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ARTICLE INFO ABSTRACT

Keywords: Manual therapy initiates a cascade of neurophysiological changes in various systems including the peripheral
HPA axis nervous system, autonomic nervous system and the endocrine system. Of particular focus of this review was the
Cortisol hypothalamic-pituitary-adrenal (HPA) axis. When faced with a stressor, the HPA axis provides the frontline of
HPG axis defence resulting in the production of cortisol, measurement of which has been shown to be a reliable indicator
Si}ti{tei;one of HPA axis activity. Manual therapy has been shown to influence the HPA axis. However, a functional cross-talk
Osteopathy has been clearly demonstrated between the HPA axis and the hypothalamic-pituitary-gonadal (HPG) axis, with
cortisol and testosterone inhibiting each other at all levels. This mutual inhibition may mean that multiple
measures across these two systems (HPA-HPG axis) should be considered to provide an accurate representation
of stress physiology. The balance between testosterone and cortisol represented as a ratio termed T/C ratio has
been used for this purpose. Given the implicit role of the HPA-HPG axis in pain and inflammation and an
apparent gender difference in pain perception and treatment response, T/C ratio may be of interest to osteopaths
as it may enable us to capture the holistic effects of osteopathy.
This review revisits the function of the HPA axis in pain and inflammation, presents a dual hormone approach
in measuring the HPA axis and evaluates the implications for osteopathic practice and research.
Introduction Life exists by maintaining a complex dynamic equilibrium com-

A common reason for using manual therapy is to diminish pain and
improve mobility. Various systematic reviews [1-3] have concluded
that manual therapy leads to clinically significant improvements in pain
and function in various musculoskeletal conditions. However, the exact
physiological mechanisms responsible for the clinical benefits of
manual therapy are varied [4]. Initial theories centred on the bio-
mechanical paradigm, where in addressing altered biomechanics due to
tissue damage through manual therapy results in normal functioning
[5]. However, the biomechanical model has been questioned as the
relationship between structural dysfunction and pain has not been es-
tablished, especially in people with chronic pain [6].

With evidence accumulating, there has been a gradual shift from the
biomechanical model to the neuro-physiological model. The framework
for this model is based on the findings from several studies that have
shown the effects of manual therapy at the spinal level [7-9]; the supra-
spinal level [10]; the sympathetic nervous system [11]; enhanced
production of biochemical markers such as tumour necrosis factor
(TNF-a) and substance P [12,13]; and the hypothalamic-pituitary-
adrenal (HPA) axis. Of particular focus of this review was the HPA axis.

monly referred to as homeostasis [14]. Walter Canon offered the first
model of homeostasis as the “coordinated physiological processes which
maintain most of the steady states in the organism” [15]. Homeostasis is
constantly challenged by various intrinsic or extrinsic adverse forces
called the stressors. The body's response to restore homeostasis termed
as ‘allostasis’ (first proposed by McEwen in 1998) incorporates in-
dividual response to perceived stress and behavioural changes neces-
sary to establish stability through change. The hypothalamus plays a
key role in allostasis as it co-ordinates the defence response of the body
by activating the ANS, especially the sympathetic nervous system
(flight, flight or freeze) and the HPA axis [16], which in turn activates
necessary physiological and behavioural responses for survival [17].
The activation of HPA axis results in the production of adreno-
corticotropic hormone (ACTH) into the systemic circulation [18]. Upon
release, the ACTH stimulates the zona fasciculata cells of the adrenal
cortex to release glucocorticoid namely cortisol [19]. The effects of
cortisol on cell metabolism are diverse and act at numerous levels to
redirect bodily energy resources. Cortisol also plays an integral role in
glucose, fat, and protein metabolism. Cortisol not only acts during early
stages of inflammation by decreasing local oedema and pain but is also
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believed to increase the rate of healing by stimulating gluconeogenesis
[14]. Given its implicit role in pain and inflammation (expanded
below), the HPA axis could be of interest to osteopaths. In this context,
objective measurements of biomarkers (e.g. cortisol) that mediate and/
or modulate the HPA axis response before and after osteopathic inter-
vention may not only help us to validate the role of osteopathic treat-
ment not only on stress physiology but also on pain and/or inflamma-
tion. The aim of this review therefore are to (1) review the role of HPA
axis in pain and inflammation (2) review available evidence on the role
of manual therapy in influencing the HPA axis and (3) present a dual
hormone approach in measuring the HPA axis.

