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INTRODUCTION

A viral infection which is recently declared global pandemic 
disease caused by the virus named Corona primarily involves 
a respiratory system with its main manifestations being in-
terstitial and alveolar pneumonia and thus gradually caus-
ing Severe acute respiratory syndrome (SARS).1 The recent 
studies have demonstrated that IPD subjects with COVID, 
have improved concerning respiratory patterns with the help 
of respiratory Physiotherapy which includes: Chest expan-
sion techniques, Breathing exercises and Positioning (CARP 
protocol).2 Studies have specifically demonstrated that lying 

prone for a minimum of 6 hours by COVID subjects have 
demonstrated maximum improvement in all the respiratory 
parameters including oxygen saturation.3 Few studies have 
demonstrated that high flow nasal cannula (High flow nasal 
oxygen therapy) along with Respiratory Physiotherapy have 
improved respiratory parameters: especially Oxygen Satura-
tion and early weaning off from ventilator is highly unstable 
patients.4 Though improvement in oxygen saturation level 
is studied and demonstrated in various articles in subjects 
with COVID, few studies have also demonstrated the ad-
verse effects of continuous mechanical ventilation of Mus-
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culoskeletal system like Neck muscle weakness, diaphragm 
weakness, abdominal muscle weakness, gradually leading to 
Posture changes.5

Constant maintenance of a certain Posture leads to shorten-
ing of the agonist muscle and lengthening of the antagonist’s 
muscle. If the same posture is maintained through-out the 
bed rest, then postural muscles may undergo tightness lead-
ing to an alteration in posture. Also, Constant posture may 
lead to the development of Bed-sore called as Pressure Ul-
cer, which occurs due to repeated bearing of the unvarying 
load on a certain area without changing in the amount of load 
borne by it for a certain duration frequently.6

The infection per se varies the posture in subjects with COV-
ID, due to pain and breathlessness. Individuals suffering from 
Corona infection, develop a slouched posture so that the en-
ergy consumed to breathe reduces and this position eventually 
leads to forward headed posture, protracted shoulder, humped 
upper-back and slouched thorax. Though, the therapies have 
improved the respiratory parameters, very less focus is given 
with perspective towards, Musculoskeletal dysfunction occur-
ring in admitted subjects with COVID in IPD. The pain oc-
curring in COVID subjects is assumed to be a multi-factorial 
disorder having several risk factors contributing to it.7

Usually, pain related to Musculoskeletal system in subjects 
with COVID admitted in ICU may arise due to continuous 
prone positioning, slouched posture, decreased ability to 
walk which may lead to hamstring tightness thus progress-
ing towards piriformis tightness and may lead to piriformis 
syndrome. Though Prone positioning is shown very effec-
tive in subjects with Corona infection it may cause several 
musculoskeletal issues like; Low back pain, sacroiliac joint 
dysfunction, neck pain, piriformis syndrome. Anatomically 
speaking, prone positioning also causes compression of the 
spinal disc posteriorly which may have a compressive effect 
on the exiting nerve rootlet. If this position is maintained for 
hours together by geriatric subjects, it may lead to harmful 
musculoskeletal disadvantage.8

Many of the above-mentioned therapies have an indeci-
sive effect on Musculoskeletal system of the IPD admitted 
subjects with COVID. Very few studies have mentioned or 
quantified the occurred musculoskeletal dysfunctions in IPD 
admitted subjects with COVID. Also, the analysis of these 
subjects on Musculoskeletal dysfunctions with perspective 
to type, mechanism and pathogenesis was the urge. Hence 
this study is been undertaken.

MATERIALS AND METHODS

Study Type and Ethical Approval
It is a cross-sectional analytical study conducted on 300 sub-
jects (recruited through non-probability sampling) who were 

diagnosed as COVID positive. The study was conducted at 
Krishna Institute Of Medical Sciences Deemed To Be Uni-
versity, Karad-Maharashtra and Approval of the study was 
taken by Institutional Ethical Committee with reference 
number: KIMS/IEC/03/2020. 

