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Abstract

Background: Recent smoking quitters are still affected by their previous smoking years in the
form of breathing limitations and alterations. Thoracic spinal manipulation is capable of
resolving ventilation inefficiency. Aim: Our aim is to ascertain the impact of thoracic spine
high-velocity, low-amplitude manipulation (HVLAM) on ventilatory functions among male
smoking quitters. Design: This is a randomized, two-group pre—post-test, controlled study.
Setting: Health Units in the 6 of October City, Egypt. Subjects: This study enrolled 54 males
aged 35-50 years who were smoking quitters of less than one year and were equally allocated
at random into groups A and B. Group A received HVLAM intervention for the thoracic spine
along with a conventional physical therapy (CPT) program for the chest in the form of
diaphragmatic and pursed-lip breathing exercises, mobility exercises for thoracic spine in the
form of foam roll hyper-extension exercise, chest expansion exercise (Open book) and thoracic
hyper-extension from kneeling. Group B only received the CPT program. Both groups received
sessions twice weekly for 8 weeks. Tools: Participants were evaluated by a computed
spirometer to assess ventilatory functions and a 12-item Short Form Health Survey (SF-12) to
assess quality of life. Outcome measures were forced vital capacity (FVC), maximum
voluntary ventilation (MVV), forced expiratory volume in 1 s (FEV1), physical component
summary (PCS), and mental component summary (MCS). Results: Ventilatory functions and
the SF-12 survey both improved significantly within both groups. Moreover, groups A and B
had significantly increased (P<0.05) FVC, MVV, FEV1, PCS, and MCS post-treatment
compared to pre-treatment, with nonsignificant differences between both groups. Moreover,
group A showed more improvement in FVC (68.63% vs. 62.69%), MVV (9.46% vs. 8.91%),
FEV1 (46.10% vs. 36.21%), PCS (30.39% vs. 29.79%), and MCS (13.67% vs. 12.26%) than
Group B. This indicates that both groups showed improvement in ventilatory functions and the
SF-12 survey, with group A displaying more percentage of improvement. Conclusion:
Thoracic HVLAM did not significantly impact ventilatory functions in male smokers, but it
resulted in a higher percentage of improvement. Recommendations: Male smoking quitters
should consider incorporating thoracic spine HVLAM with the CPT into their rehabilitation
program to improve their ventilatory functions effectively.
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Introduction

Smoking exerts numerous detrimental impacts on the various systems inside
the human body, specifically the respiratory system [1]. Smoking addiction is a
significant risk factor leading to bronchial hypersensitivity, airway congestion or
constriction, as well as asthma and lung cancer [2]. Smoking-induced lung
diseases propagate from small to larger air passages [3]. Former smokers continue
to have respiratory limitations and changes as a result of their prior years of
smoking. Smoking additionally diminishes pulmonary functioning by reducing
forced expiratory volume in 1 second (FEV1) and forced vital capacity (FVC)
[4]. Exposure to cigarette smoke results in a rapid decrease in FEV1, ultimately
causing a blockage in the airways (FEV1/FVC < 0.7). The presence of
emphysema, either alone or in combination with various inflammatory cells and
mucus, is responsible for the structural anomaly that leads to airflow obstruction
and decreased flow rates [5]. This abnormality specifically causes the narrowing
of the small airways. Smoking cessation does not completely reverse the
accelerated rate of decline, suggesting that individuals with limited smoking
histories are nonetheless susceptible to developing lung diseases with symptoms
in years to come [6].

Exercise and physical activity have a direct impact on the respiratory system.
Thoracic spinal manipulation (TSM) can enhance the mobility of the chest wall,
intervertebral, and costovertebral joints [7]. Performing joint mobility exercises
for the spinal segments enhances muscle efficiency by preventing excessively
utilizing besides strengthening the erector spinae muscle [8]. Furthermore, these
exercises promote performance by enabling proper muscle usage. In addition,
enhancing the movement of the muscles surrounding the joint helps optimize joint
motion [9]. Thoracic and spinal joint mobilization exercises can effectively
address breathing inefficiencies resulting from chest pump malfunction [10].
Prior to the occurrence of irreversible injury to the pulmonary blood vessels, it is
necessary to execute corrective procedures for chest cage deformations and
engage in exercises aimed at enhancing chest wall flexibility in order to alleviate
pressure on the lung parenchyma [11].

