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Abstract 

Background: Pain threshold evaluation in compressive neuropathy is very useful for explaining 

generalized symptoms. About peripheral sensitization process in the release of bradykinin and 

prostaglandin alters specific TRPV1 receptors leading to reduction of nerve fiber firing threshold. This 

repetition leads to a brain receptive field expansion with consequent central sensitization.  

Methods: We have evaluated 160 female subdivided according to the neurophysiologic impairment of 

median nerve. Pressure algometry as well as discriminatory sensitivity between two points and The 

Boston Questionnaire were applied. 

Results: The comparison of algometry data showed extremely significant differences between control 

group and another groups. Therefore, pain thresholds showed direct relation to mononeuropathy severity 

to a certain point. When sensory or motor potential were no longer obtained, painful thresholds returned 

close to normal values. We suggest this result could be due to small fibers destruction, when hyperalgesia 

would be replaced by hypoesthesia.  

Conclusion: Pain threshold is lower in patients with carpal tunnel syndrome, either the median nerve 

innervated area or another areas. 
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RESEARCH ARTICLE 

mailto:s-nery@hotmail.com


Bernardino SN
 
 et al. Medical Research Archives vol 7 issue 11. November 2019       Page 2 of 20 

 
 

Copyright 2019 KEI Journals. All Rights Reserved                http://journals.ke-i.org/index.php/mra 

INTRODUCTION 

Central sensitization can be defined as a 

response mediated by pain increase 

to  nociceptive stimulation through signal 

amplification in the central nervous system and 

is characterized by different somatosensory 

changes (DE-LA-LLAVE-RINCÓN et al., 

2012). Over the last years there has been an 

increased interest in understanding nociceptive 

mechanisms in patients with Carpal Tunnel 

Syndrome (CTS), studying the sensitivity 

through pain threshold to pressure 

(CHESTERTON, 2003; ROLKE, 2005). 

The main determinants of 

pathophysiology the following: 1. Increased 

intra-carpal pressure (WERNER; ANDARY, 

2002); 2. Focal demyelination followed by 

axonal degeneration, macrophage activation 

and inflammatory cytokine and nitric oxide 

release, that can lead to ‗Chemical neuritis‘, as 

an outcome of this vicious cycle (IBRAHIM et 

al., 2012); 3. Neural adherence: Chronic 

compression results in nerve adherence to 

surrounding tissue, creating traction force 

during movement. (MACDERMID; 

DOHERTY, 2004); 4. Ischemia: Increased 

intra-fascicular pressure, capillary damage with 

edema and arterial blood flow obstruction 

(WERNER; ANDARY, 2002); 5.Blood-neural 

barrier injury, which leads to the inflammatory 

cells and protein accumulation, and ultimately 

intra-fascicular edema. (MACDERMID; 

DOHERTY, 2004); 6.Synovial tissue 

thickening increases fluid pressure inside the 

tunnel (WERNER; ANDARY, 2002). As a 

result, biochemical changes can occur on the 

synovial tissue (e.g., increase in proteoglycan 

content in the tendon stroma and hypertrophy) 

(YOON; HALPER, 2005); 7. Flexor tendon‘s 

synovial tissue inflammation can increase 

pressure inside the carpal tunnel, arising from a 

boost in Prostaglandin E2 and Vascular 

Endothelial Growth Factor (VEGF) (HIRATA 

et al., 2004). 

CTS is characterized by signs and 

symptoms associated with nerve compression 

through its course in an osseous-fibrous canal 

in the wrist named a carpal tunnel (ATROSHI 

et al., 1999). It is the most frequently diagnosed 

neuropathy, being usually related to any 

pathophysiological condition or anatomical 

abnormality  that leads to an increase in volume 

of the components of this canal, reduces its 

transversal diameter or raises pressure inside it 

(AKELMAN; WEISS, 1995). CTS affects 1,8 

of every 1.000 people (3-6% of the general 

population) (LEBLANC; CESTIA, 2011). 

More women are affected by CTS that men, 

with 3 women affected for every men 

(BONGERS et al., 2007).  More commonly, 

individuals with a high Body mass index 

(BMI), age over 30 years, and some particular 

systemic conditions (BECKER et al., 2002), 

such as: diabetes (KIANI et al., 2014), 

nephropathies (MBARKI et al., 2013), thyroid 

disorders (SHIRI, 2014), pregnancy (ATZMON 

et al., 2014) and repetitive motor activities 

(DALE et al., 2013). 

Classic symptoms of CTS include pain 

and paresthesia in the distribution area of the 

median nerve (palmar face of the fingers I, II, 

III and radial side of the IV finger) that increase 

in intensity at night (SOLOMON et al., 2005). 

With the evolution of compression, grip 

strength and hand function may be affected 

(ZYLUK; KOSOVETS, 2010). Occasionally 

the "flick" sign is referred to, during which the 

patient shakes up fists to relieve symptoms 

(Krendel et al., 1986).  

