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The nociceptive flexion reflex (NFR) is widely used to study aspects 
of nociceptive transmission and modulation in spinal pathways 

involved in pain processing. The NFR is characterised by a graded 
withdrawal response to noxious stimulation that functions to move 
the limb away from actual or potential damage (1,2). Experimentally, 
this multisegmental spinal response is commonly elicited by electro-
cutaneous stimulation of Ad and C afferents innervating the foot, with 
the resultant flexor muscle activity recorded via electromyography 
(EMG) (1,3-5).

The European Federation of Neurological Societies guidelines (6) 
recommend the NFR threshold as the most reliable measure in assess-
ing treatment efficacy in neuropathic pain. However, there have been 
few attempts to standardize testing procedures or to examine the error 
associated with the NFR threshold to inform its practical use as a 
measurement tool. Tørring et al (7) concluded that the NFR threshold 
elicited through electrical stimulation of the posterior tibial nerve was 
highly reproducible between two days of testing; however, they did not 
perform any formal statistical analysis of reliability. Two additional 
studies used Pearson’s correlation analyses to examine the intra- and 
intersession reliability of the NFR threshold elicited by stimulation of 
the sural nerve (5,8). Both studies reported acceptable intra- and 
intersession values, but the usefulness of Pearson’s correlation coeffi-
cient as a measure of reliability has been questioned due to its inability 
to detect systematic bias (9). More recently, more robust reliability 
analyses of the NFR threshold in healthy participants (10) and in 

patients with chronic low back pain (11) have reported high reliabil-
ity. In both of these studies, the NFR reflex was elicited using stimula-
tion of the sural nerve with the participants in a seated or supine 
position. Several studies evaluated the NFR by stimulating the plantar 
aspect of the foot and/or while participants were in a standing posture 
(3,4,12). The standing position represents a more natural posture for 
the activation of lower limb nociceptors and a larger, less painful and 
more functionally appropriate response has been elicited compared 
with the traditional seated position (3,13). Given the discomfort com-
monly associated with eliciting the NFR, these factors would provide 
obvious benefits for participants.

No study has yet conducted a reliability analysis of NFR threshold 
following stimulation over the medial arch of the foot or while in a 
standing posture. Therefore, the purpose of the present study was to 
establish and compare the intra- and intersession reliability of the NFR 
threshold via electrical stimulation of the retromalleolar pathway of the 
sural nerve and the medial arch of the foot. A further aim was to com-
pare subjective pain ratings between the two stimulation locations to 
identify the most comfortable stimulation position for participants.

METHODS
Participants
Twenty healthy, pain-free individuals (10 male, 10 female) between 
20 and 33 years of age were recruited for the study (mean age 23.1 years; 
height 1.72 m; weight 70.2 kg). Participants with a history of back 
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BACKGROUND: The lower limb nociceptive flexion reflex (NFR) is 
commonly used to assess the function of the nociceptive system. Currently, 
there is a lack of standardized stimulation procedures to determine the 
NFR threshold, making comparisons of thresholds across studies difficult.
OBJECTIVES: To assess and compare the within- and between-session 
reliability of NFR threshold when elicited from two common stimulation 
locations: the medial arch of the foot (while standing) and the sural nerve 
(while seated).
METHODS: A staircase procedure was used to determine NFR threshold 
in 20 healthy participants twice within one session and once more in a 
separate session approximately four days later. At both sessions, NFR 
threshold was determined from both medial arch and sural nerve stimula-
tion. Comparisons of NFR threshold, reliability and participant discomfort 
ratings were made between the two stimulation locations.
RESULTS: NFR thresholds were statistically equivalent at the two stimu-
lation locations, but there were more nonresponders and ratings of partici-
pant discomfort were significantly higher during stimulation over the sural 
nerve. Within-session reliability measures were superior for stimulation 
over the sural nerve; however, between-session measures were more reli-
able using stimulation over the medial arch of the foot.
CONCLUSIONS: The authors recommend stimulation over the medial 
arch of the foot while standing as the preferred location for eliciting the 
lower limb NFR, particularly if measurements are to be compared across 
multiple sessions.
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L’influence du foyer de stimulation et de la posture 
sur la fiabilité et le confort du réflexe nociceptif de 
flexion 

