional Independence Measure has been used extensively in geriatric popu-
lations to identify functional impairments from a biopsychosocial perspective. Andrea 
et al. reported that low FIM scores were associated with higher 28-day, 90-day, and one-
year mortality compared to high FIM scores.18 The tool has also been used as a long-
term predictor for measuring quality of life among patients with neurological disorders, 
demonstrating good reliability, validity, repeatability.54 FIM has also been used in pa-
tients with chronic obstructive pulmonary disease (COPD) having difficulty in weaning 
from the ventilator.

The FSS-ICU appears to address the limitation of FIM as it includes detailed evalu-
ation of graded ICU-applicable transfer activities, such as rolling in bed, supine-to-sit 
transfer, sitting at the edge of the bed, and sit-to-stand transfer. A major limitation of 
the FSS-ICU is that it does not take into account mental, cognitive, or social aspects of 
functioning. However, high inter-rater reliability makes it a useful tool for large multi-
centric trials.55

The physical function ICU test has been demonstrated to have good reliability and 
validity.25 However, certain components such as spot-march may not be feasible in many 
patients in the ICU. Further, the walking ability of patients is not evaluated and a floor 
and ceiling effect may be observed. The PFIT scale was revised to delete certain compo-
nents such as the shoulder lift in the PFIT-Scored version.56 The scale displayed moder-
ate convergent validity with the Timed “Up & Go” Test, and the Six-Minute Walk Test, 
was responsive to change and was predictive of key outcomes such as likelihood of 
discharge from the hospital, reduced length of hospital stay, and higher MRC scores.56

A recent study evaluated the inter-rater reliability of three physical function mea-
sures: the Physical Function ICU Test score, 30-second sit-to-stand repetitions, and 
Two-Minute Walk Test distance in an ICU setting. Low standard errors and good inter-
rater reliability were observed between the three measures when used by trained clini-
cians, thus demonstrating the value of all three tools in assessing physical function in 
the ICU.57

Most tools are administered by clinicians, and the patient’s perception of ability to 
perform physical functions remains unknown. The patient reported functional scale-
ICU is a recently developed self-reported tool that measures patients’ perception of their 
functional ability. The convergent validity of the PRFS-ICU has been tested against 
the FSS-ICU and the PFIT-Scored, and good correlation has been demonstrated.58 Thus 
adding it to tools that can be administered following discharge to monitor long-term 
functional recovery.

The Karnofsky Index has been predominantly used in cancer survivors. It has dem-
onstrated good correlation with the Katz activities of daily living (ADL) scale, and the 
basic activities of daily living (BADL).30 However, it seems to be a less accurate scale 
of performance compared to tools such as the physical performance test.59

The disability rating scale is a commonly used outcome measure to assess impair-
ment, disability, and handicap in neurological patients. A recent randomized controlled 
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trail evaluated 508 patients with moderate to severe traumatic brain injury to identify 
the factor structure of DRS and its predictive validity. At one-year post-injury, the three 
disability items—feeding, toileting, and grooming—accounted for 58.4% of the vari-
ance; the three impairment items—eye opening, communication ability, and motor re-
sponse—accounted for 14.8% of the variance; and the two handicap items—level of 
functioning and employability—accounted for 8.9% of the variance.60

The modified rankin scale (mRS) is used extensively in stroke patients. Its strength 
lies in its simplicity and coverage of functional outcomes ranging from no symptoms 
to death. Studies have demonstrated a strong correlation with outcome measures such 
as infarct volumes and good agreement with other stroke scales. However, the limited 
number of levels renders the scale less responsive to change in functional status, al-
though a single-point change on the mRS has been shown to be clinically relevant.61,62 
Another limitation is score reproducibility. Therefore, further studies are warranted to 
explore the psychometric properties of the modified ranking scale.

Most recently, the COVID-19 pandemic has demonstrated that humans will continue 
to be challenged with new surging health conditions for which they may not be prepared. 
Novel clinical presentations may not be adequately addressed using existing tools, thus 
necessitating newer tools that can effectively examine functional status. The novel co-
rona virus is known to bring about a strong immunological reaction leading to acute 
respiratory distress syndrome, inadequate ventilatory function, and lack of oxygenation, 
along with a myriad of other symptoms. This leads to the necessity of ICU admission in 
approximately 2% of COVID-19 patients. The post COVID-19 functional status score 
(PCFS) is one such tool, just formulated to evaluate functional recovery. However, fur-
ther studies are needed to evaluate the tool’s efficiency and psychometric properties.

Furthermore, early mobilization is a safe and feasible rehabilitation strategy that 
provides benefits in terms of reduced length of hospital stay, reduced days on mechani-
cal ventilator, reduce bed rest complications, and improved ICU patient outcomes.63 The 
Perme ICU Mobility Score measures the mobility of an ICU patient and also recognizes 
barriers to mobilization. Nawa et al. reported it to reliably assess mobility and to be an 
excellent candidate for further application in clinical and research setups.64

V. CONCLUSION

Evaluation of physical function provides invaluable information regarding functional 
abilities and can aid clinicians in providing structured care to facilitate rehabilitation. 
Key considerations in selecting the measurement scales are applicability, clinimetric 
properties, reproducibility, rehabilitation stage, functional domain, patient functional 
activity level, across rehabilitation, and need for ongoing evaluation.

VI. FUTURE IMPLICATIONS

The present study has provided a narrative overview of commonly used scales to as-
sess physical function in the ICU. A systematic review is warranted to report evidence 
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garnered by the various scales in specific patient populations to identify the most sensi-
tive measures capable of identifying change in clinical status.

