http://www.medscidiscovery.com

OPEN ACCESS JOURNAL ISSN: 2148-6832
@4
1SD

Medical Science and Discovery
2019; 6(2):18-23

Doi: 10.17546/msd.510957

Research Article

Can serum C-Reactive Protein and Procalcitonin levels associate with
Carpal Tunnel Syndrome?
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Abstract

Objective: The purpose of this study was to examine whether an increase occurs in serum C-reactive protein (CRP) and
procalcitonin (PCT) levels in patients with carpal tunnel syndrome (CTS).

Material and Methods: Thirty-six patients who have CTS due to electrophysiological tests and 40 healthy individuals
were included the study. Boston Questionnaire (BQ) was used to assess the functional and clinical status of the patients.
Also, CRP and PCT levels were investigated. Correlations between such parameters (electrophysiological findings, BQ
results, and clinical findings) were evaluated.

Results: CTS and control subjects had similar CRP levels, whereas there was significant elevation in PCT among CTS
patients. Serum PCT activity did not correlate with subunits of BQ (p> 0.05).

Conclusion: The results of this small study showed significant PCT increases in patients with CTS. Further studies in

this regard may help to clarify the diagnostic and or follow-up value of PCT in patients with CTS.
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Introduction

Carpal tunnel syndrome (CTS) represents the most
common type of mononeuropathy and is caused by
entrapment of the median nerve at the level of the carpal
tunnel. Majority of the cases are idiopathic which occurs
more frequently in females and between the ages of 40 and
60 years; 50-60% of the cases are bilateral (1). Idiopathic
CTS has been correlated with hypertrophy of the synovial
membrane of the flexor tendons caused by degeneration of
the connective tissue, accompanied by vascular sclerosis,
edema and collagen fragmentation (2). Microtrauma within
the canal, narrowing or deformation of the canal volume, or
any pathological process resulting in an increase in the
content of the canal leads to the development of a variety of
symptoms and signs (3). Systemic causes may also
facilitate localized nerve compression either through
increasing the anatomical deformation at the trap site or
through accumulation of pathological material that can
reduce the volume of the canal. The typical symptoms
include pain and paresthesia occurring mostly in the night
time at the area innervated by the median nerve (4). Several
previous studies have examined the association between
CTS and fasting blood glucose, thyroid function tests,
complete blood count, uric acid, or growth hormone levels

).

The pathophysiologic mechanisms involved in median
nerve compression and traction; however, are thought to be
complex and as yet are not fully understood. In contrast
with studies suggesting very low level of inflammation (6),
others reported that it may actually represent a chronic
inflammatory condition (7). Therefore, inflammatory
factors were thought to play a role in the etiopathogenesis
of CTS.

C-reactive protein (CRP) is a marker for active systemic
inflammation and oxidative stress. Procalc|itonin (PCT) isa
newer diagnostic parameter that is dissimilar to the existing
inflammatory response markers and is secreted by the liver
and thyroid glands. Under normal conditions almost all
PCT is broken down, precluding entry into the blood
circulation and PCT level is below 0.1 ng/mL in healthy
adults (8,9). Since PCT secretion is closely linked with
inflammatory mediator concentrations and as suggested
before acute phase reactants are released not only during
acute events, but also in chronic processes (10), we
assumed that PCT may have a possible diagnostic and or
follow-up role in CTS.
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Due to a potential increase in CRP and PCT resulting from
inflammation in CTS, the association between these two
parameters and CTS was examined. In this regard, to our
knowledge our study represents the first of its kind that
examines PCT levels in CTS patients that may serve as an
indicator for the inflammation in CTS. Also, it was
hypothesized that higher levels of CRP and PCT may be
positively associated with the presence and progression of
CTS among younger patients.

