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Abstract Background: Thoracic surgery can cause negative effects such as chronic
pain, impaired thorax movement and/or impaired breathing. There are indications
that manual therapies, such as osteopathy, may be beneficial for these conditions.
Objective: To investigate effects of osteopathic intervention on chronic pain and
remaining limitations to thoracic range of motion and breathing in patients who
had undergone thoracoabdominal resection of the oesophagus.
Design: In a single-subject research design (Aa-B-Ab), 8 participants with chronic
postoperative thoracic pain, stiffness and/or breathing impairment after standard-
ized oesophagus resection were given 10 sessions of osteopathic treatment of
45 min. Expiratory vital capacity, thorax mobility, pain experience, and subjective
perception of treatment were measured on three occasions during each phase. The
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Implications for clinical p
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two-standard deviation band method was used to indicate significant change.
Results: A significantly increased range of motion in the thorax was observed in
thoracic excursion and in lateral flexion. A positive change in pain was also noted.
The results in expiratory vital capacity were contradictory. The participants were
generally positive toward the treatment given.
Conclusion: Osteopathic intervention may affect thoracic impairment and pain
among people with chronic pain and impaired thoracic range of motion after thor-
acoabdominal resection of the oesophagus.
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ther conclusion of clinical effectiveness.
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tients, be collaborative between international surgical centres and also
treatment protocol used in this trial.
Introduction

A common surgical access in the treatment of
oesophagus cancer is through incision between two
ribs (costae), i.e. thoracotomy. The procedure is
considered to be among the most painful surgical
incisions.1-3 Long-term follow-ups have reported
postoperative chronic pain, breathing restriction,
dyspnoea, decreased chest expansion and
impaired physical performance.4,5 There is
currently no evidence of effective treatment to
offer these patients. However, there are indica-
tions that manual medicine, i.e. “treatments given
by hand”, may be effective against pain associated
with thoracotomy.6

One of the manual disciplines is osteopathic
medicine, founded in the late 19th century and
often seen as the origin of Western manual medi-
cine. The basic concept in osteopathic philosophy
is the self-healing and self-regulating capacity in
the human body, which is thought to be dependent
on the integrity and interrelatedness of structure
and function at all levels in the body.7 The model
emphasizes the use of a variety of manual tech-
niques to improve physiological function.8 Little
research has focused on effects of osteopathic
interventions in the postoperative phase.
However, smaller studies have shown positive
results in patients undergoing gynaecological9 or
cardiac surgery,10 or in patients with pancrea-
titis.11 Osteopathic intervention guidelines have
also been suggested for postoperative pain.12 Two
clinical studies have presented positive results of
an osteopathic intervention for pneumonia.13,14

There is consequently an indication that osteo-
pathic manual treatment can be beneficial for
people suffering from pain, thoracic stiffness or
breathing impairment after thoracotomy. Thus the
aim of this study was to investigate the effects of
osteopathic intervention on chronic pain and
remaining limitations to thoracic range of motion
and breathing in patients following thor-
acoabdominal resection of the oesophagus.
Methods

Study design and instrumentation

A single-subject research design, with Aa-B-Ab
phases, was used.15,16 “A” represents a nontreat-
ment phase, where “a” is before the intervention
and “b” is after the intervention. “B” refers to the
ten weeks intervention phase. All three phases
consisted of three measurement sessions: Aa once
a week for 3 weeks, B every second to third week
for 10 weeks, and Ab every second to third week
for 8 weeks. Each measurement session consisted
of physical measurements, a period of rest when
the participants filled out questionnaires and,
after 60 min, re-performance of the physical
measurements.

