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Abstract

Introduction: The role of pain as a warning system necessitates a rapid transmission of information
from the periphery for the execution of appropriate motor responses. The nociceptive withdrawal reflex
(NWR) is a physiological response to protect the limb from a painful stimulus and is often considered
an objective measure of spinal nociceptive excitability. The NWR is commonly defined by its latency
in the presumed Ad-fiber range consistent with the canonical view that “fast pain” is signaled by Ad
nociceptors. We recently demonstrated that human skin is equipped with ultrafast (AB range)
nociceptors. Here, we investigated the short-latency component of the reflex and explored the
relationship between reflex latency and pain perception. Methods: We revisited our earlier work on
NWR measurements in which, following convention, only those reflex responses were selected that
were in the presumed Ad range (taken to be latencies >90 ms in that study). In our current analysis, we
expanded the time window to search for shorter latency responses and compared those with pain
ratings. Results: In both cohorts, we found an abundance of recordings with short-latency reflex
responses. In nearly 90% of successful recordings, only single reflex responses (not dual) were seen
which allowed us to compare pain ratings to reflex latencies. We found that shorter latency reflexes
were just as painful as those in the conventional latency range. Discussion: We found a preponderance
of short-latency painful reflex responses. Based on this finding, we suggest that short-latency responses
must be considered in future studies. We predict these might be signaled by the ultrafast nociceptors,
warranting further investigation.

1 Introduction

The nociceptive withdrawal reflex (NWR) is a physiological response of the limb away from a painful
stimulus. It has been investigated both as a tool to probe spinal nociceptive excitability and because of
its close association with subjective pain thresholds (de Willer 1977, Chan and Dallaire 1989, Guieu
etal. 1992, Sandrini, Arrigo et al. 1993, Biurrun Manresa et al. 2011, Lim et al. 2011, Lim et al. 2012).
The NWR response is measured by electromyography and considered to have two latency components:
the first component, referred to as RII, is mediated by AB or Group II fibers; the second component,
referred to as RIII, is mediated by Ad or Group III fibers (Hugon 1973). The conventional view is that
the first or short-latency response is exclusively tactile, and the second or long-latency response is
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nociceptive (but also see Willer et al. 1978). While the RII-RIII latency cut-off varies across studies,
the exclusion of short-latency responses is common practice (de Willer 1977, Dowman 1991, Dowman
1992, Rhudy and France 2007).

Using microneurography, we recently showed that humans, akin to other mammals, are equipped with
ultrafast (AP range) nociceptors in the skin (Nagi et al. 2019). Considering this finding, we revisited
our earlier work on NWR measurements (Ydrefors et al. 2020): in that study, following convention,
NWR responses were only selected if they occurred >90 ms, consistent with the presumed Ad-fiber
range. Here we expanded the time window to search for shorter latency responses with the hypothesis
that those are nociceptive, corresponding to painful sensations.

We found an abundance of short-latency reflex responses, and these were just as painful as those in the
conventional latency range, suggesting that by discarding shorter latencies, we may be overlooking
valuable quantitative measures of pain processing.

2 Material and Methods

2.1 Participants

NWR responses and pain ratings were successfully extracted for 20 fibromyalgia patients (FM: age
range, all female) and 10 healthy controls (HC: age range, all female). For details on patient eligibility
criteria, refer to Ydrefors et al. (2020). Raw data were unavailable for 10 HC and therefore another 10
HC were recruited (18-30 years, all female). The new participants were not age-matched: these data
were collected during the pandemic, and it was considered an unnecessary risk to recruit older
participants. Additional data collection was approved by the Swedish Ethical Review Authority (Dnr:
2020-04207), and the study procedures complied with the revised Declaration of Helsinki. All
participants gave their written informed consent.

2.2 Testing procedure and NWR determination

For full details on the testing procedure, refer to Ydrefors et al. (2020). Briefly, electrical stimuli were
delivered to the surface of the foot sole using a constant current stimulator generating a train of 5 square
wave pulses (1 ms, 200 Hz), and electromyographic (EMG) responses were recorded from the
ipsilateral tibialis anterior muscle. In Ydrefors et al. (2020), reflex responses with Z-scores >12 were
detected using an automated approach. The maximum amplitude (peak amplitude) in the time window
of 90 to 150 ms after stimulus onset and the mean amplitude in the -65 to -5 ms pre-stimulus onset
(baseline) were determined on a trial-to-trial basis. To determine the Z-score, the difference between
peak amplitude and mean baseline amplitude was divided by the baseline standard deviation.

