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Introduction: Similarities in morphology, physiological function, and neurophysiological findings between median and ulnar nerves are not unequivocal. Our previous study confirmed differences in motor fiber parameters between these nerves in healthy persons. We made an attempt to assess and compare the physiological parameters of different sensation modalities (temperature, pain, and vibration) in median and ulnar nerves.

Methods: The study was performed in 31 healthy, right-handed volunteers: 17 women, 14 men, mean age 44.8 ± 15.5 years. Standard sensory conduction tests in the median and ulnar nerves were performed together with the estimation of vibratory, temperature, and warm- and cold-induced pain thresholds in the C7 and C8 dermatomes on the palm, using quantitative sensory testing.

Results: There were no statistically significant differences in the standard sensory conduction test in the median and ulnar nerves across the whole group: between right and left hands, and between women and men. We revealed differences in the temperature and pain thresholds between these nerves, mainly in low temperature perception. There were no differences in estimated thresholds between sides or in female and male groups. The vibratory limits did not differ significantly between nerves, and subgroups.

Conclusion: The study confirmed the differences in the physiological sensory perception between the median and ulnar nerves. The median nerve is more sensitive to temperature stimulation than the ulnar nerve, but simultaneously less sensitive to pain-inducing temperature stimuli. These findings should be considered during the examination of hand nerve pathology.
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INTRODUCTION

Human hand innervation depends on median and ulnar nerves. In the literature, there are discrepancies concerning similarities or differences in morphology between these nerves, e.g., as seen in ultrasound and morphometric analysis, different physiological function, and neurophysiological findings. This is important, because these nerves are often compared in the evaluation of hand nerve pathology, above all in carpal tunnel syndrome examination (Sable, 1998; Sander et al., 1999; Nouraei et al., 2015; Barton et al., 2016; Wyner and Dissabandara, 2018). In our previous study (Koszewicz et al., 2019) we showed faster motor conduction velocities in the ulnar nerve using a more advanced neurophysiological technique: the conduction velocity distribution (CVD) test. The findings confirmed the presence of more larger fibers in the ulnar than in the median nerve. Functional movement tasks of the hand could explain the differences found in the study. Melchior et al. (2007) found a significant correlation between sensibility test results (sensory light touch) and functional hand ability. Some observations presented in the literature highlighted the differences in the standard sensory conduction between median and ulnar nerves (Cruz Martínez et al., 1978; Alemdar, 2014). Quantitative sensation testing (QST) allows evaluation of thermal and mechanical perception throughout the determination of cold, warm and temperature-induced pain or vibratory thresholds. QST is a valuable instrument for the assessment of small fiber (A-delta and C fibers) function, which is impossible using standard electroneurographic tests (Siao and Cros, 2003; Nothnagel et al., 2017). The evaluation of differences in small fiber function between the median and ulnar nerves could be an additional procedure helpful in the reliable diagnostics of entrapment syndromes.

In our study, we decided to compare the sensory function in median and ulnar nerves in middle-aged, healthy persons. We based our investigations on the standard sensory conduction tests together with temperature, pain, and vibratory threshold estimations obtained in QST.



MATERIALS AND METHODS

The Ethics Committee of Wrocław Medical University in Poland gave its approval for the study. We obtained informed consent for participation in the study from all volunteers.

We examined the previously evaluated volunteer group (Koszewicz et al., 2019). 31 healthy, only right-handed volunteers (62 hands) with a mean age of 44.8 ± 15.5 years participated in the study. They fulfilled the same exclusion criteria as previously, i.e., absence of all diseases and conditions influencing the peripheral nervous system, and among others: all types of polyneuropathies, myopathies, hormonal, rheumatic, and malignant diseases, vitamin deficiency, exposure to toxins, and addiction to alcohol and drugs. Neurological examinations were performed in all persons in order to exclude clinical symptoms of polyneuropathy.