The quantitative objective measurements
(physical) were:

http://creativecommons.org/licenses/by-nc-nd/3.0/
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� Forced vital capacity (FVC)17 measured with
Easyone ultrasound spirometry18,19(nnd
Medical Technologies Inc, MA, USA)

� Thorax excursion.20e22 Difference in chest
circumference at level costae 4 and at xiphoid
process during instruction of maximum inspi-
ration and maximum expiration

� Respiratory thoracicandabdominalmovementof
rest and during maximum and minimum
breathingmovement,measuredwithRespiratory
Movement Measuring Instrument (RMMI).23,24

� Lateral flexion measured at the thigh level of
the tip of the index finger in a standing position
and in maximal lateral bending position to the
right and left.25

� Thoracic flexion assessed by measuring the
distance between skin marks at the 7th
cervical vertebrae spinous process and 30 cm
caudal in a standing position, during maximal
flexion of the back and the neck and in
maximal extension.21

� Pain intensity assessed during lying, sitting and
standing measured with Pain-o-meter.26

� Brief Pain Inventory short form (BPI-SF)
Swedish version.27,28 The BPI is scored in two
measures e pain severity and pain interference
e that range from 0 to 10, with higher scores
indicating poorer functioning. Only pain
severity is reported in this paper.

� Physical activity measured with the Interna-
tional Physical Activity Questionnaire short
version (IPAQ-S) Swedish version29e31 (Before
(Aa) and after (Ab)).

� Intervention related questions for pain, stiff-
ness, breathing, recommendation, interven-
tion suitability, and sufficiency of the number
of treatments evaluated at the final measure-
ment session.

Participants

Clinical records for patients who had undergone
resection of the oesophagus by thoracoabdominal
surgery (by incision between right side costae five
and six and abdominal middle incision) at one
surgical centre in the southwest of Sweden
between 2003 and 2010 were scanned for suit-
ability of inclusion in the study. A total of 163
patients were identified. Of these, 78 were still
alive at the start of the study. The exclusion
criteria were: 1) known active malignity; 2) failing
general condition; 3) psychiatric decease or
cognitive dysfunction; 4) active alcoholism; 5)
dermatological decease; 6) osteoporosis; 7)
ongoing infection (except for cold or common
virosis, or smaller wounds; 8) hemorrhagic
disorder; 9) known neurological injury or disease
affecting the thorax; 10) preoperative pain in the
thorax; 11) previous treatment by an osteopath;
and 12) living more than 50 km from the osteo-
pathic intervention clinic. Of the 78 patients, 36
lived within 50 km of the osteopathic clinic, and
after further exclusion due to other medical
conditions, 19 patients were initially contacted
and informed of the study by mail. These subjects
were phoned one week after mail distribution,
informed again about the study, checked for
inclusion criteria and invited to participate.
Inclusion criteria were: 1) perceived pain; 2)
stiffness in the thorax and/or 3) dyspnoea
commencing after the thoracotomy that did not
resolve postoperatively. Of the 19 people invited,
9 accepted participation. Of those who declined to
participate, 7 people had no symptoms in the
thorax or breathing and 2 had pain and stiffness in
the thorax but did not wish to participate. One of
the subjects declined further participation after
the first measurement session due to heavy reflux,
not connected with the study. In total, 8 partici-
pants commenced the study protocol.

Ethical considerations

The Regional Ethics Review Board in Gothenburg,
Sweden, approved the study (Dnr. 665-10). All
participants received written and verbal informa-
tion about the study before giving their written
consent to participate.

Intervention

Participants were given osteopathic treatment
once a week for 10 weeks. Each treatment was
restricted to 45 min and limited to specified
osteopathic techniques focussing on the thoracic
region, see Fig. 1. It was also possible for the
osteopath to give additional, individually adapted
techniques within the consultation. All treatments
in the study were delivered by two osteopaths,
educated in Sweden and Great Britain, each with
over 20 years of clinical experience.