Future studies may be undertaken to administer these scales in a large patient popu-
lation across various ICU settings and to examine their cross-cultural validity. Principal 
factor analysis and regression modeling may be used to identify key components related 
to other outcome variables in various disease conditions.
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around 150 ghungroos which adds approximately 1.5 kg 
weight on each ankle.6 Repetitive foot stamping on hard 
flooring is likely to produce high vertical compressive 
forces over talonavicular, subtalar, and metatarsal joints 
and ultimately alter foot structure, as it is noticed in west-
ern dance forms.7,8 
     Foot loading among ballet dancers is extensively 
reported. Ballet dancers are known to walk with higher 
forefoot pressure and foot hyper-pronation in comparison 
to healthy age-matched non-dancers.9,10 However little 
information is available on musculoskeletal adaptations 
among Southeast Asian dancers. To the best of our knowl-
edge, only one study has reported morphometric foot char-
acteristics of Bharatanatyam dancers. Findings of the 
study revealed that 70% of Bharatanatyam dancers pre-
sented with acquired flat foot.11 

     Although there is no unequivocal evidence to support 
an association between foot shape and foot pain, it is 
essential to explore the geometry and posture of the ankle-
foot complex in resting foot position and upon weight-
bearing among Bharatanatyam dancers. Evaluation of 
plantar pressure distribution during walking will inform 
the dynamic function of the dancer’s foot in terms of plan-
tar loading during walking. Currently available cursory 
information on the ankle-foot complex of Bharatanatyam 
dancers, which is subjected to high biomechanical 
demands, motivated the present study to test the hypothe-
sis that foot characteristics of Bharatanatyam dancers 
differ from non-dancers. 
 

METHODS 
 
Twenty-one trained Bharatanatyam dancers and 21 
healthy non-dancers participated in this exploratory 
cross-sectional study. The sample size was calculated for 
the primary outcome variable, i.e., navicular drop test to 
assess foot posture in loading condition, using cross-sec-
tional study design formula. The sample size was esti-
mated based on data presented in a study which reported 
navicular drop in healthy elite athletes. The estimated 
sample size was 21 in each group.12 Hence, 21 trained 
Bharatanatyam dancers and 21 healthy non-dancers par-
ticipated in the exploratory cross-sectional study. The 
study was approved by Ethics Committee for Research on 
Human Subjects (ECRH), MGM Institute of Health Sci-
ences, Navi Mumbai, India. All participants signed 
informed consent. 
     Female professional Bharatanatyam dancers (n=21), 
between ages 18–30 years, with a minimum of 8 years of 
performance experience after completing formal dance 
training, voluntarily participated in this study. Healthy 
age-, body height-, and weight-matched non-dancers 
formed the control group. Volunteers with neuromuscu-
loskeletal injuries in past 6 months; not involved in an 
active form of physical activity such as sports, athletics or 
other dance form, and body mass index (BMI) ≥25 kg/m2 
or ≤18 kg/m2 were excluded.  

     Owing to its high reliability to quantify downward dis-
placement of the navicular bone, which directly corre-
sponds to the medial longitudinal arch height, and the 
ease of performing this clinical test with minimal instru-
ments (measuring tape and skin marker), the navicular 
drop test was used to evaluate foot pronation in dancers. 
Physical foot examination in barefoot weight-bearing posi-
tion was performed with the navicular drop test 
(ICC=0.83–0.95)13 and Feiss line (ICC=0.88–0.97)14 using 
standard testing procedures.14,15  

    In full weight-bearing standing position, the partici-
pant’s navicular tuberosity was marked and its distance 
from the floor was measured. The participants were 
then instructed to stand relaxed, and the excursion of 
navicular bone in the sagittal plane excursion (cm) was 
measured with measuring tape.15 Static foot alignment in 
weight-bearing was measured using the Feiss line in the 
standing position. Using a skin marker, the medial malle-
olus, navicular tubercle, and first metatarsophalangeal 
(MTP) joint were marked. A straight line connecting the 
medial malleolus to the MTP was drawn. The line inter-
secting navicular tubercle indicated a normally aligned 
foot. If the line ran below the tubercle, it was reported 
as an over-pronated foot, and if the line passed below 
the tubercle, it was reported as high-arched foot.16 

     Foot geometry and plantar pressure measurements 
(pedobarography) were recorded using the E med-sf system 
(Novel GmbH, Munich, Germany).16 Plantar pressure dis-
tribution (kPa) was recorded as maximum peak pressure 
(MPP), pressure time integral (PTI) (kPa/s), maximum 
force (N) contact time over forefoot (ms), mid-foot, hallux, 
and second to fifth toes. Foot length (FL), forefoot width 
(FFW), mid-foot width (MFW), hindfoot width (HFW), and 
arch index (AI) were recorded to evaluate foot geometry 
(cm). Participants were instructed to walk barefoot across 
the E med pressure platform at a self-selected walking 
pace.17 Three practice trials were given prior testing. Data 
from an average of five mid-gait cycles was used for statis-
tical analyses using IBM SPSS (ver. 20.0, 2011; IBM Corp., 
Armonk, NY). Both clinical and instrumented foot evalu-
ation were performed by the same researcher. Data 
recorded by the E med pressure platform was analysed 
using Novel software to compute the results for foot pres-
sure and geometry.  
     Comparison of all outcome variables between the right 
and left feet in both groups did not reveal significant differ-
ences (p>0.05). Therefore, measurements from only one 
foot (e.g., right foot) were considered for statistical analy-
ses. Inter-group comparison between dancers and non-
dancers was performed using analysis of covariance, with 
gait speed as the covariate. Statistical significance was set 
at p<0.05.  
 

RESULTS 
 
The dancer and non-dancer groups were matched for age 
and BMI on marginal distribution. Mean dance training 
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exposure was 11 years with an average dance exposure of 
5 hours/week (Table 1 and 2). It was observed that dancers 
presented higher arch index during walking, suggesting 
attenuation of medial longitudinal arch height (p<0.001), 
wider mid-foot (p<0.001), wider forefoot (p=0.001), and 
longer foot (p=0.001) compared to non-dancers (Table 3). 
Dancers demonstrated an overall 33% greater force over 
the total plantar surface (p=0.002). On further analysis, it 
was observed that the forces were greater on the mid-foot 
and forefoot region than other regions of plantar surface 
of the foot among dancers (p<0.001). 
     Dancers walked with significantly higher MPP on the 
total surface area of foot (p<0.001). Maximum peak pres-
sure was higher on midfoot (p<0.001) and forefoot 
(p<0.001). Dancers presented significantly higher contact 
time over mid-foot (p=0.028) and forefoot (p=0.043). Pres-
sure time integral was higher on mid-foot (p= 0.003), fore-
foot (p=0.009), and great toe (p=0.002) (Table 3). 
 

