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WHAT IS ALREADY KNOWN ABOUT
THIS SUBJECT

AIM

This study compared the responses between patients with unilateral
sciatica and pain-free volunteers following administration of
intradermal capsaicin.

METHODS

Fourteen patients with unilateral sciatica and 12 pain-free volunteers
WHAT THIS STUDY ADDS received one injection per hour over 4 h of 1 g and 10 ug capsaicin,
into each calf. For each dose, spontaneous pain (10 cm VAS), area of
flare (cm?) and the sum of allodynia and hyperalgesia radii across eight
axes (cm) were recorded pre-injection and at 5, 15, 30,45 and 60 min
post injection.

RESULTS

Sciatica subjects experienced higher spontaneous pain and
hyperalgesia responses in both legs compared with pain-free
volunteers. The largest mean difference in spontaneous pain was
2.8cm (95% Cl 1.6, 3.9) at 5 min in the unaffected leg following 10 ug.
The largest mean difference in hyperalgesia was 19.7 cm (95% Cl 12.4,
27.0) at 60 min in the unaffected leg following 10 pg. Allodynia was
greater in patients than in controls with the largest mean difference of
2.9 cm (95% Cl 1, 4.8) at 5 min following 10 ug in the affected leg.
Allodynia was also higher in the affected leg compared with the
unaffected leg in sciatica patients with the highest mean difference of
3.0cm (95% Cl 1.2,4.7) at 5 min following 10 pg.

CONCLUSIONS

The responses to intradermal capsaicin are quantitatively and
qualitatively different in unilateral sciatica patients compared with
pain-free controls.
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Introduction

Experimental pain models have been proposed as tools for
potential new therapies for neuropathic pain [1]. However,
most work using experimental pain models has been in
healthy volunteers [2, 3]. This makes their relevance ques-
tionable since the mechanisms by which chronic pain is
maintained may not be active in pain-free people. Cap-
saicin, the hot constituent of the capsicum pepper, is a
transient receptor potential vanilloid 1 (TRPV1) receptor
agonist [4], expressed on C-fibre polymodal receptors [5].
Altered central nociceptive signal processing, called
central sensitization [6], is experimentally reproduced with
intradermal (i.d.) capsaicin, through widening of the recep-
tive field of dorsal horn neurons [7-9] to AB-fibre input,
enabling innocuous touch stimuli to be perceived as
painful in allodynia. Increased responsiveness to Ad inputs
[8-12] allows hyperalgesia to occur in the uninjured skin
surrounding tissue injury [13, 14].

Local application of capsaicin has some attractions as a
model for neuropathic pain as it reliably reproduces some
of the key symptoms of neuropathic pain, i.e.allodynia and
hyperalgesia. Allodynia is due to an increased central
response to a given input from rapidly conducting low-
threshold AB-mechanoreceptors [15] and hyperalgesia is
mediated through C-fibres and high threshold, short-
diameter Ad-fibres [15]. Additionally, surrounding the
injection site there is an area of flare, or redness, lasting
between 30-90 min, due to a local axon reflex [16].

Intradermal capsaicin has been found to have a dose-
dependent relationship with flare, allodynia and hyperal-
gesia responses in pain-free volunteers [8], replicated in
further studies [7, 12, 13, 17-22]. Intradermal rather than
topical capsaicin is preferred because of superior spatial
resolution of response. Intradermal capsaicin has been
shown to detect the effects of a single dose of pregabalin
in healthy volunteers [23]. Hence the i.d. capsaicin model is
potentially a useful tool to study the mechanisms of
neuropathic-type symptoms [9, 11,15, 24],and the efficacy
of analgesic drugs in relieving these symptoms [7, 23, 25].

Despite the extensive literature on the use of capsaicin
models in pain-free volunteers, little has been published
using i.d. capsaicin in pain patients. In a previous study,
increased allodynia and hyperalgesia in vulvodynia-
afflicted women was observed compared with pain-free
controls following 10 ug of i.d. capsaicin [26]. A study in
rheumatoid arthritis patients showed similar responses in
patients and controls [27].

No study has compared the response of i.d.capsaicin in
the affected and non-painful skin areas in patients with
unilateral neuropathic limb pain. We have examined the
response to i.d. capsaicin in patients with unilateral sci-
atica.Although the pathology of pain in sciatica is debated,
and is certainly heterogeneous, it is a readily recruitable
population and a poorly treated painful condition in which
a component of neuropathic pain is present in many
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patients [28, 29]. We hypothesized that a) in patients with
unilateral sciatica, the response to i.d. capsaicin would be
amplified compared with pain-free controls and that b)
responses in the affected and unaffected limbs may differ.
We also wished to assess the acceptability of the technique
in patients with chronic pain. Our hypothesis was that
response would be greater in patients with pain.

