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Abstract

The thoracic spine has for a long time been the 'Cinderella’ region of the spine. There has been
a lesser research focus to the thoracic region compared with the cervical and lumbar spine,
and there continues to be a limited understanding of the aetiology and epidemiology of a
range of neuromusculoskeletal presentations which have an anatomical connection to the
thoracic spine. This paper firstly, provides a critical evaluation of the available evidence to
provide some understanding for this under-exploration of the thoracic spine. Secondly the
paper provides an evaluation of an emerging interest in this spinal region, with a body of
evidence supporting the use of thoracic spine manipulation in the management of upper
quadrant presentations. This has been linked to the theory of regional interdependence with
the thoracic spine being viewed as a silent contributor to clinical presentations where a pain
source lies elsewhere. Finally, a case for further research is made. Identified gaps in the
current evidence base include, aetiology and epidemiology of thoracic spine pain and thoracic

spine dysfunction, and to investigate mechanisms of action of currently used interventions.



Introduction

The thoracic spine has for a long time been the ‘Cinderella’ region of the spine. Since the
introduction of the Manual Therapy journal in 1995, there have been only 132 articles with
‘thoracic spine’ in the title and abstract, compared with 409 and 263 for the ‘cervical’ and
‘lumbar’ spines respectively. This paucity of evidence parallels a limited understanding of the
aetiology and epidemiology of a range of neuromusculoskeletal presentations which have an
anatomical connection to the thoracic spine (Briggs et al., 2009). This paper provides a critical
evaluation of the under-exploration of the thoracic region, evaluates an emerging area of

interest and makes a case for further research.

An under-explored region

Clinically, thoracic spine pain occurs between the levels of C7-T1 and T12-L1 and is often, but
not exclusively, associated with pathologies such as osteoporosis, osteoarthritis, Scheurmann’s
disease and ankylosing spondylitis (Briggs et al., 2009). Managing these pathologies accounts
for some of the 5% of patients presenting in outpatient physiotherapy with thoracic spine pain
(van Kleef, 2010). Epidemiological data for thoracic spine pain in the general population is
extremely limited. One study of a Norwegian population, found a one year estimate of thoracic
spine pain prevalence of 13% compared with 43% and 44% for low back and neck pain
respectively (Leboeuf-Yde et al., 2009). In a further study, lifetime prevalence data for thoracic
spine pain ranged from 3.7 to 77% (Briggs et al., 2009), with the range reflecting a population
of predominantly teenagers and older female adults. Recent research investigating a working
population in France reported an incidence of isolated thoracic spine pain of 5.2 (95% CI 3.9 to

6.6) per 100 men and 10.0 (95% Cl 7.8 to 12.1) per 100 women (Roquelaure et al., 2014). The



researchers also explored the co-existence of thoracic spine pain with neck and/or low back
pain, reporting an association of 40.7% in men and 36% in women. This compares with isolated

thoracic spine pain which was 18.7% in men and 16% in women (Roquelaure et al., 2014).

Whilst clinical practice focuses on identifying and managing the source of a patient’s
symptoms, the biopsychosocial model of practice promotes an evaluation of factors which
extend beyond a symptom source. Whilst current data regarding thoracic spine pain (Briggs et
al., 2009; Leboeuf-Yde et al., 2009; van Kleef, 2010; Roquelaure et al., 2014) does not in itself
suggest that the thoracic spine impacts significantly on healthcare resources, the region may
add to the economic burden as a ‘silent’ contributor (Sueki et al., 2013). Given its anatomical
relationship to the shoulder, neck and low back, the term ‘regional interdependence’ has been
adopted to describe how functional movement in one region depends on movement in a
seemingly unrelated region (Sueki et al., 2013). Clinically, movement dysfunction in one region
may underlie a primary complaint of symptoms in another, for example, shoulder pain
secondary to a mechanical restriction in the thoracic spine where thoracic spine extension is
required for full shoulder elevation (Edmondston et al., 2012). The contribution that the
thoracic spine makes to functional movement in the upper and lower quadrants has not yet
been widely investigated, perhaps attributable to a lack of perceived need and funding, where
the economic and social burden of managing musculoskeletal problems such as ‘nonspecific
low back pain’ and ‘whiplash associated disorder’ have fuelled research into the lumbar and

cervical regions respectively.