HISTORIQUE : Le réflexe nociceptif de flexion (RNF) des jambes est 
souvent utilisé pour évaluer la fonction du système nociceptif. Il n’existe 
pas d’intervention de stimulation standardisée pour déterminer les seuils du 
RNF, ce qui complique la comparaison des seuils entre les études.
OBJECTIFS : Évaluer et comparer la fiabilité du seuil de RNF pendant et 
entre les séances lorsqu’il est suscité par deux foyers de stimulation courants : 
la région médiane de la voûte plantaire (en position debout) et le nerf 
saphène (en position assise).
MÉTHODOLOGIE : Les chercheurs ont utilisé la méthode de l’escalier 
pour déterminer le seuil de RNF de 20 participants en bonne santé deux 
fois pendant une séance et une fois de plus lors d’une séance distincte tenue 
environ quatre jours plus tard. Lors des deux séances, ils ont déterminé le 
seuil de RNF par la stimulation de la région médiane de la voûte plantaire 
et du nerf saphène. Ils ont comparé le seuil de RNF, la fiabilité et l’inconfort 
des participants entre les deux foyers de stimulation.
RÉSULTATS : Les seuils de RNF étaient statistiquement équivalents 
aux deux foyers de stimulation, mais le nombre de non-répondants et les 
évaluations d’inconfort étaient considérablement plus élevées pendant la 
stimulation du nerf saphène. Les mesures de fiabilité au sein d’une même 
séance étaient supérieures lors de la stimulation du nerf saphène, mais les 
mesures entre les séances étaient plus fiables au moyen de la stimulation de 
la région médiane de la voûte plantaire.
CONCLUSIONS : Les auteurs recommandent de privilégier la stimula-
tion de la région médiane de la voûte plantaire en position debout pour 
obtenir un RNF des jambes, notamment si les mesures doivent être com-
parées dans le cadre de multiples séances.
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injury, knee injury or lower limb surgery were excluded. The study was 
conducted with the approval of the institutional ethics committee and 
all participants provided informed written consent.

Experimental protocol
The NFR threshold was evaluated using stimulation at two sites: over 
the medial arch of the foot while standing on the contralateral leg; and 
over the sural nerve while in a seated position. For each of these pos-
itions, the NFR threshold was evaluated twice (5 min apart; measure-
ment A and B) and then once more on a separate session an average 
of four days later (measurement C). For each participant, the order of 
stimulation positions tested was randomized for the first session but 
remained the same between the first and second sessions. Reflex test-
ing was conducted at the same time of day in the two sessions to 
minimize circadian variations in the NFR threshold (14). Participants 
were asked to refrain from taking analgesic medication for 24 h before 
reflex testing, and to refrain from consuming caffeine, alcohol and 
nicotine, and undertaking strenuous exercise for 4 h before reflex test-
ing (5,8,15).

Stimulating electrode placement
The retromalleolar pathway of the sural nerve and the medial arch of 
the foot were shaved, abraded and cleansed with alcohol. A Nicolet 
bar electrode with 9 mm gold cups and 30 mm interelectrode distance 
(DO Weaver & Co, USA) was secured to the site and covered with an 
elastic bandage. Placement of the electrode over the sural nerve was 
confirmed via electrical stimulation at low intensity, resulting in a 
tingling sensation distal to the electrode in the sural nerve distribu-
tion. Electrode placement over the medial arch was standardized by 
placing the electrode 2 cm proximal to the first metatarsophalangeal 
joint on the plantar aspect of the foot. The anode was positioned infer-
iorly at both testing sites.

The NFR was elicited using a train of five rectangular pulses of 1 ms 
duration with a 3 ms interpulse interval (5,8). Each train of stimuli was 
separated by a random interval of 4 s to 8 s to decrease stimulus predict-
ability and improve participant comfort (5,8). Stimulation was delivered 
using a DS7A constant current stimulator (Digitimer Ltd, UK).