HPA axis — role in inflammation and pain

Injury to a tissue leads to changes in chemical environment of the
peripheral terminals of nociceptors. In addition to activating the noci-
ceptive terminals, some of the biochemicals also sensitize the terminals,
so they become hypersensitive to subsequent stimuli [20]. This hy-
persensitivity to stimuli is termed as peripheral sensitisation and it
often is a result of tissue damage and inflammation. Hence, chemical
mediators of inflammation such as bradykinin, histamine, nerve growth
factor and serotonin play an important role in peripheral sensitisation.
On the other hand, central sensitisation is defined as an augmented
central nervous system response to peripheral noxious stimuli [21]. The
instigating factor of central sensitisation could originate in the per-
iphery eventually leading to long-term potentiation in the spinal cord as
well as structural changes in the brain.

Two processes may play a role in central sensitisation namely ‘hy-
peralgesic priming’ and ‘wind up’ [22]. Hyperalgesic priming occurs
when a peripheral nociceptor is exposed to an injury or other priming
event that may result in establishment of long-term potentiation in the
central nervous system. ‘Wind-up’ involves repetitive low frequency
input to peripheral c-fibers leading to temporal summation and acti-
vation, ultimately generating a pain response [22]. This leads to hy-
persensitivity characterized by lowered thresholds necessary to elicit
and maintain wind-up. Nerve growth factor and substance P have been
implicated in both “hyperalgesic priming” and “wind up” processes as a
mediator of sensitisation of dorsal horn neurons and long-term po-
tentiation [23].

Mast cells are a critical part of the innate immune system and are
highly responsive to activation of the HPA axis [24]. Mast cells are
observed adjacent to unmyelinated nerves throughout the body as well
as in direct contact with nerve fibers in the dura mater [25]. These
afferents express receptors involved in nociception that are expressed
on neurons with cell bodies in the dorsal root ganglia, trigeminal
ganglia, and nodose ganglia [26]. Increased activation of these re-
ceptors enhances pain-related afferent input to the central nervous
system. Mast cells are a significant source of both nerve growth factor
and substance P [27], which can influence central sensitisation as ex-
plained above. Further, mast cells also generate and maintain periph-
eral neurogenic inflammation by releasing neuropeptides, including
substance P and calcitonin gene related protein, which perpetuates
inflammatory mediator release in the proximate milieu. Therefore, in-
creased peripheral corticotropin releasing hormone release due to
dysregulated HPA axis activity may influence both peripheral and
central sensitisation (Fig. 1).

Pain as an emotion has important physiological implications as pain
represents a threat to homeostasis. Allostasis may be facilitated by the
fact that multitudes of ascending tracts in the spinal cord ensure
transmission of pain signals to reach multiple sites in the brain that not
only process nociception but also discriminative aspects of pain such as
memory; and the integration of the cognitive and behavioural aspects of
pain including emotional arousal [28]. In the short run, increased
vigilance in a hostile environment may be adaptive [29]; however, in
the long run may lead to maladaptation, as is the case for chronic an-
xiety or depressive disorders [30].Further, experimental work in animal
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models has established that both acute and chronic stress contribute to
the underlying cause of cardiovascular disease, specifically, develop-
ment of atherosclerosis, which is generally mediated by an increased
inflammatory response to a stressor [31]. In summary, the HPA axis
plays a key role in both pain and inflammation through its modulation
of mast cells and other mediators of pain and inflammation such as
TNF-a, substance P, nerve growth factor, interleukins (IL1, IL 2 and IL
6).

Evidence of manual therapy in influencing HPA axis activity

Various studies have explored the effectiveness of manual therapy
in influencing biomarkers of pain and inflammation including cortisol.
For the purpose of this review, spinal manipulation was defined as a
high velocity low amplitude (HVLA) thrust. It is neither the aim nor
within the scope of this article to systematically review the literature.
Studies that were considered interesting are presented here (Table 1).
Two studies [32,33] were not randomised controlled trials.

On the other hand, a well-designed trial [34] demonstrated an in-
crease in substance P levels following a cervical spinal manipulation.
Another well-designed RCT [35] established an increase in neuropep-
tides involved in pain modulation such as neurotensin and oxytocin
following a thoracic spinal manipulation; and an increase in cortisol
levels following a cervical spinal manipulation. A recent study [36]
showed that salivary cortisol levels dropped immediately and a reduced
Testosterone to cortisol (T/C) ratio 6 h after a thoracic spinal manip-
ulation. However, the study by Whelan et al. (2002) did not demon-
strate any changes in basal cortisol levels following spinal manipula-
tion. Further, manual therapy has been shown to influence endogenous
opioids such as g-endorphins [37], TNF- a, interleukins (IL-6, IL-10),
and adrenaline [38-40]. Taken together, available evidence clearly
supports the role for central mechanisms of inflammation and pain
modulation following manual therapy.