Participants
All participants were informed about the procedures and the 
written informed consent form was taken to participate in 
the study. 300 subjects were recruited in this study compris-
ing of Males and Females Diagnosed with COVID positive 
and have stayed in ICU setup minimum for 7 days. Inclusion 
criteria for recruitment were; COVID positive, 7th-day post-
ICU admission, both 3-hour prone lying and 6-hour prone 
lying therapy subjects, both the genders, subjects willing 
to participate in study and age: above 18 years. Exclusion 
criteria were: fever, unconscious subjects, subjects with al-
ready diagnosed musculoskeletal dysfunction who consent-
ed either Physiotherapist or an Orthopedician, subjects with 
neurological or cardio-respiratory instability, subjects with 
surgical history, neoplasia, and known case of severe balance 
issues. Subjects were recruited by convenience sampling. 
Subjects were recruited based on inclusion and exclusion 
criteria. The assessment of the subjects was conducted with 
Structure Orthopedic Manual Therapy assessment format 
(L-91041/2020). Sample size calculation: was calculated to 
be 300.

Analytical Procedure
Demographic details like age, gender, height, weight, BMI, 
were noted. The assessment was done based on Structure Or-
thopedic Manual Therapy assessment format along with the 
X-ray taken on the first day of admission and 7th day of ICU 
admission. 

Outcome measures of Structured Orthopedic 
Manual Therapy Assessment Format
The assessment format assesses the musculoskeletal dys-
functions and also makes an Orthopedic Manual Therapy 
based diagnosis which will be either secondary or primary to 
COVID. It provides an objective measure and evaluates the 
outcome of symptoms of bodily pain over time. The format 
is a 10 point version with 9 points for assessment and 10th 
point for diagnostic criteria. The assessment format includes 
almost all the schools of manual therapy relevant to the non-
operated conditions with musculoskeletal problems. The 
scale was documented with high Cronbach’s α coefficient, 
excellent interclass correlation and good concurrent validity 
and internal consistency. 

Statistical analysis
Data analysis was carried out using SPSS version 16.0. Ef-
fect is considered significant when P is less than 0.05.
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RESULTS

The study was divided into subjects subjected for 6 hours of 
prone lying and subjects subjected for 3 hours of prone ly-
ing. Demographic data showed no difference among groups 
hence, the parametric test was used for further analysis of the 
results with the quantitative and qualitative parameters and 
Non-parametric test was used to analyze the gender differ-
ence between the groups. 

Demographic data
The result was analyzed for age and gender (Table no. 1). No 
significant difference was found between musculoskeletal 
dysfunction and age & gender showing homogeneity among 
the sample.

Table 1: Distribution of male and female patients ac-
cording to age groups

Age group Male % Female % Total %

20-30 5 3.64 3 2.16 8 3.2

30-40 29 18.248 27 18.58 56 18.4

40-50 36 21.89 28 22.12 64 22.00

50-60 37 19.70 35 21.23 72 20.4

60+ 50 36.49 50 35.39 100 36.00

Total 157 100 143 100 300 100

Mean Age 60.17 58.81 65.12

SD Age 5.49 3.02 2.18

Duration of Prone Lying
A non-parametric test was used for assessment of the as-
sociation between duration of prone lying and gender. Chi-
square test was used to statistically analyze the data (Table 
2). Calculated p-value was greater than 0.05, hence no as-
sociation was found between the groups.

Table 2: Comparison of male and female patients 
with duration of prone lying (hrs)

Duration of the prone 
lying position

Male Female Total p-value

3 hours (Group A) 71 79 150 0.150

6 hours (Group B) 75 75 150 0.164

p-value 0.187 0.122 0.514

Comparison of duration of prone lying in COVID subjects 
concerning quantitative parameters of structured orthopedic 
manual therapy assessment format by t-test. Within-group 
analysis of the subjects in Group A showed statistical sig-
nificant with p-value 0.05*, but Group B did not show any 

significance (Table 3). Also, the between-group analysis 
showed there existed a difference between both the groups 
with p-value 0.05* concerning Accessory glides, pain as well 
as the number of tender points.

