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ABSTRACT 

 

INTRODUCTION: Traumatic spinal cord injuries (TSCI) are increasingly recognised as a 

major health concern worldwide. The incidence reported varies between 12.1 to 57.8 cases per 

million people in high-income countries, while in low-income countries, it ranges from 12.7 to 

29.7. A spinal cord injury (SCI) refers to damage to the spinal cord that leads to either 

temporary or lasting changes in its function. Sleep-related respiratory issues in SCI patients are 

primarily due to respiratory motor control issues caused by paresis, paralysis, and muscle 

stiffness, assessed through the pulmonary function test. For those who have suffered spinal 

cord injuries (SCI), pulmonary problems are a leading cause of morbidity and death. Patients 

with acute traumatic cervical or upper thoracic spinal cord injury (SCI) exhibit alterations in 

pulmonary function that are suggestive of restricted ventilation dysfunction. Restrictive 

ventilatory changes brought on by spinal cord injury (SCI) include decreases in expiratory 

reserve volume, functional residual capacity, and vital capacity. 

OBJECTIVES: This study aims to find out the relation between the Supine position with the 

value of FVC & FEV1 in Quadriplegic & paraplegic Patients due to Spinal Cord Injury. 

METHODOLOGY: 20 Patients were divided into two groups included with Group A-9 

consisting of quadriplegics and Group B-11 consisting of paraplegics, studied in an 

Observational method. 

OUTCOME MEASURES: Pulmonary function Test (FVC & FEV1) 

RESULTS: The forced vital capacity and FEV1 of the spinal cord-damaged subjects were 

measured in supine lying. Quadriplegic subjects show larger FVC value in supine lying as 

compared to Paraplegics, but in the case of FEV1, Paraplegics show higher value than the 

Quadriplegics. 

CONCLUSIONS: Respiratory dysfunction occurs in patients with spinal cord injury. It shows 

a typical pattern of restrictive pulmonary impairment as observed by respiratory function tests. 

The severity of respiratory dysfunction in Spinal Cord Injury is affected by the different levels 

of cord transection and is postural dependent. 
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INTRODUCTION 

Traumatic spinal cord injuries (TSCI) are 

becoming more acknowledged as a 

significant global health issue across the 

globe. The reported incidence varies from 

12.1 to 57.8 cases per million individuals in 

high-income nations, while in low-income 

nations, it ranges from 12.7 to 29.7 [1]. 

Damage to the spinal cord that results in 

either temporary or permanent changes in its 

function is known as spinal cord injury (SCI). 

This disorder is common, expensive, and 

produces a high rate of impairment at a 

young age [2]. Both mechanical disruption 

(referred to as primary injury) and a series of 

harmful pathophysiological events (referred 

to as secondary injury) can cause damage to 

the spinal cord [3]. 

For people and their families, spinal cord 

injury (SCI) is a debilitating illness with far-

reaching effects. SCI significantly strains 

economies and healthcare systems due to lost 

output and astronomically high lifetime 

healthcare expenses [4]. Increases in central 

fat, reduced mobility from muscle paralysis, 

and recurring infections, primarily related to 

skin ulcers and urinary tract infections, are 

some of the clinical features of SCI, a chronic 

medical illness, that are linked to systemic 

inflammation [5]. 

Total weakening of all four limbs is referred 

to as quadriplegia or tetraplegia. This 

condition can be caused by an upper motor 

neuron type or, less frequently, a lower motor 

neuron type. Acute Atraumatic quadriplegia 

is difficult to anatomically localise, and a 

wide differential diagnosis encompasses 

conditions affecting the lower motor 

neurons, such as acute motor neuropathy or 

neuromuscular junction disease, as well as 

conditions affecting the upper motor neurons 

in the brainstem or, more frequently, the 

cervical spinal cord [6]. 

According to an arm crank ergometry test, 

about 25% of people with paraplegia are 

unable to consume enough oxygen to carry 

out several daily living activities. Some 

reports categorise individuals with 

paraplegia as either above (high paraplegia) 

or below T5/6 (low paraplegia), or they treat 

all paraplegics as a single study group. 

However, SCIs below T5/6 include multiple 

levels of thoracic, lumbar, and sacral injury 

that manifest with distinct neurological 

outcomes and varying degrees of somatic and 

sympathetic dysfunction [7]. 

One of the main causes of morbidity and 

death for SCI patients is respiratory 

dysfunction. Additionally, People with SCI 

are more likely to experience respiratory 

problems during sleep. Deficits in respiratory 

motor control linked to paresis, paralysis, and 

stiffness of the trunk and respiratory muscles 

are major causes of this dysfunction. 

Respiratory motor performance is assessed 

using the pulmonary function test (PFT) in 

both routine clinical practice and research.8 

In a variety of clinical settings, including 

those with risk factors for lung illness, 

occupational exposures, and pulmonary 

toxicity, pulmonary function tests (PFTs) 

enable doctors to assess their patients' 

respiratory health [8]. Interpreting 

pulmonary function tests (PFTs) entails 

contrasting measured and anticipated lung 

function metrics. The values used to predict 

pulmonary function are from healthy people, 

who are those who have never used tobacco 

or experienced any respiratory symptoms. 

