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The effect of reflexology on baroreceptor reflex sensitivity, 
blood pressure and sinus arrhythmia 

B. S. M.  F ranke l  

University of Leeds, Leeds, UK 

SUMMARY. The objective of this pilot study is to identify if reflexology and foot massage (FM) affect the 
physiology of the body by measuring baroreceptor reflex sensitivity (BRS) using phase IV of the Valsalva 
manoeuvre, blood pressure (BP) and sinus arrhythmia (SA). The reflexology (n = 10) and FM groups (n = 10) 
showed significantly greater reductions in BRS compared to the control group (n = 4). Analysis of the mean 
differences between groups showed a greater difference in BRS between reflexology or FM and the control group 
than between reflexology and FM. This study found no significant difference in resting BP after intervention. The 
frequency of SA after reflexology and FM increased by 43.9% and 34.1% respectively. Further thoughts from the 
results of this study suggest a 'neuro theory' whereby reflexology and FM alter the BRS by stimulating the 
sensory nervous system in the feet. 

INTRODUCTION 

The objective of this pilot study is to identify if reflex- 
ology and foot massage (FM) affect the physiology of 
the body by measuring baroreceptor reflex sensitivity 
(BRS), blood pressure (BP) and sinus arrhythmia 
(SA). 

Reflexologists claim that by pressing on certain 
parts of the foot, one can stimulate homeostasis in 
specific parts of the body. Reflexologists do not diag- 
nose, prescribe medication or treat for a specific con- 
dition. 1 In this study, FM was chosen as a comparison 
group for reflexology because it involves more super- 
ficial contact whereas reflexology presses deeper into 
the foot. 

Much of the research on reflexology has concen- 
trated on its therapeutic efficacy in conditions such as 
premenstrual tension 2 and asthma. 3 The physiological 
effects of reflexology tend to be illustrated by individ- 
ual case studies and not by references to previous 
experiments or trials. Claims include: an increased 
blood and lymph flow; the removal of damaging 'tox- 
ins' from the body; and normalizing/balancing any 
deficient or excessive chemical or physical state in the 
body? These effects may be achieved by reflexology 
effectively relaxing the body, and therefore allowing it 
to work more efficiently. 

B. S. M. Frankel, Department of Physiology, University of Leeds, 
The Priory, Holybonrne, Alton, Hampshire GU34 4HH, UK. 

How does reflexology work? 

Many reflexologists practise without a strong under- 
standing as to how reflexology works. The common 
theories described in reflexology texts include the 
Zone Theory, proposed by Dr Fitzgerald (1917), 1 and 
the Meridian Theory by Inge Dougans (1983). 4 In 
addition, proposed here is apsychoIogical theory, sug- 
gesting that reflexology exerts some of its effects 
rather like meditation. Meditation appears to focus 
the mind to the transition point between being awake 
and asleep? This is said to be an extremely restful 
state for both the conscious and subconscious mind, 
and may help to provide deep relaxation. 

The theories above are based mainly on the obser- 
vations of experienced therapists. To find a scientific 
explanation for these observations, the physiological, 
biochemical and psychological effects of reflexology 
must be deduced. 

The baroreceptor reflex 

The baroreceptor reflex maintains BP homeostasis by 
changes in autonomic outflow. Research into the 
baroreceptor reflex has shown this reflex to interact 
with: 
• Behavioural actions such as sleep, 6 mental 

arithmetic and exercise 7'8 
• Physiological processes and reflexes such as 

ageing 9 and the defence reflex, l° 
• Disease such as arterial hypertension, idiopathic 

orthostatic hypotension, neurological disorders 
and congestive heart failure.ll 
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• Central nervous system (CNS) nuclei such as 
cerebellum, hypothalamus, septal and preoptic 
areas, nucleus ambiguous, amygdala and cerebral 
cortex. These nuclei interact at the nucleus of 
tractus solitarius (NTS), the primary termination 
site for afferent baroreceptor impulses. 
In short, the baroreceptor reflex has a wide range 

of interactions with physiological and pathophysio- 
logical processes. This makes the reflex an attractive 
but complex area to investigate for some of the physi- 
ological effects of reflexology. 

MATERIALS AND METHODS 

All subjects volunteered for the study and were 
selected after filling out a questionnaire. Subjects with 
severe disorders were excluded. All subjects were aged 
between 19 and 25 years. They were asked to refrain 
from eating and strenuous exercise during the 2 hours 
prior to the experiment. 

The subjects in the single-blind study group (n = 
20; 14 male, 6 female) had not had reflexology before. 
Each subject in this group was told, 'you will receive 
one of two types of reflexology' (i.e. either reflexology 
or FM). They were then randomly assigned, using 
sealed envelopes, to a reflexology group (n = 10) or a 
FM group (n = 10). The subjects assigned to the 
control group (n = 4; 2 male, 2 female) received no 
intervention therapy and may have had reflexology in 
the past. 