Statistical analysis

Standard statistical measurements are not used in
single-subject research design.32 Instead, results
are often presented graphically. The focus in this
study was on graphically illustrating each subjects’
values and the mean value of each phase, and
using the two standard deviation band method.
With this method, the mean and standard devia-
tion (SD) of phase Aa are calculated and a band of



Figure 1 Standardized osteopathic techniques given at each treatment occasion.
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þ2SD/-2SD is graphically applied from the mean
of phase Aa as a shaded area.32 This shaded band
is analogous to a 95% confidence interval (CI), and
values outside this area are considered significant
if two consecutive data points in the treatment or
post-treatment phase fall outside the range of
two standard deviations.33 In this study, signifi-
cance was accepted if two measurement points
were observed on two consecutive different
measuring dates.
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Results

A total of 8 participants (n ¼ 3 women, n ¼ 5
men), mean age 61.9 years (range 67-51), with
respiratory insufficiency or thoracic pain or stiff-
ness were included in the study. Demographics
are presented in Table 1. Four of the subjects
were age pensioners, 2 disability pensioners, and
2 worked full time. Overall significant values for
the parameters measured are presented in Table
2.

Vital capacity increased significantly during
the treatment phase (B) in one subject but
decreased in two (Fig. 2). Range of motion of the
thorax in maximal inspiration-expiration
breathing is shown in Fig. 3. Together with
RMMI, an improvement in thoracic excursion was
observed in three subjects in the upper thorax
and four subjects in the lower thorax.

Lateral range of motion (ROM) in the thoracic
spine is presented in Fig. 4 and shows increased
ROM in six subjects for the right side and in three
subjects for the left side. For thoracic flexion,
a decrease in movement during the treatment
phase (phase B) and the beginning of phase Ab
was observed in one subject. No change in
extension was measured for any subject.

Pain intensity estimation measured by Pain-O-
Meter indicated an improvement in one subject
with decreased pain during the treatment phase
(B) and in the beginning of the Ab phase.
However, the pain indication in BPI-SF shows
a change in the experience of pain location and
decreased area during the treatment and post-
treatment phases, see Fig. 5.

The participants’ experiences of treatment
effect are presented in Fig. 6. One of the four
subjects with a breathing limitation experienced
a beneficial treatment effect, six of seven in
stiffness and five of five in experienced pain. Four
of the subjects perceived the number of treat-
ments as sufficient, while two subjects perceived
it to be too few, one subject too many, and one
was unsure. Six of the subjects agreed completely
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Osteopathic intervention after thoracotomy 73
that they would recommend the osteopathic
treatment to another who underwent the same
operation and that the treatment is suitable after
other surgical procedures in the thorax. No side
effects of the treatment were reported. However,
soreness, muscle pain and balance flux, similar to
symptoms experienced after heavy exercise, was
verbally reported by all 8 participants, but did not
affect every day life and stabilized within a few
days after treatment.
Discussion

The aim of this study was to investigate whether
an osteopathic intervention might affect proce-
dure related impaired breathing, thoracic ROM or
thoracic pain in patients after thoracoabdominal
surgery. The results show that there are tenden-
cies that the osteopathic treatment may be
favourable in affecting some of the variables
measured. However, the results must be inter-
preted cautiously and in the context of the low
number of participants and the limitations
inherent in the study design.

Concerning breathing, vital capacity was mini-
mally affected by the treatment. Previous studies
of people with asthma or chronic obstructive
pulmonary disease given manual therapies have
shown decreased FVC or inconclusive results.34,35

Despite asthma and postoperative breathing limi-
tations after thoracotomy not being fully compa-
rable, the absence of major treatment effects
must be taken into consideration in future
investigations.

Concerning themobility of the thorax, all measures
except thoracic spine flexion and extension showed
significant improvement in three or more subjects.
This is in accordance with Bockenhauer et al.,36 who
showed that, in a small study among people with
asthma, range of motion increased significantly in the
thorax after osteopathic treatment. Determining how
this increasedmobilityaffects eachperson inhis orher
life requires other research methodologies, but the
participants in this study experienced feeling more
mobility and less stiffness (Fig. 6).