In peripheral sensitization, the tissue 

damage caused by trauma or inflammation 

releases chemical substances known as 

‗algogenic‘, which can lead to nociceptor 

sensitization. These substances include: 

http://www.ncbi.nlm.nih.gov/pubmed/?term=MacDermid%20JC%5BAuthor%5D&cauthor=true&cauthor_uid=15552704
http://www.ncbi.nlm.nih.gov/pubmed/?term=MacDermid%20JC%5BAuthor%5D&cauthor=true&cauthor_uid=15552704
http://www.ncbi.nlm.nih.gov/pubmed/?term=Doherty%20T%5BAuthor%5D&cauthor=true&cauthor_uid=15552704
http://www.ncbi.nlm.nih.gov/pubmed/?term=MacDermid%20JC%5BAuthor%5D&cauthor=true&cauthor_uid=15552704
http://www.ncbi.nlm.nih.gov/pubmed/?term=MacDermid%20JC%5BAuthor%5D&cauthor=true&cauthor_uid=15552704
http://www.ncbi.nlm.nih.gov/pubmed/?term=Doherty%20T%5BAuthor%5D&cauthor=true&cauthor_uid=15552704
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acetylcholine, bradykinin, prostaglandin, 

serotonin, leukotriene, P substance, platelet 

activation factor, neural growth factor, 

thromboxane, adenosine monophosphate 

(WOOD, 2004). They contribute to the 

inflammatory process start and sustaining, 

taking up an important role in the peripheral 

pain sensitization mechanism. Bradykinin leads 

to increased capillary permeability, whilst P 

substance and neurokinin leads to 

vasodilatation and increases vascular 

permeability, contributing to the inflammation 

spread. Prostaglandin and bradykinin cause 

changes in specific receptors: transient receptor 

potential cation channel subfamily V member 1 

(TRPV1), reducing the neural membrane post-

hyperpolarization time and, consequently 

reducing the neuronal fiber trigger-threshold 

(SCHMIDT, 2008). 

Central sensitization implies peripheral 

impulses modifications. That leads either to a 

pain threshold decrease or an increased 

response to afferent stimuli. Repeated 

stimulation causes persistent discharges, which 

leads to the dorsal horn neurons‘ receptive field 

expansion. Repeated impulses on C fibers 

amplify sensory signals in spinal neurons, 

relaying messages to the brain (ZHUO, 2007). 

Growing evidences shows CTS patients 

also exhibit symptoms not related to sensitivity 

(ZANETTE et al., 2006) and proximal 

irradiation pain (ZANETTE et al.., 2007), 

suggesting involvement of central nociceptive 

mechanisms and plasticity. (Campbell and 

Meyer, 2006). 

In 2010, Zanette et al.. sought to obtain 

psychophysical evidence of sensitization in 

CTS patients with extraterritorial symptoms. 

Quantitative sensory test (QST) was performed 

in 48 patients on the compromised territory and 

in territories unrelated to the median nerve, to 

document signs of sensitization (hyperalgesia 

and allodynia). Unrelated median nerve pattern 

was found in 33.3% of patients and proximal 

pain 37.5% of patients. 

This same researchers group conducted 

a study in 2006 that reported typical symptoms 

distribution in about 60.6% of the hands, 

identifying glove distribution in 35.2% and 

ulnar distribution in 4.2% (ZANETTE et al., 

2006). Another study conducted in 2007 

reported 45% of patients with CTS exhibited 

proximal pain associated with hand sensory 

symptoms. Proximal pain was most frequently 

reported at night, reaching 21% and occurred 

more frequently in patients with less severe 

median nerve injury (ZANETTE et al., 2007). 

Parallel research was performed on 

women with strictly unilateral CTS. Results 

revealed bilateral hyperalgesia in both median 

and extraterritorial areas when compared to 

healthy subjects. These results have shown the 

presence of thermal conduction deficit in C 

fibers (heat) and Aδ fibers (cold). That 

confirms the existence of a central nervous 

system disorder (i.e. a central sensitization 

process in patients with CTS) (DE-LA-

LLAVE-RINCÓN et al., 2009). 

In 2010, Fernández-de-las-Peñas et al.. 

conducted a study in 20 women using 

topographic mapping of strictly unilateral CTS 

hands and comparing it to other 20 healthy 

women of similar age. Pressure pain thresholds 

were measured on 30 sites on each hands palm. 

Results revealed that the pain thresholds were 

lower in all points when compared to the 

control group. There was no difference 

regarding the hands pain intensity or symptom 

duration (FERNÁNDEZ-DE-LAS-PEÑAS et 

al., 2010). 

 

METHODOLOGY 

This research received by the Hospital 

da Restauração in Recife, Brazil, ethics 
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committee authorization: 

09278812.0.0000.5198. The sample was non-

probabilistic by judgment. The patients 

included had symptoms suggestive of CTS 

between 18 and 85 years old. Women with any 

type of pathology that interferes with pain 

perception were excluded, such as: cognitive 

impairment of any kind, psychiatric disorders, 

dermatological disorders (e.g.: psoriasis, herpes 

zoster, leprosy, among others), sensory 

neuropathy (congenital insensitivity to pain), 

fibromyalgia bearer, patients who suffered a 

fracture or undergone any surgical procedure of 

the upper limbs or cervical spine, as well as 

patients with metabolic disorders that increase 

the possibility of polyneuropathy (diabetes, 

thyroid disorder). Patients who used analgesics 

in the previous five days were instructed to 

return without medication. 

