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ABSTRACT

Objective: Spinal manipulation has been used to improve respiratory function in healthy individuals. However, it has been observed that there are no
studies in the context of sports activities. The objective of this study was to analyse the effect of thoracic spinal manipulation on forced vital capacity,
forced expiratory volume in one second and maximal voluntary ventilation in swimmers.

Method: A randomized controlled crossover study consisting of 21 swimmers, divided into two groups (Intervention vs Control), aged 16 - 24y, where
forced vital capacity, forced expiratory volume in one second and maximal voluntary ventilation were measured in five evaluation moments: at baseline
and, 1 minute, 10 minutes, 20 minutes and 30 minutes following the thoracic spinal manipulation procedures.

Results: ANOVA tests showed no statistically significant differences for forced vital capacity (p = 0.35) and forced expiratory volume in one second (p =
0.25) among the five evaluation moments. With the maximal voluntary ventilation there was a statistically significant (p = 0.02) reduction, observed
between baseline (86.00 litres) and at 10 minutes (79.29 litres) and 30 minutes (76.24 litres). No significant differences were observed between the
results of intervention and control groups.

Conclusions: In the current study no significant differences were observed in pulmonary function after thoracic spinal manipulation. Future research
efforts should examine the effects of different manual therapy techniques and treatment protocols.

Keywords: Thoracic spine manipulation; Pulmonary function; High velocity low amplitude manipulation; Low velocity joint mobilization.

Efecto de la manipulacidn toracica en la funcién pulmonar de nadadores

RESUMEN

Objetivo: La manipulacion espinal se ha utilizado para mejorar la funcion respiratoria en individuos sanos. Sin embargo, se ha observado que no hay
estudios en el contexto de las actividades deportivas. El objetivo de este estudio fue analizar el efecto de la manipulacién de la columna toracica en la
capacidad vital forzada, el volumen espiratorio forzado en el primer segundo y la ventilacién voluntaria maxima en nadadores.

Meétodo: Un estudio cruzado controlado aleatorio que consta de 21 nadadores, divididos en dos grupos (Intervencién vs Control), de 16 a 24 aifos, donde
se midieron la capacidad vital forzada, el volumen espiratorio forzado en el primer segundo y la ventilacion voluntaria maxima en cinco momentos de
evaluacién: al inicio y, 1 minuto, 10 minutos, 20 minutos y 30 minutos después de los procedimientos de la manipulacién de la columna torécica.
Resultados: Las pruebas ANOVA no mostraron diferencias estadisticamente significativas para la capacidad vital forzada (p = 0.35) y el volumen
espiratorio forzado en el primer segundo (p = 0.25) entre los cinco momentos de evaluacién. Con la ventilacion voluntaria méaxima hubo una reduccién
estadisticamente significativa (p = 0.02), observada entre lo inicio (86.00 litros) y a los 10 minutos (79.29 litros) y 30 minutos (76.24 litros). No se
observaron diferencias significativas entre los resultados de los grupos de intervencién y control.

Conclusiones: En el presente estudio, no se observaron diferencias significativas en la funcién pulmonar después de la manipulacién de la columna
toracica. Futuros estudios de investigacién deberian examinar los efectos de diferentes técnicas de terapia manual y protocolos de tratamiento.

Palabras clave: Manipulacién columna toracica; Funcién pulmonar; Manipulacién de alta velocidad y baja amplitud; Movilizacién articular de baja
velocidad.
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Efeito da manipulacéio toracica na funcido pulmonar em nadadores

RESUMO

Objetivo: A manipulacdo da coluna vertebral tem sido utilizada para melhorar a funcéo respiratéria em individuos saudaveis. No entanto, observou-se que
néo existem estudos no contexto de atividades desportivas. O objetivo deste estudo foi analisar o efeito da manipulacio da coluna toracica na capacidade
vital forcada, volume expiratdrio forcado no primeiro segundo e ventilacdo voluntdria maxima em nadadores.

Meétodo: Estudo aleatorizado controlado cruzado composto por 21 nadadores, divididos em dois grupos (Intervencéo vs Controlo), com idades entre 16 e
24 anos, onde a capacidade vital forcada, volume expiratério forcado no primeiro segundo e ventilagdo voluntiria maxima foram medidos em cinco
momentos de avaliacdo: no inicio e, 1 minuto, 10 minutos, 20 minutos e 30 minutos ap6s os procedimentos da manipulacio da coluna tordcica.
Resultados: Os testes ANOVA nédo mostraram diferencas estatisticamente significativas para a capacidade vital forcada (p = 0.35) e volume expiratério
forcado no primeiro segundo (p = 0.25) entre os cinco momentos da avaliacio. Com a ventilacdo voluntaria maxima houve uma reducéo estatisticamente
significante (p = 0.02), observada entre o inicio (86.00 litros) e as medi¢des aos 10 minutos (79.29 litros) e 30 minutos (76.24 litros). Nao foram
observadas diferencas significativas entre os resultados dos grupos intervencéo e controlo.