DISCUSSION 
 
The present study reports musculoskeletal foot adapta-
tions in young female, trained Bharatanatyam dancers, 
supporting our hypothesis. Dancers presented lower 
medial longitudinal arch height, wider mid-foot and fore-
foot, higher maximum peak pressure, higher contact time, 
and greater pressure time integral over total plantar sur-
face, mid-foot, and forefoot. 
 

Medial Longitudinal Arch Height 
 
Dancers demonstrated 21% lower medial longitudinal arch 
height. Attenuation of medial longitudinal arch height 
during walking may be attributed to early commencement 
of dance training before complete maturation of the foot 
arches and repetitive foot-stamping, which is a fundamen-
tal characteristic of the Bharatanatyam dance form. 
Dancers in the present study may have commenced dance 

training at an age of 8–10 years, as they reported an aver-
age of 11 years of dance practice at an average age of 21 
years.  It is known that maturation of the foot arch occurs 
by the age of 8–11 years.18 Hence, we speculate that repeti-
tive practice of foot stamping from the age of 4–6 years, 
performed barefoot may have resulted in excessive vertical 
loading of the talonavicular joint, which forms the summit 
of the medial longitudinal arch.  
     It is known that the talonavicular joint is the weakest 
part of medial longitudinal arch, supported by a weak 
plantar calcaneofibular ligament inferiorly.19 Excessive 
vertical loading of the subtalar joint results in calcaneal 
eversion, talar adduction, talar plantar flexion, and 
tibiofibular medial rotation, causing pronation of the sub-
talar joint and flat feet.20 A combined effect of talar adduc-
tion and talar plantar-flexion may result in downward dis-
placement of the navicular from its original position. 
Hence, high impact forces sustained by the talonavicular 
joint are known to result in downward displacement of 
navicular tuberosity over the head of talus, ultimately flat-
tening the arch.20,21 Notable downward displacement of 
the navicular tuberosity (11.5 mm) in standing and the 
position of Feiss line (14/21) in the dancer’s foot corrobo-
rate the previous postulation of hyper-pronated feet in 
dancers and explain attenuation of the medial longitudi-
nal arch height observed in Bharatanatyam dancers. 
 

Foot Geometry 
  
Anatomical composition of the mid-foot and forefoot 
excludes the contact of the talar head and navicular with 
the ground.18 An evident sequel of attenuation of the 
medial longitudinal arch height was presented as nearly 
50% wider mid-foot and 15% wider forefoot among dancers 
during walking. Dancers presented 32% increased contact 
time over the mid-foot compared to non-dancers, suggest-
ing that dancers stayed longer on the mid-foot during walk-
ing. It is likely that the roll over process from heel loading 
to push-off occurring during forward propulsion is slower 
due to attenuation of medial longitudinal arch height. 
 

Plantar Pressure Distribution 
 
In addition to the alterations in foot geometry, dancers 
walked with 37% higher total peak plantar pressure over 
the sole of the feet. On the foot, the highest peak plantar 
pressure and pressure–time integral was recorded on the 
forefoot; which warrants attention to foot care (MPP 440.6 
kPa). Plantar pressure distribution is defined as cumulative 

TABLE 1. Participants’ Demographic Information 

                                                       Dancers             Non-Dancers 
                                                       (n=21)                  (n=21) 

 Age (yrs)                                        21 (2.12)               20 (1.97) 
 Height (cm)                                  159.0 (0.52)           156.0 (0.53) 
 Mass (kg)                                      52.06 (9.15)           53.42 (8.35) 
 BMI (kg/m2)                                  21.77 (3.51)           22.81 (3.42) 
 Dance training (yr)                         11.25 (3.55)                 NA 
 Dance exposure (hr/wk)                 4.48 (2.91)                  NA 

Data given as mean (SD). NA, not applicable.

TABLE 2. Participants’ Foot Characteristics  

                                                                   Dancers (n=21)                                                  Non-Dancers (n=21)                                              _____________________________________       ________________________________________ 
 Biomechanical                             Low                   High                Normally                Low                   High                Normally 
 Foot Evaluation                     Arched Foot       Arched Foot           Aligned           Arched Foot       Arched Foot           Aligned               p-Value 

 Feiss line (frequency)                     14                       0                        4                        2                        1                       15 
 Navicular drop test (mm)                                 11.51 (1.04)                                                            8.79 (1.92)                                       0.034



vertical force applied per unit area of sole of foot.22 It was 
observed that the dancers walked with 12% higher total 
contact area of the foot and 30% higher vertical force over 
the total surface area of foot and forefoot compared to 
non-dancers. Although, both force and contact area of the 
dancers’ feet was higher, the vertical force exerted on the 
feet was more than twice compared to the contact area, 
which explains higher plantar pressure distribution on the 
total foot and forefoot among dancers.  
    Sullivan et al. (2015)23 reported that training-induced 
adaptations occurring in the central nervous system 
during dance foot-work result in habituation and are 
reflected in the form of increased foot stamping during 
daily walking. Previous studies have reported that contin-
ued practice of training results in neuromuscular adapta-
tions, which are characterized by greater skilled control 
of movement and carryover effects of muscle recruitment 
patterns observed in routine activities such as walk-
ing.24,25 The present findings concur with earlier observa-
tions by the authors of pronounced anterior pelvic tilt 
during gait of Bharatanatyam dancers.26 Similar observa-
tions are also reported among ballet dancers, who are 
observed to walk with higher forefoot pressure even out-
side the studio.27 