The groups were divided into: A) 

Control (n=40): Healthy volunteers with 

electrophysiological integrity of the median 

nerve through the wrist. B) Clinically 

suggestive CTS patients (n=120) were 

subdivided according to the median nerve‘s 

degree of neurophysiological involvement in 

the wrist, in accordance to Padua‘s 

classification (PADUA et al., 1997), in Group I 

(n=20): Clinically suggestive patients without 

median nerve neuropathy proximal to wrist 

(MNNW); Group II (n= 20) discrete MNNW – 

only detectable by high sensitivity tests—In the 

current study we used the Robinson Sensitive 

Index, defined as the sum of the following three 

latency differences: median-ulnar nerves in the 

fourth finger; median-ulnar nerves in the ring 

finger; and median-radial nerves in the thumb 

(ROBINSON et al., 1998); Group III (n = 20): 

mild MNNW--reduction of sensory conduction 

velocity in both palm-wrist and wrist-second 

finger segments (under 50 m/s); Group IV (n = 

20): moderate MNNW – motor distal latency 

increase over 4ms; Group V (n = 20):  Severe 

MNNW - indeterminable sensory potentials or 

motor range reduction (less than 5mV); Group 

VI (n = 20): extreme MNNW - indeterminable 

motor potentials (Table 1). 

  

 

Table 1: Mononeuropathy Classification – Median nerve proximal do wrist. According PADUA et al 

(1997) 

Grade 0 Negative normal ENMG   

Grade 1 Minimal only detectable by high sensitivity tests  

Grade 2 Mild Decrease in sensory nerve conduction velocities  

Grade 3 Moderate increased motor distal latency  

Grade 4 Severe undeterminable sensory potentials  

  decreased motor potential amplitude  

Grade 5 Extreme Undetermined potentials motors  

 

In order to avoid the possibility of induction a 

higher pressure speed with the algometer, due 

to a patient's diagnosis knowledge, algometry 

was initially performed. After that, the 

discriminatory sensitivity between two points 

preceding the ENMG was evaluated and, 

consequently, knowledge of the degree of nerve 

involvement. 
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 The participants rested for ten minutes, 

considered sufficient time for relaxation, before 

the algometer measurement started 

(PIOVESAN, 2001). A Wagner® digital 

algometer with 5 digit liquid crystal display, 

0.5‘‘ and calibration certificate was used (A). 

Obtaining a ninety degree approach between 

the stimulation surface and the stimulated point. 

Constant approach speed was administered. 

Participants were instructed to report the first 

unpleasant pain sensation (painful perception). 

Immediately after this information, the stimulus 

was interrupted and the values in Kg/cm
2 

were 

recorded. The stimulated areas were divided 

into: B1) related to the median nerve territory 

in the hand after passage through the carpal 

tunnel, B2) related to the palmar cutaneous 

nerve, B3) related to the ulnar nerve in the hand 

and B4) areas proximal to the carpal tunnel. 

 
 

A)  

B1) B2) B3) B4)  

 

 

 

 

 

 

 

 

 

  

Figure 10 - Areas stimulated by pressure algometry 

A)  Wagner® Digital algometer 

B1) Median nerve territorial areas after passage through the carpal tunnel: digital pulp of the I 

and II fingers. 

B2) Median nerve before carpal tunnel innervated areas (palmar cutaneous nerve) in abductor 

pollicis brevis muscle.
 

B3) Areas innervated by the ulnar nerve: digital pulp of the V finger and abductor digiti minimi 

B4) Extraterritorial areas of the median nerve proximal to the carpal tunnel: medial and lateral 

portion of the upper third of the forearm. 
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In the evaluation of the symptom severity scale 

(SSS) was used two parts of the questionnaire 

―Boston Questionnaire Symptom Severity‖ 

frequently used in the literature to quantify 

symptoms in CTS and already validated for 

Brazilian reality (LEVINE et al., 1993; 

CAMPOS et al., 2003;  MEIRELLES et al., 

2006). In this study was coded from 1 to 5 with 

a numerical progression of complaints. 

 

STATISTICAL ANALYSIS 

 

 Statistical analysis was performed by 

descriptive analysis of parameters such as: 

arithmetic mean, standard deviation, and 25% 

and 75% percentiles. The parameters were 

tested for normality characterization by the 

Shapiro-Wilk test in the comparison between 

groups. For data with nonparametric 

distribution, the Kruskal-Wallis test was used 

with type 1 error <0.05. In case of a significant 

difference, paired comparisons were performed 

with Dunn's posthoc test. Although not 

normally distributed, we chose to use the 

arithmetic mean instead of the median. 

 

RESULTS 

 

SAMPLE CHARACTERIZATION TO 

PATIENT AGE 

The patients recruited for the study were 

between 18 and 85 years old. The arithmetic 

mean age of all patients was 49,7 years (±14,6  

) (Table 2).  

Regarding the age of the patients and 

the degree of nerve involvement, the higher the 

MNNW, the higher the mean age of the 

patients. Only significant between control and 

groups V e VI. 