Methods

Participants

Patients with unilateral sciatica and pain-free volunteers
were recruited from direct advertising at the Royal Ade-
laide Hospital (RAH) and a database of subjects who pre-
viously enrolled into studies at the Pain and Anaesthesia
Research Clinic (PARC).

Sciatica was diagnosed on clinical grounds by the pres-
ence of pain in the L5/S1 dermatomal distribution accom-
panied by dysaesthesia of a shocking or burning quality of
pain. Patients were to have negligible pain symptoms in
the contralateral leg.

Inclusion and exclusion criteria

Key inclusion criteria included having both lower limbs
present, being greater than 18 years of age and having fair
skin colour required to observe the flare response. Subjects
on paracetamol or non-steroidal anti-inflammatory drugs
(NSAIDs) were required to withhold medication for 24 h
prior to the study to exclude any medication effect on
the capsaicin response. Subjects were excluded if using
controlled-release opioids within 2 weeks prior to the
study, or if using gabapentin, pregabalin or tricyclic antide-
pressants within 6 weeks of the trial. Other exclusion crite-
ria included previous topical capsaicin treatment, previous
enrolment into a study involving i.d. or topical capsaicin, a
known allergy to capsaicin, being pregnant or breastfeed-
ing, significant scarring or burns to the back of the legs and
a urine drug screen inconsistent with the patient’s medi-
cation history or positive for non-medical drugs. For
patients with sciatica, additional inclusion criteria included
negligible pain symptoms in the unaffected leg, a
minimum duration of symptoms of 3 months and sciatica
to be their dominant pain problem. Pain-free volunteers
were excluded if they suffered from a clinically significant
painful condition. Ethics approval was obtained from the
RAH Research Ethics Committee.

Capsaicin preparation

Capsaicin in 38% hydroxypropyl-B-cyclodextrin solution
was prepared and dispensed as described previously [19].
The doses were selected as they were well tolerated and
had shown reproducible response profiles in healthy vol-
unteers in an earlier study [19]. For each injection, 10 ul of
solution containing either 1 ug or 10 ug of capsaicin was
drawn into a 0.3 ml sterile insulin syringe (BD Ultra-Fine Il).



Familiarization

As part of the screening session, subjects were familiarized
with the four outcome measures of spontaneous pain,area
of flare, hyperalgesia and allodynia, described below, in
response to a single-blinded saline injection containing no
capsaicin.Subjects were told they would receive a‘very low
dose of capsaicin’ with all outcome measures tested prior
to, and 5 min post injection. If a subject had an increased
response following the dose, they were excluded from the
study.

Assessment procedures

This randomized, double-blind study was conducted over
a single 4 h session, either in the morning or afternoon.
Subjects lay prone on a bed, so that they could not observe
the test assessments on the back of the calf, minimizing
potential bias. The skin temperature of the test site was
fixed at 34-36°C, using a 250 W infrared heat lamp posi-
tioned 50 cm from the back of the calf, consistent with a
previous study demonstrating this fixed temperature
reduced variability in subject response [21]. The tempera-
ture was monitored using a thermode on the adjacent
skin.Participants received four injections of i.d. capsaicin (1
and 10 ug into each leg) separated by 1 h intervals. Injec-
tions were into the upper or lower third of the back of the
calf in either the affected leg or unaffected leg.This was to
avoid repeated injection in the same site to avoid C-fibre
desensitization [30]. The order was according to a random
code for site (upper vs. lower) and dose but this was con-
strained so that left and right sides alternated so that injec-
tions into the same leg were separated by 2 h. In the
patients with unilateral sciatica, the affected leg was
defined as the painful leg and in pain-free volunteers, the
affected leg was defined as the dominant leg. No site was
injected twice for any subject. Both investigator and par-
ticipant were blinded to all doses administered.

Assessments

All four assessments (described below) were measured
before each capsaicin injection and at 5, 15, 30, 45 and
60 min post injection in the following order: spontaneous
pain, area of flare, allodynia and finally hyperalgesia, the
most provocative measurement. All measurements except
flare were recorded by the same assessor to reduce
observer bias.

Spontaneous pain Spontaneous pain was assessed using
a 10 cm visual analogue scale (VAS), where subjects were
instructed to mark the severity of their pain from a score of
0, indicating‘no pain’to 10, signifying ‘the worst pain imag-
inable’ This length was recorded with a ruler (cm).