In the study, we used a Viking Quest version 10.0 device which was connected to a Thermal Sensory Analyzer II 2001 (TSA II) together with a VSA–3000 Vibratory Sensory Analyzer (Medoc, Israel).

Sensory conduction tests were performed according to standard procedures (Oh, 2003; Mallik and Weir, 2005). We used an antidromic technique, using ring recording electrodes and electrical stimuli at the wrist, at the second distal-most cease. The responses were obtained from the second digit for the median nerve, and from the fifth digit for the ulnar nerve. The distances between stimulating and recording electrodes varied from 11 to 13 cm for both nerves. Standard conditions were maintained: room temperature was 21–23°C, hand temperature was equal to or above 32°C. We estimated distal latency (in milliseconds–ms), amplitude (in microvolts–μV), and conduction velocity (in meters per second–m/s).

Quantitative sensation testing allows estimation of the sensation and pain thresholds for cold and warm temperatures, and additionally uses a special device module–vibration threshold. The following thresholds were estimated using limit methods: cold sensation (CS), warm sensation (WS), cold pain (CP), heat pain (HP), and vibration sensation (VS). We also analyzed the temperature differences between CS and CP, and WS and HP (the dispersion of the temperature). Thermal stimuli were produced by a thermode (Peltier modules). The thermode active area is 30 × 30 mm, temperature range 0–50.5°C. The thermode was attached to the skin of the palm on the region of the C7 dermatome for the median nerve (thenar region), and the C8 dermatome (hypothenar region) for the ulnar nerve. The temperature changed by 1°C/s during temperature threshold estimation, and 2°C/s when the pain threshold was evaluated. The basic temperature (adaptation temperature) was 32°C. When the patients felt cold, warm or pain, the stimulation was stopped by pressing a button (subjective part of the study). The procedures were repeated four times for temperature threshold estimation, three times for pain. The thresholds were calculated as the average values in degrees Celsius (Shy et al., 2003; Siao and Cros, 2003; Rolke et al., 2006) and are shown graphically (Figure 1).


[image: image]

FIGURE 1. Quantitative sensory testing (QST) in the median (A) and ulnar (B) nerves in the right hand in a healthy, 51-years old woman. The dispersions of the temperatures are: for low temperatures (CP–CS) in the median nerve–10.9°C, in the ulnar nerve–2.7°C, for high temperatures (HP–WS) in the median nerve–3.0°C, in the ulnar nerve–5.3°C. QST, quantitative sensation testing; CS, cold sensation; WS, warm sensation; CP, cold pain; HP, heat pain.


A vibratory sensation analyzer measures thresholds for vibratory stimuli. The vibration threshold represents the amplitude of vibration, and is calculated in microns (μ). Patients put their index finger (the median nerve) or small finger (the ulnar nerve) on a vibrating button with a stimulating area equal to 1.22 cm2. The vibratory stimulation rate was 100 Hz, the amplitude ranged from 0 to 130 microns (μ), the amplitude changed with a rate of 0.3 microns per second (μ/s). When the patients felt a vibration, the stimulation was stopped by pressing a button. The sensation threshold of vibration was calculated as an average value from 6 repetitions (Shy et al., 2003; Siao and Cros, 2003).

The statistical analysis was performed with STATISTICA 12.0 software (Statsoft Polska Sp. z.o.o, Krakow, Poland). The statistical analysis included: the number of cases (N), mean values (X) with standard deviations (SD) of the continuous parameters, the Shapiro-Wilk normality test and the student t-test for data with a normal distribution and homogeneity of variance, Mann–Whitney U test and Spearman test for data without a normal distribution. The significant P-value was ≤ 0.05. We used Guilford’s interpretation of the magnitude of significant correlations.



RESULTS

The study was conducted on a group of 17 healthy women, and 14 healthy men (31 volunteers, 62 hands). All participants were right-handed. Mean age was 44.8 ± 15.5 years: male group–42.8 ± 14.1, female group–46.7 ± 16.9 years.