Material and Methods

The study was conducted in accordance with the Helsinki
declaration of human rights, and the study protocol was
approved by the Ethics Committee of our Faculty of
Medicine.  All patients and controls provided written
informed consent to participate in the study. A total of 36
patients (72 hands; 36 right/36 left) between 20 and 60
years of age who were referred to our electrophysiology
unit with a pre-diagnosis of CTS and who were
subsequently diagnosed as having CTS according to
American Academy of Neurology criteria (11) were
included in this study. Clinical findings, nerve conduction
tests were recorded and compared with controls.
Electrophysiological studies are considered the most
reliable method for the diagnosis of CTS. Wrist ultrasound
was performed to include patients with idiopathic CTS.
Patients with radiculopathy, mononeuropathy or plexopathy
affecting median nerve on the basis of neurological and
electrophysiological examination and patients suffering
from systemic diseases such as diabetes, hypothyroidism
and connective tissue diseases or degenerative joint
disorders were excluded from the study. Also infection
signs were excluded from the study. Tinel's sign and
Phalen's test were noted as positive or negative. Functional
and clinical statuses of patients were evaluated by Boston
Questionnaire (BQ) (12). The BQ is an assessment tool for
symptom severity and functional status in CTS (12-14).
This questionnaire consists of two parts, namely the
Symptom Severity Scale (SSS) and the Functional Status
Scale (FSS). In SSS, there are 11 questions; responses may
be scored between one (mildest) point and five (most
severe) points. The overall result is calculated as the mean
of all 11 scores. FSS poses 8 questions assessing the
difficulty in performing selected activities. The overall
score for functional status is calculated as the mean of all
eight (15). Thus, a higher SSS or FSS indicates worse
symptoms or dysfunction. Also, serum levels of CRP and
PCT were measured in the study population.

A control group consisted of voluntary individuals who
were referred to EMG laboratory and who had normal
electromyography results. There were 40 healthy
individuals (80 hands, 40 right/40 left) under 60 years of
age in the control group who had no known risk factors for
neuropathy and no neurological abnormality. Age and body
mass index (BMI) of the healthy controls were also
recorded in addition to CRP and PCT measurements and
BQ assessments.
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Electrophysiological investigations

A Medelec Synergy (Oxford Instruments Medical, Inc, UK)
EMG device was used for all electrophysiological studies.
Motor nerve conduction velocity (MNCV) of the median
nerve from elbow to wrist and distal motor latency (DML)
at a distance of 7 cm were measured with pad recording
electrodes on the motor point of the abductor pollicis brevis
muscle. Surface recording electrodes and stimulating ring
electrodes were used to assess sensory conduction. Sensory
nerve conduction velocity (SNCV) of the median nerve was
measured from second finger to the wrist (M2). Fourth
finger sensory median-ulnar peak latency difference (M4-
U4) was registered. The amplitude of sensory nerve action
potentials (SNAP) was measured peak to peak and the
amplitude of compound muscle action potentials (CMAP)
was calculated from the origin of the potentials to the
negative peak. Skin temperature of the arm was kept
constant above 30°C with an infrared lamp (11).

Surface bar recording and bipolar surface recording
electrodes were used in the nerve conduction study (NCS).
Standard methods were utilized for median and ulnar
sensory NCS. F-wave latencies of the both upper
extremities were measured to predict whether the lesion is
at proximal or distal part of peripheral nerve. Minimum F-
response latency was obtained using 20 stimulations.
Delayed responses were obtained with minimum F-
response latencies from the median nerve bilaterally. Filter
settings were 5 Hz—10 kHz for motor studies and 20 Hz-2
kHz for sensory studies. A sweep speed of 2 ms/division
and sensitivity of 20 mV/division were used for the distal
sensory nerves. The stimulus was 0.1 ms in pulse duration.

The diagnosis of CTS was based the presence of at least
one following: abnormal SNCV in the finger-wrist segment
or prolonged DML. The severity of CTS was graded as
follows: mild CTS (SNCV slowing [<50 m/s]); moderate
CTS (SNCV slowing [<50 m/s] and delayed DML [>4.5
ms]); and severe CTS (no SNAP) (16).