Flare Area of flare (cm?) was assessed by tracing the visu-
ally identified area of reddened skin directly onto an over-
lying transparent acetate sheet, using a soft-tipped pen.
The area was then calculated using digital planimetry.
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Hyperalgesia The sum of hyperalgesia radii (cm) was mea-
sured using a calibrated von Frey hair,number 5.46 [19,22],
a plastic rod that bends at a defined pressure of 26 g
(TouchTest 800-821-9319, Semmes Weinstein, Stoelting, IL,
USA). The von Frey hair was applied along eight compass
directions, starting peripherally 10 cm away from the injec-
tion site, reapplied at a rate of 1 cm s™" towards the area of
injection site [20]. The participant was instructed to say
‘yes’at the point where an increase in sensation was noted,
and this point was marked on the skin with a soft-tipped
pen. The sum of each radii between marked point and
injection site was determined. This was more appropriate
than measuring an area of hyperalgesia or allodynia, as not
all assessments in the eight compass directions resulted in
a positive response.

Allodynia The sum of allodynia radii (cm) was assessed
using a foam paintbrush (Foam brush 2*ROYMAC, Austra-
lia), gently stroked across the skin along eight compass
directions,at a rate of 1 cm s™' as described above for hype-
ralgesia. Subjects were instructed to say ‘yes'if they noticed
a‘change in sensation; and the sum of these points were
then recorded as described for hyperalgesia.

Statistics

A linear mixed model was fitted to each outcome of spon-
taneous pain (cm), area of flare (cm?), hyperalgesia (sum of
radii, cm) and allodynia (sum of radii, cm), predicted by
group (sciatica or pain-free), dose (1 ug or 10 ug), location
of injection (affected leg or unaffected leg) and time, and
their interactions. Data from the upper and lower sites of
the calf injected with capsaicin were combined for each
leg. Statistical analysis was performed using the SAS 9.1
Program, SAS Institute Inc., Cary, NC, USA.

Results

Participants

Fourteen patients with unilateral sciatica (six males and
eight females, mean (SD) age 55.1 £ 9.2 years) and 12
pain-free volunteers (six males and six females, mean (SD)
age 52.3 = 10.4 years) completed this study. In the sciatica
group the duration of the disease ranged from 2-35 years,
with a mean (SD) of 14.3 * 12.2 years.The pain severity at
rest ranged from 0-4 out of a maximum of 10 on the VAS
pain score, and at its worst, the pain was in the range of
7-8.5 out of 10.

Tolerability and safety
Capsaicin doses were well tolerated by all sciatica patients,
and no adverse reactions were reported or observed other
than the expected local responses.

The mean effect-time curves are shown in Figure 1 for
the 1 ug dose and Figure 2 for the 10 pug dose.
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Figure 1

Time course of VAS, flare, hyperalgesia and allodynic response in affected (A, C, E, G) and unaffected legs (B, D, F, H) following 1 g of intradermal capsaicin
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Figure 2

Time course of VAS, flare, hyperalgesia and allodynic response in affected (A, C, E, G) and unaffected legs (B, D, F, H) following 10 g of intradermal capsaicin
to sciatica patients (A) and pain-free controls (@).*P < 0.01; **P < 0.001
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There was generally a greater response to the 10 g
dose compared with 1 g except that the values for hype-
ralgesia were comparable.The dose-response relationship
was not formally tested as this was not a study objective.

VAS score of spontaneous pain
Effect-time profiles are shown in Figures 1 and 2 panels A
and B.

In pain-free controls, baseline values of pain in both
legs were zero. In patients, the VAS score values were zero
in the unaffected leg, confirming the unilateral nature of
symptoms.However,the mean baseline value was 1.2 (95%
Cl -0.2,2.6) in the affected leg in patients, indicating a low
baseline level of symptoms. The shape of the effect-time
profiles for the VAS scores were similar in the sciatica
patients and pain-free controls, with their highest mean
occurring at t = 5 min, followed by a gradual decline over
time.Following a 10 ng dose sciatica patients had a greater
response than controls at all time points.The highest mean
difference of 2.8 cm (95% Cl 1.6, 3.9, P < 0.001) occurred at
5 min in the unaffected leg.In the affected leg, the greatest
mean difference was 1.7 cm (95% Cl 0.7, 2.8, P < 0.01), at
5 min.VAS scores of spontaneous pain did not differ in the
affected vs. the unaffected leg. Following 1 g, there were
no differences between patients and controls at any time
point in the affected leg but in the unaffected leg patients
had a higher response at 5 and 15 min. The maximum dif-
ference of 1.5 cm (95% Cl 0.4, 2.6, P < 0.01) was at 5 min.

