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Abstract
The nociceptive flexion reflex (NFR) is used in neurophysiological research as an objective measure of 
nociception. NFR thresholds are reduced in numerous chronic pain pathologies, which are indicative 
of common central hyperexcitability within conditions. However, variation exists in both the NFR 
assessment and determinants of NFR threshold among research groups. Our purpose was to provide 
a review of the recent literature to (a) confirm the NFR threshold’s efficacy in identifying those with 
chronic pain compared to controls and (b) provide a narrative synthesis on the current methodology 
used to assess the NFR in clinical populations. We conducted a review of multiple databases (MEDLINE, 
Cumulative Index to Nursing and Allied Health Literature (CINAHL), Google Scholar and Cochrane 
Library), including articles that reported controlled clinical studies of humans, in English, comparing 
NFR thresholds within chronic pain conditions to matched control subjects, published since the last 
NFR review in 2010. Our search resulted in nine studies included in our narrative synthesis and eight 
studies included in a meta-analysis. There was a significant pooled standardized mean difference 
in NFR threshold between chronic pain conditions and controls (−0.94, 95% confidence interval (CI) 
−1.33 to −0.55, p < 0.0001), with substantial heterogeneity of pooled estimates (I2 = 87%, τ2 = 0.41, 
Q = 76.13, the degrees of freedom (df) = 11, p < 0.0001). Significant variations in participant positioning, 
stimulation parameters and determinants of the NFR threshold were evident among included studies. 
We provided a narrative synthesis on the methodologies of included studies, as a recommendation for 
future studies in the assessment of the NFR in chronic pain.
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Introduction
Chronic pain affects nearly one in five North 
Americans.1,2 At an estimated cost of $43–60 billion 
per year in healthcare costs and lost productivity in 
Canada,3,4 and with an estimated cost of $560 billion 
in the United States,2 the economic burden of chronic 
pain is greater than cancer, heart disease and HIV 
combined.5 Along with its economic impact, the assess-
ment and the subsequent treatment of chronic pain are 
hindered due to its complexity as a multidimensional 
clinical entity.6 Up until recently, chronic pain has been 
evaluated using primarily subjective methods.6

The nociceptive flexion reflex (NFR), also known as 
the RIII reflex, has been proposed as an objective and 
reproducible neurophysiological tool for the evaluation 
of nociception.7 The NFR is a polysynaptic reflex that 
facilitates the withdrawal of an affected body region in 
response to noxious stimulation.8 The NFR is usually 
elicited by stimulation of the sural nerve at the retro-
malleolar space, and the impulse is recorded over the 
ipsilateral short head of the biceps muscle via standard 
surface electromyography (EMG).9 The theoretical 
advantage of the NFR is its objectivity in the assessment 
of nociception via involuntary reflex,7 compared to 
numerous other quantitative sensory tests that rely heav-
ily on participant’s verbal/written perception to various 
stimuli.10 The initial descriptions of the NFR methodol-
ogy for clinical practice were provided by Willer7 and 
Sandrini et al.11 They describe delivering electrical stim-
uli to the sural nerve in trains of 5–10 rectangular wave 
pulses of 1.0 ms duration at a frequency of 200–300 Hz. 
The trains should be delivered randomly to avoid  
habituation.12 The intensity of stimulation eliciting a 
response at a rate of 60–90% in a series of approximately 
20 stimuli is considered the NFR threshold.7,11,13,14 This 
loosely describes a technical administration and associ-
ated primary outcome measure of the NFR technique. 
Unfortunately, this description does not provide ade-
quate information to allow a researcher who is unfamil-
iar with the technique to elicit the NFR in the assessment 
of individuals affected by chronic pain.

Since its original investigation by Kugelberg et al.8 
and subsequent correlation to pain perception by 
Willer,7 the NFR technique has been a consistent 
tool in the study of nociception and chronic pain.15 
However, with the increasing popularity of the NFR 
technique over the last 40 years and further evolution 
of its outcome measures,16–18 there lacks a standard-
ized protocol of noxious stimulation and associated 
NFR assessment. This is especially true in the exami-
nation of individuals with altered nociception, such 
as those living with chronic pain. With the added 
intrasubject variation within chronic pain conditions, 
the variability in NFR techniques among researchers 

presents a further challenge for multi-centred rand-
omized controlled trials, as well as for meta-analyses 
of NFR outcomes. A standardized protocol may 
improve the diagnostic efficacy of the NFR tech-
nique, both during assessments of those living with 
chronic pain and in future meta-analyses of NFR 
outcomes.

