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• Quantitative  sensory  testing  (QST)  is  used  to  assess  sensory  disturbances.
• These  findings  showed  excellent  intra-rater  reliability  of  thermal  QST  on  the  feet.
• Intra-rater  reliability  of  thermal  QST  on the  lumbar  spine  was  fair to  excellent.
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a  b  s  t  r  a  c  t

Introduction  Quantitative  sensory  testing  (QST)  is widely  used  in  human  research  to  investigate  the
integrity  of the  sensory  function  in  patients  with  pain  of neuropathic  origin,  or  other  causes  such  as
low  back  pain.  Reliability  of  QST  has  been  evaluated  on both  sides  of  the  face,  hands  and  feet  as well  as
on  the trunk  (Th3-L3).  In order  to  apply  these  tests  on other  body-parts  such  as  the  lower  lumbar  spine,
it  is important  first to establish  reliability  on  healthy  individuals.  The  aim  of  this  study  was  to investi-
gate  intra-rater  reliability  of thermal  QST  in  healthy  adults,  on  two  sites  within  the  L5  dermatome  of
the  lumbar  spine  and  lower  extremity.  Methods  Test–retest  reliability  of  thermal  QST  was  determined  at
the L5-level  of the lumbar  spine  and in  the  same  dermatome  on the  lower  extremity  in 30  healthy  per-
sons  under  40  years  of  age.  Results  were  analyzed  using  descriptive  statistics  and  intraclass  correlation
coefficient  (ICC).  Values  were  compared  to normative  data, using  Z-transformation.  Results  Mean  intrain-
dividual  differences  were  small  for cold  and  warm  detection  thresholds  but  larger  for  pain  thresholds.
ICC  values  showed  excellent  reliability  for  warm  detection  and  heat  pain  threshold,  good-to-excellent
reliability  for cold  pain  threshold  and  fair-to-excellent  reliability  for cold  detection  threshold.  ICC had
large  ranges  of confidence  interval  (95%).  Conclusion  In  healthy  adults,  thermal  QST  on  the  lumbar  spine
and lower  extremity  demonstrated  fair-to-excellent  test–retest  reliability.

© 2014  Elsevier  Ireland  Ltd.  All  rights  reserved.

1. Introduction

Quantitative sensory testing (QST) is a method used to test
all somatosensory submodalities (i.e. touch, vibration, tempera-
ture or pain) with different kinds of calibrated stimuli, to examine
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the presence of negative or positive sensory signs [1]. QST can be
applied to investigate the integrity of the sensory function in order
to define and classify pathologies, to analyze pathogenesis or to
evaluate changes in diseases [2]. Over the past decades, there has
been an increasing interest in QST in clinical and research settings,
for example to determine the conduction velocity of peripheral
nerve fibres [3] or to assess a treatment’s effectiveness [4]. QST
is a psychophysical measurement, relying on the subjective per-
ception of a physical stimulus [5]. Therefore, reliability needs to
be assessed with a very rigorous methodology. In their systematic
review, Moloney and colleagues [6] reported large variability in
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methodological quality of published studies with poor-to-excellent
reliability of thermal QST. The German Research Network on Neu-
ropathic Pain (DFNS) published a standardized QST protocol and
normative data for quantitative sensory evaluations [7]. Under
this protocol, that QST battery was evaluated bilaterally on the
face, hands and feet using the method of limits, with reliabil-
ity then assessed on these different sites [8]. The availability of
this standardized protocol tends to improve reliability [9]. Indeed,
before using QST on other body parts, its reliability needs to be
assessed as recently shown by Pfau and colleagues [10] for the
upper (Thoracic(Th)2-Th8) and the lower back (Th10-Lumbar(L)3).
Among the diverse sensory submodalities described in the DFNS
standardized protocol, the thermal modalities include cold and
warm detection threshold (CDT, WDT), paradoxical heat sensation
(PHS) as well as cold and heat pain perception threshold (CPT, HPT)
[8]. All thresholds are given in ◦C (continuous scale) and can be
tested using a thermotesting device by trained investigators.

QST has mostly been used in patients with neuropathic pain [2]
but also in different musculoskeletal pathologies such as low back
pain (LBP) [1]. People with LBP may  have sensory disturbances in
the back with or without radicular symptoms in the lower limb.
QST has been used in some studies to assess these disturbances
[11–13]. Nevertheless, stimulation sites were not combining two
sites within the same dermatome of the lumbar spine and the lower
extremity in these studies and reliability of thermal QST has, to our
knowledge, never been assessed on the lumbar paravertebral area,
corresponding to the L5-dermatome.

Given the increased use of QST to assess sensitivity in the lumbar
spine in patients with LBP [13], reliability of QST-measurement in
this region needs to be assessed. Furthermore, testing a second site
on the same dermatome will allow further studies to be performed
on patients. Therefore, the aim of this study was  to determine
test–retest reliability of thermal QST on two sites within the same
dermatome (L5) of the lumbar spine and the lower extremity in
healthy adults younger than 40 years of age, according to the pro-
tocol of the DFNS [8]. After examining reliability, data obtained on
the lower extremity were compared to the normative values of the
DFNS for the same site [7] and then to the data obtained in our
study on the lumbar spine within the same dermatome.

