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Abstract
Objective
The aim of this study was to evaluate the relationship between a clinical assessment questionnaire for Carpal Tunnel 
Syndrome (CTS) and a portable nerve conduction test device (Mediracer) in the diagnosis and severity of CTS 
symptoms. 

Method
The research utilized a cross-sectional design including 100 subjects with CTS. A devised questionnaire assessing 
CTS symptomology and the Mediracer were administered to participants. Data regarding the severity of symptoms 
was analyzed using linear regression to compare the questionnaire with the device.

Results
A statistically significant correlation (p<0.05) was found between the diagnosis of CTS using the questionnaire and 
the Mediracer results. However, when divided into various subgroups, limited statistically significant correlations 
were found. 

Conclusions
With a moderately large sample size of individuals with CTS, there appears to be a significant correlation between 
a clinical assessment using a questionnaire and the use of a portable nerve conduction device (Mediracer). To gain 
high CTS diagnostic accuracy, the current study showed it useful for health care professionals to utilise both of the 
above assessment tools
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1. Introduction
Carpal Tunnel Syndrome (CTS), is the most frequent peripheral 
nerve compressive neuropathic syndrome of the upper extremity 
worldwide [1-5]. CTS affects approximately 1 in 25 adults 
[1,6,7]. Stress and pressure on the median nerve within the carpal 
tunnel is the predominant feature of CTS [1,8,9]. Although there 
are numerous well-known risk factors for CTS, the core cause 
for the pathology remains not fully understood [1,10]. CTS 
produces symptoms of pain, numbness and tingling in the upper 
limb and hands and is an essential catalyst for work and other 

social disability. In limited cases, long-standing compression 
of the median nerve can cause permanent loss of sensory and 
motor function of the specific hand [3,11]. The clinical signs and 
symptoms based on physical examination results in patients with 
CTS are recognized broadly [3,12]. The manner in which to treat 
a patient with CTS was initially based on clinical findings [13]. 
Although there appears to be some level of universal agreement 
on clinical examination findings that suggest a diagnosis of CTS, 
there still does seem to be debate around the evidence underlying 
the most optimal approaches for assessment of CTS and to navigate 
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treatment decisions [3]. In the majority of cases, a cautious 
history taking, and physical assessment appear to be adequate 
to produce a presumptive diagnosis of CTS [14,15]. However, 
research suggests that even the most experienced clinicians can 
incorrectly diagnose a person with CTS, or may be staggered 
when unsuspected CTS is revealed [14]. The diagnosis of CTS 
based purely on an individual‘s signs and symptoms is suggested 
to be less reliable than other common upper limb pathologies such 
as tendonitis and cervical radiculopathy, which all may result in 
similar signs and symptoms to that of CTS [16,17]. Thus, further 
objective methods for evaluation including electrodiagnostic tools 
and nerve imaging, are said to supply extra information regarding 
the degree of axonal involvement and physical alteration, however 
their precise benefits to patients remains unclear [3,18,19]. As a 
result, CTS is one of the most common upper extremity pathologies 
for which nerve conduction tests are used [20,21]. There are 
mixed reports around the correlation between clinical signs and 
symptoms of CTS and electrophysiological findings. Numerous 
researchers have revealed a weak relationship between clinical 
features and electrophysiological findings [13,19,22-26]. Basheer 
et al (2019) found no statistically significant relationship between 
neurophysiological assessment (NCS) findings and CTS-related 
functional limitations and symptom severity [19,22,23,27,28]. 
On the hand, other research has found a significant correlation 
between clinical signs and symptoms of CTS and NCS findings 
on examination [24,26,27,29-31]. Ultimately, the outlook upon 
electrodiagnostic (EDX) tests used to assess the occurrence of 
CTS may be there to confirm the clinical diagnosis of CTS, its 
severity and rule in/out potential coexisting conditions [32-34]. 