     Decreased navicular drop height combined with foot 
pronation is associated with increased laxity of non-con-
tractile structures around the ankle and foot complex, 
such as medial deltoid ligament, talo-crural, and sub-talar 
joint capsule which can predispose not only to stress frac-
tures of the ankle-foot complex, ligament sprains, and 
early degenerative arthritis, but also affect proximal joints 
leading to patellar tendinitis and iliotibial band friction 
syndrome. Excessive navicular drop has been reported 
in patients with a history of ACL tears and is known to 
predispose individuals to shin splints and medial tibial 
stress syndrome.28 Hence, findings of the present study 
are of value in gaining insight in the mechanics of the 
Bharatanatyam dancer’s foot in order to understand 
foot pain. 
     To summarize, the Bharatanatyam dance form involves 
repeated loading of the lower-extremity and intricate foot-
work performed barefoot, resulting in altered foot struc-
ture, geometry, and plantar pressure distribution. A longi-
tudinal study designed to explore musculoskeletal foot 
adaption following dance exposure would have been ideal 
to unfold the link between ankle-foot geometry and pain 
prevalence. However, the limitations and challenges of a 
longitudinal study prompted the authors to adopt a cross-
sectional study design. Nonetheless, the present findings 
will help to educate Bharatanatyam dancers about the 
structural adaptations occurring in the foot. Knowledge of 
altered foot biomechanics will also guide clinicians and 
dance trainers in designing preventive and therapeutic 
strategies to maximize foot function and prevent ankle 
and foot pain while dancers focus on performance 
enhancement. Tailor-made exercise programs can be 
designed for Bharatanatyam dancers to attenuate the 

biomechanical alterations noted in these dancers’ feet to 
maximize function and minimize risk for injury. 
 

Conclusion 
 
Training in Bharatanatyam dance alters foot geometry, 
loading, and plantar pressure distribution during walking. 
Musculoskeletal adaptations resulting in a lower medial 
longitudinal arch, wider mid-foot and forefoot, and higher 
plantar pressure over the mid-foot and forefoot during 
walking are key features. Such alterations in the ankle-foot 
complex of dancers may have implications on risk for 
injury. Therefore, the present findings will be useful to 
Bharatanatyam dancers, dance trainers, and clinicians in 
planning therapeutic strategies for prevention, early detec-
tion, and rehabilitation of ankle-foot injury and maximize 
ankle-foot function and dance performance.  
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TABLE 3. Foot Geometry and Plantar Pressure Distribution 
Among Dancers and Non-Dancers During Walking 

                                            Mean        Effect 
                                        Difference     Size 
                                          Between   Between 
                                          Groups     Groups     p-Value     f-Value 

 Foot length (cm)                     1.24        1.4           0.001*     1.098 
 Forefoot width (cm)                1.44        1.3           0.001*     2.138 
 Mid-foot width (cm)                2.31        3.16         0.001*     1.880 
 Hindfoot width (cm)                0.16        0.44         0.238       1.175 
 Arch index                              0.06        1.86         0.001*     0.677 
 Total pressure (kPa)             214.52        1.8           0.001*     0.809 
 Forefoot (kPa)                     221.19        1.7           0.001*     0.601 
 Midfoot (kPa)                      110.24        0.0           0.001*     0.504 
 Hindfoot (kPa)                       21.66        0.9           0.268       1.645 
 Great toe (kPa)                   113.28        1.06         0.006*     1.771 
 2nd-5th toes (kPa)                 42.85        1.06         0.053*     0.627 
 PTI forefoot (kPa/s)                39.19        3.2           0.009*     1.883 
 PTI midfoot (kPa/s)                24.81        1.38         0.003*     2.284 
 PTI hindfoot (kPa/s)               13.77        0.57         0.062       2.420 
 PTI great toe (kPa/s)              28.72        0.28         0.002*     1.913 
 Maximum force over total  
    plantar surface (N)            242.2          1.21         0.002*     1.344 
 Maximum force over  
    forefoot (N)                       46.05        0.47         0.002*     2.646 
 Maximum force over  
    midfoot (N)                       49.7          0.70         0.000*     0.956 
 Contact time of forefoot  
    (ms)                                221.6          7.4           0.043       0.657 
 Contact time of midfoot  
    (ms)                                151.7          4.3           0.028*     1.439 
 Contact time of hindfoot  
    (ms)                              –133.1          3.6           0.891       0.581 
 
df value is 28 (between groups) and 13 (within groups) for all outcome vari-
ables using analysis for covariance. 
*Significant at p < 0.05.
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of compressive loading forces acting on the ti-
bio-femoral joint surface and it is associated with 
increasing severity of knee osteoarthritis.5,6 There 
are positive associations between KAM and medial 
tibial plateau size on MRI (r = 0.63, P < 0.005), 
although cartilage volume remains unaffected in 
healthy people.7 Collins et al. reported worsening 
cartilage thickness (odds ratio 2.8), cartilage sur-
face area (odds ratio 2.4), worsening synovitis ef-
fusion (odds ratio 2.7), meniscal morphology (odds 
ratio 2.2), and Hoffa synovitis (odds ratio 2.0) and 
greater odds of progressive knee OA compared to 
people with no worsening changes on MRI.8

Overexposure to high flexion activities such 
as squatting and kneeling is believed to serve as a 
risk factor predisposing an individual to developing 
knee OA due to greater compressive force on medial 
tibial plateau.9–12 Changes in mechano-transduction 
due to altered loading disrupts the articular cartilage 
morphology and causes inflammation of synovium 
and menisci.13,14 Hunt et al. observed that KAM 
impulse predicted significant variation in urinary 
cartilage telopeptide of type II collagen (uCTX-II) 
levels (p = 0.04), and in the ratio uCTX-II: serum 
C-propeptide of type II procollagen (p = 0.04).13 
Thus, excessive compressive forces on the knee 
articular cartilage generates an imbalance between 
cellular regeneration and degeneration. The resul-
tant fibrillation and degradation of collagen tissue 
releases biochemical metabolic by-products into 
body fluids.6,14 Urinary cartilage telopeptide type II 
is one such biomarker indicative of articular carti-
lage damage.

Furthermore, increased formation of reactive 
oxygen species and decreased antioxidant defense 
activity can damage cellular DNA, lipids, and pro-
teins and serve as a causative mechanism for in-
flammatory diseases such as knee OA.15,16 Cells 
and biological fluids have an array of protective 
antioxidant mechanisms, for preventing production 
of free radicals and for repairing oxidative dam-
age.17,18 Currently, antioxidant activity has been 
studied from blood and synovial fluid samples us-
ing invasive methods. However, researchers are ex-
amining the relevance of non-invasive methods to 
study biomarkers in body fluids such as sweat that 
can be collected easily using non-invasive methods. 