All participants rated the intensity of the sensation, immediately after receiving the electrical stimulus,
on a descriptive numeric scale from 0 to 10. Zero corresponded to “no feeling”, 1 to a “slight feeling”,
2 to a “distinct feeling”, 3 to “unpleasantness”, 4 to “just noticeable pain”, 5 to “slight pain”, 6 to
“distinct pain”, 7 to “moderately intense pain”, 8 to “intense pain”, 9 to “very intense pain” and 10 to
the “‘worst imaginable pain” (Ydrefors et al. 2020).

2.3 New data analysis

The data were pseudonymized and information on latency, Z-scores, NWR thresholds, and age were
stored in a relational database. NWR responses were converted from text files (.txt) into graphs (.png),
using a script made in Python Distribution (v3.7.4, Python Software Foundation, Beaverton, USA) and
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79  latencies were visually inspected by the author (OT) in LabChart (v8.1.16 ADInstruments, Dunedin,
80 New Zealand) and in MATLAB (r2021b, MathWorks Inc, Natick, Massachusetts). Z-scores were
81 calculated for the early time window of 50 to 89 ms after stimulus onset, using the same MATLAB
82  algorithm that was used for the 90 to 150 ms time window. Careful visual inspection of the data allowed
83  usto extract reflex responses with Z-scores >6.

84 2.4 Statistical analysis

85  Statistical analysis was done in GraphPad Prism (v. 9.1.2, GraphPad Software, San Diego, USA ). QQ
86  plots, means, standard deviations, and skewness were assessed to determine the normal distribution of
87  the data. Where possible, parametric tests were used. If assumptions for parametric tests were violated,
88  non-parametric tests were conducted.

89  To compare independent differences between HC and FM, unpaired two-tailed t-test was used, while
90 small sample size data were analysed using two-tailed Mann-Whitney U test. Two-way ANOVA was
91  used to compare multiple independent groups with Tukey’s test as a multiple comparison (post-hoc)
92 test. Only main effects were analyzed due to uneven sample sizes. A statistical value of p < 0.05 was
93  considered statistically significant.

94  Effect sizes were calculated as Hedges’ g for the unpaired t-tests, due to different sample sizes, and
95  partial eta square (%) for the two-way ANOVA. Common language effect sizes (CLES) are shown
96 for statistically significant ANOVA results. When using non-parametric tests, CLES is shown to
97  compare effects to the parametric results. Effect sizes were calculated in statistical calculators (Lakens
98 2013, Lenhard 2016). Numbers are presented as mean and standard deviation for parametric tests and
99  median and interquartile range for non-parametric tests.

100 3 Results

101  Three hundred and eighty-two painful reflex responses with Z-scores >6 were successfully extracted
102  from 340 EMG recordings: 166 NWR responses in 20 HC and 216 NWR responses in 20 FM (Fig.
103  1A-B). The Z-scores ranged from 6.1 to 726.4 with rectified amplitudes of 6 to 698 mV. These reflex
104  responses corresponded to ratings of 4 (“just noticeable pain”) and higher. 63 reflex responses (14.2%
105  of total (382 + 63)) corresponded to ratings below 4 (i.e., nonpainful).

106  Reflex latencies and stimulus intensities did not differ between HC and FM groups (Fig. 1C-D). In 42
107  out of 340 EMG recordings (21 each in HC and FM groups, 12.4% of the total), two reflex responses
108  were seen (84 reflex responses). These dual responses were separated by a silent EMG period (SP)
109  with a duration of 23 to 67 ms (mean 49.1 ms). The SP duration was not different between HC and FM
110  groups (Fig. 1E).

111 In terms of RII-111 prevalence, 192 (50.3%) reflex responses were identified in the 90- to 150-ms
112  latency range corresponding to RIII, and 190 reflexes (49.7%) were identified in the 50- to 90-ms
113  latency range corresponding to RIl. The RIl data are new: the pre-set 90-ms latency cut-off
114 implemented in Ydrefors et al. (2020) resulted in an automatic discounting of shorter latency responses.
115  To compare pain with NWR responses, only those reflex responses that were painful (at least a 4 rating
116  ona 0-10 scale) were included in the main analysis.

