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Abstract
Objective: Carpal tunnel syndrome has been shown to cause hand clumsiness, impairment in pinch grip force, and fine motor skills. We hypothesized 
that impaired fine motor skills in carpal tunnel syndrome may be related to maladaptive central somatosensory changes. This study aimed to investi-
gate the relationship between the changes in central sensory pathways and fine motor activities in patients with carpal tunnel syndrome by examining 
the somatosensory temporal discrimination threshold.

Methods: This study included 37 patients with idiopathic carpal tunnel syndrome and 19 healthy subjects. After recording routine nerve conduction 
studies, sensory threshold and somatosensory temporal discrimination threshold on volar faces of dominant second (2f) and fifth fingers (5f) were 
determined. All patients performed 9-hole peg test. We also questioned the presence of dropping objects.

Results: Object dropping was more frequent in patients with idiopathic carpal tunnel syndrome in comparison to healthy subjects (P = .000). Duration 
to complete 9-hole peg test was also higher in patients with dropping objects. Although sensory threshold-2f and somatosensory temporal discrimina-
tion threshold-2f were higher in patients with carpal tunnel syndrome compared to healthy subjects, somatosensory temporal discrimination thresh-
old-2f was not related to dropping objects. The duration of 9-hole peg test did not correlate with somatosensory temporal discrimination threshold-2f.

Conclusion: We showed that there was a maladaptive reorganization process in primary somatosensory cortex of 2f represented by somatosensory 
temporal discrimination threshold in patients with carpal tunnel syndrome. Fine motor skills may be due to the disruption of superficial touch sensa-
tion or motor dysfunction secondary to carpal tunnel syndrome, but it is not related to maladaptive changes in somatosensory cortex-basal ganglia 
network represented by somatosensory temporal discrimination threshold.
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Introduction
Carpal tunnel syndrome (CTS) is a peripheral nervous system 

disease that causes pain, paresthesia, and weakness involving 
median nerve innervated territory distal to the wrist. However, 
involvement in CTS is not limited to the hand. Pain sometimes 
may involve more proximal regions. There is a diffusion of sensory 
symptoms toward the ulnar nerve hand territory.1 Furthermore, the 
disability caused by CTS is beyond these symptoms. It leads to 
hand clumsiness, impairment in pinch grip force, fine motor skills, 
and handwriting.2-4 These deficits were not related to the sever-
ity of electrophysiological findings, and bilateral deficits in fine 
motor control were even found in patients with unilateral CTS.2,5 
Impaired handwriting developed in patients with poorer sensa-
tion with excessive force exertion of the digits and pen tip.3 Hand 
clumsiness in CTS was related to the severity of sensory symp-
toms and to the clinical-neurographic signs of motor but not to 
the sensory nerve damage.6 These previous findings suggested that 

impaired fine motor skills in CTS could have been related to cen-
tral somatosensory changes. A recent study indicated inefficient 
object manipulation by CTS patients which may help to explain 
why CTS patients tend to drop objects. Additionally, it was shown 
that there is an alteration in the central somatosensory pathways 
in CTS patients. This can be seen by changes in neural activity at 
multiple locations, such as the somatosensory system in the cor-
tex, brainstem, or spinal cord.7 Furthermore, an abnormal change 
in the contralateral primary somatosensory cortex (S1) has been 
linked to worse symptoms, decreased fine motor skills, and poor 
accuracy in detecting sensations in the median innervated digits.8

Therefore, this study aimed to investigate the relationship 
between the changes in the central sensory pathways and fine 
motor skills in patients with CTS. To evaluate central sensory path-
ways, we used somatosensory temporal discrimination threshold 
(STDT), which is the shortest time interval required to detect a pair 
of tactile stimuli separately. It is an electrophysiological response 
indicating temporal discrimination and the major area mediating 
STDT is S1.

Material and Method
We included all consecutive patients who presented with 

complaints such as numbness, tingling, pain, and loss of strength 
in the first 3 fingers of the hand between October 2020 and 
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March 2021 and in whom diagnosis of CTS was confirmed by 
routine electrophysiological tests according to the standardized 
methods.9

Patients were grouped as mild, moderate, and severe CTS 
according to the severity of carpal tunnel syndrome. The patients 
who had prolonged median sensory peak latency were classified 
in “mild CTS” group, the patients who had prolonged median 
sensory peak latency with low amplitude or prolonged median 
motor distal latency were classified in “moderate CTS” group, and 
the patients who had no sensory response or motor response with 
reduced amplitude were classified in “severe CTS” group.10 A con-
trol group constituted 19 healthy subjects who had similar age 
and sex.