One previous study systematically reviewed the 
NFR in 2010, and reported that reduced NFR thresh-
olds were commonly observed in chronic pain pathol-
ogies compared to healthy matched controls.15 This 
review also noted variation in methodological tech-
niques used to assess the NFR threshold, but made 
few recommendations on a standardized methodol-
ogy moving forward.15 As such, there likely remain 
methodological discrepancies in the use of the NFR 
for the assessment of chronic pain pathologies over 
the last 10 years.

We set out to address this knowledge gap through a 
review of the recently available studies that have 
employed the NFR in the assessment of humans who 
are affected by chronic pain. We provide a synopsis of 
the methodological procedures used in the acquisition 
of the NFR within humans affected by chronic pain.

Methods
We searched the following databases using method
ology outlined by the Cochrane collaboration: 
MEDLINE, Cumulative Index to Nursing and Allied 
Health Literature (CINAHL), Google Scholar and 
Cochrane Library (Cochrane Reviews and Cochrane 
Central Register of Controlled Trials). We used the fol-
lowing search terms: nocicept*⁄flex*⁄adj7 reflex, nocic-
eptive withdrawal reflex, flexor withdrawal reflex, flexor 
reflex, withdrawal reflex, RIII reflex, spinal-mediated 
reflex, central hyperexcitability, central sensitization, 
musculoskeletal system and musculoskeletal diseases 
and pain. The only limits applied to our search strategy 
were ‘human’ and ‘English’. We included articles pub-
lished after 2010, as a previous review by Lim et al.15 
examined the efficacy of the NFR threshold to dissoci-
ate between chronic pain pathology and healthy con-
trols. We included articles in our study provided they 
compared NFR thresholds within clinically diagnosed 
chronic musculoskeletal pain conditions to matched 
healthy controls. Review articles, commentaries and 
case reports were excluded.

All the articles produced by the search were 
reviewed by two authors (H.E. and K.M.) and disa-
greements during article screening were resolved by a 
third reviewer (D.A.K.). Figure 1 presents the 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) diagram that was created 



104	 British Journal of Pain 15(1)

from the results of the search and subsequent inclu-
sion/exclusion based on the criteria outlined above.

Data were extracted from each of the articles by one 
of the authors (H.E.) and confirmed by another author 
(K.M.). The following data were extracted from each 
study: study characteristics such as sample size, type of 
chronic pain condition, NFR thresholds (reported as 
mean and standard deviation) for both clinical and 
control populations, as well as testing procedures, 
including participant positioning, noxious stimulation 
and EMG recording parameters. We evaluated the effi-
cacy of the NFR threshold to identify those living with 
chronic pain, while participant positioning, noxious 
stimulation and EMG recording parameters contrib-
uted to a narrative synthesis of current methodological 
practices for NFR assessments.

We assessed the included articles for risk of bias using 
appropriate quality appraisal tools based on study 
design. Specifically, the quality of randomized con-
trolled trials was appraised using the Jadad et al.19 scor-
ing, while the internal validity and risk of bias was 
assessed using the updated Risk of Bias 2 (RoB 2) tool,20 
in accordance with the Cochrane handbook for system-
atic reviews of interventions.21 Non-randomized studies 
were assessed using the Risk of Bias in Non-randomized 
Studies of Interventions (ROBINS-I) tool.22 Two inde-
pendent reviewers (L.D.L. and F.C.K.D.) appraised all 
eligible studies and provided scores. Disagreements 
were mediated by a third reviewer (D.A.K.).

Our primary purpose was to provide a narrative 
synthesis on the methods used to assess the NFR in 
clinical populations. We included studies published 
since the last systematic review and meta-analysis on 
the NFR threshold in 2011.15 We conducted a meta-
analysis of our included studies to confirm the con-
tinued efficacy of the NFR threshold to accurately 
identify individuals living with chronic pain compared 
to matched controls since this previous review.15 For 
studies with multiple clinical pathologies, each pathol-
ogy was included separately.