Conclusédes: No presente estudo, ndo foram observadas diferencas significativas na fun¢io pulmonar ap6s a manipulacio da coluna toracica. Futuras
pesquisas devem examinar os efeitos de diferentes técnicas de terapia manual e protocolos de tratamento.

Palavras-chave: Manipulacdo coluna toracica; Funcdo pulmonar; Manipulacdo de alta velocidade e baixa amplitude; Mobilizacdo articular de baixa

velocidade.

Introduction

Spinal manipulation therapy has been used for hundreds of
years and it is commonly performed by physical therapists,
osteopaths, chiropractors and medical practitioners. The
published research investigating the effectiveness of thoracic
spine manipulation (TSM) has been growing since the beginning
of the 2000s, where different techniques were applied mostly for
treatment of musculoskeletal conditions.*

There are studies in individuals with limitations of the
respiratory system, such as chronic obstructive pulmonary disease
and asthma, in which TSM is suggested to increase joint mobility
with a positive influence on chest wall compliance and lung
function.”® The chest mobilization is also believed to improve
pulmonary ventilation and gas exchange.®

To see how the lungs are working, pulmonary function tests
(PFT) like forced vital capacity (FVC), forced expiratory volume in
one second (FEV1) and maximal voluntary ventilation (MVV) are
three non-invasive most relevant data in spirometry that can be
measured.

It has been observed that there are not so many studies in the
context of sports that explore the effects of TSM. Considering this
and since elite level athletes constantly seek methods to improve
performance, where the respiratory system is considered a limited
rate factor, additional research is required to explore the effects of
TSM. Thus, the aim of this study was to analyse the influence of a
single TSM session on FVC, FEV1 and MVV over a time frame of 30
minutes in swimmers.

Methods
Trial design

It was a randomized control trial crossover study. Participants
were randomly assigned to receive either the TSM or no TSM
procedures. Allocation to groups was randomized and concealed
from all participants, with each participant selecting a sealed
envelope from a set of prepared envelopes. Each envelop had a
group number written inside. Number 1 assigned participants to
the intervention group (IG) and number 2 assigned participants to
the control group (CG).

Participants

Participants were recruited from two swimming clubs, where
the study was conducted.

The sample consisted of 24 junior and senior swimmers of both
genders (11 males), caucasians, with frequent participation in
national level competitions, with a minimum of 3-year experience.

The inclusion criteria were to be aged between 16 and 30 years,
those who meet the general considerations for lung testing
requirements,® while the exclusion criteria used were individuals
with  cardiorespiratory  disease,  osteopathic/chiropractor
treatment in the four weeks prior to the study, previous
sternum/clavicle/rib/vertebra fracture in the last twelve months.

The participants were invited to a briefing before participation
in this study. Those who accepted and agreed to participate,
signed an informed consent and answered a questionnaire about
personal and health data. For participants under 18 parental
consent was obtained.

The study was approved by the Research Ethics Committee of
our University, in Lisbon, in accordance with the Declaration of
Helsinki. Confidentiality and anonymity were guaranteed, stored
in a computer with password, the principal author being the
responsible person for that.

Of the 24 healthy volunteers participated in this study, there
were complications encountered in two subjects reporting
obstruction/restriction on the spirometry results and one athlete
did not complete the study. Data analysis from these three subjects
were excluded. Therefore, data from 21 subjects were analysed

(see Figure 1). Their anthropometric characteristics are
summarized in Table 1. Data collection were performed

individually and on an equal basis, without interference from
other swimmers, over a two-month period.

Table 1. Anthropometric Characteristics of the participants (n =
21)

Minimum Maximum Mean SD
Age (years) 16 24 18.62 2.40
Body weight (kg) 54 88 65.48 8.71
Body height (cm) 159 186 170.71 7.47
BMI (kg/m2) 18.5 27.8 22.42 2.11

BMI: body mass index; SD: standard deviation.
Procedures

PFT was performed by a cardiopneumology technician with a
professional portable spirometer Medikro Pro, Product Code:
M9488 (Medikro Oy, Finland), validated according to the American
Thoracic Society and European Thoracic Society criteria.® All data
were determined via the Medikro Spirometry Software version
3.1-03. The recommended reference values are in accordance with
the reference equations proposed by Dias, Oliveira, Barbara,
Cardoso and Gomes” and the third National Health and Nutrition
Examination Survey (NHANES IIT) data was used.