Biomarkers from body fluids such as sweat can be 
used to probe pathogenesis of osteoarthritis and 
identification of early rehabilitation measures to de-
lay dysfunction.19–21

Lifestyle solutions are gaining interest as com-
ponents of non-pharmacological and non-surgical 
alternatives for management of knee OA. Although, 
squatting was adopted commonly for several ADL 
in the early ages and it continues to be a lifestyle 
practice for people from densely populated con-
tinents such as Asia and Africa.22 Lack of clarity 
on the quantum of squat exposure as a causative 
mechanism for knee OA and functional outcome 
of people with knee OA generates scientific curi-
osity to study the influence of varying the duration 
of daily squat exposure on knee articular cartilage 
metabolism.

The primary objective of this study was to 
review the available research on biomechanical–
biochemical profile among people with varying 
squat exposure. The secondary objective was to 
explore associations between knee adductor mo-
ment (KAM), knee flexion angle in deep squat and 
non-invasive biochemical biomarkers (urine type 
II collagen telopeptide [uCTxII]), superoxide rad-
ical scavenging activity (a measure of antioxidant 
activity) and phospholipase A2 (release in localized 
sweat enabling identification of inflammatory ac-
tivity). Results from this study will enable iden-
tification of a novel non-invasive marker of early 
OA even before radiological evidence of OA sets 
in and evidence to support prescription of squat-
ting as a potentially healthy therapeutic lifestyle 
practice.

II. MATERIALS AND METHODS

Following institutional ethical approval (MGMIHS/
RS/2015-16/190), written consent was sought from 
66 participants recruited for this cross-sectional 
study. Convenience sampling method was used to 
recruit participants from Navi Mumbai and Mum-
bai, during the period 2017–2019. Demographic 
characteristics such as age, height, body mass, 
and BMI of the participants were recorded (Ta-
ble 1). Daily squat exposure was quantified using 
a validated tool, i.e., MGM Ground Level Activity 
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Exposure Questionnaire (MGM GLAE).22 Squat ex-
posure was used to stratify healthy participants (age 
range 30–45 years) into non squatters, i.e., people 
who did not squat for any activity (n = 21); ADL 
squatters (n = 16), people who squatted for activities 
of daily living (ADL), and occupational squatters (n 
= 13) i.e. people who squatted for occupational ac-
tivity in addition to ADL. Further, people with knee 
osteoarthritis (n = 16, age 40–60 years, grade 2–3 
on Kellegren Lawrence scale, pain less than 4 on 
visual analog scale, onset 1–2 years) were studied 
to observe established biomechanical–biochemical 
changes of knee OA.23 Adults with known cardiore-
spiratory, musculoskeletal, neurological, metabolic, 
or autoimmune disorders; joint replacement sur-
gery; or traumatic conditions were excluded. People 
with knee OA grade 4, pain on visual analog scale > 
4 were not included.

Regular level of physical activity was quanti-
fied using international physical activity question-
naire (IPAQ) short version.24 Functional ability 
was scored on WOMAC scale for knee OA, in the 
domains of pain, stiffness, and difficulty while per-
forming function.25

Sweat sample analysis was performed in a sub-
set of 32 people from the cohort. Participants un-
derwent 3D gait analysis at MGM Centre of Human 
Movement Science.

A. Methodology for Urine CTXII Analysis

Urine cartilaps (CTX-II) EIA is based on compet-
itive binding of a monoclonal antibody to urinary 

fragments of uCTxII or to biotinylated synthetic 
peptides bound to the surface of streptavidin coated 
microtiter plates.26 Morning urine sample (5 ml) 
was collected in an Eppendorf and stored at –20°C 
until analysis to measure uCTX II levels using Uri-
nary Cartilaps Elisa kit (IDS Ltd., Germany) at 
MGM OMICS Research Center, as per standard 
procedure.

B.  Methodology for Analysis of 
Anti-Oxidant Activity in Locally 
Produced Sweat Sample

Antioxidant and PLA2 activity in locally produced 
sweat was analyzed to establish that metabolic 
by-products reflecting on activity of the region can 
be expressed in sweat as follows.

1. Methods Used for Sweat Collection

Sample of sweat was collected using absorbent patch 
method described herewith. Skin on knee above 
right medial knee joint line (active site) and right 
forearm (reference site) was wiped dry and swabbed 
with ethanol. A 1.5 × 1.5 cm patch of absorbable 
material (Whatman Paper 1) was prepared and cov-
ered with a non-absorbing plastic sheet to prevent 
sweat absorption from other sites. The whole patch 
was covered with adhesive tape.27 Sub-maximal 
exercise in the form of modified Bruce’s treadmill 
test was carried out to induce sweating and provide 
a uniform exercise load.28 Patch was removed im-
mediately after the test, sealed in aluminum foil, 

TABLE 1: Demographic characteristics, habitual physical activity, and deep squat exposure in non-squatters, ADL 
squatters, occupational squatters, and people with knee OA

Variable Non squatters  
n = 21  

mean (SD)

ADL squatters 
n = 16  

mean (SD)

Occupational 
squatters n = 13 

mean (SD)

p value 
using 

ANOVA

People with 
knee OA n = 16 

mean (SD)
Age, years 36.8 (4.3) 36.3 (4.9) 38.6 (7.2) 0.605 49.8 (4.3)
Height, cm 157.6 (9.0) 161.6 (11.6) 154.2 (8.8) 0.187 154.8 (8.6)
Weight, kg 65.6 (12.9) 60.2 (17.5) 51.3 (11.3) 0.035* 67.0 (11.9)
BMI, kg/m2 26.3 (4.0) 22.8 (4.7) 21.5 (4.3) < 0.001* 28.0 (5.0)
IPAQ MET min/week 353.1 (546.3) 1585.9 (3459.5) 2634.6 (3654.6) < 0.001* 758.4 (892.2)
Daily squat exposure, min 0 34.7 (30.1) 102.3 (97.1) < 0.001* 28.2 (40.3)

*Level of significance p < 0.05.
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inserted in a zip lock bag, and stored at 4–8°C for 
further analysis.

2.  Superoxide Scavenging Activity Using 
NBT Assay

Superoxide scavenging effect of sweat samples 
was determined by methods described by Beau-
champ and Fridovich, with slight modification.29,30 
The assay was based on capacity of the sample 
to enhance aerobic photochemical reduction of 
nitrobluetetrazolium (NBT) in presence of ribo-
flavin. The volume of tested sample was of 6 μL/
assay.