Therefore, we aim to evaluate the impact of thoracic spine high-velocity, low-
amplitude manipulation (HVLAM) on ventilatory functions among male
smoking quitters. This study intends to gain insights into the possible benefits of
HVLAM in managing deficits in ventilatory function by analyzing changes in
functions using computed spirometers like Spiro-Spectrum.

Materials and methods

Participants
This randomized, two-group pre—post-test, controlled study enrolled 54 males
aged 35-50 years who were smoking quitters of less than one year from Health
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Units in the 6th of October City, Egypt, and were allocated randomly into groups
A and B.

Group A received HVLAM intervention for the thoracic spine along with a
conventional physical therapy (CPT) program for the chest in the form of
diaphragmatic and pursed-lip breathing exercises, mobility exercises for the
thoracic spine in the form of foam roll hyper-extension exercise, chest expansion
exercise (Open book) and thoracic hyper-extension from kneeling. Group B only
received the CPT program. Both groups received sessions twice weekly for 8
weeks.

The study included patients who were smokers for 10 years or less, had a body
mass index (BMI) of 18.5-24.9 kg/m?, had less than 1 year of cessation, and did
not perform routine exercises. Patients were excluded if they could not
understand and follow verbal instructions, were athletes, had any cardiovascular,
abnormal chest wall, spinal deformities, previous chest surgery or respiratory
disorders, had a history of aneurysm, uncontrolled blood pressure, any metabolic
disorders (diabetes) or were medically unstable (Figure 1).

Randomization was conducted for the 54 participants utilizing 54 closed
envelopes prepared by the researcher, and each envelope had a card labeled as
either Group A or B. Each patient was requested to choose a closed envelope
through 1:1 simple randomization to be allocated at random to either group A or
B (n = 27/group).

The Scientific Research Ethics Committee of Faculty of Physical Therapy,
Cairo University, authorized the study (P.T.REC/012/005046). Participants were
aware of the trial's nature and effects and signed informed consent

NILES Journal [or Gerlairic and Geroniology
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Figure 1. Study flow chart.
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Procedures

Evaluation Procedures

Spirometric measurements, including FVC, FEV1, and maximum voluntary
ventilation (MVV), were documented for each participant using a spirometer pre-
and post-intervention. Spirometry (Russia, 2017) is a simple test diagnosing and
monitoring lung conditions by measuring the exhaled air in one forced breath.
Body mass and height were measured to estimate the value of BMI for each
participant. Each participant in both groups fulfilled a 12-item Short Form Health
Survey (SF-12) that evaluates eight health domains to evaluate physical and
mental health.

Treatment Procedure

Group A received an eight-week CPT with two HVLAM sessions weekly,
while Group B (Control) received only the CPT program for eight weeks, two
sessions weekly.

HVLAM program

The therapist positions themselves on the opposite side of the thoracic
rotation. From the therapist's viewpoint, when the participant crosses their arms,
the arm on the opposite side of where they are standing should be positioned on
top. From the participant's viewpoint, the arm on the side of the thoracic rotation
should be placed on top. The therapist extends their arm across the patient and
positions their thenar eminence behind the posterior transverse process. The
therapist applies pressure to the participant's crossed elbows using their epigastric
area. The therapist's other hand elevates the participant's head and trunk, causing
the hand on the posterior transverse process to experience pressure from leaning
on the elbows. The participant is instructed to inhale deeply as the therapist
applies pressure to the elbows during exhale. During maximum exhalation, the
therapist forcefully delivers a sudden and brief movement from the trunk onto the
participant's elbows in order to mobilize the joint. Subsequently, the participant
should have a reassessment following the manipulation. The participant is
thereafter reevaluated [12].

