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Background: Thoracic hyperkyphosis structurally alters the position of the scapula to cause forward shoulder
posture. However, the effect of improved thoracic hyperkyphosis on forward shoulder posture is unclear. The
objective of this study was to determine the effect of eight weeks of thoracic mobilization on improving thoracic
hyperkyphosis and forward shoulder posture and determine the cutoff change ratio in kyphosis for improving
forward shoulder posture using the decision tree method.
Method: This study included 19 participants with thoracic hyperkyphosis who underwent thoracic mobilization
for eight weeks. Forward shoulder posture (acromion-to-the-wall index) and thoracic kyphosis were measured
before and after thoracic mobilization.
Findings: The intervention significantly improved thoracic kyphosis and forward shoulder posture. The cutoff
change ratio in kyphosis for improving forward shoulder posture was >13.79%. In the subgroup analysis of
participants with a change ratio of kyphosis >13.79% (seven cases), all patients showed improved forward
shoulder posture. In contrast, in the subgroup with a change ratio of kyphosis ≤13.79% (12 cases), eight cases
showed improved forward shoulder posture, while four cases showed no improvement.
Interpretation: Thoracic mobilization can be recommended in shoulder rehabilitation programs to improve for
ward shoulder posture to manage and prevent scapular malalignment in individuals with thoracic hyperkyphosis.
We suggest that a high probability of improvement in forward shoulder posture can be expected when kyphosis is
improved by >13.79%.

1. Introduction
Thoracic kyphosis, an anteroposterior curve of the thoracic spine in
the sagittal plane, is defined using the Cobb angle (Jung et al., 2020b;
Neumann, 2016). When the Cobb angle is >40◦ , it is defined as thoracic
hyperkyphosis (Fon et al., 1980; Katzman et al., 2010; Vaughn and
Brown, 2007). Thoracic hyperkyphosis is often accompanied by mala
lignment of the shoulder and muscle imbalance in the surrounding joints
(Lee et al., 2015; Page et al., 2010; Sahrmann, 2011). The muscle
imbalance in thoracic hyperkyphosis is characterized by tightness of the
upper trapezius and pectoralis muscles and weakness of the cervical
flexors and lower trapezius (Page et al., 2010) and can increase shoulder
joint pain (Grimsby and Gray, 1997; Page et al., 2010; Seidi et al., 2020).
Thoracic hyperkyphosis structurally alters the position of the

shoulder to protraction and anterior tilting (Ayub, 1997; Finley and Lee,
2003; Grimsby and Gray, 1997; Ha et al., 2012; Kebaetse et al., 1999),
which causes shoulder malalignment, such as forward shoulder posture
(Lee et al., 2015; Neumann, 2016). Anterior tilting of the scapula due to
a forward shoulder posture may cause shoulder impingement by nar
rowing the subacromial space (Gumina et al., 2008; Lee et al., 2015). In
addition, the forward shoulder posture is accompanied by shoulder
muscle imbalance, which causes thoracic outlet syndrome and shoulder
joint dysfunction (Fathollahnejad et al., 2019; Singla and Veqar, 2017).
Thoracic mobilization improves thoracic hyperkyphosis (Bautmans
et al., 2010;Jung et al., 2020a; Kamali et al., 2016), and it is a technique
that applies pressure to the thoracic spine in the posterior-anterior di
rection to improve thoracic kyphosis, extension angle, and thoracic
strength (Jung et al., 2020a; Kamali et al., 2016). Previous studies have
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also investigated the effect of thoracic mobilization on shoulder
dysfunction by assessing the articulation of the thoracic spine with the
shoulder joint (Cho et al., 2017; Lenker et al., 2012; Otoshi et al., 2014;
Park et al., 2020). Park et al. (2020) reported that thoracic mobilization
improved the range of motion of the shoulder joint and upper trapezius
muscle tone, as well as thoracic kyphosis (Park et al., 2020). Addition
ally, thoracic mobilization decreased shoulder pain and disability index
(Lee, 2021; Park et al., 2020), and increased the strength of the scapular
muscles (Liebler et al., 2001).
While many studies have assessed thoracic kyphosis and the shoulder
joint (Barrett et al., 2016; Cho et al., 2017; Park et al., 2020), the effect
of thoracic mobilization on shoulder alignment when thoracic hyper
kyphosis is improved is unclear. Assessment of thoracic mobilization of
the shoulder in individuals with thoracic hyperkyphosis may allow
clarification of the effect of improvement in thoracic hyperkyphosis on
shoulder alignment. Therefore, this study evaluated the effect of eight
weeks of thoracic mobilization for thoracic hyperkyphosis on forward
shoulder posture and determined a cutoff change ratio in kyphosis to
improve forward shoulder posture based on the decision tree method.