Electromyography
Disposable silver-silver chloride (Ag-AgCl) recording electrodes were 
placed on the biceps femoris (BF) muscle on the participant’s dominant 
leg, 10 cm superior to the popliteal fossa. A ground electrode was placed 
on the anterior surface of the ipsilateral tibia. Impedance of <10,000 
ohms was verified at each electrode site (5,10). EMG signals were ampli-
fied, filtered (10 Hz to 1000 Hz; AMT-8, Bortec Biomedical, Canada) 
and sampled at 2000 Hz using a Micro 1401 data acquisition board and 
Signal software (Cambridge Electronic Design, United Kingdom).

Electrocutaneous stimulation procedure
For sural nerve stimulation, the participants were seated in a chair with 
the hip and knee flexed to 90°. For stimulation over the medial arch of the 
foot, the participants stood on a wooden carpeted block (150 cm × 40 cm 
× 26 cm) on their nondominant leg while holding onto a rail for balance. 
The dominant (stimulated) leg hung in a relaxed position without touch-
ing the ground. Participants were asked to look straight ahead during 
testing and to relax their dominant leg muscles as much as possible.

To acclimatize participants to stimulation, each session began with 
10 stimulus trains at varying intensities. The NFR threshold was then 
determined using an up-down staircase method (5). Specifically, the 
stimulation intensity was increased from 0 mA in 4 mA increments 
until an NFR was observed. The intensity was then decreased in 2 mA 
steps until an NFR was no longer evident. The intensity was further 
increased and decreased four more times in 1 mA increments until an 
NFR appeared and disappeared two additional times. The final four 
stimulation intensities were recorded and averaged to calculate the 
NFR threshold.

The presence of an NFR response was defined using an NFR interval 
peak z-score of BF EMG activity, derived using the following formula (5): 

z-score = (NFR interval peak – baseline mean)/baseline SD

The NFR interval peak refers to the peak EMG activity of the BF 
muscle during the poststimulation window of 85 ms to 150 ms. This 
window was chosen to avoid signal contamination via nonnociceptive 
reflexes and startle or involuntary responses (16). The baseline mean 
and SD of BF EMG activity was recorded −65 ms to −5 ms before stimu-
lation. A z-score ≥10.32 was considered to be a true NFR response (5).

Subjective pain ratings
During the testing procedure, participants were asked to rate each stimu-
lus using a 0 to 100 intensity rating scale (5), with anchors of 0 (no 
sensation), 25 (uncomfortable), 50 (painful), 75 (very painful) and 
100 (maximum tolerable pain). Testing was discontinued if a partici-
pant reported a rating of 100. For each of the final four stimuli used to 
calculate NFR threshold, the stimulus intensity rating was recorded. 
These were then averaged to determine the subjective pain intensity 
rating at NFR threshold.

Statistical analysis
NFR thresholds were analyzed using a two-way (session × stimulus 
location) repeated measures ANOVA to check for systematic bias. 
The within-session (measurement A and B) and between-session 
(measurement A and C) reliability of the NFR threshold was evalu-
ated using intraclass correlation coefficient (ICC), SEM and Bland-
Altman agreement methods (17). To assess the relationship between 
NFR thresholds obtained from sural nerve and medial arch stimula-
tion, the same reliability analyses was also performed on measurement 
A data from the two stimulation locations. ICC analysis was performed 
using SPSS version 17 (IBM Corporation, USA) statistical software 
with a two-way, mixed effects model with terms of absolute agreement 
(18). The SEM, which provides a measure of precision of threshold 
scores, was determined using the following formula (19): 

SEM = SD × (1 − r)0.5,

in which SD is the measurement standard deviation and r is the reliability 
coefficient (ie, ICC) of the measure. The SEM was expressed as a coeffi-
cient of variation (CVSEM) to provide an indication of measurement 
precision relative to absolute threshold values. Bland-Altman graphs were 
constructed by plotting the difference between threshold measurements 
against the mean of the threshold differences (17). Bias and the 95% 
limits of agreement were calculated for each plot (17).