The CPT program for the chest and mobility exercises for the thoracic spine
were in the forms of :

1- The foam roll hyper-extension exercise involves lying face up with the
glutes and shoulders on the ground (crook lying). The foam roller was placed
behind the upper thorax and used as a pivot to arch the spine backward. This
exercise flexes and extends the spine, using the foam roller as a pivot point along
the mid to upper back [13].

2- Chest expansion exercise (Open book): The participant got into a half-
kneeling position; his elbows were extended, and his arms were in 90-degree
flexion abduction. The participant then rotated his body towards the flexed hip
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side, taking a breath in while rotating, breathing out while returning, and
repeating [14].

3- Thoracic hyper-extension from kneeling: The participant got into a
kneeling position and then bent forward to put his elbows and forearms on a
surface (chair, ball). The participant then dropped his chest downward, increasing
the back extension, held for 1-2 min, and repeated five times [15].

4- Diaphragmatic breathing exercise: The participant assumed a comfortable
position, inhaling through the nostrils for approximately 4 s, allowing the
abdomen to expand. They then held their breath for 2 s before exhaling slowly
and steadily through the mouth for roughly 6 s, ensuring that the mouth remains
relaxed and the abdomen contracts. This cycle was repeated for 5 min [16].

5- Pursed-lip breathing exercise: The participant inhaled through the nose for
2 s and pursed their lips as if preparing to extinguish the candles on a cake. Then,
they exhaled gradually and steadily via pursed lips for 4—-6 s and repeated if
necessary [17].

Sample size calculation

The sample size was determined through the G*power software 3.1.9 (G
power program version 3.1, Heinrich-Heine-University, Dlsseldorf, Germany).
The effect size used in the sample size calculation was selected following the
findings of prior studies [18, 19]. Sample size calculation was performed using F
tests (MANOVA: Special effects and interactions) with the following parameters:
Type I error (o) = 0.05, power (1-p error probability) = 0.80, effect size £2 (V) =
0.2309871, and Pillai V = 0.3752876. The total sample size required for
comparing two independent groups on five major variable outcomes was
determined to be 40 participants. Given a dropout rate of 15%, the study requires
a minimum sample size of 46 patients (with a minimum of 23 patients in each
group) (Figure 2).

F tests — MANOWVA: Special effects and interactions
Mumber of groups = 2, Number of predictors = 2, Response variables = 5,

o err prob = 0.05, Effect size (V) = 0.2309E7
50 —

45

40 |

Total sample size

35 —

30 —

T T T T T T T T T T T T T
0.6 0.65 0.7 0.75 0.8 0.85 0.9
Power (1 -B err prob)

Figure 2. Sample size calculation.
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Statistical analysis

The statistical analysis was performed employing the SPSS version 25 for
Windows (SPSS, Inc., Chicago, IL). The subsequent statistical analyses were
carried out: The quantitative descriptive statistics data included the mean and
standard deviation for various general characteristics of male smoking quitters
(age, BMI, smoking years, cessation time, and cigarette number/day) as well as
data for variables such as FVC, MVV, FEV1, physical component summary
(PCS), and mental component summary (MCS). An independent t-test was
conducted to compare the general characteristics and factors of the participants
between both groups. The study employed multivariate analysis of variance
(MANOVA) to compare the primary dependent variables (FVC, MVV, FEV1,
PCS, and MCS) across different groups and periods. A mixed design 2 x 2
MANOVA test was conducted, with the first independent variable being the
tested groups, which had two levels (Group A vs. B). The second independent
variable, which was a within-subject component, involved measuring periods
with two levels: pre- and post-treatment.

Results

Baseline Characteristics
The baseline characteristics, including age, smoking duration, and BMI, were
comparable between both groups (Table 1).

Table 1. Participants' general characteristics.