A minor decrease in pain intensity was observed
in the Pain-O-Meter measurement, but the results
of the pain drawings in Fig. 5 indicate changes in
perceived pain distribution among the subjects in
the B and Ab phases of the study. The effect on
neck pain in this study is promising, and improve-
ment in neck symptoms have been suggested as an
effect of osteopathic treatment and also of other
forms of manual medicine.37e39 Further research
should however evaluate the difference in



Figure 2 Expiratory vital capacity (percent predicted) during phases Aa, B and Ab (n ¼ 8).
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postoperative pain between patients receiving
osteopathic treated and those without.

Seven of the 19 subjects contacted did not
experience the symptoms investigated in this
study. This proportion is comparable to a previous
Swedish study.4 Our intention was to investigate
whether osteopathic intervention affects patients
with remaining postoperative symptoms, and not
whether the treatment was valuable for the whole
population. Nothing is known about the effect of
a preventive postoperative osteopathic interven-
tion to shorten the recovery phase.

Previous studies indicate that an osteopathic
intervention may increase lymphatic circu-
lation.40e42 However, in thoracoabdominal
oesophagus resection, the thoracic duct is resec-
ted and ligated in the thoracic cavity to prevent
chylothorax and resected together with the malign
oesophagus section. Improvements in lymphatic
circulation are therefore not a likely explanation
for a positive treatment effect. Another anatom-
ical effect of the surgery is vagotomy, which is
a side effect of the resection of the oesophagus.
Osteopaths sometimes discuss that vagus function
is influenced by osteopathic intervention, but how
this affects osteopathic treatment and treatment
possibilities specifically after thoracoabdominal
oesophagus resection remains unclear.

No side effects were reported, but reaction to
treatment the day following one treatment, as
muscle pain and sourness as well as balance flux,
was verbally mentioned and stated by one partic-
ipant in Fig. 6. Similar observations have been re-
ported in a previous pilot study where the most
common adverse effects of osteopathic treatment
were local pain and stiffness.43



Figure 3 Thorax excursion. Thorax circumference with maximum inspiration and maximum expiration at level of
4th rib and xiphoid process level. (n ¼ 8).



Figure 4 Lateral flexion (n ¼ 8).



Figure 5 Pain experience measured by the BPI-SF (n ¼ 8).
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Figure 6 Participants’ experiences of the osteopathic intervention (n ¼ 8).
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Methodological discussion

This study was conducted with a single-subject
research design due to the low number of subjects.
There are several well known limitations of this
method including low generalisability of the
results and inability to employ inferential statis-
tical methods.15 Before recommending an osteo-
pathic intervention, it is therefore important to
conduct further trials using group design with
comparison groups and blinded assessors.

The utility of this type of single subject research
design (Aa-B-Ab) may be debated. An Aa-B-Ab-C
(placebo)-Ac process could have indicated the
impact of the interaction between patient and
therapist. Despite this unknown impact, our results
indicate that there might be beneficial effects of
manual treatment such as postoperative osteo-
pathic intervention to thoracotomy in patients
with pain and decreased range of motion of the
thorax.

Osteopathic philosophy states that every treat-
ment must be individualized. The treatment in this
studywas standardized, and it is not knownwhether
an individualized intervention might have been
more beneficial. It is also not known which
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postoperative phase is preferable for initiating
treatment in terms of the optimal treatment effect.

From all points of view, it is important to mini-
mize postoperative pain and address impaired
range of motion in the thorax postoperatively.
Future trials to evaluate osteopathic intervention
closer to discharge are therefore needed.
Conclusion

Osteopathic intervention may affect thoracic
impairment and pain among patients with chronic
pain and impaired thoracic range of motion after
thoracoabdominal resection of the oesophagus.
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24. Ragnarsdóttir M, Kristinsdóttir EK. Breathing movements
and breathing patterns among healthy men and women



80 K. Bjerså et al.
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