Flare

Effect-time profiles are shown in Figures 1 and 2 panels C
and D. All baseline flare values were zero. In the controls,
flare was generally maximal at the first post dose assess-
ment with a decline over time, at both doses and in both
limbs.The exception was a flat profile in the unaffected leg
following 10 ug. In patients, flare declined more slowly fol-
lowing 1 g in both limbs so that significant differences
from control were observed after 30 min in both legs. The
highest mean difference of 12.6 cm? (95% Cl 0.47,24.7,P <
0.05) occurred at 60 min in the unaffected leg. Following
10 ug administered to the affected leg, the time profile in
both patients and controls followed a steady decline and
were not different at any time point. In contrast, in the
unaffected leg, controls showed a flat profile but flare
steadily increased over time in patients with a maximum
mean difference from controls of 17.4 cm? (95% Cl 5.2,29.5,
P =0.005) which occurred at 60 min.

Hyperalgesia

Effect-time profiles are shown in Figures 1 and 2 panels E
and F. All baseline hyperalgesia values were zero in the
controls, but there were mean positive values in the
patients, more in the affected leg. Sciatica patients had
significantly higher hyperalgesia responses than pain-free
volunteers at all times in both legs at both 1 ug and 10 ug
doses and the time profile hyperalgesia differed between
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sciatica patients and controls. In controls, mean hyperalge-
sia response was highest at 5 min, and decreased slightly
over time at both 1 g and 10 pg doses. In contrast, sciatica
patients had the lowest post-baseline response at 5 min,
with responses increasing very gradually over time in the
affected limb, and increasing along a higher gradient in the
unaffected limb. This was greatest in the unaffected leg at
the 10 ug dose, with sciatica patients having a mean of
19.7 cm higher hyperalgesia radius sum (95% Cl 12.4,27.0,
P <0.001) compared with the unaffected leg in controls at
60 min.

Allodynia

Effect-time profiles are shown in Figures 1 and 2, panels G
and H. All baseline allodynia values were zero in the con-
trols but mean positive values were recorded for the
patients. Allodynia response was maximal at 5 min and
decreased over time in both sciatica patients and controls.
Sciatica patients had higher allodynia responses than con-
trols across all time points and at both 1ug and 10 ug
doses, however this was only significant in the affected leg
following 10 ng, with sciatica patients having a 2.9cm
greater (95% Cl 1.0, 4.8) sum of radii than pain-free volun-
teers at 5min (P < 0.01). In sciatica patients, comparing
limbs, the affected leg had significantly higher allodynia
responses at all time points up to t = 45 min (P < 0.001),
with the peak mean difference of 3.0 cm (95% Cl 1.2,4.7) at
5 min.

Discussion

This study primarily aimed to determine if there was a
difference in spontaneous pain, area of flare, hyperalgesia
and allodynia responses between patients with unilateral
sciatic pain and pain-free subjects in response to i.d. cap-
saicin and in the patients whether the response in the
affected and unaffected limbs differed. In order to investi-
gate this, it was necessary that sciatica patients could tol-
erate the capsaicin doses used and we were concerned
that a higher response in patients would not be tolerated
and hence dose selection was an important study design
consideration.

The 1ug and 10 ug doses chosen in this study were
much lower than the maximum doses used in previous
studies investigating pain-free volunteers [20, 21] and
equal to the maximum dose used in one study investigat-
ing vulvodynia-afflicted women [19]. The dose used in a
previous study in rheumatoid arthritis patients was much
higher (33-fold higher concentration and 333-fold higher
dose) [27]. Our previous work in healthy volunteers sug-
gested that satisfactory responses would be observed in
the controls at the doses used in the current study [19].
Placebo was not used in the main study session as it has
been previously reported that subjects could identify the



characteristic initial burning sensation of the capsaicin
injection compared with placebo [5], potentially introduc-
ing bias due to unblinding.

There was increased pain in both legs in sciatica
patients compared with pain-free controls. Mean pre dose
VAS scores of approximately 1 cm are consistent with neg-
ligible pain (31). However the mean peak post capsaicin
values of approximately 4 cm following a 10 ug dose came
within a range generally accepted as being at the lower
level of clinically significant pain, used as an entry criterion
for treatment studies [31]. This is not due to high baseline
levels and hence represents an exaggerated response
compared with the controls confirming our hypothesis.
This also confirms that the cautious approach in dose
selection was appropriate and warranted.