Exclusion criteria were the presence of polyneuropathy, tremor, 
ulnar neuropathy in the same extremity, other systemic or neuro-
logical disorders, painful conditions, history of orthopedic opera-
tion, and pregnancy.

The study was approved by the ethical committee of İstanbul 
Unive rsity -Cerr ahpaş a (Dat e: October 6, 2020, approval num-
ber is 83045809-604.01.02). All participants provided informed 
consent.

Clinical Evaluations
Following routine neurological and electrophysiological 

examinations, the presence of dropping objects was questioned. 
Furthermore, symptoms were grouped as sensory symptoms such 
as paresthesia and hypoesthesia and pain and symptoms not in 
hand (such as arm pain). All participants performed 9-hole peg 
test (NHPT) according to the previous reports.11,12 The duration for 
placement (NHPT I) and total completion (placement + assembly, 
NHPT II) were recorded in each participant.

Electrophysiological Investigations
Sensory threshold (ST) and somatosensory temporal discrimi-

nation threshold (STDT) were determined. All electrophysiologi-
cal examinations were performed using a Neuropack Sigma 
MEB-5504k (Nihon Kohden Medical, Tokyo, Japan). Silver–silver 
chloride surface recording electrodes were used. When deter-
mining the ST, the single electrical stimulus was given to the 
volar faces of the dominant hand second finger (2f) and the fifth 
finger (5f) at an intensity of 1 mA which was gradually increased 
by 0.2 mA. Then, the stimulus at the intensity of ST was given in 
pairs. The interval between the 2 stimuli was gradually increased 
from the 10 ms interval till the interval at which subjects dis-
criminated the 2 different stimuli for the first time which was 
defined as STDT.13

Data and Statistical Analysis
First, we determined the frequency of dropping objects in each 

group. We compared NHPT I and II, ST-2f, ST-5f, STDT-2f, STDT-5f 
between patients dropping objects, patients not dropping objects, 
and healthy subjects. Kruskal–Wallis test was used and post hoc 
comparisons were done by Mann–Whitney U test. We also per-
formed a multifactorial analysis using variables, dropping objects, 
and symptoms of CTS.

Frequency of dropping objects, NHPT I and II, ST-2f, ST-5f, 
STDT-2f, STDT-5f was also compared between groups according 
to the severity (mild, moderate, and severe). Kruskal–Wallis test 
was used and post hoc comparisons were done by Mann–Whitney 
U test.

Correlation analysis was performed to evaluate correlation 
between sensory latency, motor latency, NHPT I and II, ST-2f, ST-5f, 
STDT-2f, STDT-5f using Spearman’s correlation test.

Statistical analysis was done using Statistical Package for Social 
Sciences (IBM SPSS Corp., Armonk, NY, USA) 20.0. P-value <.05 
was deemed significant.

Results
In the study period, we identified 37 patients with idiopathic 

CTS who fulfilled the inclusion criteria and there were 19 healthy 
subjects of similar age and sex (Table 1). Thirty-nine patients with 
CTS were excluded due to accompanying disorders. There were 

Table 1. Demographic and Clinical Findings in Patients with Carpal 
Tunnel Syndrome and Healthy Subjects

Patients with 
CTS, n = 37

Healthy 
Subjects, n = 19 P

Age, mean ± SD, year 49.7 ± 10.4 45.9 ± 9.9 .195

Sex, M/F, n 5/32 5/14 .205

Dropping objects, n (%) 16 (43.2) 0 .000

Pain, n (%) 5 (13.5) - -

Numbness, n (%) 1 (2.7) - -

Paresthesia, n (%) 29 (78.4) - -

CTS, carpal tunnel syndrome; F, female; M, male; SD, standard 
deviation. 

Table 2. Clinical and Electrophysiological Findings in Patient Groups 
and Healthy Subjects

