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ABSTRACT

Background: In this study, we aimed to determine the effect of preoperative respiratory exercise 
training and practice on spirometric parameters, which are among the most critical factors evaluated 
prior to surgery.

Materials and Methods: Fifth-year medical students consisting of healthy individuals were included 
in the study. The participants were divided into a study group and a control group. The study group 
received respiratory physiotherapy training and was instructed to perform the exercises for four days. 
Pulmonary function tests were administered to both groups on the first and fifth days. 

Results: A total of 118 healthy individuals with a mean age of 24.27 ± 1.18 years were included in 
the study. Of these, 66 participants constituted the study group and 52 the control group. In the study 
group, the second measurement of forced vital capacity (FVC) was significantly lower than the first 
measurement (p < 0.001). In the control group, no statistically significant difference was observed 
between pre- and post-measurements. The FVC% predicted was also significantly lower in the second 
measurement compared to the first in the study group (p < 0.001). Furthermore, the second FVC 
measurement in the study group was significantly lower than that of the control group (p = 0.045). The 
change in forced expiratory volume in one second (FEV1) differed significantly between the study and 
control groups (p = 0.018). While a decrease in FEV1 was observed in the study group, an increase was 
noted in the control group.

Conclusions: We suggest that individualized physiotherapy protocols and targeted interventions are 
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required to accurately determine the true impact of respiratory physiotherapy in preoperative settings.

Keywords: enhanced recovery after surgery (ERAS), thoracic surgery, pulmonary rehabilitation, 
spirometry

125



Introduction

Lung cancer is the third most commonly diagnosed 
malignancy and remains one of the leading causes of 
cancer-related mortality worldwide. In non-small cell 
lung cancer (NSCLC), which constitutes the majority 
of lung cancer cases, lobectomy is considered the gold 
standard treatment, particularly in early-stage disease. 
In selected cases and in patients with limited pulmonary 
reserve, segmentectomy or wedge resection may also 
be performed [1]. Preoperative risk assessment in 
resectable patients heavily relies on cardiopulmonary 
functional evaluation. A significant proportion of 
patients diagnosed with lung cancer, particularly males, 
also have concomitant chronic obstructive pulmonary 
disease (COPD). Approximately 37% of patients 
deemed resectable are ultimately considered inoperable 
due to insufficient pulmonary functional capacity [1-3].

Pulmonary resection surgery may lead to a reduction 
in lung volumes and respiratory muscle strength, 
potentially resulting in postoperative respiratory failure. 
In recent years, video-assisted thoracoscopic surgery 
(VATS) has become increasingly widespread, and due to 
its minimally invasive nature with smaller incisions, it 
reduces respiratory muscle impairment and significantly 
lowers postoperative morbidity and mortality rates. 
Nevertheless, reduced preoperative pulmonary function 
remains a major factor associated with increased 
postoperative morbidity and mortality [1,2].

In recent years, considerable emphasis has 
been placed on the development and systematic 
implementation of perioperative care protocols aimed 
at reducing postoperative morbidity and mortality. 
Within this context, Enhanced Recovery After Surgery 
(ERAS) protocols have been shown to decrease hospital 
length of stay and postoperative complications. One of 
the key objectives of ERAS protocols is to improve 
postoperative pulmonary capacity in the remaining lung 
and to prevent respiratory failure [4].

In the present study, we aimed to evaluate the impact 
of short-term preoperative respiratory physiotherapy 
training on baseline spirometric parameters in healthy 
individuals to assess its potential role in optimizing 
preoperative pulmonary capacity.

Materials and Methods 

Fifth-year medical students attending the thoracic 
surgery clerkship were prospectively enrolled in the 

study on a voluntary basis. All participants underwent 
pulmonary function testing on the first day. Subsequently, 
participants were randomly assigned to either the study 
group or the control group. The internship groups 
consisted of 25 participants each, and allocation was 
performed randomly using a lottery-based method. 
According to the results of the randomization process, 
the internship groups were assigned to either the control 
group or the study group. Participants in the control group 
received no training or intervention, and pulmonary 
function testing was repeated on day 5. In the study 
group, following the initial pulmonary function test on 
day 1, participants received respiratory exercise training 
from a respiratory physiotherapist and were instructed 
to perform these exercises daily. After four days of 
presumed adherence to the exercise program, pulmonary 
function testing was repeated on day 5. Height and weight 
of all participants were measured, and body mass index 
(BMI) was calculated. Participant characteristics and all 
obtained data were recorded and analyzed statistically. 
Participants were excluded if they had a known chronic 
disease, a history of thoracic surgery or thoracic trauma, 
a history of inflammatory airway disease such as asthma, 
an upper respiratory tract infection within one week 
prior to or during the five-day study period, or if they 
declined participation or failed to complete either of the 
pulmonary function tests. 