All statistical analyses were performed for the study group, for right and left hands, and male and female groups. Standard sensory conduction parameters for the median and ulnar nerves are shown in Table 1. There were no statistically significant differences between amplitude and sensory conduction velocity in the median and ulnar nerves in the whole group, or in right and left hands, and in male and female groups. A difference was only seen between distal latencies in the median and ulnar nerves in the whole group (Table 1), in right (median–2.43 ± 0.61 ms, ulnar–2.08 ± 0.26 ms, p < 0.0003), and left hands (median–2.47 ± 0.50 ms, ulnar–2.12 ± 0.32 ms, p < 0.00008), but not between sides. A difference of distal latencies was also noted in men (median–2.26 ± 0.53 ms, ulnar–2.26 ± 0.34 ms, p < 0.0003) and women (median–2.30 ± 0.52 ms, ulnar–1.98 ± 0.17 ms, p < 0.00001), but not between gender groups. However, the latency parameter was not well standardized, because the distance between stimulating and recording electrodes varied from 11 to 13 cm in both nerves.


TABLE 1. Mean standard sensory conduction parameters in the median and ulnar nerves.

[image: Table 1]Vibratory limits did not differ significantly between groups, there were no differences between nerves, sides or genders. The statistical significant differences between the median and ulnar nerves were seen in CS, WS, and CP thresholds for the whole group and subgroups. HP thresholds did not achieve statistical significance in any of the groups (Tables 2–4). CS was higher, and WS and CP were lower in the median nerve. The analysis of the temperature difference between pain and temperature sensations (cold and warm), i.e., the dispersion of the temperature feelings, showed the significant differences between median and ulnar nerves in the low temperature range: for median nerve–10.68°C, for ulnar nerve–7.58°C. The dispersion in the range of high temperatures in both nerves was similar (Table 5).


TABLE 2. Mean quantitative sensory testing (QST) parameters in the median and ulnar nerves.
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TABLE 3. Mean QST parameters in the median and ulnar nerves on the left and right sides.
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TABLE 4. Mean QST parameters in the median and ulnar nerves in the male and female groups.
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TABLE 5. Dispersion (the temperature difference between feeling pain and temperature sensation) of low (cold) and high (warm) temperatures in the median and ulnar nerves.

[image: Table 5]The comparison of the study results in the subgroups according to side and sex was done. The right hand was characterized by a significantly lower CS threshold, and higher WS threshold in the C8 region (ulnar nerve), while the left hand had a significantly higher CP threshold in this distribution (Table 3). The differences between female and male groups in most parameters were non-significant, except for a higher WS threshold in the ulnar nerve in the male group, and a higher CP threshold in the ulnar in females (Table 4).

The correlations between parameters of sensory conduction and QST were low. The moderate negative correlation was only seen between the amplitude of sensory potentials in both nerves and separately in the ulnar nerve and WS (respectively, −0.50, and −0.66).



DISCUSSION

In our previous manuscript we showed significant differences between motor conduction in the median and ulnar nerves using the CVD technique. The ulnar nerve is characterized by faster conduction velocities, which indicates a greater amount of large fibers. We undertook research into sensory conduction in the median and ulnar nerve based on standard electrophysiological tests and QST to compare these two nerves in different modalities of sensation (Cruz Martínez et al., 1978; Rolke et al., 2006; Koszewicz et al., 2019).

The results of standard conduction velocity and vibratory threshold tests in both nerves were similar and did not indicate any important differences between nerves. The above tests are generally used for estimation of the function of the largest of all sensory fibers (the large myelinated axons, Aβ fibers). Sensation of vibration in the glabrous hand skin depends on the functioning of four classes of mechanoreceptors, including fast, and slow-adapting fibers, providing sensations at different frequencies. Their distribution within the skin is not equal to regional sensitivity differences over the hand. Hand skin surface responses to vibration stimuli are diversified. Perception probably depends on the contact conditions, including contact area. The spatial summation phenomenon for different frequencies of vibration also influences sensation. Therefore, our non-significant results should be interpreted with caution (Gescheider et al., 2002; Morioka and Griffin, 2005).