The anatomical design of the thorax (vertebral bodies, ribs, clavicle and manubrium sternum)
provides support and structural protection to vital internal organs (Edmondston and Singer,

1997), yet offers little mobility in the sagittal (flexion 32.00-degrees, extension 25.80-degrees)



and frontal planes (lateral flexion 26.50-degrees) Willems et al., (1996). The largest range of
movement is that of axial rotation with a mean (SD) total range (full right and left rotation) of
85.15 +14.8 degrees (Heneghan et al., 2009). Being the longest and most anatomically complex
spinal region has likely hampered the development of measurement tools to assess thoracic
movement (Heneghan et al., 2009). Unlike movement analysis in the cervical and lumbar
region, where the cervical range of movement device (Audette et al.,, 2010) and modified-
modified Schober test (Tousignant et al., 2005) respectively provide reliable and valid non-
invasive and clinically useful tools, movement analysis of the thoracic region has relied on
gross measures of thoracolumbar movement (Johnson et al.,, 2012), expensive equipment
(Willems et al, 1996; Theodordis and Ruston, 2002; Edmondston et al., 2007), and/or imaging

technologies (Cagnie et al, 1999; Kouwenhoven et al, 2006; Heneghan et al., 2009).

An emerging area of interest

Clinical interest in the thoracic spine has grown despite a lack of evidence supporting
interventions targeting a primary symptom source in the thoracic spine. With many systematic
reviews concluding at best, weak evidence to support many physiotherapy interventions
targeting a primary pain source in an adjacent region e.g. exercise for neck pain (Kay et al.,
2015), physiotherapy for adhesive capsulitis (Page et al., 2014), perhaps it is time to further
consider and investigate the aetiology of common musculoskeletal presentations, and
possibility that sub-clinical movement dysfunction in one region contributes to persistent or
chronic pain in another. In support of this, Berglund et al., (2008) reported that 70% of patients
presenting with lateral elbow pain had coexisting thoracic pain, compared with 16% (p<0.001)

in a control group comprising healthy individuals. Based on this, the authors concluded that



examination of the cervical and thoracic spine should be included in patients presenting with

lateral elbow pain.

Thoracic spine manipulation is a considered a management option for patients with
symptomatic neck and shoulder complaints (Walser et al., 2009). Partly driven by lower
perceived risks associated with thoracic spine manipulation compared with cervical
manipulation, studies have reported favourable and promising results. In a systematic review
of trials, where 7/13 were rated fair or high risk of bias, thoracic spine manipulation was found
beneficial for neck pain with a pooled effect size of 1.33, (95% Confidence interval: 1.14, 1.52)
(Walser et al., 2009). These findings were also replicated in recent studies (Muth et al., 2012;
Huisman et al., 2013; Casanova-Mendez et al., 2014; Haik et al., 2014; Salom- Moreno, et al,
2014). Whilst the underlying mechanisms of clinical effect are not well understood, it could be
hypothesised that given the target tissue for the thrust techniques was predominantly the
upper thoracic spine at levels T1-4 (Cleland et al., 2007), T4 (Casanova-Mendez et al., 2014),
and T3-6 (Salom- Moreno, et al, 2014), improvements are partly attributable to improved
biomechanics. This lends some support for the theory of regional interdependence (Sueki et
al.,, 2013). With functional movement comprising movement from more than one region,
interventions targeting asymptomatic, but possibly dysfunctional structures may result in a
reduction in symptoms in the region of the primary complaint of pain. Thus in deriving clinical
hypotheses during examination, the thoracic spine may be considered a contributing factor
within a clinical presentation of shoulder or neck pain. A plausible explanation for this effect is
that tissue stress in the symptomatic region is relieved through optimising movement
throughout a functional movement chain. For example, movement at T1, T6 and T12 has been

recorded as occurring during all cervical movements (Tsang et al., 2013), and excursion from



full cervical protraction to retraction has been recorded to involve a 30% and 10% contribution

from levels C7-T4 and T5-12 respectively (Persson et al., 2007).