Biochemical Assessments

Blood samples were obtained from the antecubital veins of
patients and control subjects during the study. The serum
samples from the patients were stored at -40°C until CRP
and PCT measurements were conducted. CRP levels were
measured by rate nephelometry (IMAGE, Backman, USA)
method. Serum PCT levels were measured using an
automatic immunoturbidimetric assay (Hitachi High-
Technologies Corporation, Tokyo, Japan) with a Roche
Cobas C501 automatic photometric analyzer (Roche
Diagnostics Co, Ltd., Mannheim, Germany). (CRP
reference level 0-5 mg/L and PCT reference level 0-0.046
ng/mL)

Statistical Analysis

Statistical analysis was performed with SPSS software
(IBM Corporation, SPSS Statistics Version 18). To
evaluate the assumption of normality of the data,
Kolmogorov-Smirnov test was used. The data were
presented as frequency (percent), mean = SD, median, and
range. Independent Student’s t-test and one-way ANOVA
were used to compare two and three samples with normal
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distribution, respectively. For data without normal
distribution, Mann-Whitney U-test was used. The Chi-
square test was used for the comparison of the nominal
data. Correlation between the measurements was evaluated
using Spearman’s correlation analysis. A p-value less than
0.05 was considered statistically significant.

Results

The number of consecutive patients who were included in
the study with bilateral idiopathic CTS was 36, (26 female,
10 male, aged 44.5+10.5 years). Also there were 40 control
subjects (30 females, 10 males aged 39.8+8.9 years) with
no evident neurological and  neurophysiological
abnormalities. CTS patients and controls were comparable
with respect to age, gender, and BMI (all p>0.05). The
clinical and demographic characteristics of CTS and control
subjects are shown in Table 1, while Table 2 summarizes
electrophysiological findings in these two groups.
Electrophysiologically, 38.9% of patients had mild, 40,3%
had moderate, and 20.8% had severe CTS.

Patients reported no difficulty in completing the BQ
questionnaire and regarded BQ. CTS patients had
significantly higher BQ scores than controls (Table 1).

CTS and control subjects had similar CRP levels (p>0.05),
and there was significant elevation in PCT among CTS
patients (p:0.031). The severity of CTS did not show
significant correlations with CRP, PCT, FSS and BMI (all
p>0.05) except SSS (p:0.003).

Also CTS levels were not significantly correlated with
CRP, PCT, FSS and SSS with CTS (mild CTS - Middle
CTS, Mild CTS - Severe CTS and Midlle CTS - Severe
CTS) (all p>0.05) (Table 3).

Also among the patients CRP and PCT did not correlate
with SSS, FSS, bilateral median DML, DSL, and M4-U4
(p>0.05 and p>0.05, respectively) (Table 4). FSS scores
showed a significant correlation with SSS scores, indicating
that patients who had severe symptoms had major
functional limitations.

Table 1. The clinical and demographical findings of subjects with CTS and controls

Patient (n: 36)

Control (n: 40)

Age (years) 44.5+10.5

Sex (female/male) 26/10
CRP (mg/L) 0.554+0.57
PCT (ng/mL) 0.025+0.014
SSS 36+7.43
FSS 22.94+6.42
BMI (kg/m?) 31.81+5.69

42.5+9.8 0,401
30/10 0,787
0.403+0.29 0,146
0.020+0.005 0.031*
11+0.0 <0.001*
8+0.0 <0.001*
29.75%5.69 0,119

*p<0.05; Independent Samples Test; CTS: Carpal tunnel syndrome; CRP: C- Reactive protein; PCT: Procalcitonin; SSS: Symptom severity

scale; FSS: Functional status scale; BMI: Body mass index.

Table 2. The electrophysiological results of subjects with CTS and controls

Patient (n: 36)

DML (ms) right 4.73+0,89
DML (ms) left 4.81+0.86
MNCV (m/s) right 54.86+4.53
MNCV (m/s) left 55.21+4.55
CMAP (mV) right 8.11+2.89
CMAP (mV) left 7.43+2.64
DSL (ms) right 3.74+0.63
DSL (ms) left 3.61+0.72
SNCV (m/s) right 36.13+6.09
SNCV (m/s) left 36.7346.01
SNAP (uV) right 15.66+7.81
SNAP (uV) left 16.39+8.68
M4-U4 (ms) right 1.38+0.94
M4-U4 (ms) left 1.30+0.97