Change ratio in kyphosis =

2.2.1. Thoracic kyphosis
Digital lateral thoracic spine radiographs were obtained using a
collimator and an MC-D computed radiographic system (Medien Inter
national, Co., Ltd., Gyeonggi-do, South Korea) to measure thoracic
kyphosis. Each participant stood at a distance of 100 cm so that the left
side of the body faced the X-ray beam and the beam was centered at T7
of the thoracic spine (Edmondston et al., 2012; Gallagher et al., 2016).
All image analyses were performed by one radiology technologist with
>5 years of experience. The radiographic images were analyzed on a
personal computer using ImageJ (National Institutes of Health,
Bethesda, MD, USA). Thoracic kyphosis was analyzed using the Cobb
angle of the sagittal plane. The Cobb angle of the sagittal plane is the
angle between the superior end plate of the 4th thoracic vertebra body
and the inferior end plate of the 12th thoracic vertebra body (Katzman
et al., 2017). If the superior end plate of the 4th thoracic vertebra body
was not identified, the inferior end plate of the 4th thoracic vertebra
body was analyzed. To investigate the rate of change in thoracic
kyphosis before and after mobilization intervention, the change ratio in
kyphosis was calculated as follows:

|Thoracic kyphosis before mobilization − Thoracic kyphosis after mobilization|
× 100
Thoracic kyphosis before mobilization

2. Material and methods
2.1. Participants

2.2.2. Forward shoulder posture
Forward shoulder posture was defined based on the acromion-to-thewall index, which was defined as the alignment of the shoulder relative
to the frontal plane (Carvalho et al., 2019; Laudner et al., 2010). The
participants stood against a wall with the hip and knees slightly flexed.

Participants were recruited through internet advertising from July
2018 to August 2019. The following inclusion criteria determined study
participation: age 18–50 years, asymptomatic (no pain symptoms in the
spine), and thoracic kyphosis angle >40◦ measured using a Spinal
Mouse for screening hyperkyphosis (Idiag AG, Fehraltorf, Switzerland).
The exclusion criteria were presence of scoliosis or a history of spinal
column fracture, spinal tumors and related malignancies, congenital
spinal anomalies, cancer, or rheumatoid arthritis (Kamali et al., 2016).
Twenty participants were eligible for the study, and one participant
discontinued the study for personal reasons. The ethics committee of
Yonsei University approved the study, and all participants provided
written informed consent before inclusion. The study was approved by
the institutional review board of Yonsei University (1041849-201901BM-019-01). Based on a pilot study, the required sample size was
calculated by a priori power analysis using G*Power 3.1 (G*Power
Software Inc., Kiel, Germany). The α level was set at 0.05 using the effect
size calculation for thoracic kyphosis. The results of a pilot study with
three participants showed that a minimum sample size of 16 was
required for a power of 0.95.
2.2. Research procedures
Among the volunteers for this study, participants with a thoracic
kyphosis of 40◦ or higher, as measured using a device called Spinal
Mouse, were recruited. After recruitment was complete, the participants
were initially assessed for thoracic kyphosis using radiography and
forward shoulder posture was measured using length measurement. The
participants were initially assessed for thoracic kyphosis and forward
shoulder posture (before mobilization). They were also instructed
regarding the use of mechanical devices to provide mobilization. The
participants self-applied the intervention at home for a total of 24 mo
bilizations over eight weeks. Within one week after the last session, the
participants equally measured thoracic kyphosis and forward shoulder
posture (after mobilization).