The estimation of temperature thresholds allows assessment of the function of smaller myelinated and unmyelinated sensory fibers–Aδ and C. WS is a type of sensation mediated by C fibers, HP by C fibers with some involvement of A-delta fibers, CS–by A-delta fibers, CP–by both C and A-delta fibers (Oh, 2003; Siao and Cros, 2003; Dimitrova et al., 2019). HP thresholds were similar in the median and ulnar nerves, and this can be interpreted as a defense against threatening nociceptive stimuli, regardless of the localization. The thresholds of CP mediated by both C and A-delta fibers are more individual, and differ in different regions of the body (Lötsch et al., 2015; Tilley and Bisset, 2017). In our study, the CP temperature was lower in the region of the median nerve’s supply, while the CS temperature was higher in this region. A higher WS temperature threshold was estimated in the regions of the ulnar nerve. Temperature perception in the region of the median nerve’s innervation is generally better with lower thresholds, but this region is not very sensitive to cold-induced pain. Similar results were achieved when we divided the study group into subgroups in terms of sides and sex.

Interesting results were achieved when we compared the differences between the temperature felt as a pain and cold or warm sensations, respectively. The difference was statistically important only for low temperatures, i.e., the temperature range between low temperatures felt as a pain and as a cold. In the median nerve the temperature range between CP and CS was much greater than that in the ulnar nerve (10.68 vs. 7.58°C). The range for high temperatures (differences between HP and WS) was the same in the median and ulnar nerves (6.37 vs. 6.13°C). High temperatures are more damaging; therefore, the HP should probably be the lowest to be safe. In the literature we only found differences for high temperature perception regarding the postural control. This requires different nerve excitability during hyperthermia; and therefore, the tibial nerve requires reduced warm stimuli compared to the median nerve, which is probably connected with different expression of slow hyperpolarization-activated cyclic nucleotide-gated (HCN) channel isoforms (Marmoy et al., 2019). Such dependencies are not known between the median and ulnar nerves.

Thermal perception depends on the intensity and duration of a thermal stimulus, and the rate with which it changes. For perception, it is important whether the stimulation is dynamic and tactile, or whether haptic exploration is used. Bilateral and symmetrical stimulation on the extremities lowers the cold and warm thresholds. Spatial acuity is generally typical for sensory systems, but the spatial localization and differentiation of thermal stimuli are generally poor. Continuous exposure to a thermal stimulus decreases responsiveness. The adaptation process is rapid–about 60 s for changes of 1°C, but it lasts much longer for more extreme temperatures, those close to the thermal pain thresholds. These (not completely explored) facts influence thermal responsiveness. Responsiveness on the hand is different than that on the forearm, but it seems to be the same within the whole hand skin surface (Green, 2009; Yang et al., 2009; Ho et al., 2011; Lötsch et al., 2015). Our results partly contradict this. The responsiveness is different mainly in relation to low temperature sensation. It can be stated that skin regions belonging to the ulnar nerve have a more “hyperalgesic” response to a cold stimulus than do areas supplied by the median nerve. This means that the CP threshold is reached at a warmer temperature (Woolf, 2011; Tilley and Bisset, 2017). “Hyperalgesic” response has been described in different pathological conditions, mainly in chronic pain, and seems to be connected with central sensitization (Arendt-Nielsen et al., 2010; Staud, 2011; Woolf, 2011). In our study, “hyperalgesic” response in the ulnar nerve was clearly seen when we calculated the dispersion in the range of low temperatures and compared hand nerves: much lower dispersion was seen in the ulnar nerve (Table 5). Statistically significant differences for cold sensation between anatomical locations have been described by different authors (Rolke et al., 2006; Green, 2009; Tilley and Bisset, 2017), but these compared proximal and distal skin areas. Dynamic stimulation interacts preferentially with central processing of cold rather than warm stimulation (Green, 2009), which could be supported by the close relationship between cold sensitivity and mechanoreception (Stevens and Green, 1978), and their common central representation (Verhagen et al., 2004). Lötsch et al. (2015) observed distinct cool and pain perceptions and hypothesized that the low temperature sensation was mediated via different afferent channels, and psychophysical responses to cold stimuli depended on complex physiological processes. Differences in cold and warm sensation have been seen in previous studies, and may be linked to a more diffuse sense of warmth than cold, greater spatial summation for warming stimuli, and generally less numerous receptors for warm temperatures (Green, 2009; Ho et al., 2011; Lötsch et al., 2015; Marmoy et al., 2019).