All statistical analyses were completed in R (Version 
3.5.3, macOS Mojave). Mean, standard deviation and 
sample size were extracted for the NFR thresholds from 
control and clinical populations for the included stud-
ies. We calculated standardized mean differences 
between control and clinical pathologies23 along with 
95% confidence intervals (CIs) and performed tests of 
heterogeneity. Data were pooled using a random effects 
model to account for inter-study variability. In line with 
the previous review by Lim et  al.,15 differences were 
plotted such that negative differences represent a reduc-
tion in NFR threshold in chronic pain conditions com-
pared to control. We plotted standardized differences 
versus standard errors and assessed symmetry of the 
funnel plot visually.

Results
Included studies and risk of bias
We obtained a total of 587 articles that satisfied our 
search strategy, and after removing duplicates, we 
were left with a total of 456 articles. Two authors 
applied the inclusion/exclusion criteria to all the arti-
cles using the information found within the title and 
abstract. After applying the inclusion/exclusion crite-
ria, 38 articles were included for full-text screening. 
Additional 29 articles were excluded because of the 
following reasons: wrong study population, wrong 
outcome measures and wrong study design (Figure 1). 
This left a total of nine articles from which we extracted 
information regarding NFR stimulation and recording 
procedures, along with NFR thresholds in clinical 
populations and healthy matched controls.24–32 Of 
these studies, only one was excluded from meta-anal-
ysis, due to a lack of reported comparison of NFR 
thresholds between clinical condition and matched 
control.25 Their findings remain in the narrative syn-
thesis of our proposed methodology for the NFR 
threshold assessment.

The cases examined by the authors of the included 
studies ranged from chronic widespread pain such as 
fibromyalgia to other chronic regional musculoskele-
tal conditions such as whiplash, along with neck  
and lumbar chronic pain. All included studies were 

Figure 1.  PRISMA diagram.
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non-randomized cohort designed studies. Risk of bias 
assessments, via the ROBINS-I tool for non-rand-
omized studies, determined all included articles to 
have low to moderate risk of bias.

Meta-analysis
There was a significant pooled standardized mean dif-
ference in NFR threshold between chronic pain condi-
tions and controls (−0.94, 95% CI −1.33 to −0.55, 
p < 0.0001; Figure 2). There was a high level of hetero-
geneity displayed in the pooled estimates (I2 = 87%, 
τ2 = 0.41, Q = 76.13, the degrees of freedom (df) = 11, 
p < 0.0001). The funnel plot displayed evidence of 
asymmetry in included studies (Figure 3).

Participant positioning
Details on participants’ positioning during NFR 
assessments were reported for seven of the nine 
included studies (Table 1).26–28,30–32 Three studies eval-
uated the NFR with participants in prone lying, with 
their right knee flexed at 30°.26,30,31 Two studies had 
participants in sitting/reclined sitting, with the knee 
flexed at 60°32 and 160° (20),28 respectively. One study 
had participants in lying posture with the knee flexed 
at 10°,27 while one study had participants in standing 
posture, with their tested leg unsupported.29

Noxious stimuli parameters
The noxious stimulation parameters to elicit the NFR 
were extracted from each study (Table 2). The pulse 
duration was 0.5 ms in one study,24 whereas it was 1 ms 
in the other eight studies.25–32 The number of pulses in 
each stimulant was five pulses in six studies,25,27,29–32 ten 
pulses in one study,26 one pulse in one study24 and not 

Figure 2.  Pooled estimates of nociceptive flexion reflex (NFR) threshold standardized mean difference between clinical 
populations and healthy matched controls. Negative effect represents reduced NFR threshold in the clinical population 
compared to controls.