RESULTS
The NFR threshold from sural nerve stimulation was not able to be 
determined in three of the 20 participants due to maximum tolerable 
pain being reached before a reflex was evident. NFR thresholds were 
determined in all 20 participants using medial arch stimulation. One 
participant was not retested with sural nerve stimulation due to the 
presence of a minor cutaneous abrasion at the stimulation site that 
appeared in the four days between testing sessions. Thus, reliability 
data for medial arch stimulation are from all 20 participants, while 
intra- and intersession reliability data for medial arch stimulation are 
from 17 and 16 participants, respectively.

NFR thresholds
The mean (± SD) NFR thresholds for medial arch stimulation were 
19.6±12.6, 22.6±15.1 and 19.5±12.5 mA for measurement A, B and 
C, respectively. The mean NFR thresholds for sural nerve stimulation 
were 19.8±13.9, 21.7±16.1 and 19.9±11.4 mA for measurement A, B 
and C, respectively. The ANOVA did not reveal significant main 
effects of session (F[2, 30]=0.9; P=0.4) or stimulus location (F[1, 
15]=0.08; P=0.8) or a significant interaction effect between these fac-
tors (F[2, 30]=0.2; P=0.8).

NFR reliability
The ICC, SEM, bias and limits of agreement data are presented in 
Table 1. The within-session ICC values for medial arch and sural nerve 
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stimulation are both classified as ‘high’ according to Vincent (20). 
Bland-Altman plots for the within-session data showing 95% limits of 
agreement are presented in the upper panel of Figure 1. For medial arch 
stimulation there was a bias of 3.0 mA (95% limits of agreement −10.8 
mA to 16.9 mA). For sural nerve stimulation there was a bias of 2.8 mA 
(95% limits of agreement −8.8 mA to 12.6 mA).

The between-session ICC value for medial arch stimulation is classi-
fied as ‘moderate’, while that obtained for sural nerve stimulation is 
‘questionable’. Bland-Altman graphs for between-session data showing 
95% limits of agreement are presented in the middle panel of Figure 1. 
For medial arch stimulation there was a bias of −0.05 mA (95% limits of 
agreement −19.3 mA to 19.2 mA). For sural nerve stimulation there was 
a bias of −1.72 mA (95% limits of agreement −24.3 mA to 24.0 mA).

The ICC value for comparison of measurement A data from medial 
arch and sural nerve stimulation is ‘high’. The Bland-Altman plot 
showing 95% limits of agreement is presented in the lower panel of 
Figure 1. There was a bias of 0.7 mA (95% limits of agreement 
–13.5 mA to 14.8 mA).

Subjective pain ratings
The mean subjective pain rating at NFR threshold during medial arch 
stimulation (27±16) was significantly lower than that reported during 
sural nerve stimulation (37±19 [P=0.01]). Thirteen of the 17 partici-
pants in whom the NFR threshold could be determined from both 
stimulation sites had lower pain ratings for medial arch stimulation 
compared with sural nerve stimulation.

DISCUSSION
NFR threshold reliability
We reported high within-session reliability of the NFR threshold fol-
lowing stimulation both at the sural nerve and over the medial arch of 
the foot. The between-session reliability values were lower for both 
stimulation locations but were still at a moderate level for stimulation 
over the medial arch of the foot. The interpretation of ICC values var-
ies within the literature. Some consider values >0.75 to 0.8 to convey 
good-excellent reliability (21,22), while others consider any value 
exceeding 0.6 to be acceptable (23). We adopted the more stringent 
criteria of Vincent (20), who defines an ICC >0.9 as ‘high’, between 
0.8 and 0.9 as ‘moderate’, and between 0.7 and 0.8 as ‘questionable’ 
reliability. What may be more important in terms of using the NFR 
threshold to monitor changes over time or detect differences between 
groups are the SEM values and 95% limits of agreement. In the present 
study, the 95% limits of agreement for medial arch stimulation indi-
cate that a person with an unchanged NFR threshold would have a 