Table 3: Comparison of Duration of Prone lying in 
COVID subjects 

Parameter 3 hours 6 hours p-value

Pain 46.18 10.52 0.001*

Number of Tender points 7.26 5.08 0.05*

Accessory glide assessment

Temperomandibular joint 2.11 2.18 0.852

Cervical joint 2.12 1.25 0.05

Thoracic joint 3.18 2.54 0.05

Lumbar joint 1.98 1.27 0.05

Sacral joint 1.00 1.08 0.05

Shoulder joint 4.18 4.12 0.741

Elbow joint 4.41 3.18 0.842

Wrist joint 5.12 3.52 0.911

Hip joint 6.00 3.46 0.647

Knee joint 5.21 3.79 0.654

Ankle joint 4.87 4.82 0.236

p-value 0.121 0.05*

Comparison of duration of prone lying in COVID subjects 
concerning qualitative parameters of structured orthopedic 
manual therapy assessment format was done by employing 
t-test. Within-group, analysis varied with the parameter to 
which it was assessed concerning the subjects in the group 
(Table 4). Discussing parameter wise, Group A with 3 hours 
showed a significant effect on the type of pain, combined 
movement pattern for cervical and Fascia and muscle mobil-
ity were 0.05. Group B with 6-hour prone lying showed a 
significant effect on the type of pain, combined movement 
pattern for lumbar, Janda’s movement pattern, Spasm and 
Fascia and muscle mobility with p-value 0.05. Between the 
group, the analysis showed there existed a difference between 
both the groups with p-value 0.05* concerning the type of 
pain, combined movement pattern, Janda’s movement pat-
tern assessment, Spasm and Fascia and muscle mobility. But 
the p-value varied for the sub-parameters as given in the ta-
ble. In both the analysis that is within and between-group 
analysis, showed no significant changes in neural tensioning 
of either upper or lower extremity.
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Table 4: Comparison of Duration of Prone lying in COVID 
Parameter Nature Number of subjects with a 

positive response P-value
3 hours 6 hours

Type of pain Sharp stabbing
Burning pain
Radiating
Throbbing
Deep aching

58
45
10
20
25

15
17
10
20
80

0.001*
0.001*
0.124
0.001*
0.001*

p value 0.05* 0.05* ------

Combined movement pattern 
(Spine)

Cervical
Arthritic pain
Muscular pain
Ligament pain
Nerve pain

48
25
04
00

75
80
18
50

0.001*
0.001*
0.812
0.541

p value 0.05* 0.178 ------
Lumbar
Arthritic pain
Muscular pain
Ligament pain
Nerve pain

18
22
5
5

70
85
30
65

0.0001*
0.0001*
0.05*
0.001*

p value 0.891 0.05* -------
Janda’s movement pattern Hip extension

Hip abduction
Trunk curl-up
Cervical flexion
Push up
Shoulder abduction

0
0
8
58
12
22

80
41
38
15
26
0

0.05*
0.05*
0.05*
0.05*
0.912
0.05*

p value 0.112 0.05* -------
Spasm Neck muscles

Trapezius
Thoracic muscles
Back muscles
Gluteal muscles
Piriformis
Hamstring
Calf

43
38
34
07
04
03
01
00

08
12
03
44
32
55
12
4

0.05*
0.05*
0.05*
0.001*
0.05*
0.05*
0.754
0.945

p value 0.112 0.05* -------
Fascia and muscle mobility
(Painful is considered 1 and painless 
0)

Cervical region
Thoracic region
Lumbar region
Gluteal region
Calf region

70
31
05
02
00

37
12
68
50
25

0.05*
0.0001*
0.0001*
0.05*
0.05*

p value 0.05* 0.05* -------
Neural tensioning
(Positive=1 and Negative=0)

ULTT 
Median
Radial
Ulnar
p-value

LLTT
Sciatic
Obturator
Common peroneal
Femoral
p-value

55
36
24

0.189

20
12
10
08

0.815

25
20
20

0.745

55
12
18
57

0.527

0.874
0.174
0.891

0.845
0.975
0.842
0.789
-------
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DISCUSSION

Theories and studies so far, have focused on improvement in 
respiratory and cardiac parameters in subjects with COVID 
post their admission in Intensive Care Unit along with Regu-
lar Chest Physiotherapy, followed by CARP protocol and 
Medical Care. The medical care consisted of Drug therapy 
along with either High Flow Nasal Cannula or Mechanical 
Ventilation. Studies have demonstrated that Continuous Me-
chanical Ventilation therapy causes weakness of Diaphragm, 
neck muscles especially the flexors (muscles used for breath-
ing), thus causing ventilatory dependency.5 The biomechani-
cal theory suggests that the weakness of one group of mus-
cles leads to overactivity of others. Considering this point 
noted in the Biomechanical concepts, weakness of flexor 
aspect of the neck may have activated the extensor muscles 
overly such that it led to the development of Myofascial trig-
ger points and spasm of neck extensors as seen in the present 
study.9 Hence the present study follows the principle of the 
biomechanical concept of weakening and tightening of the 
opposite group of muscles. Also, due to this kind of changes 
in the muscular chain of agonist as well as antagonist, there 
occurs irregular or abnormal Janda’s movement Pattern as 
well as Muscle spasm in longer Prone positioning as seen in 
the present study. 