117 3.1 Comparison of Rl and RIII responses between FM and HC groups
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118  Eighteen out of 20 HC (90%) and 13 out of 20 FM (65%) had an RII. No differences were found in
119  stimulus intensities between RIl and RIII (p =.717) (Fig. 2A). To determine the relationship between
120  subjective pain rating and reflex latency, only single reflex responses were considered (298 reflex
121 responses) (Fig. 2B). FM had higher pain ratings than HC for both RII and RI11 responses. Within each
122 group (FM/HC), when pain ratings were compared between RII and RIII, these were not different,
123 suggesting that RII was just as painful as RIII (Fig. 2C). A small proportion of the NWR responses
124 were non-painful: 58 in the HC group and 5 in the FM group (Fig. 2D).

125  As an alternative to a pre-set latency cut-off for RII/I1l (90 ms), we used the data from dual reflex
126  responses to distinguish between RII and RIII latencies. No dual responses occurred before 93 ms or
127  after 99 ms, therefore we took an in-between value of 96 ms to separate RIl and RIII responses (Fig.
128  3A). Predictably, this increased the proportion of RII responses: in the HC group, the increase was
129  13.3% (22 additional responses) and in the FM group, the increase was 13.9% (an additional 30
130  responses) (Fig. 3B-C). However, the overall results did not change (Fig. 3D-E).

131 3.2 Z-scores

132 In Ydrefors et al. (2020), an automated method was used to detect reflex responses with Z-scores of
133  >12. Here, visual inspection of the data allowed us to include responses with Z-scores >6. For
134 comparison, we performed the analysis implementing the original Z-score (>12) condition. A total of
135 234 NWR responses had a Z-score of 12 or higher (Fig. S1A). The proportion of dual responses
136  increased from 12.4% to 17.6% (Fig. S1B). Reflex latencies were shorter in the FM group compared
137  to the HC group (Fig. S1C). Stimulus intensities did not differ between HC and FM (Fig. S1D). FM
138  had higher pain ratings than HC, but pain ratings and stimulus intensities were not different between
139  RIl and RIII for either group (Fig. S1E-F).

140 4 Discussion

141  In this study, we reanalyzed the reflex data from Ydrefors et al. (2020): expanding the time window
142  revealed an abundance of RIl NWR responses at stimulus intensities deemed painful. Remarkably,
143 most recordings contained a single reflex response, contrary to the notion that the reflex usually
144 consists of a double burst of EMG activity. We excluded the dual responses from the perception
145  analysis and compared reflex latency (all single responses) with corresponding pain ratings. We found
146  that RII responses were just as painful as RI1I responses. The canonical view is that the short-latency
147  component of the NWR response is purely tactile (i.e., nonpainful) and signaled by Ap low-threshold
148  mechanoreceptors. However, our data show a preponderance of painful reflexes with short latencies.

149  Inthe literature, the proposed RII-RIII latency cut-off can be anywhere between 60 and 115 ms post-
150  stimulus onset (for references, see Andersen 2007). Here, we compared data based on a pre-set latency
151  cut-off of 90 ms with a post hoc approach whereby we used dual responses to set the RII-RI111 cut-off;
152  this did not change the overall results. In the early reflex work showing double-burst EMG activity,
153  the first EMG response had a lower electrical threshold (Hagbarth 1960, Shahani and Young 1971) and
154 was less painful or non-painful (Hugon 1973, de Willer 1977). In our study, nonpainful reflex responses
155  were rarely observed. Using dual nerve stimulation, Willer and colleagues (1978) were able to evoke
156  an NWR response while the small-fiber inputs were blocked by anesthesia. Indeed, in our single-unit
157  microneurography study, we had confirmed that AP nociceptive fibers not only respond to and encode
158  nociceptive stimuli, but also evoke a painful percept when selectively activated during intraneural
159  electrical stimulation (Nagi et al. 2019).
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160 Inthe FM group, pain ratings were higher and nearly all reflex responses were painful. We observed
161  no latency differences between HC and FM groups except when only responses with Z-scores >12
162  were considered; in that case, FM had shorter latencies than HC. Higher pain ratings and shorter
163 latencies could be attributed to peripheral and/or central sensitization in the patient population
164  (Boureau et al. 1991). We did not detect differences in the SP duration between the two groups. The
165  SPs arise due to postsynaptic inhibition in the motor neurons following a strong electrical stimulus of
166  amuscle or cutaneous nerve. Prolonged SP duration has been previously observed in FM patients (Baek
167 etal. 2016) and is thought to reflect spinal dysregulation.