Participant general characteristics

Items Age BMI Years of Time of Number of
(Year) (kg/m?) smoking Cessation  cigarettes/day

Group A (n=27) 4096 +3.53 23.40+1.26 3.27 +1.35 544 +1.71 11.89 +3.93

Group B (n=27) 42.48+4.83 23.26+1.44 2.88+0.89 4.30 £1.33 10.70 £2.10

t-value 1.861 0.370 1.246 1.360 1.443
P-value 0.096 0.713 0.218 0.180 0.162
Significance NS NS NS NS NS

Data represent mean tstandard deviation (SD); P-value: probability value; NS: non-significant

FVC Comparison

Within groups A and B, FVC (P=0.001) significantly increased post-treatment
compared to pre-treatment (P < 0.05), with mean differences (change) of 1.75%
and 68.63% as well as 1.63% and 62.69%, respectively (Figure 3A). Between
both groups, FVC did not significantly differ post-treatment compared to pre-
treatment (Figure 3B). However, group A displayed an increase in FVC
percentage of improvement post-treatment (68.63%) than group B (62.69%).
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Figure 3. Mean values of FVC pre- and post-treatment within (A) and
between (B) groups.

MVV Comparison

Within groups A and B, MVV (P=0.001) significantly increased post-
treatment compared to pre-treatment (P < 0.05), with mean differences (change)
of 9.30% and 9.46%, as well as 8.78% and 8.91%, respectively (Figure 4A).
Between groups A and B, MVV did not significantly differ post-treatment
compared to pre-treatment. Nevertheless, group A had a higher MVV percentage
of improvement post-treatment (9.46%) than group B (8.91%) (Figure 4B).

A B
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mPre-treatment BGroup A EGroup B
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98.26

Post-treatment

Group A Group B Pre-treatment

Groups Treatments

Figure 4. Mean values of MVV pre- and post-treatment within (A) and
between (B) groups.

FEV1 Comparison

Within groups A and B, FEV1 (P=0.001) was significantly increased post-
treatment compared to pre-treatment (P<0.05), with mean differences (change)
of 1.36% and 46.10%, as well as 1.09% and 36.21%, respectively (Figure 5A).
Between groups A and B, FEV1 had no statistically significant differences post-
treatment compared to pre-treatment. Nonetheless, group A exhibited a higher
FEV1 percentage of improvement post-treatment (46.10%) than group B
(46.10%) (Figure 5B).
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Figure 5. Mean values of FEV1 pre- and post-treatment within (A) and
between (B) groups.

PCS Comparison

Within groups A and B, PCS (P=0.001) was significantly increased post-
treatment compared to pre-treatment (P<0.05), with mean differences (change)
of 10.51% and 30.39%, as well as 10.28% and 29.79%, respectively (Figure 6A).
Between groups A and B, PCS did not significantly differ post-treatment
compared to pre-treatment. Meanwhile, group A had an increased PCS
percentage of improvement post-treatment (30.39%) compared with group B
(29.79%) (Figure 6B).
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Figure 6. Mean values of PCS pre- and post-treatment within (A) and between
(B) groups.

MCS Comparison

Within groups A and B, MCS (P=0.001) significantly increased post-
treatment compared to pre-treatment (P<0.05), with mean differences (change)
of 5.57% and 13.67%, as well as 5.18% and 12.26%, respectively (Figure 7A).
Between groups A and B, MCS did not significantly differ post-treatment
compared to pre-treatment. However, group A had an increased MCS percentage
of improvement post-treatment (13.67%) compared with group B (12.26%)
(Figure 7B).
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Figure 7. Mean values of MCS pre- and post-treatment within (A) and
between (B) groups.

Discussion

Our aim was to detect the effect of thoracic spine HVLAM on ventilatory
functions such as FEV1, FVC, and MVV among smoking quitters men aged 35—
50 years old who were recruited from multiple Health Centers in the 6th of
October City, Egypt. Participants were randomly assigned into two groups and
received two sessions weekly for 8 weeks. Group A received HVLAM for the
thoracic spine with chest CPT program and thoracic mobility exercises in the
form of diaphragmatic breathing exercise, pursed-lip breathing exercise, foam
roll hyper-extension exercise, chest expansion exercise (Open book) and thoracic
hyper-extension from kneeling. Meanwhile, group B only received the CPT
program chest and mobility exercises for the thoracic spine. According to our
knowledge, few researchers have studied the effect of HVLAM on ventilatory
functions in this specific gender and range of age, especially recording a long-
term effect after multiple sessions along with conventional chest exercises and
thoracic mobility exercises. Therefore, we depended on the explanation of our
results on different research characteristics.