According to guidelines from the American 

Thoracic Society (ATS) and the European 

Respiratory Society (ERS), reference 

equations created by the Global Lung 

Function Initiative (GLI) in 2012 should be 

used to calculate projected pulmonary 

function based on age, standing height, sex, 

and race [9]. 

Since forced expiratory volume in one 

second (FEV1) is linked to health outcomes 

and is more likely to be completed 

successfully in older adults than forced vital 

capacity, it is the most commonly used 

metric to assess spirometric function across 

time [10]. When cardiopulmonary disease 

develops and worsens, a decrease in FEV1 

frequently occurs, primarily affecting 

middle-aged and older adults. However, as 

people age, their FEV1 may also drop as a 

result of their chest wall becoming stiffer and 

their lungs' elastic recoil decreasing [11]. 
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For those who have suffered spinal cord 

injuries (SCI), pulmonary problems are a 

leading cause of morbidity and death. The 

extent of the injury sustained determines how 

much respiratory impairment results from 

SCI[12]. Forced Vital Capacity, or FVC, 

only the Residual Volume remains after the 

individual makes a maximal inspiration to 

TLC and a maximal forced expiratory effort. 

In a typical individual, the FEV1/FVC ratio 

exceeds 0.8; individuals with obstructive 

lung diseases like asthma or COPD exhibit a 

lowered FEV1/FVC. The FEV1/FVC ratio is 

believed to reflect resistance in the larger 

airways. Decreased FEV1/FVC (<70%) is an 

indicator of potential postoperative 

respiratory issues, such as the need for long-

term oxygen therapy and atelectasis 

following lung resection surgery [13]. 
 

MATERIALS & METHODS 

It is an observational study with convenient 

sampling. After obtaining institutional 

ethical committee approval, the study was 

initiated. Based on selection criteria, a total 

of 20 participants were chosen according to 

the inclusion & exclusion criteria of 

diagnosed cases of Spinal Cord Injury. It 

includes both genders, aged between 20-55 

years. After taking informed consent from 

the patients, they were divided into two 

groups. Group A includes 9 Quadriplegic 

patients, and Group B includes 11 Paraplegic 

patients. All Patients' vitals were stable, with 

chest injuries and pneumonia resolved before 

pulmonary function testing. None had 

utilised the IPPB (intermittent positive 

pressure breathing) or Incentive spirometry 

in the course of assessment. The post-

traumatic interval of all the subjects was over 

6 months. During the period of this 

investigation, all the subjects were free from 

any cardio-pulmonary problem.  

The Demographic data, such as Age, gender, 

history of Pneumonia, tracheostomy, 

Aetiology and level of spinal cord injury, 

were taken. Respiratory function test was 

performed with ‘Winspiro PRO Spirometry’. 

Each subject was studied in supine lying. No 

subjects in this study were using a spinal 

brace. Pulmonary function testing included 

Forced vital capacity (FVC) & forced 

expiratory volume in 1st second (FEV1), 

which is the most common form of 

pulmonary function test. It measures lung 

function, specifically the amount (volume) 

and speed (flow) of the air that can be inhaled 

or exhaled. Spirometer test was performed 

using a spirometer. It displays a graph such 

as  

1. A volume time curve showing volume 

along the Y axis and time along the X 

axis. 

2. A flow volume loop depicts the rate of air 

flow on the Y axis and the total volume 

inspired or expired on the X axis. 

 

PROCEDURES 

Collection of data the patients were 

interviewed and the information gathered 

about their demographic data of patients 

including name, age, gender, occupation, any 

history of systemic diseases and medications. 

Assessment of Spinal cord injury including 

respiratory diseases interference. After the 

consent from the patient, demonstration of 

the procedure was given to avoid difficulties 

during the procedure. Patient is asked to 

breathe deeply, then exhale into the sensor as 

hard and as fast as possible, preferably for 6 

seconds. The test was preceded by a period 

of quiet breathing in and out from the sensor 

(Tidal Volume), or a rapid breath in (forced 

inspiratory part) was followed by forced 

expiration. A short nose clip was used to 

prevent air from escaping through the nose. 

The collected data was noted separately after 

the 3 consecutive trails of PFT and the best 

result was taken for statistical analysis.   

 

STATISTICAL ANALYSIS 

The acquired data were tabulated, and data 

analysis was performed using the 

International Business Machine (IBM) 

Statistical Program for Social Science 

(SPSS) version 20 for Windows. The 

Kolmogorov-Smirnov test was used to 

determine the normality of the obtained 

demographic and outcome data (KS test) for 

Equality of Variances. The Pearson 
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correlation test has been used to demonstrate 

statistical significance in the two Groups. 

 

OUTCOME MEASURES 

Pulmonary function Test (FVC & FEV1) 

demonstrate strong reliability (0.999), 

particularly when conducted following 

standardized procedures and with sufficient 

patient cooperation [19]. 