2. Methods

Healthy volunteers were recruited from the staff and student
population of the University of Health Sciences, Physical Therapy
Department and the University Hospital Centre (CHUV), Lausanne,
through an e-mail campaign. Inclusion criteria were: (1) good
health status with no lower-back pain or lower-limb pain, (2) age
less than 40 years, and (3) ability to read and speak French. Par-
ticipants had to fill out the French-translated “Delphi definitions
of Lower-Back Pain Prevalence” (DOLBaPP) – questionnaire [14] to
ensure that they were not suffering from lower-back or lower quad-
rant pain. Other exclusion criteria were the following: diabetes,
endocrine dysfunction, cognitive disorders, spinal pain, neurolog-
ical or rheumatologic disorders and known pregnancy. The first
30 volunteers meeting all inclusion criteria were included in the
study (non-probabilistic voluntary sample). Subjects all confirmed
not being on any pain medication. All volunteers signed a written
informed consent form. The study was approved by the local Ethics
Committee, and consistent with the Declaration of Helsinki.

2.1. Experimental procedure

Tests were conducted in a quiet room at the CHUV, with an
ambient temperature between 20 and 22 ◦C. Subjects were assessed
on two occasions at the same time of day, within a one-week

interval. Tests were performed bilaterally on the dorsum of both
feet and on the lumbar paravertebral area (L5 dermatome). The
stimulation sites were randomized (Microsoft Excel 2008, version
12.3.6) for each participant and each measurement session, first to
define the site (lumbar or foot) and then the side (left or right).
Prior to both sessions, a demonstration of the procedure was  per-
formed on the left hand. Tests were done using a Neuro Sensory
Analyzer TSA-II (Medoc, Israel). A Peltier thermode (16 × 16 mm)
was attached directly on the skin of the tested area. CDT and WDT
were measured first. The number of PHS was  then determined dur-
ing the thermal sensory limen (TSL) procedure of alternating cold
and warm stimuli. CPT and HPT were finally recorded. The baseline
temperature was set at 32 ◦C and increased or decreased at a rate
of 1 ◦C/s. To prevent thermal injury, cut-off levels were set at 50 ◦C
and 0 ◦C. Standardized instructions were read out to each subject
before testing [8]. Tests were conducted under the same conditions
as in clinical practice.

All measurements were performed in the same protocolled way
in both sessions, by the same trained observer (physiotherapist),
using the same equipment. Prior to the beginning of the study, the
investigator used exactly the same protocol as that used for partici-
pants on 10 persons who were not included in the study. Volunteers
were blinded to their own prior results. The Quality Appraisal for
Reliability Studies (QAREL)-Checklist [15] was used to guarantee
optimal methodological rigour. Guidelines for reporting reliabil-
ity and agreement studies (GRRAS) in the medical field have been
followed [16].

2.2. Statistical analysis

All statistical calculations were performed using SPSS v.21
(IBM, SPSS, Inc., Chicago, IL, USA), except t-test statistics that
were done using the internet-based statistical software Sim-
ple Interactive Statistical Analysis (SISA) URL: http://www.
quantitativeskills.com/sisa/ (accessed 2014, May  10), as proposed
by Magerl and colleagues [17] and Bland–Altman plots that were
realized with MedCalc Software v.13.2 (Ostend, Belgium). Reli-
ability of measures was  assessed with the intraclass correlation
coefficient for average measurement (ICCagreement) with 95% con-
fidence interval (CI) for each modality. Sample size was estimated
as follows: with a sample size of 30 and an expected ICC of 0.85,
the lower boundary of the 95% CI would still be above 0.7 for at
least 80% of all ICC calculated. This is accepted as a sufficiently
high level of reliability [18]. Kolmogorov–Smirnov test was used
to assess normality of data distribution.

2.2.1. Test–retest reliability

Means and standard deviations (SD) of three consecutive mea-
surements were calculated for CDT, WDT, CPT and HPT for each
tested area in both sessions. In addition, mean intra-individual dif-
ferences (MID) were calculated for each pair of data sets. PHS was
made to follow the DFNS protocol [8] but was  not further developed
in this study. Calculations of relative reliability were done using a
two-way random effects analysis of variance (ANOVA) model, with
absolute agreement. Obtained ICC can range from 0 (no correlation)
to 1 (perfect correlation). Strength of the correlation was  inter-
preted as follows: ICC < 0.40 is considered as poor, 0.40–0.59 as fair,
0.60–0.75 as good and >0.75 as excellent [19]. Bland–Altman plots
were created to determine absolute reliability.

2.2.2. Comparison with normative data

Data obtained from the lower extremity were compared to cor-
responding normative data for the feet (L5 dermatome) from the
DFNS [7] using a Z-transformation for each parameter.
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