All measurements were carried out under standard
environmental conditions, enabling comfort temperature
(between 18°C and 24°C) and a relative atmospheric humidity of
50% to 70%.
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Figure 1. Flowchart of study selection process for review

In the calculation of the body mass index (BMI), a balance (Seca
877, Hamburg, Germany) and a stadiometer (Seca 217, Hamburg,
Germany) were used for measurement.

All measurements were taken with the participants wearing
only underwear.

The 24 participants were randomly divided into two groups, 12
in the IG and 12 in the CG.

All participants in the IG completed a single experimental
session which involved PFT (FVC; FEV1; MVV) that were
measured as follows: at baseline (before TSM intervention) and: at
1st minute, 10th minute, 20th minute and 30th minute following
the TSM intervention that implicated two manual therapy
techniques applied in standardized fashion: 1) High velocity low
amplitude (HVLA) thrust manipulation®” and 2) Low velocity joint
mobilization (LVJM).*®

An osteopath with nine years of experience performed the TSM
techniques.

For HVLA, the subject laid supine with the arms crossed over
the chest and hands passed around his shoulder. The osteopath
with his hand in a neutral position contacted first over the spinous
process of T1-T4, then over T5-T8 and finally over T9-T12. The
other hand stabilized the head, neck, and upper thoracic spine of
the participant. Gently, flexion of the thoracic spine was
introduced until slight tension was palpated in the tissues at the
osteopath contact point. Then, a HVLA technique downward
toward the table and in a cephalad direction was applied. If no
popping sound was heard on the first attempt, the osteopath
repositioned the participant and performed a second HVLA thrust
manipulation. A maximum of two attempts were performed on
each participant (Figure 2a). Then it was performed LVJM rotatory
grade four joint mobilizations to the thoracic and costovertebral
joints. With the participant seated and with hands placed on the

contralateral shoulder, the osteopath placed their hand on the
costovertebral joint and rotated the participant toward end-range.
Each participant received one set of ten mobilizations to the left
and ten mobilizations to the right (Figure 2b).

The CG received only light touch without performing any
manoeuvre, without reduction, or push or joint noise and PFT
were performed in the same manner as in the IG.

=

Figure 2. A: High velocity low amplitude technique. B: Low
velocity joint mobilization technique.

Participants underwent the PFT in standing position, wearing a
nose clip. During this, they were instructed to breathe normally
into the spirometer for 30 seconds, sealed their lips around the
mouthpiece, after which they were instructed to inspire maximally
and then maximally expire as forceful as possible for six seconds
so that FVC and FEV1 could be measured. Measures were
completed in triplicate, allowing one minute between efforts, with
the best results used for analysis. One minute after, participants
completed a single MVV manoeuvre for 15 seconds.

Two athletes were excluded from the study because they
presented obstruction/restriction in the spirometry
measurements. Subsequently, there was a washout period of two
weeks, after which the crossover was done for the groups and the
intervention performed again (at this point, one athlete quitted
the study for professional reasons).

Statistical analysis

For FVC and FEV1, 12% is estimated to be the minimum level of
clinically important change.'* To calculate the sample size, we
used G*Power software (version 3.1.9.2, Heinrich-Heine-
University, Diisseldorf, Germany). Based on previous research,'”
we assumed the baseline mean (standard deviation) FVC value
would be 6.0 (+ 0.9) litres with a correlation between measures of
0.3. Considering an alpha level of 0.05, recruiting 21 participants
would provide 90% power to detect a 12% change in FVC.

Variables were assessed for normality using the Kolmogorov
Smirnov test and the Shapiro Wilk test. We concluded that the
variables followed normal distribution at the level of significance
of 0.05. Therefore, a General Linear Model ANOVA for repeated
measures was used to compare the values of both groups in the
five evaluation moments.

Statistical analyses were performed using IBM SPSS Statistics 24
(SPSS, Inc., Chicago, IL, USA).