Fig. 1. Measurement of forward shoulder posture (acromion to the wall index).
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Table 1
Model summary.
Specifications

Growing method
Dependent variable
Independent variable
Validation
Maximum tree depth
Minimum cases in the
parent node
Minimum cases in the
child node
Independent variables
included
Number of nodes
Number of terminal
nodes
Depth

Results

Classification and regression tree Odds
of the acromion to the wall
Change ratio in kyphosis
None
5
15
5

Change ratio in kyphosis
3
2
1

2.3. Statistical analysis
Kolmogorov–Smirnov tests were used to assess the homogeneity of
all variances (p > 0.05). To compare the effects before and after thoracic
mobilization, paired t-tests were used. All statistical analyses were per
formed using IBM SPSS Statistics for Windows, version 20.0 (IBM Corp.,
Armonk, NY), with the level of statistical significance set to p < 0.05. A
decision tree was used to determine the cutoff value of the change ratio
in kyphosis to predict the improvement in forward shoulder posture. The
predictive decision tree in SPSS based on the criteria in Table 1 used the
classification and regression tree approach. The dependent variable was
the probability of the acromion-to-the-wall index. The factors that
affected the scores are listed under the independent variable as the
change ratio in kyphosis.
3. Results
This study included 19 participants (age: 33.37 ± 6.56 years; height:
170.32 ± 7.92 cm; weight: 69.77 ± 14.70 kg; body mass index: 23.83 ±
3.66 kg/m2). The thoracic kyphosis angle improved significantly after
thoracic mobilization (before = 43.43 ± 6.76; after = 39.11 ± 6.74; t =
3.416, p < 0.01). Significant differences in acromion-to-the-wall index
were also observed (before = 14.57 ± 1.84; after = 14.09 ± 1.90; t =
2.275, p = 0.035, Fig. 3).
Fig. 4 shows the classification tree for improving the forward
shoulder posture, which has two terminal nodes. The classification tree
for improving forward shoulder posture showed a change ratio in
kyphosis. Each node label showed a subgroup (improved forward
shoulder posture or no improvement). Below each node label was a
number showing how many subgroups were observed in the node.
Within the overall study population (19 cases), 15 cases showed

Fig. 2. Mobilization procedure using mechanical device.

The end of the ruler was fixed to the wall, while the square of the ruler
was placed at the tip of the anterior portion of the acromion process of
the measured shoulder (Fig. 1). The distance between the wall and
acromion was defined as the length of the acromion-to-the-wall index.
The acromion-to-the-wall index was measured twice for the right and
left sides and then averaged. The intra-rater reliability (ICC) was good to
excellent (ICC = 0.84–0.92) (Carvalho et al., 2019; Laudner et al., 2010;
Lee et al., 2015). Improved forward shoulder posture was defined as the
odds of the acromion-to-the-wall index after mobilization/acromion-tothe-wall index before mobilization of 100% or more; in contrast, a notimproved posture was defined as a value <100%.

Acromion to the wall index

2.2.3. Thoracic mobilization
Equal mobilization was applied to all participants using a mechanical
device (Pookjam Factorial Inc., Seoul, South Korea) validated in previ
ous studies (Jung et al., 2020a). The bed-type mechanical device had
two circular rollers with a diameter of 5 cm each, which massaged the
erector spinae muscles while simultaneously mobilizing the spine in the
direction of extension (Fig. 2). This study used the thoracic mode of the
device to improve thoracic hyperkyphosis. In this mode, the roller
moved from the head to the thoracic spine at 0.4 cm/s, moving up and
down three times in 25 min. The participants applied thoracic mobili
zation in the home three times weekly for eight weeks. Cell phone
messages were used to check whether the participants had performed
thoracic mobilization.