3. Phospholipase A2 (PLA2) Assay

Methods used by Petrovich et al. were used to an-
alyze PLA2 activity.31 10 µl of sweat sample was 
added to 90 µl substrate solution for the assay.

C. Method Used for 3D Gait Analysis

3D gait analysis was performed at Centre of Hu-
man Movement Science. Anthropometric data 
such as shoulder offset, elbow, wrist, hand, knee 

and ankle width, and inter anterior superior iliac 
spine (ASIS) distance, leg length were recorded 
and used for inverse dynamic calculations (see 
Fig. 1). As part of the study protocol, participants 
were instructed to keep hands outstretched in front 
of the body and descend to a complete deep squat, 
stay in position for 5 sec, and ascend to standing. 
Forty-three retro reflective spherical markers were 
placed on anatomical landmarks using plug-in-gait 
full body marker set. 3D data were captured at 100 
Hz using a 12 camera Vicon motion capture system 
(Oxford Metrics Ltd., UK). Ground reaction force 
data were collected using 2 AMTI force plates 
(Advanced Mechanical Technology Inc., USA). A 
static anatomical calibration trial was used to align 
joint axis, followed by capture of 5 trials of walk 
activity. Participants walked at self-selected habit-
ual speed across a 10-meter walkway. Five trials 
of deep squat activity were captured. Mid-gait data 
were filtered with a Butterworth filter at cut off 
frequency of 6 Hz for marker trajectories and 10 
Hz for analog data.32 Data were processed within 
Vicon Nexus 2.1 to compute KAM. SPSS Version 
24 (IBM) was used to perform statistical analysis. 
Knee flexion angle at deep squat, knee adductor 
moment during walk and deep squat were used as 

FIG. 1: Stick figure of 3D motion capture of walk for measurement of knee adductor moment and deep squat for 
measurement of knee flexion angle
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outcome variables for biomechanical analysis (see 
Figs. 1 and 2).

D. Statistical Analysis

Central tendency and dispersion of data were pre-
sented in form of mean and standard deviation. 
Normal distribution of data was ascertained using 
Shapiro–Wilk test.33 Associations between urine 
CTxII, antioxidant activity, PLA2 activity, and knee 
adductor moment was analyzed using Pearson’s cor-
relation coefficient. Level of urine CTxII, antioxidant 
activity, sweat PLA2 activity, and knee adductor mo-
ment were compared among the three healthy groups 
using one-way ANOVA test. Difference between 
sweat produced at knee and forearm was analyzed 
using paired Student’s t-test. People with knee OA 
were studied as a reference group to understand bio-
mechanical and biochemical changes in people with 
established damage in the knee articular cartilage.

III. RESULTS

Demographic characteristics, habitual physical ac-
tivity, and deep squat exposure in non-squatters, 
ADL squatters, occupational squatters, and people 
with knee OA are presented in Table 1. Non squat-
ters demonstrated greater body mass and BMI com-
pared to occupational squatters. People with knee 
OA were older and presented with higher body mass 
and BMI than healthy people. There was no daily 

squat exposure in non-squatters, moderate (34.7 ± 
30.1 min) in ADL squatters and people with OA 
(28 ± 40.4 min), and high in occupational squatters 
(102.3 ± 97.1 min). IPAQ score indicated low level 
of habitual physical activity in non-squatters and 
people with knee OA, moderate level of physical 
activity in ADL squatters, and high physical activity 
in occupational squatters (Table 1).

The influence of varying squat exposure was 
observed on the biochemical and biomechanical 
variables (Table 2). Values of uCTxII and superox-
ide scavenging activity were comparable among the 
groups. Activity of PLA2 in localized sweat from 
knee was significantly different among healthy peo-
ple with varying squat exposure (p < 0.05).

Lowest values of knee PLA2 activity were ob-
served in ADL squatters with moderate squat expo-
sure while occupational squatters and people with 
knee OA demonstrated higher knee PLA2 activity. 
Further, we compared between sweat PLA2 activity 
and antioxidant activity (%) at active site, i.e., knee, 
and reference site, i.e., forearm, to observe whether 
metabolic activity varied at different areas. How-
ever, no difference was observed between the knee 
and forearm in sweat PLA2 activity.

Biomechanical variables, namely knee flexion 
angle in deep squat, increased linearly with increase 
in squatting exposure (p < 0.001). People with knee 
OA (n = 16) demonstrated a reduction in knee flexion 
angle and ability to perform a deep squat. Knee adduc-
tor moment while walking was comparable in healthy 

FIG. 2: Kinematic graphs of knee angles during deep squat in a non-squatter, where the x axis represents time frame 
in millisecond and y axis represents joint angles in degrees
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people (n = 50), thus indicating that people with vary-
ing squat exposure did not show signs of increased 
joint loading. Although people with knee OA and 
non-squatters presented higher KAM during walk, the 
difference did not reach statistical significance. People 
with knee OA demonstrated low knee adductor mo-
ment during squat at left knee indicative of inability 
to complete deep squat motion and low muscle forces 
required to maintain the posture (Table 2).

Secondly, associations between the clinical 
characteristics, biomechanical, and biochemical 

variables were explored. Daily squat exposure 
demonstrated weak negative correlation with BMI, 
weak–moderate positive correlation with knee flex-
ion angle in deep squat and superoxide scavenging 
activity (Table 3).