This study was conducted with the approval of Non-
Interventional Clinical Research Ethics Committee of 
Izmir Katip Çelebi University (Approval No. 2023/597).

Statistical Analysis

Data were analyzed using IBM SPSS Statistics for 
Windows, Version 27.0 (IBM Corp., Armonk, NY, 
USA). Descriptive statistics were expressed as number 
(n), percentage (%), mean ± standard deviation (mean 
± SD), median (M), and minimum (min)–maximum 
(max) values. Comparisons of measurements between 
groups were performed using Mixed Design ANOVA. 
Bonferroni correction was applied for pairwise 
comparisons of main effects. Differences between pre- 
and post-measurements were calculated and compared 
between groups. Variables were analyzed using the 
independent samples t-test when parametric assumptions 
were met, and the Mann–Whitney U test when these 
assumptions were not satisfied. After categorization 
of FEV1 and FVC values, pre- and post-intervention 
differences were evaluated using the McNemar test. A 
p-value of <0.05 was considered statistically significant.
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Results 

A total of 118 healthy individuals (53 females and 
65 males) with a mean age of 24.27 ± 1.18 (range, 
23-27) years were included in the study. Of these, 66 
participants were assigned to the study group and 52 
to the control group. The mean height, weight, and 
body mass index (BMI) of the participants were 173.78 
± 9.65 cm, 69 ± 14.83 kg, and 22.78 ± 3.37 kg/m², 
respectively. No significant differences were observed 
between the groups in terms of baseline demographic 
characteristics.

Pulmonary function test parameters, including FEV1, 
FVC, FEV1/FVC, peak expiratory flow (PEF), maximal 
expiratory flow at 25% (MEF25), 50% (MEF50), and 
75% (MEF75), were compared before and after training 
and exercise within each group. The results are presented 
in Table 1. Accordingly, no statistically significant 
differences were observed in FEV1, FEV1/FVC, MEF50, 
and MMEF values between pre- and post-measurements 
in either group. MEF25 decreased significantly from 
pre- to post-measurement in the study group (F = 5.764; 
p = 0.018), whereas no statistically significant change 
was observed in the control group (F = 0.015; p = 0.902).
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Table 1. Comparison of values within and between groups.
Groups Test Statistics

Study Group Control Group F p η2
FEV1
Pre 3.74±0.92 3.91±1.03 0.927 0.338 0.008
Post 3.67±0.87 3.98±1.02 3.192 0.077 0.027
Test Statistics F=2.106; p=0.149; η2=0.018 F=1.858; p=0.175; η2=0.016
FEV1 (% predicted)
Pre 89.77±12.56 93.01±15.71 1.556 0.215 0.013
Post 88.12±11.31 93.65±14.38 5.470 0.021 0.045
Test Statistics F=1.840; p=0.178; η2=0.016 F=0.214; p=0.645; η2=0.002
FVC
Pre 4.62±1.05 4.77±1.03 0.587 0.445 0.005
Post 4.46±0.97 4.78±1.09 2.807 0.097 0.024
Test Statistics F=21.117; p<0.001; η2=0.154 F=0.045; p=0.833; η2=0.001
FVC (% predicted) 
Pre 94.31±10.13 96.30±11.66
Post 91.22±10.10 95.15±10.89

0.981 

4.097
0.324 

0.045
0.008 

0.034
Test Statistics F=18.414; p<0.001; η2=0.137 F=2.022; p=0.158; η2=0.017
FEV1/FVC
Pre 80.95±8.42 81.89±9.97 0.311 0.578 0.003
Post 82.24±7.48 83.20±8.05 0.444 0.506 0.004
Test Statistics F=2.076; p=0.152; η2=0.018 F=1.663; p=0.200; η2=0.014
PEF
Pre
Post