168 InYdrefors et al. (2020), a Z-score of >12 was considered a successful muscle response. In that study,
169  a fully automated method was used for NWR detection, therefore the Z-score had to be large enough
170  to ensure that noise would not be interpreted as muscle response. In the current study, we visually
171  inspected all data and were able to reliably detect responses with Z-scores > 6, increasing our sample
172 size by over a third. The conclusions were the same regardless of the Z-score threshold.

173 4.1 Limitations

174  Raw data were not available from 10 HC in the original sample, therefore new participants had to be
175  recruited. The recruitment was done during the pandemic, and it was considered an unnecessary risk
176  to recruit older participants, thus the new sample is not age matched. Other than that, care was taken
177  toensure that the experimental protocol was as similar as possible to the original study. A comparison
178  between the two HC samples did not reveal any differences in reflex thresholds or pain ratings.

179  We did not calculate the conduction velocity (CV) of the NWR. This is difficult to do and involves
180  several variables and assumptions, hence the CV estimations in the literature range anywhere from
181  slow to very fast myelinated afferents. One study based on afferent CVs from single painful shocks
182  with near-nerve stimulation of the tibial nerve reported velocities of 18.5 £ 1.3 m/s with onset latencies
183  between 100-200 ms (Ertekin et al. 1975). Another study based on a train of 5 pulses reported
184  conduction velocities of 49 £ 11 m/s with onset latencies between of 50-100 ms (Ellrich et al. 1998).
185  Classification based on conduction velocity into Ap and Ad groups is not clear-cut in humans. In
186  animal studies, the D-hair units are considered a benchmark for the Ad velocity range (Djouhri and
187  Lawson 2004), however, in humans no detailed account of D-hair units exists.

188 In conclusion, we found a great many short-latency NWR responses that were as prevalent and as
189  painful as the conventional longer latency NWR responses. Reflex responses that were not painful
190 rarely occurred. Only a minority of NWR recordings consisted of two reflexes. Pain ratings were
191  similar across all latencies, suggesting that the short-latency component is not tactile but nociceptive.
192  We predict this fast signaling involves AB nociceptors, warranting further investigation.

193 4.2 Figure legends

194 Figure 1. A. Examples of reflex recordings with RII, RII1, and dual responses superimposed. The five
195  peaks at the beginning of the graph represent the electrical stimulus (5 square pulses). B. Latency
196 spread of painful NWR responses. Healthy controls (HC) had a bimodal distribution while
197  fibromyalgia patients (FM) had a more even distribution throughout the time analysis window. The y-
198  axis shows the number of NWR responses, and the x-axis shows reflex latencies. C. Latencies of all
199  NWR responses from HC and FM. Latencies did not differ between the two groups (HC: 95.7 + 23.5
200  ms, FM: 95.7 £ 24.0 ms, t(380) = 0.043, p = 0.965, 95% CI [-4.722, 4.936], Hedges’ g = 0.004, CLES
201  =50.1%). D. Stimulus intensities of all NWR responses in HC and FM. Stimulus intensities were not
202  different between HC and FM (HC: 15.0 £ 5.0 mA, FM: 14.7 £ 6.4 mA, t(380) = 0.568, p = 0.570,

5
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203  95% CI [-1.524, .840], Hedges’ g = 0.059, CLES = 51.7%). E. Duration of silent EMG period
204  intervening a dual reflex response occasionally seen. No statistical difference was found in the duration
205  of the silent period between HC and FM (HC: 50.0 (16.0) ms, FM: 47.0 (15.6) ms, U =203, p = 0.667,
206 CLES =52.1%).