We are aware of the limitations of our study. Firstly, we did not use exactly the same distances (11–13 cm) between stimulating and recording electrodes during the standard sensory neurographic tests in both nerves. The lack of the distance standardization resulted from the different hand sizes, and was in accordance with the guidelines (Oh, 2003; Mallik and Weir, 2005)–stimulation site was localized at the wrist, at the second distal-most crease. Secondly, QST is a psychophysical method. It has an objective part–physical, sensory stimulation, but the response is a subjective report from the individual. The use of advanced techniques, i.e., contact-heat-evoked potentials with very advanced thermal stimulator (CHEPS) and with functional MRI capabilities, could improve the objectivity of the results (Siao and Cros, 2003; Nothnagel et al., 2017). Secondly, the study group was middle-aged and not very large. Studies should also be performed on other age groups, separately in young adults and older persons. However, the results may reflect the above-mentioned complex, central and peripheral processing of low temperature perceptions. The different compositions of small and large fibers, respectively, in the median and in the ulnar nerves, with more numerous small fibers in the median nerve, and large fibers in the ulnar nerve, might also be important in cold perception (Koszewicz et al., 2019). All these relationships probably reflect the hand function, as the motor and sensory tasks are different for the median and ulnar nerves.

In conclusion, the study confirmed the differences in the physiological sensory perception between the median and ulnar nerves, without any differences between left and right hands and sex. The median nerve is more sensitive to temperature stimulation than the ulnar nerve, but simultaneously less sensitive to pain-inducing temperature stimuli. The difference in the temperature sensation between these two nerves is better seen for cold stimulation. These findings additionally support the theory that there are physiological differences between nerves, and between the amount and distribution of large and small fibers in the human hand, which probably reflects and influences hand function. An understanding of this phenomenon seems to be important in the diagnosis of hand nerve pathology, especially entrapment syndromes (Westerman and Delaney, 1991; Melchior et al., 2007; Schmid et al., 2014). The findings could help to avoid both positive and negative false recognitions. As a result, safer and more effective surgical interventions, and individually selected, appropriate rehabilitation treatments could be easier to determine. Although our research needs to be extended, e.g., by application of CHEPS, we can state, based on the present study, and our previous findings on motor conduction in the median and ulnar nerves (Koszewicz et al., 2019), that physiological differences between these two nerves should be fully included during the examination of hand pathology (Sander et al., 1999; Nouraei et al., 2015; Wyner and Dissabandara, 2018).



DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



ETHICS STATEMENT

The studies involving human participants were reviewed and approved by Bioethics Committee Wrocław Medical University 50-367 Wrocław, ul. Pasteura 1. The patients/participants provided their written informed consent to participate in this study.



AUTHOR CONTRIBUTIONS

MK carried out electrophysiological investigations, data interpretation, and prepared the manuscript. MS carried out electrophysiological investigations and data acquisition. JG carried out clinical investigation and data acquisition. MW carried out statistical analysis. KS carried out acquisition of data and prepared English version of the manuscript. SB made substantial contributions to conception and designed and prepared the manuscript. All authors contributed to the article and approved the submitted version.