The amalgamation between a clinical examination and a medical 
history taking by an experienced hand surgeon proved to be 
most sensitive, whereas the neurophysiological assessment 
(NCS) revealed the greatest specificity [3,11,19,26,33]. The 
neurophysiological assessment incorporated nerve conduction 
velocity (NCV) assessment in the median and ulnar nerves. A 
clinical assessment by an experienced physician appears sufficient 
if typical symptoms of CTS are present and pain is not conspicuous. 
If there is a history of intense pain, atypical symptoms or past 
fractures in the arm, wrist or hand, it is viewed as important to add 
a neurophysiological examination [3,34]. You, Simmons, Freivalds 
et al (1999) found significant relationships between clinical 
symptomatic scales (numbness, tingling, nocturnal symptoms, 
pain, weakness and clumsiness) and nerve conduction measures 
[35,36]. In contrast to the above, Levine, Simmons, Koris et al 
(1993) found an insignificant relationship between the overall 
symptom severity scale in CTS and conduction velocity of the 
sensory portion of the median nerve [22,33]. Hence, the severity 
of CTS symptoms cannot be approximated by nerve conduction 
measurements. Therefore, diagnosis should generally be made on 
the foundation of the individual‘s history and clinical assessment, 
with the added assistance of electrophysiological tests to confirm 
the clinical diagnosis if need be [37,35,34]. Relying, relying 
exclusively on the clinical assessment in making the diagnosis 

of CTS may result in not only missing the diagnosis of CTS in 
some people but also lead to inaccurate diagnosis and unnecessary 
surgery in others [38,39]. 

Nerve conduction tests are recommended to be considered as an 
indispensable feature in the pre-operative examination [2]. On the 
other hand, relying solely on nerve conduction tests may result in 
some patients who actually have a true diagnosis of CTS being 
denied surgical treatment, based on the possibility of normal test 
results [2,38,39] .Although improvements in the motor and sensory 
conduction (NCS‘s) after surgery are found, they did not correlate 
with the alterations in symptom severity and functional status 
scales measured by the Boston self-administered questionnaire 
[13,40]. Mondelli, Reale, Sicurelli et al (2000) also found no 
correlation between the Boston self-administered questionnaire 
and electrophysiological investigations when administered post 
CTS surgery [24,41].

Despite obvious inconsistencies, nerve conduction studies (NCS) 
undoubtedly have benefits [33,34,42]. NCS are able to demonstrate 
objective confirmation of nerve dysfunction, and in turn may help 
in the selection of individuals for a specific treatment, particularly 
if there is a sound correlation between pretreatment results of 
NCS and clinical outcomes [41,42,43]. Numerous tools have been 
used to examine the outcomes of CTS treatment [1,44]. These 
incorporate nerve conduction tests, symptom surveys, sensibility 
testing pinch or grip strength measurements, complication rates, 
examination of pain levels and dexterity, return to work and 
functional capacity [1,44]. In addition, certain self-administered 
questionnaires have been developed for the assessment of CTS pre-
treatment and post treatment [22,45]. Since the relief of symptoms 
and enhancement of functional status are the core determinants of 
a treatment‘s accomplishment, necessity of NCS strongly draw a 
parallel with clinical outcome measures and is therefore important 
in the clinical setting [42]. Formal NCS are expensive and time 
consuming [15,42]. The introduction of portable nerve conduction 
instruments has come about to bring simple and inexpensive means 
to measurements [46,47]. The sensitivity and specificity of these 
devices has been studied in various meta-analyses for median 
neuropathy (MN) diagnosis. The results of some of these studies 
these devices to have a sensitivity from approximately 88% and 
a specificity of about 93% [46,47,48]. The studies have revealed 
that distal motor latencies recorded with the electroneurometer 
are slightly higher than those gained recorded with formal 
electrodiagnostic testing and continue to add that based on previous 
investigations, conventional electrodiagnostic testing appears to 
offer no significant benefit over electroneurometer in the diagnosis 
of CTS [46]. Through administering electrodiagnostic studies 
with the portable electroneurometer “the clinical diagnosis of 
carpal tunnel syndrome can be confirmed, the severity of median 
nerve compression can be assessed, and in patients with normal 
measurements, potential proximal compression sites can be 
sought” [46,48]. The newer nerve conduction techniques appear to 
have greater sensitivity for the diagnosis of CTS [21,48], however 
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there are still false positive and false negative results produced 
[21,49]. Importantly “patients with a normal sensitive NCS have 
very mild CTS if they have it at all and if the clinical features are 
not typical, the benefits of surgery should be carefully considered” 
[21,50,51].