 

 

Table 2: Mean age of the groups expressed in years, standard deviation, coefficient of variation and 

analysis of variance by Kruskal Waliis test, comparing the control and each group according to the 

nerve involvement degree. 

 n Age (years) Variation 

Coefficient (%) 

Kruskal Wallis 

 

Control 40 46,8±14,6 31,3 - 

GI: sint s/ MNNW   20 41,4±9,9 23,98 (p= 0,22) ns 

GII: Minimal MNNW   20 42±12,3 29,22 (p= 0,24) ns 

GIII: Mild MNNW   20 45,5±12,3 27,11 (p= 0,77) ns 

GIV: moderate MNNW   20 50,3±8,6 17,03  (p= 0,18) ns 

GV: Severe MNNW   20 57,9±11,3  19,48 ** 

GVI: Extreme MNNW   20 67±13,7 20,42 *** 

ns:not significant, * = p< 0,05, ** = p< 0,01 e *** = p< 0,001. 

 

 

SAMPLE CHARACTERIZATION IN 

RELATION TO PAIN THRESHOLD 

 Pressure algometry was performed on 

320 hands and forearms of all 160 women 

participants. To compare the algometric data 

between the groups, the data were non-

parametric (Shapiro-Wilkp test= 0,1955), 

therefore the Kruskal-Wallis test was used. The 

following were separated by innervation 

territory: 1) area innervated by the median 

nerve after passage through the carpal tunnel, 

comprising the digital pulp of the first finger 
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right and left (I finger R, I finger L) and the 

digital pulp of the second finger (II finger R, II 

finger L); 2) area innervated by the palmar 

cutaneous nerve, uptake in the Abductor 

Pollicis Brevis (APB R, APB L); 3) area 

innervated by the ulnar nerve that involves  

both the fifth finger digital pulp (V finger R, V 

finger L) and the Abductor Digiti Minimi 

muscle (ADM R, ADM L); 4) carpal tunnel 

proximal areas, involving the medial (Prx med 

R, Prx med L) and lateral regions of the 

forearm (Prx lat R, Prox lat L). 

When pain threshold values were related 

to the degree of nerve involvement, it was 

observed that the threshold decrease as the 

pathology begins and progresses to some 

extent. There was an extremely significant 

difference between the control and groups II, 

III, IV, and V in all stimulated points. 

However, there was no significant difference 

between the control group and groups I and VI 

at some stimulated points. 

Table 3 shows the pain threshold values 

obtained by pressure algometry in the territory 

innervated by the median nerve after passage 

through the carpal tunnel. 

 

Table 3: Pain threshold value (expressed in kg / cm²) recorded by pressure algometry in each group 

classified according to the degree of nerve involvement. The measurement in the median nerve 

innervated territory after passage through the carpal tunnel, comprised of digital pulp of the first finger 

(I finger R, I finger L) and second finger (II finger R, II finger L).  The variance analysis between the 

groups was performed by Kruskal Wallis test. 

 I finger R I finger L II finger R II finger L 

Control 3,908  3,891  3,920 3,936 

GI: sint s/ MNNW   3,661 * 3,624 * 3,673 * 3,668 * 

GII:Minimal MNNW  3,214 *** 3,195 *** 3,256 ***  3,208 *** 

GIII:Mild MNNW  3,037 *** 2,924 *** 3,026 *** 2,989 *** 

GIV:moderate 

MNNW   

2,693 *** 2,716 *** 2,700 ***  2,719 *** 

GV:Severe MNNW   3,043 *** 3,074 *** 3,103 *** 3,076 *** 

GVI:Extreme 

MNNW   

3,357 ** 3,429 ** 3,434 ** 3,429  ** 

ns:not significant, * = p< 0,05, ** = p< 0,01 e *** = p< 0,001. 

   

Table 4 shows the values of pain 

thresholds obtained by pressure algometry 

in the area innervated by the palmar 

cutaneous nerve. 
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Table 4: Pain threshold value (expressed in kg / cm²) recorded by pressure algometry in each group 

classified according to the nerve involvement degree. Measurement was done in the territory innervated 

by the palmar-cutaneous nerve in the Abductor Pollicis Brevis (APB R, APB L). The comparison 

between groups was performed with Kruskal Wallis variance analysis. 

 APB R APB L 

Control 3,888 3,895 

GI: sint s/ MNNW 3,683 (p=0,24) ns 3,668 (p=0,12) ns 

GII:Minimal MNNW   3,230 *** 3,261 *** 

GIII:Mild MNNW   3,018 *** 3,099 *** 

GIV:Moderate MNNW   2,673 *** 2,709 *** 

GV:Severe MNNW  3,107 *** 3,054 *** 

GVI:Extreme MNNW   3,388 ** 3,336 ** 

ns:not significant, * = p< 0,05, ** = p< 0,01 e *** = p< 0,001. 
 

Table 5 shows the values of pain 

thresholds obtained by pressure algometry in 

the area innervated by the ulnar nerve. 

 

Table 5: Pain threshold value (expressed in kg / cm²) recorded by pressure algometry in each group 

classified according to the degree of nerve involvement. Measurement in the territory innervated by the 

ulnar nerve involving both the fifth finger digital pulp (V finger R, V finger L) and the Abductor Digiti 

Minimi muscle (ADM D, ADM E). The comparison between groups was performed with Kruskal 

Wallis variance analysis. 