207  Figure 2. A. Stimulus intensities required to evoke RIl and RIl in HC and FM. A pre-set cut-off of 90
208  ms was implemented to separate RIl and RI1I responses. The stimulus intensities required to evoke RII
209  and RIII responses were not different (F(1, 283) = 0.131, p = 0.717, CI [-0.292, 0.424], n2p < 0.000,
210  CLES =50.0%). There was a main effect of subject type (HC or FM) (F(1, 283) =79.9, p <0.000, n2p
211 =0.022, CLES = 77.3%) but post hoc test indicated no differences in stimulus intensities for subject
212 or reflex type. B. Proportion of single and dual NWR EMG recordings. The dual recordings (84 reflex
213  responses) were excluded from subsequent perception analysis. C. Pain ratings corresponding to RII
214 and RIII response in HC and FM. Simple main effects indicated that the reflex type had no effect on
215  pain ratings (F(1, 295) = 0.011, p = 0.916, CI [-0.333, 0.370], n2p < 0.001, CLES = 50.0%). Subject
216  type (HC or FM) did have a large effect on pain ratings (F(1, 295) = 82.6, p < 0.001, CI [-2.001, -
217  1.288], n2p = 0.218, CLES = 77.2%). D. Latency spread of non-painful NWR responses. Only a few
218  NWR responses (14.6%) were reported as non-painful (pain rating <4), almost entirely by HC (HC: 82
219  (15.5) ms, n = 58. FM: 96 (25) ms, n = 5). These responses were not included in our analysis. The y-
220  axis shows the number of NWR responses, and the x-axis shows reflex latencies.

221  Figure 3. A. Latencies of all dual reflex responses. No dual responses were observed before 93 or after
222 99 ms (dotted lines) so an in-between value of 96 ms was taken to separate RIl and RIII responses
223  (solid black line). B-C. Proportion of RIl and RIII with a divider set at 96 ms. The pie chart on the left
224 shows NWR responses with a pre-set cut-off at 90 ms, and the pie chart on the right shows NWR
225  responses with a divider set at 96 ms, a cut-off derived from dual responses. Predictably, in both HC
226  and FM groups, the prevalence of RII increased and the prevalence of RIII decreased when a 96-ms
227  cutoff was implemented. D-E. Stimulus intensities and pain ratings for RIl and RIIl in HC and FM
228  using 96 ms as the divider. Current intensities had an effect on reflex type (F(1, 379) = 5.262, p =
229  0.022, ClI [-2.630, -0.202], n2p = 0.013, CLES = 56.5%), but not on subject type (F(1,379) = 0.587, p
230 = 0.444, CI [-0.720, 1.640], n2p < 0.001, CLES = 50.0%). Post hoc test indicated no difference in
231  stimulus intensities for subject or reflex type. Subject type had an effect on pain ratings (F(1, 295) =
232 84.8,p<0.001, CI[-2.022, -1.310], n2p = .223, CLES = 77.6%) but not reflex type (F(1,295)=1.125,
233 p=0.290, CI [-0.173,0.577], n2p =.003, CLES = 53.1%).

234 5 Conflict of Interest

235  The authors declare that the research was conducted in the absence of any commercial or financial
236  relationships that could be construed as a potential conflict of interest.

237 6 Author Contributions

238 OT, DM, SSN and HO contributed to the design and conception of this study. MS optimized data
239  analysis. OT wrote the first draft of the manuscript. DM, SSN, HO, JY, BG contributed to
240  subsequent revisions of the manuscript. All authors approved the submitted version.

241 7 Funding

242  This work was supported by the Swedish Research Council (SSN and BG), Knut and Alice Wallenberg
243  Foundation (HO), ALF Grants, Region Ostergétland (SSN), Svenska Lékareséllskapet (SSN), and
244 Western Sydney University (DAM).


https://doi.org/10.1101/2022.11.29.518364
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2022.11.29.518364; this version posted November 29, 2022. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY-NC-ND 4.0 International license.

245 8 Acknowledgments
246 We thank Magnus Kronander for his helpful contribution to data analysis.
247 9 References

248  Andersen, O. K. (2007). Studies of the organization of the human nociceptive withdrawal reflex.
249  Focus on sensory convergence and stimulation site dependency. Acta Physiol (Oxf) 189 Suppl 654:
250 1-35.

251 Baek, S. H., H. Y. Seok, Y. S. Koo and B. J. Kim (2016). Lengthened Cutaneous Silent Period in
252  Fibromyalgia Suggesting Central Sensitization as a Pathogenesis. PLoS One 11(2): e0149248.