Weak positive correlations were observed be-
tween biomarker uCTxII and BMI (r2 = 0.336, p = 
0.011), uCTxII and left knee adductor moment (r = 
0.363, p = 0.008), left knee adductor moment and 
BMI (r2 = 0.244, p = 0.034). Further, strong positive 
correlation was observed between PLA2 activity and 

TABLE 2: Comparison of uCTxII concentration, knee adductor moment, antioxidant activity and PLA2 activity, 
among non-squatters, ADL squatters, occupational squatters, and people with knee OA

Variable Non 
squatters  

n = 21  
mean (SD)

ADL 
squatters  

n = 16 
mean (SD)

Occupational 
squatters  

n = 13 
mean (SD)

p value using 
ANOVA 
among 
healthy 
people

People with 
knee OA  

n = 16 
mean (SD)

p value 
using 

ANOVA 
among the 4 

groups
uCTxII 
mmol/l

375.0 (243.4) 466.4 (294.1) 275.3 (207.6) 0.923 439.7 (442.6) 0.397

R walk KAM 
Nm/kg

0.605 (0.215) 0.548 (0.164) 0.532 (0.238) 0.531 0.566 (0.201) 0.733

L walk KAM 
Nm/kg

0.597 (0.140) 0.588 (0.271) 0.528 (0.252) 0.665 0.706 (0.689) 0.628

R squat KAM 
Nm/kg

0.197 (0.261) 0.393 (0.213) 0.320 (0.295) 0.056 0.156 (0.313) 0.028*

L squat KAM 
Nm/kg

0.147 (0.400) 0.511 (0.217) 0.230 (0.336) 0.003* 0.195 (0.212) 0.001*

R knee flexion 
angle degrees

151.9 (7.2) 157.6 (5.6) 162.0 (4.8) < 0.001* 120.6 (44.5) < 0.001*

L knee flexion 
angle degrees

153.5 (7.8) 159.7 (4.1) 161.2 (6.9) 0.001* 109.4 (48.4) < 0.001*

Variable Non squatters 
n = 6

ADL squatters 
n = 11

Occupational 
squatters n = 4

p value using 
ANOVA

People with 
knee OA n = 10

Antioxidant 
activity knee 
(%)

20.5 (10.2) 30.5 (9.2) 30.8 (21.7) 0.416 22.3 (14.8) 0.336

Antioxidant 
activity 
forearm (%)

18.0 (10.9) 29.8 (11.2) 31.7 (28.4) 0.303 29.0 (14.3) 0.338

PLA2 activity 
knee (IU)

1.36 (0.65) 1.49 (0.85) 3.0 (1.6) 0.046* 2.03 (0.95) 0.049*

PLA2 activity 
forearm (IU)

1.51 (0.75) 2.03 (1.80) 3.25 (1.72) 0.278 2.00 (0.97) 0.265

*Level of significance p < 0.05.  
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age (r = 0.819, p = 0.004), moderate positive cor-
relation between daily squat exposure and uCTxII 
(r = 0.604, p = 0.013), and a strong negative cor-
relation was observed between antioxidant activity 
at knee and right knee adductor moment (r = –0.917, 
p = 0.001), antioxidant activity at knee and left knee 
adductor moment (r = –0.767, p = 0.001 (Table 3).

IV. DISCUSSION

The current study established the association be-
tween biomechanical and biochemical biomarkers 
related to cartilage degeneration in knee OA and ex-
plored the presence of PLA2 activity in human sweat 
as an indicator of localized inflammatory activity in 
people with varying squat exposure.

Our study suggests that body mass and joint ki-
nematics are influenced by varying quantum of daily 
squat exposure. People who do not squat and lead 
a sedentary lifestyle consequently gain body mass, 
which is a strong risk factor leading to progression 
of knee OA and functional deterioration. Positive 
correlations between daily squat exposure and an-
ti-oxidant activity demonstrate beneficial effects of 
squatting. Therefore, inclusion of squatting activi-
ties into the daily lifestyle, in moderate dose, would 
seem prudent.

Further, positive correlations were observed 
among knee joint moment, knee flexion angles, knee 
function (WOMAC Score), BMI, and biochemical 
biomarker uCTxII, a sensitive biochemical bio-
marker related to knee articular damage. Similar 

observations are reported in various studies where 
weak correlations were demonstrated between MRI 
findings of knee OA and uCTxII.34,35 In this study, 
similar values of uCTxII levels were observed in 
healthy people with low to high squat exposure, 
suggesting that squatting exposure may not be det-
rimental to knee articular cartilage health. However, 
higher sweat PLA2 activity in people with high squat 
exposure suggests commencement of early degen-
eration and inflammation changes within the knee 
joint. Similar findings are reported in people with 
degenerative conditions of the knee on tissue his-
topathology.36–38 Hence it may be safer to prescribe 
low–moderate squat exposure to healthy people.

Further, we observed strong negative correla-
tion between superoxide scavenging activity at knee 
and right/left knee adductor moment, in people with 
knee OA. Thus, high joint loading associated with 
low antioxidant activity may serve as a precursor for 
progression of degeneration/inflammatory changes. 
In recent years, a substantial body of evidence has 
developed supporting the key role of free radicals in 
many fundamental cellular reactions. Previous stud-
ies suggest that oxidative stress might be important 
in the pathophysiology of common diseases includ-
ing inflammatory diseases. Antioxidants reduce free 
radicals, stimulate growth of normal cells, protect 
cells against premature and abnormal aging, help 
fight age related molecular degeneration, and sup-
port the immune system.36

While high level of physical activity is associ-
ated with high risk of knee OA, on the other hand 

TABLE 3: Correlations between BMI, uCTxII, antioxidant activity, PLA2 activity, knee flexion angles, and knee 
adductor moment during squat

Variables BMI PLA2 
activity knee

RKAM LKAM Antioxidant 
activity knee 

R Knee 
flexion angle

L Knee 
flexion angle

uCTxII 0.336* p = 0.952 p = 0.350 0.363* p = 0.332 –0.300* p = 0.058
BMI — p = 0.689 p = 0.230 0.244* –0.399* –0.502* –0.486*
PLA2 
activity 

p = 0.689 — p = 0.864 p = 0.619 p = 0.263 0.293 0.246

Antioxidant 
activity (%)

–0.399* p = 0.263 –0.917* –0.767* — 0.121 0.116

Daily squat 
exposure

–0.351* p = 0.983 p = 0.397 p = 0.294 0.497* 0.522* 0.403*

*Correlation coefficients significant at p < 0.05.
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restricted joint loading results in tendency to de-
velop severe OA.36,37 High BMI and KAM in healthy 
young non squatters may pose as a risk factor for 
development of early knee OA, thus substantiating 
the role of maintenance of a healthy BMI, high an-
tioxidant status, and performing joint loading exer-
cises such as squatting in preventive management 
of knee OA.