 

RESULTS 

The forced vital capacity and FEV1 of the 

spinal cord-damaged subjects were measured 

in the supine lying. Quadriplegic subjects 

show larger FVC value in supine lying as 

compared to Paraplegics, but in the case of 

FEV1, Paraplegics show higher value than the 

Quadriplegics. Among the 10 Quadriplegic 

patients, 3 of them showed normal PFT 

values, whereas 50% of the patients in the 

Quadriplegic group showed a mild restrictive 

pattern in supine position and 20% had 

having moderate restrictive pattern, and 10% 

of them had a severe restrictive pattern in 

group A. Similarly, in Group B, paraplegic 

patients, only 1 of them had normal PFT 

value, whereas 10% of them showed mild 

restriction & 70% of them showed a 

moderate restrictive pattern. The statistical 

analysis showed there was a significant 

relation within the group itself, but not 

significant between the groups. 

 

GROUP-A (QUADRIPLEGIC PATIENT WITH SUPINE POSITION) 
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GROUP-B (PARAPLEGIC PATIENT WITH SUPINE POSITION) 
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DISCUSSION 

The present study aims to find out the 

relation between the Supine position with the 

value of FVC & FEV1 in Quadriplegic & 

paraplegic Patients due to Spinal Cord Injury. 

This study included 9 Quadriplegic and 11 

paraplegic Patients as participants. The 

statistical analysis displays that there is no 

significant improvement (‘p’ value=0.853) in 

overall scoring between the groups. The 

finding results do not support the H0 

hypothesis that there is no significant 

distinction between the FEV1 & FVC values 

in both the Quadriplegic and Paraplegic SCI 

patients. The degree and severity of SCI were 

not directly correlated with longitudinal 

changes in FEV1 and FVC; rather, these 

changes were caused by age and possibly 

controllable variables. These findings imply 

that efforts to strengthen respiratory muscles, 

quit smoking, regulate weight, and conduct 

studies aimed at identifying and treating 

wheezing may all help to halt the loss in lung 

function following SCI [14]. 

One study shows regardless of SCI level and 

severity of damage, BMI, and other 

variables, plasma CRP and IL-6 are 

adversely correlated with FEV1 and FVC in 

people with chronic SCI, the possibility that 

decreased lung function is a result of 

systemic inflammation linked to chronic SCI 

[15]. 

Long-term SCI patients, the Pulmonary 

function initially rises but decreases over 

time, dropping below baseline levels after 6 

years. Additional analysis with more 

comprehensive datasets is necessary to 

clarify the elements affecting these 

alterations [16]. 

Even when individuals with spinal cord 

injury (SCI), who often have weakened 

breathing muscles and impaired lung 

function, perform spirometry tests reliably, 

their results might not meet the standard 

criteria set by the American Thoracic Society 

(ATS). Excluding these individuals from 

research would create bias in studies on 

respiratory function in SCI. To get a more 

accurate understanding, we should modify 

spirometry testing standards to accept efforts 

with End-of-Breath Exhaled Volume 

(EBEV) and a 0.5-second plateau if the total 

exhalation is less than 6 seconds. This would 

help reduce potential bias [17].  

In individuals with paraplegia, chest 

expansion tended to be larger, but this wasn't 

a statistically significant difference. 

However, tetraplegics showed significantly 

reduced lung function across several 

spirometry measures, specifically vital 

capacity (VC), forced vital capacity (FVC), 

inspiratory capacity (IC), inspiratory reserve 

volume (IRV), and expiratory reserve 

volume (ERV). Further analysis revealed that 

VC was strongly linked to all other 
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pulmonary function test results. Interestingly, 

despite this strong objective correlation, 

patients' subjective reports of their breathing 

problems didn't seem to align with their VC 

measurements [18]. 

 

CONCLUSION 

Respiratory dysfunction occurs in patients 

with spinal cord injury. It shows a typical 

pattern of restrictive pulmonary impairment 

as observed by respiratory function tests. The 

severity of respiratory dysfunction in Spinal 

Cord Injury is affected by the different levels 

of cord transection and is posture-dependent. 

 

LIMITATIONS 

The sample size was limited. Therefore, 

clinical findings need to be confirmed with 

larger studies. The study examined only FVC 

& FEV1 in patients with quadriplegia and 

Paraplegic patients in supine lying. For these 

subjects, we cannot be certain how other 

positions give the result. Lesser study 

duration, no follow-up sessions, so the study 

cannot be certain that the differences remain 

the same in the long term. 

 

Recommendations 

The same study can be done with a longer 

study duration and increased sample size. 

Follow-up studies can be done in future to 

document the long-term effects of such 

provided study. The same FVC & FEV1 can 

be used for other conditions related to 

Complete or incomplete spinal cord injury 

patients. The same study can be done with a 

comparison with the control group. It can be 

compared with other Neuromusculoskeletal 

or Neurological disorders, such as Guillain-

Barré syndrome, Motor neuron disorder and 

other diseases in which who seek long-term 

bed rest to determine which values give the 

best benefit in supine lying. 
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