Results

The ANOVA tests for repeated measures, after applying the
Greenhouse-Geisser correction, showed no statistically significant
differences in the results obtained in the five moments for FVC (F
= 1.093, p = 0.35) and for FEV1 (F = 1.440, p = 0.25) (see Table 2).
With respect to MVV, significant differences were found (F = 3.029,
p = 0.033), with the significant differences occurring between
Baseline and ten minutes and between Baseline and 30 minutes, in
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Table 2. Means, standard deviations, confidence intervals, ANOVA results and effect size for forced vital capacity, forced expiratory
volume in one second and maximal voluntary ventilation in the five evaluation moments

Time
Baseline 1 minute 10 minutes 20 minutes 30 minutes
M (SD) CI95% M (SD) CI95% M (SD) CI95% M (SD) CI95% M (SD) CI95% F p n
4.64 4.74 4.62 4.74 4.65 1.093 0.348  0.052
FvC (1.04) 4.17-5.12 (0.94) 4.31-5.17 (0.96) 4.18 - 5.05 (0.90) 4.33-5.15 (1.04) 4.17-5.12
391 3.86 3.77 3.81 3.80 1.440 0.247  0.067
FEV1 (0.82) 3.53-4.28 (0.76) 3.51-4.20 0(0.70) 3.45-4.09 0.71) 3.49-4.13 (0.75) 3.46 - 4.15
86.00 82.46 79.29 80.90 76.24 3.029 0.033 0.132
MVV (35.36) 69.90 - 102.09 (34.31) 66.85 -98.08 (30.74) 65.30-93.29 (32.20) 65.78 - 96.01 (33.40) 61.04 -91.45

FVC: forced vital capacity; FEV1: forced expiratory volume in one second; MVV: maximal voluntary ventilation; 7’

both cases the baseline value (86.00 litres) being significantly
higher than those after ten minutes (79.29 litres) and after 30
minutes (76.24 litres).

A paired-samples t-test was performed to compare the results
obtained by each participant in FVC, FEV1 and MVV in the five
moments, in the intervention and control situations. With two
exceptions, FVC after one minute and after 20 minutes, all the
other measurements did not show any significant difference, and
all the correlations between the two moments were strong,
positive and significant at the 0.01 level.

Discussion

This study analysed the effect of a single TSM session on FVC,
FEV1 and MVV in swimmers during a 30-minute period measured
in five evaluation moments, one to establish baseline and four
subsequent moments, after 1, 10, 20 and 30 minutes.

Decreased lung volumes at rest result in rapid shallow
breathing during exercise, which can be expressed in a decrease in
the maximal oxygen uptake (VO,max) where is considered to be
an important performance-influencing factor,** a decrease in the
maximal exercise time and MVV.**** Theoretically, an increase in
the PFT could mean an improve in the athlete's performance and
so, if TSM techniques could improve the lung function, this could
be very valuable if applied immediately before a swimming
competition or as part of the athlete's training in the short,
medium or long-term performance improvement. However, the
main finding from our study showed that there were no
statistically significant differences occurred among the five
moments in FVC and FEV1, therefore no significant improvement
was found. On the other hand, with the MVV there was a
statistically significant reduction that can be due to the fact that
this test requires effort and coordination by the athletes when
performing it, and for this reason, there may have been some
fatigue during the five moments of evaluation.®

This type of results is not unanimous in the literature, and
contrary to our results, Engel and Vemulpad'® reported significant
increase in FVC and FEV1 in healthy participants who received
nonspecific HVLA of the lower cervical and thoracic spine and the
posterior articulations of the associated ribs. However, it should
be noted that these findings were only reported immediately
following the sixth manual therapy session during an intervention
consisting of six sessions over a 4-week period.

Similarly, Shin and Lee'” investigated the effects of TSM in a
single session in healthy participants who received HVLA in the
thoracic spine and showed that after the intervention, FVC and
FEV1 were also significantly increased in the experimental group,
(FVC increased by 0.2 litres and FEV1 by 0.1 litres) while the
control group showed no difference. On the other hand, Wall et
al.*® indicated no statistically significant changes in the pulmonary
function measures at any time point following the manual therapy
intervention, and so did Santos et al.'” in a study with 30
volunteers, where the results showed no significant difference, in
FVC,FEV1 and MVV.

In conclusion, although we were seeking for acute improvement
in swimmer’s performance, our results did not quite support our
expectations.

: partial Eta squared.

Some limitations must be referred. Myofascial restrictions,
pressure, and velocity of the TSM techniques on the participants
were assumed to be identical, since they were all performed by the
same osteopath, but actually they were not measured. Also, our
intervention consisted of only one manual therapy intervention,
and it is possible that additional interventions may favourably
impact pulmonary function.

Future research should examine the effects of these and other
manual therapy techniques with more complex approaches, e.g.,
diaphragm activation and/or accessory muscle stretching, not
only in swimming but also in other type of sports, and if possible,
with a longer follow-up evaluation, in order to obtain more
reliable conclusions.
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