one in 20 chance of being 13.9 mA (within session) or 19.2 mA 
(between sessions) above or below their baseline threshold when 
retested. The 95% limits of agreement have been criticized for being 
overly conservative and markedly influenced by the sample size (24). 
For this reason, the SEM is favoured for providing estimates of test-
retest variability (19,25); however, the reverse criticism applies for 
this measure because it covers only approximately 68% of the vari-
ability, is also sensitive to population heterogeneity and is only 
appropriate for data that do not show heteroscedasticity. Our within-
session SEM values were <4 mA (20%) for the two stimulation loca-
tions and <8 mA (40%) between sessions. As a comparison, 
differences in NFR threshold between people with chronic pain con-
ditions and healthy populations have ranged from 23% to 50% (26-
28), while changes in NFR threshold over time following treatment 
interventions for acute and chronic pain have ranged from 20% to 
87% (29-32).

Compared with previous studies that have examined the reliability 
of the NFR threshold, our ICCs are lower and CVSEM higher than 
those reported in healthy and in chronic pain populations (10,11). 
One reason for this may be the thresholding procedure we adopted. 
We used a staircase method of determining threshold described by 
Rhudy and France (5), whereas the other studies used a modified ver-
sion of this method that uses smaller step increments and requires the 
delivery of multiple stimuli at each intensity level. The delivery of 
multiple stimuli at each intensity may elicit a more consistent estimate 
of threshold than what can be obtained using a single stimulus. An 
additional factor contributing to our lower reliability measures may be 
our definition of an NFR response. Rhudy and France (5) provided 
one of the only direct comparisons of criteria defining the presence of 
an NFR. They determined that a z-score reflecting the peak EMG 
activity in the NFR time period relative to background EMG was the 
best criterion to identify the presence of a response, which is the def-
inition that we adopted in the current study.

In a subsequent investigation, France et al (33) reported that 
although the NRF interval peak z-score had a high sensitivity and 
specificity in identifying the presence of reflex, it was associated with 
a substantial SD, indicating a large variability between individuals. A 
large between-subject variability was present in our threshold values 
and is evident in other studies that have used the same criteria for 
determining the presence of a reflex (26). A large interindividual SD 
reduces ICC and inflates SEM values; thus, it may be more suitable to 
use a less variable reflex definition criteria, such as an NFR interval 
z-score based on the mean NFR EMG rather than peak EMG (33). 
Finally, the inclusion of female participants may have increased our 
NFR threshold variability. Tasorelli et al (34) showed significant 
modulation of NFR threshold across the menstrual cycle, which led 
others to control for menstrual cycle phase during NFR testing (35,36) 
or to exclude female participants (10).

Comparison between stimulation locations
To our knowledge, the present study was the first to examine the reli-
ability of the NFR threshold obtained from stimulation over the med-
ial arch of the foot. While our within-session ICC and CVSEM values 
were slightly lower compared with sural nerve stimulation, between-
session reliability was higher for the medial arch location. Importantly, 
the subjective pain ratings indicated that participants found stimula-
tion over the medial arch more comfortable, even though the NFR 
threshold was not significantly different from that obtained using 
stimulation of the sural nerve. In fact, the reliability analyses of NFR 
threshold across the two stimulation sites indicated very good agree-
ment, suggesting that stimulation at the two locations assesses similar 
components of the nociceptive system. The pain ratings elicited dur-
ing medial arch stimulation were lower, even after removal of three 
participants in whom an NFR threshold was unable to be determined 
using sural nerve stimulation due to maximum tolerable pain ratings, 
suggesting that the difference in subjective pain between the two con-
ditions may be even greater.