Increased hyperalgesia responses in sciatica patients
were significant at all time points, suggesting that chronic
pain sufferers have central inputs that are more sensitive to
Ad-fibre input compared with pain-free volunteers. The
reduction of hyperalgesia over time in pain-free volunteers
is as expected from previous studies [20, 21]. However, in
sciatica patients the hyperalgesia response increased
steadily over time, particularly in the unaffected leg.This is
a novel finding, and may suggest spinal cord wind-up
mechanisms in subjects with chronic pain. Increased
responses in sciatica patients compared with pain-free
subjects have been previously demonstrated in the non-
painful volar forearm skin areas of vulvodynia-afflicted
women [26]. An explanation proposed is that the sensi-
tized spinal cord in chronic pain patients may be highly
sensitive to contralateral inputs from Ad-fibres following
i.d.capsaicin.Contralateral hyperalgesia input is supported
by a recent study which identified contralateral hyperalge-
sia and allodynia responses in both rheumatoid arthritis
subjects, an inflammatory type pain, and pain-free volun-
teers lasting for up to 1 h following 1 g i.d. capsaicin [27].
The assessment of hyperalgesia response in the unaffected
limb of neuropathic pain subjects may be a superior model
of spinal cord wind-up using the i.d capsaicin model.
Future studies should incorporate a longer duration of
assessments following i.d. capsaicin, as the increasing tra-
jectory of hyperalgesia in the unaffected leg of pain sub-
jects may become significantly higher than the affected
leg at greater than 1 post injection. Increasing the time
between each injection may also reduce potential influ-
ences of the i.d. capsaicin in the contralateral leg.

In sciatica patients, allodynia response in the affected
leg was significantly greater than in the unaffected leg at
all time points, suggesting AB-fibres in chronic pain sub-
jects may be received on the unilateral side of the sensi-
tized dorsal horn neuron.

Flare responses showed the smallest differences
between pain patients and controls. There were no differ-
ences in the affected limb at 10 ug and small differences in
the other leg. As the flare is due to a local axon reflex, the
small differences in this variable suggest that the differ-
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ences observed with the other variables were not due to
increase response at the level of peripheral nerve.

The strategic function of this study was to assess
whether the i.d. capsaicin model in patients is worthy of
further development as a screening model for the evalua-
tion of novel analgesics in neuropathic pain.The key ques-
tion is: What incremental response value does the injected
capsaicin provide over standard quantitative sensory
testing? This pain model is increasingly being evaluated as
a biomarker for patient stratification and assessment of
treatment response [32-37]. Firstly, although our patients
reported significant functional interference with their daily
living as a result of their sciatica, baseline pain scores on
the treatment day were relatively low and would not gen-
erally qualify such patients for clinical trials. This enables
recruitment of the patient population likely to be relatively
representative of the true broad community of patients
rather than selecting people at the severe end of the spec-
trum introducing potential bias. Secondly, daily baseline
pain is likely to be affected by multiple environmental
factors which will vary from day to day.The concept behind
giving a standardized stimulus is to try to elicit more repro-
ducibly a response in a controlled manner [38]. Similar
logic applies in other provocative stimulation models and
it should be noted that provocation technically occurs
during standard quantitative sensory testing to thermal
and punctate stimuli. However, these are short lived and
do not necessarily reflect the sensitization that occurs in
neuropathic pain. In this study we have demonstrated
enhanced slowly developing and long-lasting hyperalge-
sia to i.d. capsaicin which may more closely reflect the
pathological state of sensitization, potentially suitable for
detecting an analgesic drug effect [39]. Future studies
should compare the sensitivity of the i.d. capsaicin model
to standard quantitative sensory testing to detect treat-
ment responses.

In conclusion, this is the first study to investigate
directly the i.d. capsaicin pain model in patients with uni-
lateral sciatica. Capsaicin was well tolerated at 1 ug and
10 ug doses. Higher spontaneous pain and hyperalgesia
responses were greatest in sciatica patients compared
with pain-free controls, particularly in the unaffected leg.
This suggests that patients with pre-existing neuropathic
pain have fundamental differences in central nervous
system processing compared with pain-free controls, and
potentially limits the utility of neuropathic pain models in
pain-free volunteers. Future studies using the i.d. capsaicin
model should utilize neuropathic pain subjects to help
identify neuropathic pain mechanisms and evaluate anal-
gesic efficacy in clinical drug development.
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