In terms of the significance of the current research, individuals based 
in the UK with upper limb nerve compressions, trauma or CTS are 
referred either straight to hand therapy, such as a physiotherapist 
or occupational therapist, for example, or to a specialist hand 
consultant. If EMG or NCS‘s are needed, they presently have to 
be asked for by a doctor. This process is both lengthy (patients 
generally have to wait approximately 3 months for the testing 
to be done) and also costly in terms of delay of treatment with 
possible progression of symptoms within this time-frame. Access 
to a nerve testing device such as the Mediracer, would allow a full 
service to be offered without the need for further appointments 
with the consultant and the Neurophysiology departments. In 
turn, hand therapists would consequently manage a significant 
amount of patients through to discharge thus minimising the need 
for further medical consultations. The Mediracer was developed 
by clinical Neurophysiologists. Through thorough clinical trials, 
the Mediracer has been established to have a sensitivity of 94% 
and specificity of 98% when compared to a conventional EMG 
test when performed by a specialist neurophysiologist. The 
distinctive nature of this device is that it permits non-physicians to 
administer a valid test in a reliable method. Ultimately, the testing 
device should hopefully allow therapists to validate their clinical 
diagnosis and assess their treatment effectiveness.

2. Methods
The research and data collection was conducted by a therapist 
team at Guy‘s and St Thomas‘ NHS Foundation Trust in London, 
United Kingdom. The team administered the CTS questionnaire 
and the Mediracer NCS to the study‘s sample. In turn, the relevant 
data for the research was collected. The authors of this research 
reported how the study was conducted, the results of the study 
and a discussion around the overall research. The research utilized 
a cross-sectional design. There were 100 consecutive patients 
referred to the research team for CTS. The inclusion criterion for the 
subjects in the study was a diagnosis of CTS. The exclusion criteria 
included a previous upper limb nerve injury, previous cervical 
radiculopathy (although some of these subjects did happen to ‘slip‘ 
into the main sample) and patients who had diabetes (although 
once again, some of these subjects also ‘slipped‘ through). The 
patients were then assessed and given the questionnaire for CTS. 

Thereafter, on two separate visits, each subject was first assessed 
with the Mediracer and on the second visit, a neurophysiology 
examination took place. An average of three Mediracer readings 
was taken bilaterally. In patients who had bilateral symptoms of 
CTS, the worse side according to the subject‘s report was tested 
second (after the less severe side). Importantly, subjects were 
instructed to avoid nicotine and/or alcohol use for 3 hours prior to 
the Mediracer examination. The Mediracer test is performed using 
disposable surface electrodes placed on the wrist and fingers. The 
instrument measures the nerve conduction within the hand and 
correlates them to the normal values that have been found. The test 
requires no preceding knowledge of neurophysiology. Once all the 
data was collected, the mean was investigated along with its range 
of scores for both the questionnaire and Mediracer results. 

The relationship/correlation between the questionnaire and 
Mediracer results were then explored through the use of a linear 
regression. The linear regression allowed for a relationship between 
the 2 sets of scores to be studied. Within the linear regression, 
the questionnaire was placed as the independent variable and 
the Mediracer as the dependent variable. Analysis of the whole 
data was followed by analysis of different groups derived from 
the whole data including: left side symptomatic group, right side 
symptomatic group, bilateral symptomatic group, ambiguous 
symptomatic group (described later), male group and female group. 
Means and ranges were explored for these subgroups. In addition, 
the individual correlations between the questionnaire scores and 
Mediracer scores for these subgroups were analysed using linear 
regressions. For all the above, standard deviations and power for 
each group was examined. Once all the above information was 
collected, analysis of the results was carried out.

3. Results
100 subjects participated in the study of which 21 were male and 
79 females (21% male and 79% female). The mean age was 48.8 
years old. The oldest subject was 85 years old and the youngest 
was 21 years old. Of the 100 participants in the study, 16 subjects 
presented with left sided CTS symptoms only, 24 subjects presented 
with right sided CTS symptoms only and 60 subjects presented 
with bilateral CTS symptoms (refer to chart 1). To add, 53 of the 
100 subjects in the study (53%) also presented with cervical spine 
pain. The range of scores for the CTS questionnaire were -1 to 10 
out of a total score of 10 for the questionnaire, where 10 indicated 
the most severe symptoms and 0 no symptoms (refer to Figure 
1). The mean score for the clinical questionnaire was 5.02 with a 
standard deviation of 2.14.
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Figure 1: Overall Questionnaire Results for Each Subject