Figure 3.  Funnel plot of standardized mean difference 
against standard error.
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reported in one study.28 Inter-pulse duration was 2 ms in 
one study,26 3 ms in two studies,29,32 4 ms in one study25 
and 5 ms in two studies.30,31 Two studies did not report 
inter-pulse duration,27,28 and in one case, it was not 
applicable as the stimulus was just one pulse.24 Inter-
stimulant intervals were 6–10 ms in one study,24 8–12 ms 
in four studies,25,27–29 4–8 ms in two studies,26,31 5–10 ms 
in one study and not reported in one study.30 The total 
duration of each stimulus was 0.5 ms in one study,24 
21 ms in one study,25 17 ms in one study29 and 25 ms in 
two studies,30,31 while the remaining four studies did not 
report.26–28,32 Maximum stimulus intensity was 100 mA 
in one study,24 50 mA in one study28 and 40 mA in one 
study,32 while all other studies did not report.25–27,29–31

NFR threshold assessments
Studies differed in their assessment of NFR threshold in 
both stimulus parameters and methods to calculate 
NFR threshold (Tables 2 and 3). For stimulus parame-
ters, three studies used a single series of 2 mA incre-
ments of increasing stimulus intensity26,30,31 and two 
studies used 0.5 mA increments of increasing stimulus 
intensity.25,27 Three studies used staircase methods of 
increasing and decreasing stimuli; one of these involved 
increases in 2 mA increments followed by 1 mA increases 
and decreases, respectively,28 while two studies used 
4 mA increases, then 2 mA decreases, followed by an 
additional two series of 1 mA increases and decreases 
(4-2-1 method).29,32 One study did not report their 
method of increasing/decreasing stimulus intensity.24

For the calculation of NFR threshold (Table 3), three 
studies used the lowest stimulus intensity that elicited a 
z-score greater than 10.23 during a single series of stim-
ulations.26,30,31 Two studies classified NFR threshold as 
the lowest stimulus intensity to elicit amplitude increase 
of 20 µV amplitude for over 10 ms27 or an area of 
100 μV ms with respect to baseline.25 Two studies used a 
4-2-1 staircase method of stimulus delivery, with NFR 
threshold classified as the stimulus intensity to generate 
a z-score greater than 10.23 in at least three of the four 
1 mA ascending/descending series of stimuli,29 or the 
average stimulus intensity of the last two series of stimuli 
that elicited a response greater than 1 standard devia-
tion of baseline,32 respectively. One study classified NFR 
threshold as the stimulus intensity to induce 50% of 
responses to a series of stimuli.24

Discussion
Meta-analysis
The meta-analysis on the NFR threshold compared 
between chronic pain pathologies and healthy matched 
controls provides an update on that previously reported 
by Lim et al.15 They reported reduced NFR thresholds Ta
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across chronic pain pathologies compared to healthy 
matched controls, suggesting the NFR threshold as a 
measure of central excitability. In line with this finding, 
we also observed a significant pooled standardized mean 
difference in the NFR threshold, with reduced NFR 
thresholds observed in clinical pathologies compared to 
control. Interestingly, the studies included within our 
analysis resulted in a greater effect (−0.94, 95%  
CI −1.33 to −0.55) compared to that reported by Lim 
et al.15 (−0.68, 95% CI −0.92 to −0.44). Contrary to the 
previous study by Lim et al.,15 we observed a high level 
of heterogeneity for our reported pooled effect. This was 
likely due to the smaller sample of studies included in 
our analysis, as well as a trend for larger studies to dem-
onstrate larger effects.33 Specifically, the larger sample 
sizes by the works of Biurrun Manresa et al.27 and Smith 
et al.30 also demonstrated the largest effects, compared 
to the smaller sample sizes by the works of Umeda 
et al.,32 Sterling31 and Rhudy et al.28 Despite noted het-
erogeneity among included studies, our pooled effect 
replicated that which was previously reported,15 and sug-
gests that reduced NFR thresholds continue to be asso-
ciated with those living with chronic pain.

Participant positioning
The seminal work by Kugelberg et  al.8 demonstrated 
evidence of stimulus location and postural dependent 
responses of the NFR, which have been further explored 
in the upper limb.34 As such, participant positioning 
and the site of noxious stimulus undoubtedly influence 
the NFR. Among the studies included in our review, 
there was significant variation in their reported partici-
pant positioning, which likely contributed to the heter-
ogeneity of the pooled effect of the NFR threshold. A 
lying posture with the knee flexed and supported was 
the most reported among our included studies.26,27,30,31 
However, two studies adopted a sitting posture with the 
knee flexed,28,32 two studies did not report their partici-
pant position24,25 and another had participants in stand-
ing posture.29 While the maintenance of a consistent 
posture within studies is critical for consistent NFR 
assessments, the known influence of postural variations 
on NFR responses34 is a major limitation in the com-
parison of NFR thresholds across studies. The adoption 
of a consistent posture during NFR assessments across 
research groups would improve the comparability of 
future study findings.