 V Finger R V Finger L ADM R ADM L 

Control 3,901 3,887 3,904 3,899 

GI: sint s/ MNNW   3,697 (p= 

0,09)ns 

3,659 (p= 

0,05)ns 

3,645 (p= 

0,07)ns 

3,603 * 

GII:Minimal MNNW  3,191 *** 3,209 *** 3,256 *** 3,244 *** 

GIII:Mild MNNW  2,981 *** 2,969 *** 3,027 *** 3,018 *** 

GIV:Moderate 

MNNW   

2,680 *** 2,741 *** 2,742 *** 2,730 *** 

GV:Severe MNNW   3,075 *** 2,978 *** 3,209 *** 3,094 *** 

GVI:Extreme MNNW   3,514 ** 3.528 * 3.520 ** 3,475 * 

ns:not significant, * = p< 0,05, ** = p< 0,01 e *** = p< 0,001. 

 

Table 6 shows the values of pain 

thresholds obtained by pressure algometry in 

the carpal tunnel proximal areas. 
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Table 6: Pain threshold value (expressed in kg / cm²) recorded by pressure algometry in each group 

classified according to the degree of nerve involvement. Measurement was done in the carpal tunnel 

proximal areas, involving the medial (Prx med R, Prx med L) and lateral regions of the forearm (Prx lat 

R, Prox lat L). The comparison between groups was performed with Kruskal Wallis variance analysis. 

 Prx med R Prx med L Prx lat R Prx lat L 

Control 3,704  3,732  3,721  3,718 

GI: sint s/ MNNW   3,451 (p= 

0,08)ns 

3.462 * 3.479 * 3.480 * 

GII:Minimal MNNW 3,083 *** 3,137 *** 3,143 *** 3,120 *** 

GIII: Mild MNNW 2,868 *** 2,852 *** 2,937 *** 2,897 *** 

GIV:Moderate 

MNNW 

2,663 *** 2,599 *** 2,619 *** 2,620 *** 

GV:Severe MNNW 2,860 *** 2,914 *** 2,875 *** 2,8905 *** 

GVI:Extreme MNNW 3.296 * 3.384 (p= 

0,09)ns 

3,298 * 3,245 ** 

ns:not significant, * = p< 0,05, ** = p< 0,01 e *** = p< 0,001. 

 

SAMPLE CHARACTERIZATION TO TWO 

POINT DISCRIMINATING SENSITIVITY 
 

 Weber-Moberg's static technique was 

used bilaterally to measure discriminatory 

sensitivity between two points in the digital 

pulps of the first and second fingers (I finger R, 

II finger R, I finger L, II finger L). Our data 

shows the more pronounced MNNW, higher 

the discriminatory sensitivity values are, with a 

significant difference between the control and 

groups III, IV, V and VI (Table 7). 

 

Table 7: Discriminatory sensitivity (mean) in each group expressed in millimeters, measured on the 

digital pulps of the first and second fingers bilaterally (I finger R, II finger R, I finger L, II finger L) 

and the variance analysis by the Kruskal Waliis test, comparing Control and each group according to 

the degree of nerve involvement. 

 I Finger R I Finger L II Finger R II Finger L 

Control 2,5 2,6 2,6 2,7 

GI: sint s/ MNNW   2,5 (p= 

0,79)ns 

2,3 (p= 

0,06)ns 

2,2 (p= 

0,22)ns 

2,8 (p= 

0,64)ns 

GII: Minimal MNNW 2,8 (p= 

0,12)ns 

2,5 (p= 

0,41)ns 

2,4 (p= 

0,18)ns 

2,4 (p= 

0,18)ns 

GIII: Mild MNNW 4,8 *** 4,0 *** 3,9 *** 4,1 *** 

GIV:Moderate MNNW 5,1 *** 5,1 *** 5 *** 4,8 *** 

GV: Severe MNNW 5,7 *** 4,8 *** 5,3 *** 4,5 *** 

GVI:Extreme MNNW 6,2 *** 6,1 *** 5,9 *** 6,0 *** 

ns:not significant, * = p< 0,05, ** = p< 0,01 e *** = p< 0,001. 
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SAMPLE CHARACTERIZATION TO 

SYMPTOMS GRAVITY SCALE 

In the nighttime pain (BA1) intensity 

assessment, it was group IV (moderate 

MNNW) that most complained. However, there 

was no significant difference between group IV 

and groups III (mild MNNW) and V (Severe 

MNNW). 

 Group V (Severe MNNW) had the most 

complaints about pain frequency at night 

(BA2). However, it did not differ significantly 

from groups III (mild MNNW) and IV 

(moderate MNNW). 

In the daytime pain (BA3) intensity 

assessment, it was group IV (moderate 

MNNW) that most complained.  However, 

there was no significant difference from group I 

(symptoms without MNNW), III (mild 

MNNW) and V (Severe MNNW). 

The daytime pain frequency (BA4) had 

group IV (moderate MNNW) with the most 

complaints. There was no significant difference 

between this and group V (Severe MNNW). 

The groups with most complaints of 

daytime pain (BA5) duration were IV 

(moderate MNNW) and V (Severe MNNW). 

However, there was no significant difference 

between these groups and group I 

(symptomatology without MNNW) and III 

(mild MNNW) (Table 8). 