Group II PLA has been isolated from human 
synovial fluid and is characteristic of inflammatory 
exudates, with speculations on role of extracellular 
PLA2 in inflammation. Investigators are looking at 
methods to explore PLA2 inhibitors in acute and 
chronic diseases.37,38 High PLA2G5 has been re-
ported in articular cartilage and synovium of people 
with knee OA, attributed to overactivation of con-
version of phosphatidylcholine to lysophosphati-
dylcholine catalyzed by PLA2 and a greater risk of 
articular cartilage loss.39 High circulating PLA2 val-
ues have been reported by Leistad et al. in patients 
with arthritis with multiple PLA2 isoforms expressed 
in chondrocytes in OA.40 To the best of our knowl-
edge this is the first study reporting associations 
between biomechanical variables and inflammatory 
activity. In this study, high PLA2 activity was ob-
served in occupational squatters, followed by people 
with OA, while lowest PLA2 activity was observed 
in people with low–moderate squat exposure. These 
findings may indicate that sustained biomechanical 
load placed by squatting for prolonged duration of 
time leads to disruption of healthy cellular mecha-
nisms, inflammatory response and potential degra-
dation of articular cartilage and synovium. Constant 
loading pressure may alter the synovial fluid dy-
namics and subsequently nutrition to the articular 
cartilage thereby establishing the environment for 
cartilage damage.41 People squatting in modera-
tion may not exhibit this phenomenon and may re-
ceive positive benefits of deep squatting. Thus, the 
articular cartilage and synovium may demonstrate 
a dose-dependent response to specific quantum of 
physical activity. The fluid load support offered by 
interstitial fluid of cartilage may reduce friction un-
der the transient and dynamic loading conditions 
while squatting.42

In summary, positive correlations were ob-
served between daily squat exposure, biomechanical 

variables, and biochemical markers in the present 
study. High body mass, increase in uCTxII, decrease 
in knee flexion angle during deep squat, increase in 
knee adductor moment, and low antioxidant activ-
ity may serve as non-invasive biomarkers for iden-
tification of early knee osteoarthritis even before 
radiological signs of knee OA are observed and de-
generation of articular cartilage is established.

A rise in PLA2 activity in localized sweat from 
knee in healthy people with high squat exposure 
may indicate its ability to identify early inflamma-
tory changes in the knee joint at a stage where car-
tilage damage may not be sufficiently high. Thus, 
early identification of risk factors using non-inva-
sive methods and institution of early preventive 
therapeutic measures such as maintenance of ideal 
BMI, engaging in moderate level of squatting activ-
ities that optimally load the knee joint, correction of 
biomechanical factors that lead to excessive load-
ing, and optimizing antioxidant status of the body 
may delay onset of symptomatic knee OA. PLA2 ac-
tivity in localized sweat from knee may be explored 
in a large scale study to establish it as a biochemical 
biomarker of early knee OA.

Limitations: A cross-sectional study design 
precludes establishment of a cause–effect rela-
tionship between biomechanical and biochemical 
markers of knee OA. In this study we recruited 
healthy people and people with grade 2–3 knee 
osteoarthritis. People with grade 1 knee OA with 
doubtful narrowing of joint space could not be 
recruited. The results from this study need to be 
explored in these patients to confirm our observa-
tions. This study reports a novel concept that in-
flammatory activity can be demonstrated in locally 
produced sweat and demonstrates correlations be-
tween biomechanical analysis and biochemical 
markers. Although the patients were rested prior to 
testing and sweat collection, it may not be possi-
ble to dissociate acute response to weight bearing 
activity from damage to articular cartilage. Sweat 
collection methods need to be standardized to ob-
tain repeatable results. Interactions between squat-
ting exposure and biomechanical and biochemical 
variables need to be explored in large population 
studies to prescribe squatting as a healthy lifestyle 
activity.
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V. CONCLUSION

People with little or no squat exposure presented 
with reduced knee range of motion and lower joint 
moment during high flexion activity. People engaged 
in moderate dynamic squatting demonstrated greater 
knee range of motion and lower inflammatory mark-
ers. Hence, squatting in moderation can emerge as an 
effective lifestyle measure to maintain healthy joint 
loading and knee health. Thus, early identification of 
altered knee function, range of motion, loading char-
acteristics and cartilage damage using established, 
valid non-invasive biomechanical methods and bio-
chemical biomarkers may guide prescription of early 
therapeutic measures for prophylaxis.
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APPENDIX A. DETAILS OF BIOCHEMICAL 
MEASURES

A.1  Urinary Cartilage Telopeptide Type II 
(uCTxII)

Excessive compressive forces on the knee artic-
ular cartilage disrupts the balance between cellu-
lar regeneration and degeneration. The resultant 
fibrillation and degradation of collagen tissue re-
leases biochemical metabolic by-products into 
body fluids. Urinary cartilage telopeptide type II 
is one such biomarker indicative of articular car-
tilage damage. Biochemical markers of protease 
degraded cartilage matrix constituents like levels 
of uCTxII also provide prognostic information of 
structural damage.43

A.2 Group II Phospholipase (PLA2) Activity

PLA2 has been isolated from human synovial fluid 
and is characteristic of inflammatory exudates. It is 
speculated that extracellular PLA2 might play a role 
in the inflammatory pathogenesis of knee OA. Over-
activation of conversion of phosphatidylcholine to 
lysophosphatidylcholine catalyzed by PLA2 is asso-
ciated with a greater risk of articular cartilage loss. 
To the best of our knowledge this is the first study 
reporting expression of PLA2 activity in localized 
sweat.44

A.3 Superoxide Scavenging Activity

Antioxidants support the body’s immune system by 
reduction of free radicals, stimulation of growth of 
normal cells, protection of cells against premature 
and abnormal aging and age-related molecular de-
generation. Formation of reactive oxygen species 
and decreased antioxidant defense activity are impli-
cated as causative mechanisms that lead to cellular 
damage and act as a causative factor for develop-
ment of inflammatory diseases like knee OA. Super-
oxide scavenging activity reflects on the protective 
antioxidant mechanisms present normally in body 
fluids. They are responsible for repairing oxidative 
damage and inhibiting production of free radicals.45
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