Noxious stimuli parameters
There were subtle variations in the stimulus parame-
ters used to assess the NFR among included studies. 
The majority of studies used five 1 ms pulses to deliver 
noxious stimuli.25,27,29–32 The time between progressive 

stimuli was randomized in all studies, with the majority 
of studies reporting an interval ranging from 4 to 
12 seconds.24–29,31,32 While inter-pulse intervals and the 
overall length of each stimuli varied between studies, 
these subtle differences likely did not have a substantial 
influence on NFR assessments, as all stimulation 
parameters would be perceived as a single stimulus to 
participants. In addition, these respective parameters 
within each study were kept consistent in comparisons 
between chronic pain conditions and healthy matched 
controls. Conversely, the environment in which stimuli 
were delivered was seldom reported among included 
studies. Only one study specified the use of a standard-
ized testing space.26 Possible examiner effects during 
NFR assessments were also seldom addressed, with 
two studies indicating the same examiner completing 
all NFR assessments30,34 – one study indicating blinded 
examiners31 and one study making use of a separated 
testing room with microphones to mitigate any exam-
iner influence.28 Given well-documented influences of 
examiner’s sex on pain-related outcomes,35,36 as well as 
the influence of examiner’s position and posture on 
pain ratings,37 this is an area in need of improved 
reporting as well as further exploration within NFR 
assessments.

NFR threshold assessments
The assessment of NFR thresholds – the primary out-
come measure used to compare chronic pain to 
healthy matched controls – varied among included 
studies. Two main components of NFR threshold 
assessment involve the method of stimulus delivery 
and the criteria for determining both NFR responses 
and NFR thresholds. While variation was evident in 
the methodology of stimulus delivery, patterns 
emerged for either the use of a single series of ascend-
ing stimuli25–27,30,31 or a staircase method of increas-
ing and decreasing stimuli.28,29,32 The use of a single 
series of ascending stimuli compared to a staircase 
method was previously validated,38 suggesting that 
the use of prolonged staircase methods may expose 
participants to additional noxious stimuli with little 
advantage in ascertaining reliable NFR thresholds. 
However, more recent studies have suggested the use 
of more complex algorithms for stimulus delivery 
during NFR assessments.12,39 In addition, a recent 
simulation study recommended dynamic staircases of 
stimulus delivery, which adapt in step sized based on 
NFR threshold stability, in comparison to the more 
traditional staircase methods reported from studies 
included in this review.40 Further research is needed 
to explore the use of these more novel NFR threshold 
algorithms in the assessment of clinical pathologies 
compared to healthy matched controls.
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The included studies varied in their determination 
of the NFR threshold; however, clear patterns emerged 
with respect to NFR threshold calculation along with 
respective stimulus delivery. The three studies that 
used 2 mA increases in stimulus intensity also all shared 
the same method of NFR threshold determination, via 
the stimulus intensity to produce an interval peak 
z-score greater than 10.32.26,30,31 The two studies that 
used 0.5 mA increases in stimulus intensity used simi-
lar amplitude-based metrics, either 20 µV amplitude 
for over 10 ms27 or an area of 100 IV ms with respect to 
baseline.25 The two studies that used the 4-2-1 stair-
case method of stimulus delivery varied in their deter-
mination of NFR threshold; Rice et  al.29 used the 
stimulus intensity to generate a z-score greater than 
10.23 in at least three of the four 1 mA ascending/
descending series of stimuli, while Umeda et al.32 took 
the average stimulus intensity of the last two series of 
stimuli that elicited a response greater than 1 standard 
deviation of baseline. When considering both stimulus 
delivery and NFR threshold criteria, the only consist-
ent method between more than two studies was the use 
of a single series of increasing 2 mA increments, with 
the NFR threshold defined as the stimulus intensity 
that elicited a z-score greater than 10.32.26,30,31

Proposed methodology for NFR 
assessment
After assessing the literature as described above, we 
propose the following methodology for the elicitation 
of the NFR within chronic pain populations.