6.047 

5.796
0.015 

0.018
0.050 

0.048
Test Statistics

5.73±2.08
6.18±2.06
F=6.083; p=0.015; η2=0.050

6.80±2.65
7.21±2.59
F=3.990; p=0.048; η2=0.033

MEF25
Pre 2.40±0.88 0.942 0.334 0.008
Post 2.39±0.89 3.337 0.070 0.028
Test Statistics F=0.015; p=0.902; η2=0.001

4.72±1.69 1.968 0.163 0.017
MEF50
Pre
Post 4.75±1.56 3.350 0.070 0.028
Test Statistics

2.25±0.74
2.11±0.72
F=5.764; p=0.018; η2=0.047 

4.31±1.43
4.27±1.25
F=0.110; p=0.740; η2=0.001 F=0.055; p=0.812; η2=0.001

MEF75
Pre 5.48±1.99 6.36±2.49
Post 5.82±1.96 6.57±2.30

4.518 

3.656
0.036 

0.058
0.037 

0.031
Test Statistics F=3.700; p=0.057; η2=0.031 F=1.163; p=0.283; η2=0.010
MMEF 
Pre 3.87±1.23 4.32±1.56 3.012 0.085 0.025
Post 3.84±1.08 4.25±1.36 3.396 0.068 0.028
Test Statistics F=0.149; p=0.700; η2=0.001 F=0.384; p=0.536; η2=0.003
F: Mixed Design ANOVA. Effect Size (η2). Descriptive statistics are given as mean ± standard deviation. Sections highlighted in bold are 
statistically significant (p<0.05).



In the study group, the second measurement of FVC 
was significantly lower than the first measurement 
(p < 0.001), whereas no significant difference was 
observed in the control group. Similarly, the percentage 
of FVC in the study group was significantly lower in 
the second measurement compared to the first (p < 
0.001). Furthermore, the second FVC measurement 
in the study group was significantly lower than that of 
the control group (p = 0.045). For MEF75, the initial 
measurement in the study group was significantly lower 
than that in the control group (p = 0.036). The PEF 
value in the study group was significantly higher in the 
second measurement compared to the first (p = 0.015). 
A similar increase was observed in the control group (p 
= 0.048). Both the first and second PEF measurements 
in the study group were significantly lower than those in 
the control group (p = 0.015 and p = 0.018, respectively).

Intergroup comparisons of the differences between 
pre- and post-training measurements are presented 
in Table 2. The change in FEV1 differed significantly 
between the study and control groups (p = 0.018), with a 
decrease observed in the study group and an increase in 
the control group. The percentage change in FEV1 was 
statistically similar between the groups. The change 
in FVC also differed significantly between the groups 
(p = 0.002), with a decrease in the study group and an 
increase in the control group. All remaining variables 
showed no statistically significant differences between 
the study and control groups.

In addition, when FEV1 and FVC values were 
categorized based on whether they were below or above 
80% of the predicted values, no statistically significant 
differences were observed between the groups in either 
measurement period.

Discussion

The primary aims of respiratory physiotherapy are to 
increase lung volumes, facilitate secretion clearance, 
and enhance respiratory muscle strength, thereby 
improving overall respiratory capacity. Previous studies 
have demonstrated that preoperative respiratory muscle 
training can lead to improvements in spirometric 
parameters, particularly FEV1 and FVC. However, the 
magnitude of these effects varies depending on the 
duration of the intervention and the target population, 
with exercise programs longer than six weeks reported 
to yield more substantial benefits [5-7]. Additionally, 
supervised and device-assisted respiratory exercises 
have been shown to be more effective than unsupervised 
home-based programs [7]. In the present study, the lack 
of expected improvement in FEV1 and FVC values may 
be attributed to several factors, including the inclusion 

of healthy individuals, the short duration of the exercise 
program (four days), and the possibility of suboptimal 
adherence due to the study population consisting of 
students.