The current study found a slight increase in FEV1 in group A compared to
group B, but it was not statistically significant. This aligns with a study by
Williams et al.[20], who examined the lasting effects of thoracic manipulation
and rib raising on spirometric measurements in 38 asymptomatic participants and
revealed no significant difference in mean FEV1 between group values at 1 week.
Consistently, thoracic HVLAM and types of conventional chest exercises should
have an equivalent impact on enhancing pulmonary function. The study by Kleyn
et al.[21] contradicts the findings of this study, in which they found an
improvement in FEV1 pulmonary function due to the thoracic spine and posterior
rib manipulation in the intervention group and a significant difference between
the groups. Same as Shin et al.[19] demonstrated that after an intervention with
TSM, the experimental group showed significantly increased FVC and FEV1
levels. In contrast, the control group that received a placebo TSM showed no
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difference. The differences in results pre- and post-intervention may be due to the
frequency of the intervention, the type of intervention in the control group, and
the participants' characteristics. Meanwhile, the intervention approach in this
study, where group A had HVLAM intervention and CPT program and group B
only received the CPT program, minimized the difference in outcome measures.
Kleyn et al.[21] and Shin et al.[19] conducted studies involving a single
intervention applied to a single group, while a control group received no
intervention.

Our outcomes showed a slight increase of FVVC in group A, more than in group
B, with a change of 5.94%, but that change was not statistically significant. These
results agreed with Kleyn et al.[21] . Although their study did not come in
agreement with our study in FEV1 values post-intervention, however, our results
came in agreement with their results in the insignificant changes in FVC in both
groups (P > 0.05). However, studies examining the immediate effect of HVLAM
on pulmonary function, such as those by Joo et al.[18] and Shin et al. [19], who
found significant differences in FVC and other ventilatory functions in the TSM
group (P < 0.05), while no significant changes were observed in the sham group,
which did not align with our study results. As an explanation, these differences
between results may be attributed to whether the re-evaluation was performed
immediately after the intervention or after some time. In our study, we depended
on a single evaluation before starting the course of sessions and a single re-
evaluation after the end of the course. Accordingly, immediate re-evaluation can
significantly affect results than re-evaluation after sessions over time.

Herein, a slight increase of MVV was observed in group A more than in group
B with a change of 0.55% but that change was not statically significant. These
results agreed with Cordeiro et al.[17], who revealed no significant differences in
MVV evaluated at five evaluation moments: baseline, 1, 10, 20, and 30 min after
the TSM procedures. Nevertheless, our findings contradicted the conclusions of
Jonely et al.[22], whose study reported a significant disparity in MVV among the
manipulation group, as measured within one week after the third intervention
session. As an explanation for the difference in outcomes, in this study,
participants were smoking quitters, so there was a factor that impacted the lungs'
response to an outer intervention. However, Jonely et al.'s study[22] included
healthy subjects I who may have had more lung flexibility to respond to
intervention and conducted an immediate reassessment post-HVLAM. Therefore,
as previously stated, immediate reassessment would have had significant effects
on the outcomes.

Conclusion

HVLAM application has no statistically significant difference in the
ventilatory functions among male smoking quitters. However, participants who
received HVLAM showed a higher percentage of improvement.
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Limitations

This study was constrained by the relatively small sample size, which may
limit generalizing the findings to a broader population. In addition, personal and
individual differences between participants might affect outcome measures.
Participants faced challenges in receiving several sessions, particularly in group
A, as it necessitated visiting the clinic to attend the sessions. Future studies should
focus on resolving the limitations mentioned in our current study. A larger sample
size is required to confirm our results. Studies should evaluate the effect of
HVLAM between immediate and long-term effects. Our methods should be
applied to participants with moderate and severe loss in ventilatory functions.
Additional research should be carried out on female participants to compare the
effects for both genders and different ages with more respiratory dysfunctions.
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