Two surface EMG electrodes can be used to deliver 
the (noxious) electrical stimulus and should have a 2 cm 
inter-electrode distance along the infra-lateral aspect of 
the lateral malleolus. A single electrical stimulation con-
sisting of five 1 ms square wave pulses should be deliv-
ered at 200 Hz.25,27,29–32 The recording electrodes can be 
placed on a muscle that is supplied by nerves that are 
within the segment of innervation that corresponds to 
the location where the stimulation electrodes were 
placed. For example, the most common muscle used for 
recording is the biceps femoris. The skin over each mus-
cle belly should be cleaned with alcohol prior to elec-
trode placement. The identification of motor points 
should be used to maintain consistent electrode place-
ment between sessions.41 The positioning of the partici-
pant should be consistent, in either reclined lying or 
lying with the leg supported. For optimal results, we rec-
ommend approximately 60° of flexion at the hip and 
knee of the leg that is being evaluated.

The detection threshold can be defined as the low-
est detectable stimulus intensity after three successive 
trials.42 Following the establishment of the detection 
threshold, progressively increasing stimulations should 
be delivered with an 8 to 12-second inter-stimulus 

delay at increasing intensities of 2 mA.26,30,31 These 
stimuli will familiarize participants to noxious stimula-
tion intensities required to elicit NFR responses, to 
both limit anxiety to oncoming noxious stimuli and 
reduce background EMG activity during subsequent 
assessments.25,27,29,32 During this process, the partici-
pants are asked to report their subjective pain rating on 
a visual analogue scale (VAS) from 0 to 10 following 
each stimulus. The stimulus intensity should be pro-
gressively increased in 2 mA increments from the 
detection threshold until the participant can no longer 
tolerate further increases in stimulus intensity. We sug-
gest that the intensity of stimulations not exceed a VAS 
score of 7/10 to ensure participant safety.31

Following familiarization, two options are available 
for determining the NFR threshold, either relying on 
increasing stimuli at 2 mA intensities until NFR 
responses are present26,30,31 or using a staircase 
approach with multiple increasing and decreasing 
series of stimuli in 1 mA increments.29,32 Our review of 
the literature supported both approaches. A previous 
study validated the use of a single series of stimuli com-
pared to a repeated staircase method.38 However, a 
repeated staircase method provides the advantage of 
multiple series of stimuli to evaluate and re-evaluate 
NFR threshold, contributing to improved consistency 
of the outcome. While this choice remains challenging 
for researchers, we strongly suggest the use of a series 
of familiarization stimuli (which may be the first series 
in a staircase method) prior to either a single series or 
repeated staircase of stimuli.

To analyse the raw EMG signals, they should be 
band-pass filtered at 50–500 Hz using a second-order 
Butterworth filter prior to full-wave rectification.34,43,44 
The EMG signals are typically amplified 500–1000 
times and sampled at a rate of 2000 Hz. NFR responses 
should be visually identified based on rectified EMG 
activity in the 90–150 ms post-stimulus window26,28,30–32 
that exceeded baseline mean EMG, sampled from 
60 ms pre-stimulus.30–32 This response window is pre-
ferred to avoid contamination from tactile-mediated 
responses, typically with latencies of 40–70 ms in the 
lower limb7 and 35–55 ms in the upper limb,45 as well 
as to movement response that occurs 250 ms onwards. 
To expedite the process of NFR response identifica-
tion, a z-score approach can be used, which is based on 
methods described by Rhudy and France18 and used 
by numerous studies within this review.26,29–31

The determination of the primary outcome measure 
of the NFR, the NFR threshold, remains variable both 
in the assessment of chronic pain conditions presented 
within this review and elsewhere.9,15,24–32,46 The use of 
differing classifications of NFR responses, as well as the 
use of single versus multiple series of stimuli, was a 
noted source of variability among the included studies 
of this review.24–32 Ultimately, the standardization of 
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both the definition of the NFR threshold and its acqui-
sition in chronic pain populations should be a long-
term goal within the field. Based on the findings of this 
review, we suggest a familiarization series of stimuli, fol-
lowed by either a single series of 2 mA increasing incre-
ments only26,30,31 or in combination with an additional 
two series of increasing and decreasing stimuli in 1 mA 
increments.29,32 NFR responses should be classified as 
present, if EMG activity in the 90–150 ms response 
window25,26,28–32 is greater than 1 standard deviation 
above baseline28,32 or reaches a z-score value greater 
than 10.32.26,29–31 The lowest stimulus intensity during 
each series of stimulations should be recorded, and the 
average of these values (if appropriate) would comprise 
the NFR threshold.