The case for further research

The gaps in the evidence base necessitate a better understanding of the aetiology and
epidemiology of thoracic spine dysfunction, the social and economic burden of thoracic spine
pain and dysfunction, and the mechanisms of action of manipulation. With limited prevalence
data and information concerning risk factors for the development of thoracic spine pain (Briggs
et al., 2009), further research is required to understand the contribution that thoracic spine
dysfunction may have on functional movement. Interestingly, whilst significantly different
levels of pain prevalence exist in the thoracic spine, disability has been reported to be
comparable with that of other spinal regions (Occhipinti et al., 1993). A large Canadian cohort
study identified thoracic spine pain as a significant predictor of failure to return to work for
men presenting with low back pain in primary care, with an odds ratio of 7.00 (95% confidence

interval 1.19-41.21) (Dionne et al., 2007).

Prolonged sitting or physical inactivity, an epidemic of the western world, has been identified
as a risk factor for the development of work related neck symptoms (Cagnie et al., 2007) and
thoracic spine pain in men (Briggs et al., 2009). Whilst authors propose an array of risk factors
for the development of pain beyond simply sustained postures, such as the repetitive nature
of task, psychological stress, etc. (Cagnie et al., 2007) further research is required to
understand the effect of prolonged sitting on the thoracic spine. Prolonged periods of relative
immobility and sustained loading may result in adaptive soft tissues changes and altered disc

biomechanics, although evidence to support this is currently lacking. With the widespread use



of mobile phones, game consoles, home PCs, and the scope of television entertainment, it is
possible that there will be many more complaints of neck and/or shoulder pain in the future.
Clinicians need to consider that these presentations may be secondary to reduced thoracic
mobility, with a resultant increase in tissue stress in the shoulder and neck regions resulting in

local symptoms.

With the theory of regional interdependence gaining recognition as a rationale to support
intervention studies targeting the thoracic spine for patients with neck and shoulder
complaints (Sueki et al., 2013), and recent reviews of clinical trials reporting favourable results
for such interventions (Walser et al.,, 2009), there is a need to understand the underlying
mechanisms for the effects beyond a broad, but as yet unsupported, biomechanical effect
(Sueki et al., 2013). Some evidence for a neurophysiological effect exists (Bialosky et al., 2009;
Walser et al., 2009). However, in the absence of evidence of a biomechanical effect, beyond
the existence of cavitation occurring during spinal manipulation (Ross et al., 2004) conclusions
cannot be drawn as to the biomechanical contribution. To investigate evidence of a
biomechanical effect measurement tools are required to evaluate range of movement. In turn,
movement analysis is dependent on having measurement tools that can accurately measure in
vivo thoracic spine movement, which is yet to be established for use in clinical practice. Until
recently many of the measurement techniques have relied on skin sensors, although skin
tissue artefact undermines the validity of such approaches (Heneghan et al., 2010). Recently,
measurement has progressed in the research environment as Heneghan et al., (2009) used
ultrasound imaging in conjunction with movement analysis to quantify thoracic axial rotation.
The ability to image the underlying bony tissue gives confidence that the measurements are of
the bony tissue, providing a useful technique to advance our understanding of movement

analysis and effectiveness of interventions used in this region.



To conclude, this paper has analysed why the thoracic spine has justifiably been known as the
‘Cinderella’ of the spine. However, it is hoped that through an exploration of the issues
contributing to this, clinicians and researchers alike will be energised to further consider the
thoracic spine as a silent contributor to clinical presentations where a pain source lies
elsewhere. For researchers, there are an infinite number of research projects waiting, which
will in due course provide a better understanding of this spinal region in terms of aetiology,

epidemiology, and mechanisms of action of currently used interventions.
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Research highlights

Limited research of the thoracic spine, ‘Cinderella’ region

Reasons for under-exploration of thoracic dysfunction are presented.

Thoracic spine manipulation is beneficial for managing neck and shoulder pain
The thoracic spine maybe viewed as a ‘silent contributor’ to clinical presentations

Further research of thoracic spine pain and dysfunction is needed