The present study divided the subjects into two groups for 
the assessment of the Musculoskeletal dysfunction occurring 
in COVID subjects concerning CARP protocol followed 
in ICU setup. The groups were divided concerning 3 hours 
and 6 hours prone lying positioning under CARP protocol. 
According to various prevalence study related to low back 
pain and neck pain, provide the data suggesting monotonous 
work, constant maintenance of the same posture, repeated 
similar movements are the causative factors for the dysfunc-
tion in Spine10. Taking a similar concept into consideration, 
lying for 3 hours and 6 hours in the respective groups may 
have caused intervertebral mobility restriction. Also, ac-
cording to the principle of Mackenzie diagnosis, the faulty 
position maintenance caused, the subjects to develop posi-
tional faults of the vertebrae. Also, the theory suggests that 
longer the duration of faulty position, more the dysfunctions 
seen.11 On similar grounds, in the present study, subjects with 
6 hours of prone lying have reduced intervertebral mobility 
rather than 3 hours.

Studies suggest that, as age increases, the musculoskeletal 
system gets weakened concerning bone density and muscular 
weakness.12 In the present study, maximum recruited subjects 
were above 60 + who are generally more prone to COVID 
attack. Also, 60+ adults have maximum degeneration in the 
joints leading to arthritic changes with the cause being occu-
pation-related or sedentary lifestyle. If such asymptomatic 
subjects with degeneration are placed in the prone position 
for a prolonged period, it will cause symptom-related pain 

in the spine. Hence in correlation to this in the present study, 
the subjects showed similar pain in arthritic condition as well 
as deep ache which is due to a muscular cause occurring as a 
fact of bony changes in geriatric. In the present study, Group 
A showed more significance towards Cervical arthritic pain 
and Group B showed more significance towards Lumbar ar-
thritic pain. 

Both the 3 hours and 6 hours of Prone lying position were 
taken into consideration in the present study which is already 
demonstrated to be significant in improving respiratory and 
cardiac parameters in subjects with COVID. Musculoskel-
etal changes occurred in subjects with COVID Specifically 
concerning prone lying position for 3 hours and 6 hours 
was dealt with in the study by using Structured Orthopedic 
Manual Therapy Assessment Pro-forma to both the groups. 
Thus, the study showed, 6 hours of prone lying was more 
significant in both qualitative and Quantitative parameters 
suggesting disadvantageous to the subjects. Rather, 3 hours 
showed lesser symptoms concerning the assessment format. 
However, bone densitometry should have been considered in 
the study to deal with the changes in Bone density in subjects 
with COVID.

CONCLUSION

Detailed History of the subjects while initial examination 
and before enforcing them into CARP protocol is manda-
tory. Geriatric subjects are more targeted in COVID attack 
as well as to the age-related Musculoskeletal changes, hence 
they should be examined in more detail for musculoskeletal 
changes that have already occurred through asymptomatic. 
The present study demonstrated that maximum pain and re-
duction in intervertebral mobility, as well as muscular chang-
es, is majorly due to age-related changes. This was more evi-
dently seen in Group B with 6 hours of prone lying. Some 
symptoms were seen in 3 hours of prone lying as well, but 6 
hours of prone lying was more significant. Thus, the present 
study concludes that, before imposing the CARP protocol, 
Physiotherapist must assess and examine the subjects with 
COVID for any musculoskeletal changes that have already 
occurred through asymptomatic, as Prone lying a part of 
CARP protocol may induce or aggravate more changes lead-
ing to the biomechanical disadvantage of the subjects which 
may cause future disability in performing activities of daily 
life. Future study can be performed to analyze the musculo-
skeletal changes occurring in subjects with COVID and treat 
them accordingly. Also, the study can be used to analyze the 
bone density changes in subjects with COVID. 
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