Patients 
Dropping 
Objects, 
n = 16

Patients Not 
Dropping 
Objects, 
n = 21

Healthy 
Subjects, 
n = 19 P

Age, mean ± 
SD, year

51.8 ± 10.8 48.0 ± 9.9 45.9 ± 9.9 .221

Sex, M/F, n 1/15 4/17 5/14 .299

NHPT-I 15.0 ± 2.0 13.0 ± 1.8 13.8 ± 2.3 .021*

NHPT-II 22.0 ± 2.1 19.6 ± 2.7 20.6 ± 3.2 .048*

ST-2f, mA 4.8 ± 2.1 4.2 ± 0.9 3.3 ± 1.0 .028**

ST-5f, mA 2.7 ± 1.3 2.7 ± 1.0 2.7 ± 0.8 .978

STDT-2f, ms 139.4 ± 84.4 133.8 ± 58.2 64.7 ± 52.3 .001***

STDT-5f, ms 103.7 ± 56.8 108.6 ± 54.1 75.7 ± 60.2 .203

*P < .005 (Kruskal–Wallis) post hoc analysis showed NHPT-I and II 
were significantly longer in patients dropping objects compared to 
patients who do not drop (P = .002 and P = .008, respectively, 
Mann–Whitney U);**P < .005 (Kruskal–Wallis) post hoc analysis 
showed ST was significantly higher in both groups of patients 
compared to healthy subjects (P = .012 for both comparisons, 
Mann–Whitney U);***P < .001 (Kruskal–Wallis) post hoc analysis 
showed STDT was significantly longer in both groups of patients 
compared to healthy subjects (P = .000 and P = .003, 
Mann–Whitney U).
2f, second finger; 5f, fifth finger; F, female; M, male; NHPT-I, duration 
for placement of 9-hole peg test; NHPT-II, total completion time 
(placement + assembly) of 9-hole peg test; SD, standard deviation; 
ST, sensory threshold; STDT, somatosensory temporal discrimination 
threshold. 
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24 patients (64.8%) in mild CTS group, 7 patients (18.9%) in 
moderate CTS group, and finally 6 patients (16.2%) in severe CTS 
group. Sensory potentials could not be evoked in 3 of 6 patients 
with severe CTS.

Sixteen patients with CTS had history of dropping objects. 
Comparisons between patients dropping objects, patients with 
no history of dropping objects and healthy subjects, the age 
and sex were still similar. However, the durations of NHPT test 
(NHPT-I and II) were longer in patients dropping objects compared 
to healthy subjects and patients not dropping objects (Table 2). 
Sensory threshold -2f was significantly higher and STDT-2f was 
significantly longer in both patient groups compared to healthy 
subjects. Sensory threshold-5f and STDT-5f were similar between 
groups (Table 2).

None of the patients had thenar muscle atrophy or weakness 
even in the severe CTS group. However, dropping objects was more 

common in patients with severe and moderate CTS (P =  .035). 
Although ST-2f was higher in patients with severe CTS compared 
to those with moderate and mild ones (P = .009), STDT-2f was lon-
ger in patients with mild and moderate CTS compared to patients 
with severe CTS (P = .025). Although not significant, NHPT I and 
II were longer in patients with severe CTS (Table 3).

Sensory latency positively correlated with NHPT I and II 
(P = .010 and P = .022, correlation coefficients: 0.434 and 0.391, 
respectively, Figure 1). Motor latency also positively correlated 
with NHPT I and II (P = .007 and P = .009, correlation coefficients: 
0.810 and 0.434, respectively, Figure 2). But there was no correla-
tion between STDT-2f and motor or sensory latency. Furthermore, 
there was no correlation between NHPT and STDT-2f (P = .752 
and P = .853). We also found that ST-2f positively correlated with 
both NHPT I and NHPT II (P = .040 and P = .017, correlation coef-
ficients: 0.339 and 0.390, respectively).

Nine-hole peg test and electrophysiological findings were simi-
lar in patients with different symptoms (presence of paresthesia, 
pain, or no hand symptom).

Discussion
The most important findings of our study are as follows: 

(i)  patients with CTS had difficulty in fine motor skills; (ii) dif-
ficulty in fine motor skills in CTS was related to the severity of 
CTS; (iii) STDT-2f was abnormal in CTS, especially in mild ones; 
and (iv) abnormal STDT-2f was not related to abnormal fine motor 
skills in CTS.

The major area mediating STDT is assumed to be S1 because 
transcranial continuous theta burst stimulation (cTBS) studies 
showed that cTBS applied on S1 prolonged STDT, by probably 
decreasing GABAergic activity of inhibitory interneurons in this 
region.14,15 However, cTBS applied on association areas (S2) had 
no effect on STDT. The other regions mediating STDT are the sup-
plementary area and basal ganglia since it was found abnormal in 
movement disorders such as dystonia or Parkinson’s disease.16,17 
Therefore, longer STDT in our study suggested reorganization in 
central somatosensory network including S1 and basal ganglia 
in CTS. Previous studies using somatosensory evoked potentials 
(SEPs), magne toenc ephal ograp hy, or functional magnetic reso-
nance imaging (MRI) demonstrated maladaptive reorganization in 
S1. Patients with CTS had significantly reduced gray matter volume 

Table 3. Comparisons Between Patients with Mild, Moderate, and 
Severe Carpal Tunnel Syndrome