 

Table 8: Values obtained regarding pain intensity, frequency and duration in the typical 24-hour period 

during the last two weeks: BA1: nighttime pain intensity. BA2: frequency with which the patient wakes 

up with pain at night. BA3: daytime pain intensity. BA4: daytime pain frequency. BA5: daytime pain 

duration. The comparison between groups was performed with Kruskal Wallis variance analysis. 

 BA1 BA2 BA3 BA4 BA5 

GI:sint s/ 

MNNW   

3,3 ** 3,3 * 3,3 (p= 

0,05)ns 

3,3 ** 3,5 (p= 

0,61)ns 

GII:Minimal 

MNNW 

2,4 *** 2,3 *** 2,6 *** 2,9 *** 2,9 ** 

GIII:Mild 

MNNW 

3,6 (p= 

0,09)ns 

3,6 (p= 0,07) 

ns 

3,5 (p= 0,08) 

ns 

3,6 ** 3,1 (p= 

0,07)ns 

GIV:Moderate 

MNNW 

4,0 -  4,1 (p= 0,82) 

ns 

4,0 -  4,4 - 3,6 - 

GV:Severe 

MNNW 

3,6 (p= 

0,25)ns 

4,2 - 3,7 (p= 0,68) 

ns 

4,3 (p= 

0,50)ns 

3,6 - 

GVI:Extreme 

MNNW 

2,7 *** 2,4 *** 2,8 *** 2,9 *** 2,7 ** 

ns:not significant, * = p< 0,05, ** = p< 0,01 e *** = p< 0,001. 

 

Regarding numbness intensity (BA6), 

group IV (moderate MNNW) complained the 

most. However, no significant difference 

between this group and groups I 

(symptomatology without NMMP) and V (mild 

MNNW). 

For tingling intensity (BA7), it was 

groups I (symptomatology without MNNW) 

and V (Severe MNNW) that complained the 

most, with no significant difference when 

compared to group IV (moderate MNNW). 

In regards to nighttime numbness 

intensity or tingling (BA8), group V (Severe 
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MNNW) had the most complaints. However, 

there was no significant difference when 

compared to groups I (symptomatology without 

MNNW) and IV (moderate MNNW). 

In the nighttime numbness frequency or 

tingling (BA9), group V (Severe MNNW)  had 

the most complaints. However, there was no 

significant difference when compared to groups 

I (symptomatology without MNNW) and IV 

(moderate MNNW) (Table 9). 

 

Table 9: Values obtained regarding intensity and frequency of numbness and / or tingling in the typical 

24-hour period during the last two weeks. BA6: presence of numbness. BA7: tingling intensity. BA8: 

numbness or tingling intensity at night. BA9: Frequency of numbness / tingling at night. The 

comparison between groups was performed with Kruskal Wallis variance analysis. 

 BA6 BA7 BA8 BA9 

GI:sint s/ MNNW   4,1 (p= 0,07)ns 4,5 - 4,3 (p= 1,16)ns 4,3 (p= 0,08)ns 

GII:Minimal 

MNNW 

3,7 * 3,6  ** 3,3 *** 3,6 *** 

GIII:Mild MNNW 4,0 ** 4,0 * 4,1 * 4,1 ** 

GIV:Moderate 

MNNW 

4,5 - 4,4 (p= 0,37)ns 4,2 (p= 0,64)ns 4,6 (p= 0,08)ns 

GV:Severe MNNW 4,1 (p= 0,08)ns 4,5 - 4,5 - 4,7 - 

GVI:Extreme 

MNNW 

3,4 *** 3,5 *** 3,4 *** 3,5 *** 

ns:not significant, * = p< 0,05, ** = p< 0,01 e *** = p< 0,001. 

 

Writing disability (BB1) was most 

commonly reported in group V (Severe 

MNNW). But, there was no significant 

difference when compared to groups III (mild 

MNNW) and IV (moderate MNNW). 

As for buttoning clothes (BB2) group V 

(accented MNNW) complained the most. 

To hold a book while reading (BB3), 

group V patients (Severe MNNW) reported the 

most difficulty. However, there was no 

significant difference when compared to groups 

III (mild MNNW) and IV (moderate MNNW). 

To hold a telephone (BB4), group V had 

the most complaints (Severe MNNW). 

However, no significant difference when 

compared to group IV (moderate MNNW) 

(Table 10). 
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Table 10: Values obtained regarding the ability to perform daily activities (or interrupt them by 

increasing sensory complaints) on a typical day during the last two weeks. BB1: write. BB2: Button 

clothes. BB3: Hold a book while reading.  BB4: Hold a telephone. The comparison between groups 

was performed with Kruskal Wallis variance analysis. 

 BB1 BB2 BB3 BB4 

GI:sint s/ MNNW   1,4 *** 1,8 *** 3,2 *** 3,7** 

GII:Minimal MNNW 1,5 ** 1,7 *** 2,1 *** 2,7 *** 

GIII:Mild MNNW 2,4 (p= 0,07)ns 2,3 ** 3,5 (p= 0,05)ns 4,0 * 

GIV:Moderate MNNW 2,7 (p= 0,20)ns 2,6)** 3,8 (p= 0,15)ns 3,8 (p= 0,11)ns 

GV:Severe MNNW 3,2 - 3,4 - 4,3 - 4,6  - 

GVI:Extreme MNNW 2,2 * 2,2  *** 2,7 *** 3,1 *** 

ns:not significant, * = p< 0,05, ** = p< 0,01 e *** = p< 0,001. 