Control (n: 40) p
2.99+0.43 <0.001
2.86+0.40 <0.001

59.49+4.38 <0.001
57.71+4.49 0,019
10.36+3.7 0,002
11.99+5.72 <0.001
2.45+0.31 <0.001
2.47+0.33 <0.001
55.64+5.86 <0.001
54.51+4.45 <0.001
36.88+13.64 <0.001
33.13+14.47 <0.001
0.24+0.28 <0.001
0.24+0.19 <0.001

*p<0.05; Independent Samples Test; CTS: Carpal tunnel syndrome; DML.: Distal motor latency; MNCV: Motor nerve conduction
velocity; CMAP: Compound muscle action potentials; DSL: Distal sensory latency; SNCV: Sensory conduction velocity; SNAP: The
amplitude of sensory nerve action potentials; M4-U4 (ms): The antidromic sensory median-ulnar latency difference to digit IV
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Table 3. Relationship between CRP, PCT concentrations, SSS and FSS in subjects with CTS group.

Mild CTS (n:28)

Middle CTS (n:29)

Severe CTS (n:15)

CRP 0.46+0.55 0.57+0.64
PCT 0.03+0.02 0.02+0.01
SSS 35.00+7.37 34.07+6.52
FSS 22.29+7.37 22.38+4.54

0.68+0.45 0,459
0.02+0.00 0,264
41.60+6.51 0.003*
25.27+7.27 0,288

*p<0.05; Oneway Anova; CTS: Carpal tunnel syndrome; CRP: C- Reactive protein; PCT: Procalcitonin; SSS: Symptom severity scale;

FSS: Functional status scale.

Table 4. Correlations between CRP and PCT concentrations with SSS, FSS, right/left DML, DSL, M4-U4 in

subjects with CTS

SSS FSS DML
CRP
I +0.139 +0.089 0,046
p: 0,245 0,455 0,704
PCT
I -0,149 -0,121 -0,141
p: 0,31 0,311 0,237

DSL M4-U4
0,119 0,07

0,32 0,557
-0,183 -0,061
0,125 0,175

r: Pearson correlations coefficient; CTS: Carpal tunnel syndrome; CRP: C- Reactive protein; PCT: Procalcitonin; SSS: Symptom severity
scale; FSS: Functional status scale; DML (ms): Distal motor latency; DSL (ms): Distal sensory latency; M4-U4 (ms): The antidromic

sensory median-ulnar latency difference to digit IV

Discussion

Carpal tunnel syndrome represents an important clinical
condition and to our knowledge no previous studies
examined the association of CTS with inflammatory
markers CRP and PCT. Carpal tunnel syndrome is a multi-
factorial disease where increased intra-carpal canal pressure
plays a key role in its development (17). Although factors
associated with increased carpal tunnel pressure have not
been completely elucidated, clinical experience suggests
that compression and/or inflammation represent potential
mechanisms associated with elevated pressure. As
mentioned above acute phase reactants are released not
only during acute events, but also in chronic processes (10).
Recently it has been suggested that CTS could represent an
inflammatory condition, although data supporting this is
scarce (7). Although studies about this issue have
emphasized that CTS is an inflammatory condition; the
possible mechanism has not been addressed yet (7,10,18).
In patients with CTS, the caliber of the median nerve has
been found to be decreased at the site of the compression,
and proximal to the trap-site, edema was found. It has been
proposed that these alterations could be related to fibrosis
resulting from axoplasma accumulation, edema, or chronic
inflammatory changes (18).