253  Biurrun Manresa, J. A., A. Y. Neziri, M. Curatolo, L. Arendt-Nielsen and O. K. Andersen (2011).
254  Test-retest reliability of the nociceptive withdrawal reflex and electrical pain thresholds after single
255  and repeated stimulation in patients with chronic low back pain. Eur J Appl Physiol 111(1): 83-92.
256  Boureau, F., M. Luu and J. F. Doubrere (1991). Study of experimental pain measures and nociceptive
257  reflex in chronic pain patients and normal subjects. Pain 44(2): 131-138.

258 Chan, C. W. and M. Dallaire (1989). Subjective pain sensation is linearly correlated with the flexion
259  reflex in man. Brain Res 479(1): 145-150.

260  de Willer, J. C. (1977). Comparative study of perceived pain and nociceptive flexion reflex in man.
261  Pain 3(1): 69-80.

262  Djouhri, L. and S. N. Lawson (2004). Abeta-fiber nociceptive primary afferent neurons: a review of
263 incidence and properties in relation to other afferent A-fiber neurons in mammals. Brain Res Brain
264  Res Rev 46(2): 131-145.

265 Dowman, R. (1991). Spinal and supraspinal correlates of nociception in man. Pain 45(3): 269-281.
266  Dowman, R. (1992). Possible startle response contamination of the spinal nociceptive withdrawal
267  reflex. Pain 49(2): 187-197.

268  Ellrich, J., O. K. Andersen, R. D. Treede and L. Arendt-Nielsen (1998). Convergence of nociceptive
269  and non-nociceptive input onto the medullary dorsal horn in man. Neuroreport 9(14): 3213-3217.
270  Ertekin, C., N. Ertekin and M. Karcioglu (1975). Conduction velocity along human nociceptive

271  reflex afferent nerve fibres. J Neurol Neurosurg Psychiatry 38(10): 959-965.

272  Guieu, R., O. Blin, J. Pouget and G. Serratrice (1992). Nociceptive threshold and physical activity.
273  Can J Neurol Sci 19(1): 69-71.

274  Hagbarth, K. E. (1960). Spinal withdrawal reflexes in the human lower limbs. J Neurol Neurosurg
275  Psychiatry 23: 222-227.

276  Hugon, M. (1973). Exteroceptive Reflexes to Stimulation of the Sural Nerve in Normal Man. New
277  Developments in Electromyography and Clinical Neurophysiology 3: 713-729.

278  Lakens, D. (2013). Calculating and reporting effect sizes to facilitate cumulative science: a practical
279  primer for t-tests and ANOVAs. Front Psychol 4: 863.

280 Lenhard, W. L., A. (2016). Computation of effect sizes.

281  https://www.psychometrica.de/effect_size.html. [Accessed July 05, 2022].

282 Lim, E. C., M. Sterling, A. Pedler, B. K. Coombes and B. Vicenzino (2012). Evidence of spinal cord
283  hyperexcitability as measured with nociceptive flexion reflex (NFR) threshold in chronic lateral

284  epicondylalgia with or without a positive neurodynamic test. J Pain 13(7): 676-684.

285 Lim, E. C. W., M. Sterling, A. Stone and B. Vicenzino (2011). Central hyperexcitability as measured
286  with nociceptive flexor reflex threshold in chronic musculoskeletal pain: a systematic review. Pain
287  152(8): 1811-1820.

288 Nagi, S. S., A. G. Marshall, A. Makdani, E. Jarocka, J. Liljencrantz, M. Ridderstrom, S. Shaikh, F.
289  O'Neill, D. Saade, S. Donkervoort, A. R. Foley, J. Minde, M. Trulsson, J. Cole, C. G. Bonnemann, A.
290  T. Chesler, M. C. Bushnell, F. McGlone and H. Olausson (2019). An ultrafast system for signaling


https://www.psychometrica.de/effect_size.html
https://doi.org/10.1101/2022.11.29.518364
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2022.11.29.518364; this version posted November 29, 2022. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY-NC-ND 4.0 International license.

291  mechanical pain in human skin. Sci Adv 5(7). doi: 10.1126/sciadv.aaw1297

292  Rhudy, J. L. and C. R. France (2007). Defining the nociceptive flexion reflex (NFR) threshold in

293  human participants: a comparison of different scoring criteria. Pain 128(3): 244-253.