 

The patients in group V (Severe 

MNNW) had the most difficulty opening a pot 

(BB5). However, there was no significant 

difference between these and group IV 

(moderate MNNW). 

To perform housework (BB6), it was 

group V (Severe MNNW) that reported the 

most disability, without statistically differing 

from group IV (moderate MNNW). 

As for the inability to carry grocery bags 

(BB7), group V (Severe MNNW) complained 

the most. However, there was no significant 

difference compared to group IV (moderate 

MNNW). 

For bathing and dressing up (BB8), the 

patients in group V (Severe NMMP) presented 

this difficulty the most. However, without 

significantly differing from group IV (moderate 

MNNW) (Table 11) 

  

Table 11: Values obtained regarding the ability to perform daily activities (or interrupt them by 

increasing sensory complaints) on a typical day during the last two weeks. BB5: Open a pot‘s lid. BB6: 

Do housework. BB7: Carry grocery bags and BB8: Take a shower and get dressed. The comparison 

between groups was performed with Kruskal Wallis variance analysis. 

 BB5 BB6 BB7 BB8 

GI:sint s/ MNNW   4,0 *** 3,7  *** 2,5 *** 1,4 ** 

GII:Minimal 

MNNW 

2,9  *** 3,3  *** 2,1 *** 1,4 ** 

GIII:Mild MNNW 4,2 * 3,3  *** 3,2 ** 1,7 * 

GIV:Moderate 

MNNW 

4,7 (p= 0,28)ns 4,0 (p= 0,82)ns 3,8 (p= 0,07)ns 2,2 (p= 0,37)ns 

GV:Severe MNNW 4,8 - 4,4 - 4,4 - 2,5 - 

GVI:Extreme 

MNNW 

3,5 *** 3,6 ** 2,4 *** 2,0 * 

ns:not significant, * = p< 0,05, ** = p< 0,01 e *** = p< 0,001. 
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DISCUSSION 

In this cross-sectional study, 160 

women were evaluated. A total of 320 hands 

were analyzed by pressure algometry and two 

points discriminatory sensitivity in the first and 

second finger digital pulps. A symptom severity 

scale questionnaire and a nerve conduction 

studies were also performed. It is considered a 

significant sample when compared to the 

literature. (ZANETTE et al., 2006; ZANETTE 

et al., 2007; ZANETTE et al., 2010; DE-LA-

LLAVE-RINCÓN et al., 2009; FERNÁNDEZ-

DE-LAS-PEÑAS et al., 2010, FERNÁNDEZ-

DE-LAS-PEÑAS et al., 2013). 

We observed the more pronounced the 

MNNW, the higher the mean age of the 

patients. Such data was concordant with 

previous study (POVLSEN et al., 2010). 

As for the Weber-Moberg two points 

static discriminatory sensitivity (WEBER, 

1835), (MOBERG, 1958), our data show the 

more pronounced the MNNW, higher are the 

discriminatory sensitivity values. Albeit the test 

does not have adequate sensitivity, its good 

specificity has already been proven 

(MACDERMID; WESSEL, 2004). 

Over the last years there has been an 

increased interest in uncovering the underlying 

pain mechanisms in CTS patients, investigating 

sensitivity through pressure pain threshold 

(CHESTERTON, 2003), (ROLKE, 2005).  

Despite that, literature‘s still scarce in 

algometric studies performed on peripheral 

nerves. Other studies have identified 

complaints proximal to the carpal tunnel in 

patients with CTS, but without using algometry 

(ZANETTE et al., 2010). 

In the present study, pain threshold 

values were correlated with the degree of nerve 

involvement. We observed that the thresholds 

decrease as pathology begins and progresses to 

a certain extent. Overall, our data also show 

similarity to the algometric hand topographic 

mapping study, where thresholds were lower at 

all points compared to the control group 

(FERNÁNDEZ-DE-LAS-PEÑAS et al., 2010). 

Also, it was noted a pain threshold reduction in 

areas innervated by the palmar-cutaneous, ulnar 

and areas proximal to the carpal tunnel, in 

agreement with Zanette et al. 2010 findings. In 

which his patients reported pain with non-

median nerve pattern, as well as proximal pain 

(forearm, elbow, arm, and shoulder) 

(ZANETTE et al., 2010). 

In group VI (extreme MNNW), when 

sensory or motor potentials were no longer 

obtained in nerve conduction studies, pain 

thresholds returned to values closer to the 

control. This result is attributed to the probable 

destruction of fine fibers, in which there may be 

hypoesthesia replacing hyperalgesia. This is 

based on the theory that secondary hyperalgesia 

is due to an involvement of neural and 

nonneural tissues adjacent to the primary lesion 

and is associated with central sensitization. 

Thus, patients with neuropathic pain may 

experience mechanical allodynia in the skin 

related to Aβ fiber nerve transmission. Thus, 

patients with neuropathic pain may experience 

mechanical allodynia related to Aβ fiber 

transmission. When Noxious stimuli from Aδ 

fibers reach the spinal cords dorsal horn 

(lamina I), cells of wide dynamic range (lamina 

V) can be activated, increasing Aβ fiber's 

synaptic efficacy. So, loss of tactile function in 

patients with neuropathic pain may extinguish 

allodynia (MEYER et al., 2006). 