The scoring system for the Mediracer for severity of CTS was as 
follows:
• 0= No CTS (None)
• 1=Mild CTS
• 2=Moderate CTS
• 3=Severe CTS
193 recordings made with the Mediracer (100 participants and 2 
recordings for each participant; one for the left side and one for 

the right). 7 missing recordings, 106 Mediracer scores revealed no 
CTS, 34 scores revealed mild CTS, 43 scores revealed moderate 
CTS, 10 scores revealed severe CTS and 7 ‘no results‘ obtained 
(refer chart 2). The mean score for the Mediracer was 0.777 with 
a standard deviation of 0.967. The overall correlation between the 
questionnaire results and the Mediracer results was found to be 
statistically significant (p<0.05). 

Figure 2: Severity of CTS in the Upper Limb Using the Mediracer
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Symptom side:
• Left sided symptom results
16 subjects presented with left sided symptoms only. 16 results 
were gained from the questionnaire and 15 results from Mediracer 
(1 missing observation for the Mediracer). Questionnaire scores 
ranged from 0 to 9. The mean score for the questionnaire was 4.875 
with a standard deviation of 2.825. The Mediracer results ranged 
from 0 (no CTS) to 2 (moderate CTS). There were 12 subjects with 
no CTS revealed, 1 subject with mild CTS, 2 with moderate CTS, 0 
with severe CTS and 1 had no result obtained. The mean score for 
the Mediracer was 0.333 with a standard deviation of 0.724. The 
correlation between the questionnaire scores and Mediracer scores 
for subjects with left sided symptoms came out with a p-value of 
0.81. With 16 subjects in this group the power was calculated at 
0.104 (desired power is 0.8). With a post-hoc test performed the 
p-value came out as 0.475.
• Right Sided Symptom Results
There were 24 subjects that presented with right sided symptoms. 
The mean score for the questionnaire with this group was 4.542 
with a standard deviation of 2.064. There were no missing results 
for this group. The Mediracer scores ranged from 0 (no CTS) to 
3 (severe CTS). There were 11 subjects with no CTS revealed 
through the Mediracer, 4 with mild CTS, 7 with moderate CTS 
and 2 with severe CTS. The mean score for the Mediracer was 
1 and the standard deviation was 1.217. The correlation between 
the questionnaire and the Mediracer scores for these subjects 
was calculated as p=0.23. The power calculation for this group 
of subjects (n=24) came out to be 0.093. With a post hoc test 
performed, the p-value was 0.17.
• Bilateral Symptom Results
There were 60 subjects that presented with bilateral symptoms. 
Participants often verbally described their symptoms to be worse 
on one side than the other or equal (spoken about in discussion 
section later). The range of scores for the questionnaire results 
for this group extended from 1 to 10. The mean score for the 
questionnaire results was calculated as 5.217 with a standard 
deviation of 1.932. There were 4 missing results for the Mediracer 
for this group. The Mediracer scores extended between 0 and 3. 
The Mediracer revealed that there were 57 subjects with no CTS 
identified, 24 with mild CTS, 27 with moderate CTS, 8 with severe 
CTS and there were 4 no results (refer below to chart 9). The mean 
score for the Mediracer results was 0.879 with a standard deviation 
of 0.997. The correlation between the questionnaire scores and 
the Mediracer scores for the participants presenting with bilateral 
symptoms was worked out to be p=0.107. With a group size of 
60 participants (120 recordings), the power was calculated to be 
0.436. A post hoc test resulted in a p-value of 0.072.
Gender:
• Male
From the 21 males assessed in the study, the mean questionnaire score 
was 4.762 with a standard deviation of 2.536. The questionnaire 
scores for the males ranged from -1 to 9. The Mediracer scores for 
the male participants ranged from 0 to 2. As each male had both 