Each subject, before and after an intervention of 
reflexology, FM or control/nothing, performed the 
Valsalva manoeuvre (VM). During the intervention 
period, subjects sat on a reclining couch with their 
legs raised. All results were recorded in February and 
March 1996. The VM was chosen because it obtains 
BRS indexes closely related with other analytical 
methods, e.g. the phenylephrine bolus injection and 
the neck cuff methods. ~o,H The VM is also safe and 
yields reproducible, quantifiable results, especially in 
phase IV when determining BRS. H 

The experimental set-up included a water 
manometer attached to a valve set mouthpiece via a 
tube. The set-up had a small air leak, which was 
shown by Smith et al ~2 to help maintain an open glot- 
tis while straining. The three limb leads were con- 
nected to the subject using FB-56 Ag/AgC1 pre-gelled 
disposable electrodes. The Gould pen recorder was set 
to electrocardiogram (ECG) mode 2. 

Subjects were told to take a normal or medium size 
inspiration before each strain. Practice attempts were 
allowed before the start of the experiment. 

Each subject performed the VM whilst sitting, by 
maintaining a pressure of 10 cmH20 for 15 seconds 
followed by a 3-minute interval. Pressures of 20, 30 
and 40 cmH20 were also strained to. Each subject 
strained to the four different pressures three times in 
rotation. 

The R-R intervals (i.e. the intervals between two 
consecutive R waves on an ECG) were analysed (in 
mm) in sets of five beats. The maximum post-strain 
R-R interval was taken to be the phase IV bradycar- 
dia. Mean phase IV values for each subject before and 
after intervention at each pressure were plotted, and 
linear regression analysis was performed. BRS is 
given by the slope of the linear regression line. 

An Accosoni sphygmomanometer was attached to 
the subject's right arm to take BP recordings before 
and after each straining period. 

All data were analysed using Excel 5.0 and SPSS 
6.1. The differences in BRS and BP between groups 
and within groups were calculated using the paired 
two-tailed t-test. Statistical significance was shown by 
P < 0.05 or 5%. Also included were mean differences 
(MDs) and standard errors (SEMs). 

Sinus arrhythmia 

An SA was recognized by two clear sequential oscilla- 
tions in the resting heart rate. The total number of 
observed SAs in each subject before and after inter- 
vention (i.e. reflexology, massage or control/nothing) 
were compared and tabulated. The mean oscillation 
times were also recorded and tabulated. 

Reflexology and foot massage methods 

The Ingham method of reflexology was used, 1 carried 
out by the author, a trained member of the Associ- 
ation of Reflexologists. Each session (approx. 45 rain) 
covered all parts of the foot, and appropriate tech- 
niques were carried out at least twice. 'Solar plexus 
breathing' (i.e. taking two deep breaths while stimu- 
lating the solar plexus reflex) was done to conclude 
the session. 

The FM session was carried out by the author 
(lasting approximately 45 min), and the techniques 
were taken from The Book of Massage ~3 and The 
Complete Book of Massage? 4 

RESULTS 

The slopes of the linear regression lines for each 
subject (Table 1) are proportional to BRS. After an 
intervention of reflexology and FM, 60% of subjects 
showed a reduction in BRS, compared to 50% after 
the control intervention. The MDs (Table 1) within 
each group, although not statistically significant, do 
indicate that reflexology (MD = 0.016, P = 0.087) and 
FM (MD = 0.019, P = 0.057) have greater MDs 
(therefore reducing BRS by a larger amount) than the 
control group (MD = 0.0066, P = 0.52). 

From Table 1, the MD between A and C is 0.0053 
compared to 0.0082 for B and D; t-test analysis gives 
P values of 0.76 and 0.55, respectively. Coupled 
together, this suggests very little difference between 
the reflexology and FM groups. 
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Table 1 Data showing the slopes of the linear regression lines for each group before and after intervention 

Reflexology Foot massage Control 
A B C D E F 

Subject no. Before After Before After Before After 

1 0.0120 0.0240 0.0005 0.0026 
2 0.0660 0.0427 -0.0047 -0.0133 
3 0.0120 4.0E-16 0.0440 -0.0087 
4 0.0720 0.0100 0.0573 0.0060 
5 0.0106 0.0247 0.0347 0.0213 
6 0.0099 0.0115 0.0433 0.0280 
7 0.0707 0.0267 0.0713 0.0533 
8 0.0953 0.1093 -0.0013 0.0133 
9 0.0233 -0.0073 ~).0020 0.0120 

10 0.0227 -0.0080 0.0993 0.0373 
SEM 0.01 0.011 0.011 0.006 
MD 0.0161 0.0191 
P value 0.087 0.057 

0.0041 0.0111 
0.0527 0.0213 
0.0620 0.0687 
0.0373 0.0287 

0.016 
0.0066 
0.52 

0.013 

The MDs between A & E and C & E are -0.0005 
and 0.014. Adjusting the MDs between A & E and C 
& E to a baseline value gives a clearer indication of 
the MDs between B & F and D & F: 0.0096 and 0.31, 
respectively. This demonstrates a difference between 
the FM and control groups, and a smaller difference 
between the reflexology and control groups. 