FUNDING

Supported by Wroclaw Medical University, Poland, number: SUB.C220.21.028



REFERENCES

Alemdar, M. (2014). Effects of gender and age on median and ulnar nerve sensory responses over ring finger. J. Electromyogr. Kinesiol. 24, 52–57. doi: 10.1016/j.jelekin.2013.12.003

Arendt-Nielsen, L., Nie, H., Laursen, M. B., Laursen, B. S., Madeleine, P., Simonsen, O. H., et al. (2010). Sensitization in patients with painful knee osteoarthritis. Pain 149, 573–581. doi: 10.1016/j.pain.2010.04.003

Barton, M. J., StJohn, J., Tatian, A., Riches, J. D., Mograby, O., and Mahns, D. (2016). Morphological and morphometric analysis of the distal branches of the rat brachial plexus. Ital. J. Anat. Embryol. 121, 240–252.

Cruz Martínez, A., Barrio, M., Pérez Conde, M. C., and Gutiérrez, A. M. (1978). Electrophysiological aspects of sensory conduction velocity in healthy adults. 1. Conduction velocity from digit to palm, from palm to wrist, and across the elbow, as a function of age. J. Neurol. Neurosurg. Psychiatry 41, 1092–1096. doi: 10.1136/jnnp.41.12.1092

Dimitrova, A., Murchison, C., and Oken, B. (2019). Local effects of acupuncture on the median and ulnar nerves in patients with carpal tunnel syndrome: a pilot mechanistic study protocol. Trials 20:1. doi: 10.1186/s13063-018-3094-5

Gescheider, G. A., Bolanowski, S. J., Pope, J. V., and Verrillo, R. T. (2002). A four-channel analysis of the tactile sensitivity of the fingertip: frequency selectivity, spatial summation, and temporal summation. Somatosens. Mot. Res. 19, 114–124. doi: 10.1080/08990220220131505

Green, B. G. (2009). Temperature perception on the hand during static versus dynamic contact with a surface. Atten. Percept. Psychophys. 71, 1185–1196. doi: 10.3758/APP.71.5.1185

Ho, H. N., Watanabe, J., Ando, H., and Kashino, M. (2011). Mechanisms underlying referral of thermal sensations to sites of tactile stimulation. J. Neurosci. 31, 208–213. doi: 10.1523/JNEUROSCI.2640-10.2011

Koszewicz, M., Szydlo, M., Gosk, J., Wieczorek, M., and Budrewicz, S. (2019). Use of collision tests to identify physiological differences between the median and ulnar nerves. Muscle Nerve 59, 470–474. doi: 10.1002/mus.26428

Lötsch, J., Dimova, V., Lieb, I., Zimmermann, M., Oertel, B. G., et al. (2015). Multimodal distribution of human cold pain thresholds. PLoS One 10:e0125822. doi: 10.1371/journal.pone.0125822

Mallik, A., and Weir, A. I. (2005). Nerve conduction studies: essentials and pitfalls in practice. J. Neurol. Neurosurg. Psychiatry 76(suppl. ii), ii23–ii31. doi: 10.1136/jnnp.2005.069138

Marmoy, O. R., Furlong, P. L., and Moore, C. E. G. (2019). Upper and lower limb motor axons demonstrate differential excitability and accommodation to strong hyperpolarizing currents during induced hyperthermia. J. Neurophysiol. 121, 2061–2070. doi: 10.1152/jn.00464.2018

Melchior, H., Vatine, J. J., and Weiss, P. L. (2007). Is there a relationship between light touch-pressure sensation and functional hand ability? Disabil. Rehabil. 29, 567–575. doi: 10.1080/09638280600902547

Morioka, M., and Griffin, M. J. (2005). Thresholds for the perception of hand-transmitted vibration: dependence on contact area and contact location. Somatosens. Mot. Res. 22, 281–297. doi: 10.1080/08990220500420400

Nothnagel, H., Puta, C., Lehmann, T., Baumbach, P., Menard, M. B., Gabriel, B., et al. (2017). How stable are quantitative sensory testing measurements over time? Report on 10-week reliability and agreement of results in healthy volunteers. J. Pain Res. 10, 2067–2078. doi: 10.2147/JPR.S137391

Nouraei, M. H., Hosseini, A., Salek, S., Nouraei, F., and Bina, R. (2015). Median and ulnar nerve injuries; what causes different repair outcomes? Adv. Biomed. Res. 4:215.