Additional factors that influence NFR
There are several factors that can influence the NFR. 
Sex effects of NFR thresholds have been reported in a 
variety of studies, with inconclusive findings.47,48 
Previous studies have reported lower NFR thresholds 
in males,47 while other studies have reported reduced 
thresholds in females.48–50 The most recent study – 
with sample sizes of over 152 males and 148 females, 
respectively – concluded no significant effect of sex on 
NFR threshold.51

It has also been shown that the time of day can 
affect the NFR threshold. Sandrini et  al.52 showed 
that the NFR threshold progressively increases with 
the phases of sleep reaching its peak during the rapid 
eye movement (REM) phase. In addition, it was dur-
ing REM sleep that the maximum increase in the 
amplitude and duration of the NFR was determined.52 
Edwards et  al.53 showed that the NFR threshold is 
also affected by the cardiac cycle, being attenuated 
during systole. While studies often report similar time 
of day of assessments in a repeated measure designed 
experiments, a few studies have accommodated the 
influence of cardiac cycle on the NFR since the dis-
covered relationship by Edwards et al.53 None of the 
articles presented within the scope of our review 
monitored heart rate or accounted for the cardiac 
cycle in their NFR assessments of individuals living 
with chronic pain. This is an area of research that may 
require future investigation in the determination of 
optimal assessment protocols for the NFR for indi-
viduals living with chronic pain.

There are numerous technical aspects to obtaining 
the NFR since it can vary based upon the site of stimu-
lation.34 The maximum amplitude is obtained when 
the stimulation site and muscle from which it is 
recorded correspond in regard to their innervation.54 
The NFR threshold has been shown to be higher out-
side the zone of innervation of the receptive field.55

Known issues in NFR assessments
Efforts should be made to maintain a consistent posi-
tion between participants during NFR acquisition. 
Changes in participant position within or between tri-
als will influence the NFR, as the NFR is known to 
adapt to both stimulus location and posture.34 A base-
line level of muscle contraction increases the difficulty 
in ascertaining NFR responses. Participants should be 
at rest, with little to no background EMG activity dur-
ing NFR assessments. Consistent participant position-
ing along with a familiarization session to limit anxiety 
to oncoming noxious stimuli can improve background 
EMG activity during NFR assessments. The use of 
steadily increasing stimulus intensity may bias partici-
pants to overestimate their pain ratings during NFR 
assessments. While some studies have proposed alter-
native delivery methods in experimental pain models 
and young healthy populations,39,56 further studies 
exploring the use of randomized stimuli delivery algo-
rithms are needed in NFR assessments for those living 
with chronic pain.

Participants’ perceptual response to noxious stimu-
lations is also a limiting factor in NFR assessments. 
Previous studies have reported difficulty in ascertain-
ing NFR thresholds due to stimulus intensities  
required to elicit responses being too painful for some 
participants.57–60 There is some evidence among the 
studies within this review26,29,31 that this may be dis-
proportionate in those affected by chronic pain com-
pared to matched healthy controls. Some recent studies 
have proposed altering stimulus location or methods of 
NFR threshold acquisition to combat these issues;39,57 
however, there remains a need for further investigation 
of these methods within clinical populations.

Conclusion
Following a review of the literature, we have synthe-
sized the current state of NFR acquisition for those 
living with chronic pain. While the NFR technique 
continues to show promise as an objective assess-
ment tool of nociception, the between-study variabil-
ity in NFR acquisition methodology remains a cause 
for concern within the field. We have provided a pro-
posed methodology for NFR acquisition within indi-
viduals living with chronic pain as a starting point to 
shift the research field towards the adoption of a 
standardized methodology in both research and clin-
ical practice. Future studies should continue to 
develop novel approaches to limit participant expec-
tations to oncoming noxious stimuli and contribute 
to the development of a standardized method to 
objectively assess nociception for individuals living 
with chronic pain.
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