Mild CTS, 
n = 24

Moderate 
CTS, n = 7

Severe CTS, 
n = 6 P

Age, mean ± 
SD, year

48.1 ± 11.7 54.1 ± 6.8 50.5 ± 6.3 .215

Sex, M/F, n 4/20 0/7 1/5 .164

NHPT-I 13.38 ± 1.9 14.8 ± 1.9 15.9 ± 2.6 .083

NHPT-II 19.9 ± 2.5 21.5 ± 2.1 22.9 ± 2.9 .091

ST-2f, mA 3.9 ± 1 5.1 ± 1.6 5.5 ± 2.6 .009

ST-5f, mA 2.6 ± 1 2.7 ± 1.2 3.1 ± 1.3 .147

STDT-2f, ms 137.9 ± 76.5 133.3 ± 61.8 132.8 ± 58.7 .025

STDT-5f, ms 116.2 ± 59.6 97.1 ± 25.6 78.3 ± 51.9 .158

2f, second finger; 5f, fifth finger; CTS, carpal tunnel syndrome; F, 
female; M, male; NHPT-I, duration for placement of 9-hole peg test; 
NHPT-II, total completion time (placement + assembly) of 9-hole peg 
test; SD, standard deviation; ST, sensory threshold; STDT, somatosen-
sory temporal discrimination threshold. 

Figure 1. Graphical representation of correlation between sensory latency and 9-hole peg test (NHPT) I and II.
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in contralesional primary somatosensory area (S1, hand-area) and 
pulvinar and frontal pole18,19 and reduced volume in contral-
esional S1 correlated with median nerve conduction velocity.18 
Cortical representation of the injured median nerve was reduced 
in size and presumably invaded by sensory zone of index finger or 
thumb.19 Studies using recovery function of SEPs showed shorter 
N20 latency and higher percentage recovery in patients with CTS 
suggesting a greater number of activated neurons in the S1 or affer-
ent fibers to S1 than in that of the healthy subjects.20 In addition to 
disinhibition created by CTS, the authors also showed destruction of 
somatotopic organization of S1. Functional MRI studies replicated 
similar results. Sensory complaints in fingers that were innervated 
by the median nerve caused a continuous synchronous stimulation 
on S1, leading to maladaptive somatosensory reorganization and, 
subsequently, deterioration in the 2-point discrimination and fine 
motor skills.8 Similarly, we found maladaptive changes involving 
second finger measurements but not ulnar nerve innervated 5f and 
our results revealed malfunctioning in the relevant central sensory 
network. Interestingly, abnormal somatosensory functioning was 
more pronounced in patients with mild CTS rather than in patients 
with severe CTS according to our results. However, the grading 
was done according to the electrophysiological findings but not 
to the clinical severity. Although we did not quantitatively analyze 
the symptoms, there was no difference in STDT according to the 
presence of different symptoms. However, we should emphasize 
that most patients had paresthesia. Another limitation was the 
inability to quantify the exact duration of symptoms. In an animal 
study, the cerebral reorganization was directly related to the time 
window and was not observed at 2-month evaluation. Therefore, 
abnormal STDT may be more closely related to the duration rather 
than severity.21

Fine motor skills require well-coordinated sensorimotor control 
of fingers. In CTS, due to axonal loss and reinnervation of median 
nerve, this control mechanism might disrupt and cause impair-
ment of fine motor skills.3 Despite the presence of plastic changes 
in the somatosensory network or abnormal fine motor skills in 
patients included in this study, they did not exhibit any association 
between abnormal STDT and fine motor skills. In healthy subjects, 
there is activation of somatosensory network after passive move-
ments.22 Sensation contributes to the precision of movements. In 
CTS, loss of sensation is clearly associated with hand clumsiness. 

However, abnormal fine motor movements in CTS are not origi-
nated in the S1-basal ganglia network represented by STDT.

To perform movements smoothly, sensorimotor integration is 
required. Sensorimotor modulation contributes to monitor corti-
cospinal activity and function in both active and surrounding mus-
cles.23 The best-known disorder, in which there is a dysfunctional 
sensorimotor integration, is dystonia. The STDT is abnormally long 
in patients with dystonia19 and is closely associated with move-
ment execution. For example, it increases STDT in healthy subjects 
and this finding is abnormal in dystonia.18 We do not ignore the 
role of sensory system in movement production and association 
between STDT and movement. However, network represented by 
STDT does not have a major role in hand clumsiness in CTS.

Our results disclosed fine motor skills may be due to disruption 
of superficial touch sensation or motor dysfunction secondary to 
CTS, but it is not related to maladaptive changes in S1-basal gan-
glia network represented by STDT.
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