Studies conducted in patients with chronic obstructive 
pulmonary disease (COPD) have demonstrated that 
respiratory muscle training has significant effects on 
respiratory capacity and dyspnea, while its impact on 
FEV1 and FVC remains limited. Similarly, in patients 
undergoing thoracic surgery, preoperative respiratory 
physiotherapy has been shown to improve functional 
lung capacity and reduce postoperative complications; 
however, its short-term effects on spirometric parameters 
appear to be minimal [8-10]. While patients with impaired 
pulmonary reserve may exhibit a more pronounced 
response to such interventions, studies involving healthy 
individuals generally do not demonstrate significant 
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Table 2. Comparison of variable difference values by groups.
Groups Test Statistics
Study Group Control Group Test value p value

FEV1 0.06±0.35 0.11 (0.42) -0.07±0.40 -0.08 (0.36) z=2.374 0.018
FEV1 (% predicted) 1.65±8.99 3 (10.5) -0.63±10.92 1 (10.75) z=1.362 0.173
FVC 0.16±0.28 0.20 (0.48) -0.01±0.28 0.01 (0.39) t=3.209 0.002
FVC (% predicted) 3.09±6.25 4 (10) 1.15±5.28 2 (7.75) z=1.773 0.076
FEV1/FVC -1.29±5.91 -0.40 (5.60) -1.30±8.77 -0.15 (5.10) z=0.298 0.766
PEF -0.44±1.40 -0.37 (1.79) -0.40±1.57 -0.37 (1.53) t=0.143 0.886
MEF25 0.13±0.38 0.14 (0.47) 0.01±0.54 -0.02 (0.49) z=1.827 0.068
MEF50 0.03±0.89 -0.01 (1.17) -0.03±1.02 0.01 (0.87) z=0.035 0.972
MEF75 -0.34±1.34 -0.32 (1.69) -0.21±1.57 -0.25 (1.77) t=0.470 0.639
MMEF 0.03±0.65 0.08 (0.71) 0.06±0.91 0.01 (1.04) z=0.393 0.694
Descriptive values ​​are given as mean ± standard deviation and median (interquartile range). z: Mann Whitney U test, t: Independent two-
sample t-test. Differences (Δ) were calculated as pre-intervention minus post-intervention values (Pre − Post); therefore, positive values 
indicate a decrease, and negative values indicate an increase from pre- to post-intervention.
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improvements. This phenomenon may be explained 
by a ceiling effect, as healthy individuals are already 
operating near their maximal pulmonary capacity 
[8,10,11]. Consistent with these findings, the absence of 
expected spirometric improvements in our study may be 
attributed to the inclusion of a healthy study population.

In our study, a significant increase in PEF values 
was observed in both the study and control groups. 
This finding is likely attributable to a learning effect. 
The learning effect in spirometry refers to improved 
patient performance with repeated testing, particularly 
in effort-dependent parameters, as a result of increased 
familiarity and compliance with the procedure. Current 
guidelines published by the European Respiratory 
Society (ERS) and the American Thoracic Society 
(ATS) recommend repeated respiratory maneuvers to 
ensure reliable spirometry measurements [12].

In recent years, with the increasing implementation 
of Enhanced Recovery After Surgery (ERAS) protocols, 

more evident. Respiratory physiotherapy integrated 
within ERAS protocols has been shown to reduce 
postoperative pulmonary complications and shorten 
hospital length of stay [13].

In this study, we aimed to evaluate the effects of 
short-term respiratory physiotherapy training in healthy 
individuals. In line with the existing literature, we 
observed a decrease rather than an improvement in 
FEV1 and FVC values, likely due to factors such as the 
inclusion of healthy participants, the short duration of 
the intervention, and the characteristics of the selected 
population. The observed increase in PEF values was 
consistent with the literature and can be attributed to 
repeated testing and the associated learning effect.

Limitations of the study

The greatest limitation of our study stemmed from the 
characteristics of the study population. Because the 
study was conducted on young and healthy individuals, 
the intended objectives of the research could not be 
fully achieved, thereby limiting the overall clinical 
applicability and guiding value of the findings. Another 
important limitation was the inability to monitor the 
extent to which participants adhered to and regularly 
performed the prescribed breathing exercises for which 
they had received training.

respiratory physiotherapy interventions in healthy 
individuals do not significantly improve spirometric 
parameters, in accordance with the existing literature. 
To accurately evaluate the true impact of respiratory 
physiotherapy, future studies should focus on high-risk 
patient populations with limited pulmonary reserve and 
employ longer-duration, individualized, and targeted 
physiotherapy programs.
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