HPA-HPG interaction — a dual hormone approach

It is well known that under normal conditions, cortisol, the end
product of the HPA axis, provides the frontline of defence against stress
or any threats to homeostasis [14]. However, as multiple systems in-
teract in producing a response, it has been proposed that models need to
include multiple measurements of stress-related biological processes in
order to understand the role of an individual's response to stress [41].
Of particular importance is the interaction between the HPG axis and
the HPA axis [42]. This can be easily observed by the inhibitory effects
of stress on reproductive behaviour, including sex steroid release [43].
Rodent models clearly demonstrate that central administration of cor-
ticotropin releasing hormone inhibits the synthesis of sex hormones
[44]. Further, apparent interactions between the end products of the
gonadal (e.g. testosterone) and the adrenal axis (cortisol) have also
been demonstrated [42]. In other words, activation of HPA axis (as in
stress) generally inhibits the HPG axis.

The HPA-HPG axis interaction is certainly not unidirectional [45].
That is the HPA axis is subjected to gonadal influences and is re-
ciprocally inhibited by the HPG axis [45]. Sex differences in both basal
and stress induced HPA axis activity has been observed in a number of
species with males showing lower levels of cortisol under both condi-
tions [46]. The sex differences in HPA axis response may be attributed
to the inhibitory effects of testosterone on the HPA axis [47]. For ex-
ample, the ACTH and cortisol response to stress were found to be higher
in male rats that had undergone gonadectomy and these effects were
shown to be reversed with testosterone replacement therapy [47,48].
Evidence further indicates that sex steroids can also influence the
magnitude of ACTH response to stress through their actions on both
feedforward and feedback elements of the HPA axis [45].

The HPA axis has been shown to be dysfunctional in a number of
chronic  conditions including depression, central obesity,
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Fig. 1. Link between HPA axis and pain. CRF — Corticotropin Releasing Hormone, IL-6 — Interleukin-6, NGF — Nerve Growth Factor, SP — Substance-P.

hyperthyroidism, osteoporosis, atherosclerosis and rheumatoid arthritis
[49]. Interestingly, females suffer from chronic pain more than their
male counterparts. One proposed mechanism is that oestrogen increases
the release of gamma interferon (a peripheral cytokine), which in turn
increases cortisol levels [50]. On the other hand, males may suffer less
from chronic pain as testosterone may inhibit cortisol through me-
chanisms explained previously. Either way, it can be seen that the HPA
and the HPG axis interact with each other at various levels (functional
cross-talk) with each axis mutually inhibiting the other [42]. This
mutual inhibition may mean that multiple measures across these two
systems (HPA-HPG for example) should be considered to provide an
accurate representation of stress physiology.

Traditionally, studies have measured either ACTH or cortisol in
body fluids (blood, saliva or urine) as an indicator of HPA axis activity
[35,51]. Though this approach is still valid, the field of endocrinology
has gradually moved towards a dual hormone approach, given the
mutual inhibition between the HPA and HPG axis. The balance between
testosterone and cortisol represented as a ratio termed T/C ratio may
therefore provide a better estimation of the HPA axis activity (Fig. 2)
[52]. Being hormones, both cortisol and testosterone exhibit circadian
rhythmicity with peak concentrations in the morning with a gradual
decline over the day and reaching a nadir around midnight [53,54]. An
early morning increase in cortisol accelerates metabolism and stimu-
lates gluconeogenesis, which in turn prepares the individual for the
day. However, the increase in cortisol also results in increased skeletal
protein degradation [55]. Hence, the increase in testosterone at around
the same time may be an attempt to counterbalance the effects of
cortisol on skeletal protein degradation [56]. This provides another

26

example where the interaction between the two axes is apparent.
Discussion

This article reviewed the role of HPA axis in pain and inflammation.
Secondly, evidence on manual therapy in influencing various bio-
chemical markers of pain and/or inflammation was presented. Finally,
recent developments in the field of endocrinology were provided and
the use of T/C ratio as a marker of stress activity was discussed. These
may have important implications for both osteopathic practice and
research.