294  Sandrini, G., A. Arrigo, G. Bono and G. Nappi (1993). The nociceptive flexion reflex as a tool for
295  exploring pain control systems in headache and other pain syndromes. Cephalalgia 13(1): 21-27.

296  Shahani, B. T. and R. R. Young (1971). Human flexor reflexes. J Neurol Neurosurg Psychiatry 34(5):
297  616-627.

298  Willer, J. C., F. Boureau and D. Albe-Fessard (1978). Role of large diameter cutaneous afferents in
299 transmission of nociceptive messages: electrophysiological study in man. Brain Res 152(2): 358-364.
300  Ydrefors, J., T. Karlsson, U. Wentzel Olausson, B. Ghafouri, A. C. Johansson, H. Olausson, B.

301 Gerdle and S. S. Nagi (2020). Automated Nociceptive Withdrawal Reflex Measurements Reveal

302  Normal Reflex Thresholds and Augmented Pain Ratings in Patients with Fibromyalgia. J Clin Med
303  9(6). doi: 10.3390/jcm9061992.

304

305 10 Supplementary Material

306  See separate document: “Supplementary Material”
307 11 Data Availability Statement

308 Raw data will be made available upon request.

309


https://doi.org/10.1101/2022.11.29.518364
http://creativecommons.org/licenses/by-nc-nd/4.0/

Latency (ms)

Reflex Responses

300
200
o O(\A
g N o AN ﬂ Preo
; e
£
5 100
200
-300
-400
o 0251 0.0501 00751 01001 1251 Q150 1751 02001
Latency (3
—RII —RIII —Dual response
NWR Responses
B 10-
m FM
0
¢ 304 B HC
"
g
s
© 20
2
£ 10
z
0=
55 60 65 70 75 80 85 90 95 100 105 110 115 120 125 130 135 140 145 150
Total NWR = 382
Latencies ) . X X
Stimulus Intensities Silent periods
D E & =
30 l_l
60 00000 nzc' 0
0 %4%0° oo
20 g ofg
- N te}
- i o
E g1 T BoEn
E 3
10
v ~0d °
‘Whiskers at SD Whiskers at SD Whiskers at IQR
Bars at mean 0 Bars at mean Barsatmedian

7T
HC ™M



https://doi.org/10.1101/2022.11.29.518364
http://creativecommons.org/licenses/by-nc-nd/4.0/

2)

Current (mA)

Pain ratings

Stimulus Intensities

30—
20
10

0

Pain Ratings
ns
[
ns
| 1
%k 3k %k %k %k 3k %k %k
1 1

104 o ao o ao

9 o o ©

8 ao [ore] z

7_ f iy

6 ao

5 o @

4- ax» ] a» o

1 I
'RII' 'RIT

o HC
o FM

Whiskers at SD
Bars at mean

o HC

Whiskers at SD
Bars at mean

Number of values

= = N
=) a S
1 1 1

w
L

=
L

Total recordings = 340
Dual recordings = 42

3 87.65% Single
ER 12.35% Dual

Non-painful NWR

I HC
I ™M

S S D N
R R R R

Total NWR = 63


https://doi.org/10.1101/2022.11.29.518364
http://creativecommons.org/licenses/by-nc-nd/4.0/

3)

Current (mA)

Dual Responses

Latency
(ms)
]

S

~
3]
1l

o
(=

Total NWR HC =166 Total NWR HC = 166

B 54.82% RII' B3 68.07% 'RII'
Hl 45.18% 'RIII HH 31.93% 'RIIT'

Stimulus Intensities

'RIIT

T T
‘RIF ‘RIr

C

o HC
o FM

Pain ratings

Total NWR FM =216 Total NWR FM = 216

3 45.83% 'RII'
Hl 54.17% 'RIIT'

B3 59.72% 'RII'
W 40.28% 'RIII'

Pain Ratings

dkkk *kk
1 1
10 o [ -] o ao
o
9+ © ®
o
84 a» a»
74
6 a
5+ - (]
44 |ao o =) o
T
'RII' 'RIIT



https://doi.org/10.1101/2022.11.29.518364
http://creativecommons.org/licenses/by-nc-nd/4.0/