20
18
16
14
12
10

fte
r
A

B

ef
or
e

8

Fig. 3. Acromion to the wall index values before and after thoracic
mobilization.
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this study used a decision tree to analyze the change ratio in kyphosis
and also the cutoff values for the odds of the acromion-to-the-wall index.
The cutoff change ratio in kyphosis for the odds of the acromion to the
wall index was 13.8%. The results of this study suggested an increased
probability of the forward shoulder posture for kyphosis improvements
in individuals with hyperkyphosis of 13.8% or more.
This study had several limitations. First, no control group was
included. In future studies, a control group is needed to investigate the
causes of improved shoulder alignment after thoracic mobilization.
Second, in this study, forward shoulder posture was measured, however,
shoulder dysfunction was not measured. In subsequent studies, it will be
necessary to measure shoulder dysfunction in order to confirm the effect
of mobilization on shoulder dysfunction. Third, our study included
subjects aged 20–50 years, with a mean age of the final participants of
33.37 ± 6.56 years. Since we did not include patients aged >50 years,
our findings cannot be generalized to the elderly population. Addition
ally, though cell phone messages were used to ensure compliance to the
three-time weekly application of self-thoracic mobilization, no provision
was made to prevent over-treatment. Lastly, the angle of thoracic
kyphosis in the study participants was 43.43◦ ± 6.76◦ . Because we did
not include participants with severe hyperkyphosis, our findings cannot
be generalized to more severe types of thoracic hyperkyphosis.
Fig. 4. Classification tree for improving forward shoulder posture. Values are
presented as number/total number.
AWI: acromion to the wall index.

5. Conclusions
We observed an improved acromion-to-the-wall index following
eight weeks of thoracic mobilization. Thus, thoracic mobilization can be
recommended in shoulder rehabilitation programs to improve forward
shoulder posture for the management and prevention of shoulder
malalignment in individuals with thoracic hyperkyphosis. The cutoff
change ratio in kyphosis for improving forward shoulder posture was
>13.8%. Therefore, we suggest that a high probability of improvement
in forward shoulder posture can be expected when kyphosis is improved
by >13.8%.

improved forward shoulder posture, while four cases showed no
improvement. The cutoff value of the change ratio in kyphosis for
improving forward shoulder posture was >13.79%. In the subgroup
with a change ratio of kyphosis >13.79% (seven cases), all patients
showed improved forward shoulder posture. In contrast, in the subgroup
with a change ratio of kyphosis ≤13.79% (12 cases), eight cases showed
improved forward shoulder posture, while four cases did not.
4. Discussion

IRB approval

Thoracic mobilization reduces shoulder dysfunction in individuals
with shoulder malalignment (Park et al., 2020). The thoracic mobili
zation applied in this study provides posteroanterior pressure force to
facilitate extension at the thoracic segment (Jung et al., 2020a). The
results of this study confirmed that eight weeks of thoracic mobilization
improved not only thoracic kyphosis, but also forward shoulder posture.
Forward shoulder posture causes shoulder muscle imbalance and is a
risk factor for shoulder dysfunction (Yoo, 2013). Thus, thoracic mobi
lization can change shoulder alignment, which may affect shoulder
dysfunction (Cho et al., 2017; Land et al., 2019; Park et al., 2020).
The decrease in the index of the acromion to the wall indicated
improved shoulder alignment (Borstad, 2006; Do et al., 2017; Laudner
et al., 2010; Lee et al., 2015). Thoracic hyperkyphosis causes over
activation of the pectoralis and weakening of the lower trapezius, which
affects humerus and scapula alignment, consequently increasing the
forward shoulder posture (Lee et al., 2015; Page et al., 2010). Thoracic
mobilization improved thoracic hyperkyphosis (Jung et al., 2020a;
Kamali et al., 2016) and increased middle trapezius activation and lower
trapezius strength (Liebler et al., 2001; Muth et al., 2012). Improve
ments in the middle and lower trapezius prevent excessive scapular
protraction (Muscolino, 2016) to improve forward shoulder posture, as
observed in the present study.
Previous studies on the improvement of thoracic kyphosis after
mobilization reported kyphosis change ratios of 7% (45.7 → 40.6)
(Kamali et al., 2016), 7.87% (44.5 → 41.0) (Park et al., 2020), and 5%
(52.5 → 49.1) (Bautmans et al., 2010). Although thoracic kyphosis is
positively correlated with forward shoulder posture (Lee et al., 2015),
the relationship between the change ratio in kyphosis and improvement
in forward shoulder posture is unclear (Barrett et al., 2016). Therefore,
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