Oh, S. J. (2003). Clinical Electromyography: Nerve Conduction Studies. Lippincott: Williams and Wilkins: Philadelphia.

Rolke, R., Baron, R., Maier, C., et al. (2006). Quantitative sensory testing in the German Research Network on Neuropathic Pain (DFNS): standardized protocol and reference values [published correction appears in Pain. 2006 Nov;125(1-2):197]. Pain 123, 231–243. doi: 10.1016/j.pain.2006.01.041

Sable, A. W. (1998). Median and ulnar nerves in hand. Phys. Med. Rehabil. Clin. N. Am. 9, 737–753.

Sander, H. W., Quinto, C., Saadeh, P. B., and Chokroverty, S. (1999). Sensitive median-ulnar motor comparative techniques in carpal tunnel syndrome. Muscle Nerve 22, 88–98. doi: 10.1002/(sici)1097-4598(199901)22:1<88::aid-mus13>3.0.co;2-c

Schmid, A. B., Bland, J. D., Bhat, M. A., and Bennett, D. L. (2014). The relationship of nerve fibre pathology to sensory function in entrapment neuropathy. Brain 137(Pt 12), 3186–3199. doi: 10.1093/brain/awu288

Shy, M. E., Frohman, E. M., So, Y. T., Arezzo, J. C., Cornblath, D. R., Giuliani, M. J., et al. (2003). Quantitative sensory testing. report of the therapeutics and technology assessment subcommittee of the American Academy of Neurology. Neurology 60, 898–904. doi: 10.1212/01.WNL.0000058546.16985.11

Siao, P., and Cros, D. P. (2003). Quantitative sensory testing. Phys. Med. Rehabil. Clin. N. Am. 14, 261–286. doi: 10.1016/s1047-9651(02)00122-5

Staud, R. (2011). Evidence for shared pain mechanisms in osteoarthritis, low back pain, and fibromyalgia. Curr. Rheumatol. Rep. 13, 513–520. doi: 10.1007/s11926-011-0206-6

Stevens, J. C., and Green, B. G. (1978). Temperature-touch interaction: Weber’s phenomenon revisited. Sens. Process. 2, 206–209.

Tilley, P., and Bisset, L. (2017). The reliability and validity of using ice to measure cold pain threshold. Biomed. Res. Int. 2017:7640649. doi: 10.1155/2017/7640649

Verhagen, J. V., Kadohisa, M., and Rolls, E. T. (2004). Primate insular/opercular taste cortex: neuronal representations of the viscosity, fat texture, grittiness, temperature, and taste of foods. J. Neurophysiol. 92, 1685–1699. doi: 10.1152/jn.00321.2004

Westerman, R. A., and Delaney, C. A. (1991). Palmar cold threshold test and median nerve electrophysiology in carpal tunnel compression neuropathy. Clin. Exp. Neurol. 28, 154–167.

Woolf, C. J. (2011). Central sensitization: implications for the diagnosis and treatment of pain,”. Pain 152, S2–S15.