These data concur with recent research, 

which in CTS there‘s functional and structural 

neuroplasticity of the brain‘s primary 

somatosensory cortex, but this linkage between 

neuroplasticity and functional deficits in CTS 

remains unknown. In order to evaluate this 

parameter, a group of scholars simultaneously 
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used functional MRI and tactile stimulation in 

the median nerve territory. Compared to 

healthy individuals, those with CTS 

demonstrated alterations in each finger‘s 

representation in the contralateral primary 

somatosensory cortex, corroborating the idea 

that a maladaptation phenomenon underlies the 

functional deficits observed in these patients 

(MAEDA et al., 2014). 

Other studies evaluated 

magnetoencephalography and digital 

stimulation in the median-innervated area and 

concluded that slower peripheral nerve 

conduction in CTS correlates with greater 

delays in the first somatosensory cortical 

response (DHOND et al., 2012). 

Structural diffusion tensor imaging 

(DTI) and voxel-based morphometry (MBV) 

were used to identify clear morphometric 

changes in CTS patients‘ brain. These central 

morphometric changes are probably secondary 

to peripheral nerve pathology and, 

consequently, alteration in somatosensory 

afference (MAEDA et al., 2013). 

Confirmation of cortical maladaptation 

in peripheral neuropathy has also been sought 

in order to suggest corrections through 

appropriate therapy. Functional MRI and 

clinical testing were performed on CTS patients 

at baseline and after five weeks of acupuncture 

treatment. A control group of healthy adults 

was also evaluated. During functional MRI, 

median nerve sensory stimulation in the second 

and third fingers and ulnar nerve stimulation in 

the fifth finger were performed. Activity in the 

contralateral Brodmann area was shown to be 

increased in those with CTS when compared to 

healthy adults. After acupuncture, there was a 

significant decrease in this contralateral area. 

So, the presence of cortical maladaptation was 

confirmed and acupuncture was suggested as a 

means to induce beneficial cortical plasticity 

(NAPADOW et al., 2007). 

In the present study, the relationship 

between the symptom severity scale and the 

degree of the median nerve neurophysiological 

involvement resulted in several findings. 

Patients who reported greater pain intensity at 

night had moderate impairment followed by 

severe nerve impairment, while those with 

severe impairment reported a higher frequency 

of nocturnal pain, followed by those with 

moderate and mild impairment. Also, daytime 

pain was more frequent in cases of moderate 

impairment followed by severe impairment of 

the median nerve. In these cases, it‘s believed 

that pain occurs more frequently due to 

pressure increasing activities within the carpal 

tunnel, intensifying compression on the median 

nerve and increasing pain frequency. The same 

behavior was observed in the daytime pain 

duration, being mostly reported in cases of 

moderate and severe impairment, followed by 

mild cases or those merely symptomatic. These 

findings are in consonance with a previous 

study that found symptoms tend to worsen at 

night and there may be difficulty with activities 

that require wrist flexion during daytime 

(Dorwart, 1984). 

 Our data on numbness reveal greater 

intensity in patients with moderate impairment, 

followed by the severe degree impairment 

patients and those merely symptoms. Tingling 

caught the attention of both those with only 

symptomatology and those with severe 

impairment, followed by those with moderate 

impairment. those who had severe impairment 

also were the ones that most complained about 

the intensity of numbness or tingling at night. 

That was followed by those merely 

symptomatic or of moderate degree. Suggesting 

the complaint is exaggerated due to sensation 

never been experienced before. The nighttime 
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numbness frequency or tingling was most 

frequently reported by those with severe 

impairment, followed by moderate to mild 

symptoms. 

Several studies have already 

demonstrated functional disability related to 

sensory symptoms exacerbation (MARTINS, 

2008). Our study reveals greater difficulty for 

patients with severe impairment to perform 

activities (writing, holding a book while 

reading and holding a phone), followed by 

those with moderate and mild impairment. 

Equally, there was also predominance in the 

severely impaired group, followed by the 

moderately impaired in the difficulty to open a 

pot, do housework, carry grocery bags, take a 

shower and dress. Patients with extreme 

impairment had the lowest complaints in the 

vast majority of issues. Returning to the large 

axonal loss idea, including fine fibers, can 

generate hypoesthesia that leads to a reduction 

in hyperalgesia. (MEYER et al., 2006). 

 Our study corroborates that lesions in 

the nervous system lead to changes in cortical 

areas through a central sensitization 

phenomenon, leading to a pain threshold 

reduction in CTS patients. Nevertheless, this 

limit reduces only to a certain extent: in 

extreme cases, when sensors or motors 

potentials are no longer detected, the values 

approach control`s. suggesting that a large 

axonal loss, including the fine fibers, may 

generate a hypoesthesia that leads to a 

hyperalgesia reduction. Thus, further studies 

are needed in order to broaden this knowledge 

henceforth.  

 

CONCLUSION 

 Pain threshold is lower in patients with 

carpal tunnel syndrome, either the median 

nerve innervated area or another areas. 
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