The individual baroreflex response graphs are not 
shown, but the mean plots for each group before and 
after intervention are shown in Figures 1-3. The 
linear regression line equation is y = mx+c. The 
slope is the 'm' value, i.e. m = 0.0474 before reflex- 
ology and m = 0.0345 after reflexology. The correla- 
tion coefficients (r 2) (Figs 1-3) of the linear 
regression lines were always statistically significant 
(coefficient value, r2> 0.9) and the plots appeared 
approximately linear. 

The oscillation results in Table 2 show a substan- 
tial increase in the frequency of SAs after reflexology 
and FM interventions by 43.9% and 34.1%, 
respectively. The mean oscillation times were all 
within the range of normal respiratory rates, and so 
were taken as evidence of respiratory-induced SA. 

DISCUSSION 

This study has shown that reflexology and FM 
reduce BRS substantially more than the control 
group. The lack of statistical significance at the 5% 
level is likely to be due to the small group sizes 
coupled with the small observable differences. 
Larger, more powerful studies are therefore required. 
Further criticism of the non-random allocation to 
the control group is valid. 

The MD results show no difference between reflex- 
ology and FM. This may be due to the small group 
sizes, or a placebo effect, or FM inadvertently stimu- 
lating reflex points. The same effect by the two thera- 
pies on BRS suggests that they may have a similar 
mechanism of action. 

A relevant study on the physiological effects of 
massage was a decrease Hoffman reflex amplitude. ~5'~6 
These results show that massage can change spinal 
reflex excitability, but not nerve conduction velocity or 
antagonist recruitment. This reinforces the possibility 
that FM and reflexology affect the baroreflex excitabil- 
ity via a central mechanism, as in the Hoffman reflex. 
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Fig. 1. Changes in baroreceptor sensitivity, before and after reflexology 
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Fig. 2. Changes in baroreceptor sensitivity, before and after foot massage. 
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Fig. 3. Changes in baroreceptor sensitivity, before and after control. 
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Later this study will look more closely at possible 
centrally mediated effects of  reflexology and FM. 

Sinus arrhythmia and blood pressure 

Sinus arrhythmia is an increase in pulse rate upon 
inspiration, and a decrease upon expiration. The 
more SAs observed, the more synchronization 
between heart rate and respiration. 

These results, although subjective, do suggest that 
reflexology and FM increase the frequency of  SA. 
This in turn encourages optimal oxygenation of 
blood and optimal removal of  carbon dioxide. In 
order to remove the subjective nature of this SA 
analysis, heart rate oscillations should be recorded 
with respiratory rate and sympathetic activity. 

It is important  to note that respiratory SA is not 
due simply to baroreflex-mediated changes in vagal 
outflow.~7 

The BP results were wholly unsatisfactory due to 
variations in the time taken to record BP and oscilla- 
tions in BP after the VM. 

Future experiments could use the one-beat delay 
method ml to record BP and heart rate. This not only 
provides a continuous measurement of  BP but also a 
more accurate measure of  the VM phase IV. The one- 
beat delay method could not be used in this experi- 
ment owing to lack of suitable equipment. 

I f  future studies go on to statistically confirm the 
findings in this pilot study, the question remains: 
how is BRS changed by reflexology and FM? The 
most likely mechanism comes from the multiple 
studies on the neural integration of  the NTS with 

Table 2 Changes in pulse interval oscillations/SA before and after intervention 

Reflexology Foot massage Control 

Oscillation frequency before 23 27 21 
Oscillation frequency after 41 41 21 
Difference in oscillations 18 14 0 
% increase in oscillations 43.9 34.1 0 

An oscillation time of 5-9 s is an indication of a respiratory-induced SA. 
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other higher centres (see Introduction). For exam- 
ple, sleep, reflexology and FM all lead to a decrease 
in BRS and to relaxation. This may involve inter- 
actions between the NTS and areas that are thought 
to mediate emotional tension, e.g. the amygdala, 
hypothalamic defence area and area postrema. TM 

Importantly, the interaction of modalities in the 
CNS is not a unique concept, e.g. the superior col- 
liculus is an area of multimodal integration. 

The connection between reflexology and sleep also 
ties in with meditation (see psychological theory in 
Introduction). It would be interesting to discover if 
meditation also reduced BRS. 

Taking this interaction between CNS nuclei a step 
further, this study suggests a 'neuro theory', whereby 
reflexology and FM stimulate sensory fibres A[3, A8 
and C fibres in the feet (C fibres as reflexology can be 
painful). The sensory nervous system (SNS) somato- 
topy is highly organized, with many connections to 
higher centres (e.g. hypothalamus, cortex, amygdala); 
these centres are also common to the baroreflex. This 
possible integration between the SNS and other CNS 
nuclei provides a feasible mechanism for how reflexol- 
ogy could induce changes in BRS, SA, a subject's 
psychological state (see psychological theory in 
Introduction) and the relaxation state of the body. In 
addition, the 'neuro theory' could explain how touch 
has its therapeutic effects. 
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