Manual therapy has been hypothesised to activate the liberation of
various biochemical markers from neural tissue [57]. These biochem-
ical markers include various neuropeptides such as neurotensin, oxy-
tocin, substance P and hormones such as cortisol and oxytocin [58]. The
interaction between the HPA axis and these biochemicals and its im-
portance cannot be overstated. As explained previously, HPA axis may
influence substance P through its actions on mast cells. Substance P in
turn has been shown to modulate inhibitory transmission in lamina V of
the spinal cord thoracic horn, thereby resulting in reduction of pain
[59]. Further, neurotensin may play a role in stress induced analgesia.
Therefore, the HPA axis may be an important therapeutic target for
osteopaths (manual therapy in general).

Though some attempts have been made, the numbers of randomised
controlled trials that have explored the effects of manual therapy on the
HPA axis have been rather sporadic and disjointed. The evidence from
available studies has shown that manual therapy can influence cortisol
levels; however, the direction of change has been conflicting
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[32,33,35,36]. While one study [35] reported an immediate increase in
cortisol levels following intervention, another study [36] demonstrated
an immediate decrease in cortisol levels. The studies differed in terms of
intervention (thoracic vs cervical) and the methods of cortisol collec-
tion (salivary vs phlebotomy), which may explain the difference in
findings. Being hormones, both cortisol and testosterone have a known
circadian rhythm that could be influenced by a number of methodo-
logical factors including the timing of sampling; number and nature of
study days; day of data collection; drinking habits; eating habits; dental
hygiene/tooth brushing; smoking; and intense physical activity before
data collection [14,60]. Therefore, adequate control of these factors is
crucial for reliably measuring changes in hormone levels before and
after an intervention.

A key recommendation of this review was the use of T/C ratio as a
surrogate measure of HPA axis activity/response. This was based on
findings that clearly show that the HPA and the HPG axes mutually
inhibit each other. Hence, the T/C ratio (instead of just cortisol) may be
a better representation of stress physiology. T/C ratio has been widely

No effects on basal cortisol levels.
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after intervention for example may clearly establish that the ‘whole’
person is addressed, which is the defining as well as the distinct phi-
losophy of osteopathy. That is, it is more than just about biomechanical
changes. An important limitation however revolves around the inter-
pretation of hormonal changes following an intervention. Given there is
a statistically significant change following an intervention, a pertinent
question important to clinical practice may be ‘what is the biological
significance of these hormonal changes?’ Biological significance or
critical difference is defined as the ‘least significant difference’ thresh-
olds considered to be clinically meaningful [2] and is to be discussed
elsewhere.

Conclusion

Prospective case series, for six weeks duration

set in adults (n = 9).
Randomised: 30 healthy student volunteers

Participant Characteristics

When the body's homeostasis is under threat, the HPA axis provides
the frontline of defence resulting in the production of cortisol.
Measurement of cortisol has been long established as a reliable way to
index HPA axis activity before and after an intervention. However, the
stress response involves multiple other systems; of particular im-
portance is the HPG axis, with cortisol and testosterone mutually in-
hibiting each other. For osteopathic clinicians, the functional cross-talk
between the HPA and the HPG axis may be of interest given their im-
plicit role in chronic pain and inflammation. For osteopathic re-
searchers, it may be timely to adopt a dual hormone approach (tes-
tosterone and cortisol) while investigating the HPA axis. It has been

Study/Design
1998
Case series
Whelan
2002
3 groups RCT.

Tuchin

Mononuclear Cells, PET — Positron Emission Tomography, PPT — Pressure Pain Threshold, SM - Spinal Manipulation, SM-C - Spinal Manipulation with Cavitation, SM-NC — Spinal Manipulation with No Cavitation, SP —

Note. ACTH - Adreno-Corticotropic Hormone, CSM - Cervical Spinal Manipulation, fMRI- Functional magnetic Resonance Imaging, Ig — Immunoglobulin, IL — Interleukin, NO2 — Nitric Oxide, PBMC - Peripheral Blood
Substance-P, ST — Soft Tissue, TSM - Thoracic Spinal Manipulation, TNF — Tumour Necrosis Factor, VC - Venipuncture Control.

Table 1 (continued)
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Fig. 2. Measurement of stress: (a) Traditional model; (b) Proposed model - a dual hormone approach. ACTH - Adrenocorticotropic Hormone, CRH - Corticotropin
Releasing Hormone, FH - Follicle Stimulating Hormone, GnRH - Gonadotropin Releasing Hormone, LH- Luteinizing Hormone, * - Measure of Stress.

generally accepted that a higher T/C ratio is an indicator of good health
and wellness. Hence, T/C ratio could be of interest for osteopathic re-
search as it may enable us to capture the holistic effects of osteopathy.
While preliminary findings have been positive, future longitudinal
studies are required to shed more light in this least explored area of
osteopathic research.
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