TABLE 1
Within- and between-session reliability data for medial 
arch and sural nerve stimulation

Within-session
Medial arch Sural nerve

ICC (lower bound–upper bound) 0.922 (0.794–0.969) 0.964 (0.902–0.987)
SEM 3.5 mA 2.6 mA
CVSEM 17.9% 13.4%
Bias ± 95% limits of agreement 3.0±13.9 mA 1.9±10.7 mA
Between-session
ICC (lower bound–upper bound) 0.826 (0.554–0.931) 0.720 (0.169–0.903)
SEM 5.2 mA 7.6 mA
CVSEM 26.8% 37.7%
Bias ± 95% limits of agreement 0.1±19.2 mA 0.2±24.2 mA
Between stimulus location
ICC (lower bound–upper bound) 0.926 (0.795–0.973)
SEM 3.5 mA
CVSEM 18.3%
Bias ± 95% limits of agreement 0.7±14.1 mA

CV Coefficient of variation; ICC Intraclass correlation coefficient
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In addition to differences in the location of the stimulus, our two 
conditions also involved different postures – the medial arch was stimu-
lated while in a standing position and the sural nerve was stimulated 
while seated. In an earlier study that examined the NFR in seated and 
standing postures, Rossi and Decchi (3) found a larger NFR size while 
standing (stimulated limb unloaded) than sitting with a comparable foot 
position. Subsequently, Andersen et al (13) reported a higher pain 
threshold, determined using pain intensity ratings during NFR stimula-
tion, while standing compared with seated. The standing posture also 
elicited a larger NFR in the biceps femoris and a greater knee flexion 
response. Both postures in that study involved stimulation at the medial 
arch of the foot. While these studies suggest the standing posture may 
elicit a larger NFR response or a lower threshold, there was no evidence 
in our data of a significant difference in NFR threshold between the two 
stimulation locations, even though the subjective pain ratings were 
lower at the medial arch. The finding that subjective pain ratings were 
different between the two stimulus locations while NFR thresholds were 
similar supports reports that these two variables can often be dissociated 
and may provide complimentary assessments of the nociceptive system 
rather than being interchangeable (15,37-39).

NFR thresholds and nonresponders
In a study involving 300 healthy participants, Neziri et al (40) 
reported a mean NFR threshold of 16.2 mA using stimulation over 
the sural nerve. Using similar stimulation parameters, our NFR 
thresholds were approximately 3 mA to 4 mA higher for both stimu-
lation locations. Therefore, our thresholds were comparable given 
the slight differences in procedures used to determine threshold. We 
were not able to obtain threshold values at the sural nerve in three of 

our 20 participants (15%) because of high subjective pain ratings. 
Neziri et al (40) did not report any participants from whom they 
were unable to obtain a threshold. However, previous studies using 
similar stimulation techniques have reported an inability to deter-
mine threshold in 8% to 15% of participants (26,28,41), which is 
very similar to our nonresponse rate. It should be considered that our 
study involved a population of healthy young adults. In people with 
chronic pain conditions, the NFR threshold is routinely reduced in 
comparison with healthy participants (42-44). Thus, our results con-
cerning the presence of nonresponders and the subjective pain rat-
ings associated with stimulation may not be generalized to populations 
with long-term pain.

CONCLUSIONS
Assessing the NFR threshold during standing using stimulation of the 
medial arch of the foot may have advantages over the traditional 
method of assessing NFR threshold using stimulation of the sural 
nerve while seated. Although the threshold values were comparable, 
medial arch stimulation was more comfortable, gave rise to fewer non-
responders and superior reliability across sessions. Our reliability val-
ues were lower and measurement error higher than that described 
using other threshold determination techniques. We suggest that using 
multiple stimuli at each intensity and an NFR interval z-score based 
on the mean EMG may lead to more reliable threshold values both 
within and across sessions.
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Figure 1) Bland-Altman plots for nociception flexion reflex threshold obtained from medial arch and sural nerve stimulation. The upper plots show data from 
within the same session (measurement A, B), the middle plots show data from between sessions (measurement A, C), and the lower plot shows measurement 
A data from medial arch and sural nerve stimulation. The solid horizontal line indicates the bias and the dotted lines indicate the 95% limits of agreement
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