Wyner, S., and Dissabandara, L. A. (2018). comprehensive review of motor innervations of the hand: variations and clinical significance. Surg. Radiol. Anat. 40, 259–269. doi: 10.1007/s00276-017-1898-8

Yang, G. H., Kwon, D. S., and Jones, L. A. (2009). Spatial acuity and summation on the hand: the role of thermal cues in material discrimination. Atten. Percept. Psychophys. 71, 156–163. doi: 10.3758/APP.71.1.156


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

Copyright © 2021 Koszewicz, Szydlo, Gosk, Wieczorek, Slotwinski and Budrewicz. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OPS/images/cross.jpg
3,

i





OPS/xhtml/Nav.xhtml




Contents





		Cover



		The Use of Quantitative Sensation Testing to Identify the Physiological Differences Between the Median and Ulnar Nerves



		INTRODUCTION



		MATERIALS AND METHODS



		RESULTS



		DISCUSSION



		DATA AVAILABILITY STATEMENT



		ETHICS STATEMENT



		AUTHOR CONTRIBUTIONS



		FUNDING



		REFERENCES

















OPS/images/cover.jpg
’ frontiers _
In Human Neuroscience

The Use of Quantitative
Sensation Testing to Identify
the Physiological Differences

Between the Median and Ulnar
Nerves









OPS/images/fnhum-15-601322-t003.jpg
Left hand

Nerves Median Ulnar p-value
ni mean STD ni mean STD

cold sensation (°C) 32 29.72 147 32 2941 1.30 0.183

warm sensation (°C) 32 34.08 0.87 32 34.30 1.04 0.400

cold pain (°C) 32 19.02 578 32 2166 573 0.028*

hot pain (°C) 32 40143 325 32 40.11 3.62 0.920

vibratory limits (1) 32 123 0.96 32 1.35 1.28 0.716

Right hand

Nerves Median Ulnar p-value
ni mean STD ni mean STD

cold sensation (°C) 29 2996 093 29 2916 1.45 0.030*

warm sensation (°C) 29 33.86 059 29 3458 157 0.021*

cold pain (°C) 28 1954 612 28 2153 561 0.225

hot pain (°C) 29 4060 4.08 29 41.08 4.50 0.762

vibratory limits () 29 1.24 0.96 29 1.27 1.43 0.385

*The significant P-value < 0.05.
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Male

Nerves Median Ulnar p-value
ni mean STD ni mean STD

cold sensation (°C) 26 30.08 093 26 2928 154 0.072

warm sensation °C) 26 34.06 0.97 26 35.01 1.79 0.016*

cold pain (°C) 25 1780 723 26 20.75 6.56 0.099

hot pain (°C) 26 4177 425 26 4205 4.56 0.742

vibratory limits (1) 26 1.58 1.33 26 1.92 1.87 0.971

Female

Nerves Median Ulnar p-value
ni mean STD ni mean STD

cold sensation (°C) 35 2965 141 35 2930 1.25 0.086

warm sensation (°C) 35  33.91 0.56 35 34.00 048 0.667

cold pain (°C) 35 20.31 456 35 2223 482 0.035*

hot pain (°C) 35  39.31 274 35 39.47 3.30 0.953

vibratory limits () 35 0.98 0.39 35 0.85 0.30 0.198

*The significant P-value < 0.05.
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Nerves Median Ulnar p-value
mean STD mean STD

Cold dispersion (°C) 10.68 6.05 7.58 5.19 0.002*

Warm dispersion (°C) 6.37 3.60 6.13 3.82 0.539

*The significant P-value < 0.05.
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Median Ulnar p-value

mean STD n mean STD

Nerves

n
Latency (ms) 62
Amplitude (V) 62

Conduction Velocity (m/s) 62

245 055 62 210 029 <0.00001*
37.80 18.34 62 36.28 17.91 0.692
56.560 8.09 62 54.68 5.61 0.139

*The significant P-value < 0.05.





OPS/images/fnhum-15-601322-t002.jpg
Nerves Median Ulnar p-value
n mean STD n mean STD

cold sensation (°C) 61 29.84 1.24 61 29.29 1.37 0.011*

warm sensation °C) 61 3398 0.76 61 34.43 1.31 0.030*

cold pain (°C) 60 19.26 590 60 21.60 5.62 0.017*

hot pain (°C) 61 4035 3.64 61 4057 4.06 0.935

vibratory limits () 61 1.24 0.95 61 1.31 1.34 0.357

*The significant P-value < 0.05.