Reported uses of PCT include the early diagnosis of
bacterial infection in patients with heart failure (19),
reduction of antibiotic use through facilitating the diagnosis
of bacterial lower respiratory tract infections (20), and
diagnosis and follow-up of the clinical course of septic
shock (21); also, it has been reported to be a better marker
than CRP in the early diagnosis of septic complications in
patients with multiple-trauma (22).
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More recently Liu et al. (2015) reported that serum levels
of PCT and high sensitivity CRP are associated with long-
term mortality in acute ischemic stroke (23). This finding
may support the notion that PCT contributes to the
inflammatory process. Although the physiological role of
PCT remains obscure long after its consideration as an
inflammatory marker, it has proven a useful tool in clinical
practice. Despite intensive research, a number of
uncertainties still exist concerning the metabolism of this
“inflammatory” PCT and its physiological role. In a recent
study, PCT has been proposed to act as a non-steroidal
analgesic in inflammation (24). CRP has anti-inflammatory
and pro-inflammatory effects (25), similar to the effect of
PCT. PCT synthesis occurs via the cytokines such as tumor
necrosis factor alpha (TNF-a), interleukin-6 (IL-6) and
interleukin-1 (IL-1) produced by immune cells in response
to bacterial infections or endotoxins released after bacterial
degradation during infection (26-28). Also increased
interferon gamma production during viral infections
suppresses PCT production (28). In a study by Ozgenel et
al. (2010) an increased co-occurrence of CTS with
intensive physical stress on hands, hypertension, diabetes
mellitus, obesity, and trigger finger, although they failed to
investigate an association with bacterial infections (29). On
the other hand, Oh et al. (2013) showed through two-
dimensional electrophoresis patterns of serum obtained
from six CTS patients and six normal controls that 10
proteins were significantly altered in the serum of CTS
patients, among which four were upregulated and six were
downregulated (30).
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The authors concluded that the information obtained from
their proteomic analysis will be wvery useful in
understanding the pathophysiology of CTS and in finding
suitable proteins that can serve as new diagnostic
biomarkers of CTS. Similar to study of Oh, Takasu et al.
(1994) in their study with CTS patients undergoing chronic
hemodialysis, a significant increase in IL-1, TNF-a and
beta levels was found in CTS patients than in controls (31).
Also IL-6 levels were significantly increased as compared
to controls. Curatola et al. (1990) demonstrated that some
inflammatory markers (alfal-antitrypsin, alfa2-
macroglobulin, CRP) are higher in 9 hemodialysis patients
with CTS than 9 hemodialysis patients without CTS (32).
Freeland et al. (2002) examined the tenosynovial
homogenates removed after CTS surgery and did not find a
significantly higher IL-1; on the other hand, IL-6 was
significantly higher than in controls (33). In our study there
was significant elevation in PCT among CTS patients.
Significant increase in PCT levels in CTS patients as
compared to controls in our study is probably associated
with the increase in IL-1 and TNF-a, which causes PCT
production. The significant increase in PCT may be
explained by increased IL-6, which induces PCT
production (7,10,30). This finding supports the hypothesis
that PCT plays important role on chronic inflammation in
CTS. In a retrospective study by Tutoglu et al. (2014)
involving geriatric CTS patients over 65 years of age,
although CTS patients had significantly higher CRP
(p=0.023), the CRP values in the overall population of
patient and control subjects were below the normal range
(0-0.5 mg/dl). Higher CRP levels in geriatric CTS patients
might have been due to several factors including diabetes,
hypertension, or obesity that could increase CRP and that
were not considered in that study (34). In our study CRP
values showed not significant increases in patients with
CTS when compared with controls.

Furthermore, the severity of CTS did not show significant
correlations with CRP, PCT, FSS and BMI except SSS.
Additionally, CTS levels were not significantly correlated
with CRP, PCT, FSS and SSS with CTS (mild CTS -
Middle CTS, Mild CTS - Severe CTS and Midlle CTS -
Severe CTS) (all p>0.05). Also among the patients CRP
and PCT did not correlate with SSS, FSS, bilateral median
DML, DSL, and M4-U4. FSS scores showed a significant
correlation with SSS scores. In the light of these data, we
believe that PCT measurements in CTS patients may
provide significant diagnostic yield. Particularly points out
to the fact that PCT may be a valuable bio-marker in CTS
diagnosis.

Several limitations of the present study should be
mentioned. The number of patients in the study group was
relatively small. However, this was a preliminary study on
inflammation in CTS utilizing serum PCT levels as a
potential marker. A cross-sectional design may also not be
the best way to clarify the relationship of PCT with the
occurrence and severity of CTS, potentially leading to false
positive as well as negative results. More comprehensive
further clinical studies are warranted to clarify the
pathophysiological role of increased serum PCT levels in
CTS.
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Conclusion

This small study revealed that increased PCT levels may be
important for evaluating CTS patients. We think that PCT
levels may be useful for diagnosis and or follow-up of these
patients. Further studies in this regard may help to clarify
the diagnostic and or follow-up value of PCT in patients
with CTS.
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