their upper limbs tested with the Mediracer, there were to be 42 
recordings however there were 2 “no results” obtained and thus 
there were 40 recordings noted. From the Mediracer, there were 28 
“no CTS (none)” symptom results revealed 5 mild CTS symptom 
results, 7 moderate CTS symptom results obtained and 0 severe 
CTS symptom results. The mean score for the Mediracer was 
0.475 with a standard deviation of 0.784. For the male subjects, 
a correlation value of p=0.71 was found with a power value of 
0.360 (group size of 21 and 40 recordings; recordings for both 
right and left side with 2 missing observations). With the post hoc 
test performed, the p-value was calculated as P=0.11
• Female
With reference to the 79 female participants, the mean score for 
the questionnaires was 5.089 with standard deviation of 2.02. The 
results for the questionnaires completed by the female subjects 
ranged from 0 to 10. The mean score for the Mediracer assessments 
of the female subjects was 0.856 with a standard deviation of 
0.996. The Mediracer results extended from 0 (no CTS) to 3 
(severe CTS). As there were 79 female subjects, there were to be 2 
readings per subject; one for the right side and one for the left, thus 
making up 158 readings. However, there were 5 missing readings 
(no results) with the female subjects therefore making a total of 
153 Mediracer scores for the female subjects. There were 78 “no 
CTS (none)” results using the Mediracer, 29 mild CTS symptom 
results, 36 moderate CTS symptom results and 10 severe CTS 
symptom results. The correlation between the questionnaire scores 
and the Mediracer scores for the female subjects presented with a 
p-value of 0.012 with a power calculation of 0.338 (group size of 
79 subjects and 153 recordings; recordings for both right and left 
side with 5 missing observations).

Ambiguous Symptom Results
Certain participants complained of unilateral symptoms (verbally 
and through the questionnaire), however when assessed with the 
Mediracer, positive CTS results were picked up not only on the 
side where the subject directed his/her complaints but also on 
the contralateral side (the side where the subject did not indicate 
verbally or through the questionnaire any CTS symptoms). These 
subjects, for the purpose of this research, are described as the 
ambiguous contralateral cases. Of the 40 subjects who expressed 
experiencing one sided symptoms (either right side only or left side 
only), 12 of these participants presented with ambiguous results 
through the Mediracer testing and 28 presented with standard 
unilateral results. Therefore, 40% of the unilateral complaints 
presented with contralateral CTS readings with the Mediracer. 
Thus, when taking the whole group of participants (100 subjects; 
unilateral cases and bilateral cases), 12 of the 100 presented with 
the ambiguous contralateral readings therefore 12% of the study 
sample, in total, displayed ambiguous contralateral results with 
assessment via the Mediracer, 28% revealed standard unilateral 
results and 60% revealed standard bilateral results (refer to figure 
3). 
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Figure 3: Ambiguous Results using the Mediracer

Discussion
Atroshi et al (1999) found that 1 in 5 symptomatic subjects would 
be expected to have CTS based on their clinical assessment and 
electrophysiological testing [20,52]. Padua, Padua, Aprile et al 
(1999) found that although women are more commonly affected by 
CTS, men experience greater severity neurophysiologically using 
NCS [4,27]. In the present study, however, women displayed the 
greater neurophysiological severity with reference to the usage of 
both the questionnaire and the Mediracer. Within the female group, 
the calculation of a significant correlation between the questionnaire 
and Mediracer scores was evident with a p-value of 0.012. The 
sample size of this group (female group) being significantly larger 
than the male group (79) may have been an important contributor 
to the significant correlation found within this group of subjects. 
Through analysis of the results for subjects in the current study 
when divided into groups based on symptomatic side, a lack of 
significance between questionnaire results and Mediracer results 
was present. This may be based on the groups being small and 
thus underpowered. However, when analysing the data as a whole 
(without separating it into groups based on symptomatic side), 
there is a significant correlation between the questionnaire scores 
and the Mediracer results. In the present research, 53 of the 100 
subjects (53%) presented with concurrent cervical pain. Therefore, 
although the Boston Questionnaire was not utilised in the present 
study, interpretation of the questionnaire results needs to be viewed 
with caution as CTS symptoms associated with cervical pain may 
point in the direction of a more complex neuropathic pathology 
rather than a pure diagnosis of CTS [13]. Importantly, the significant 
correlation found between the questionnaire and Mediracer scores in 
the present research should still be interpreted with a critical analysis 
as subjective responses and biases from subject and examiner 
may have been present as these are commonly unavoidable. In a 
literature review first published in 1993 and then updated in 2002, 
The American Association of Electrodiagnostic Medicine (AAEM) 

concluded that median and motor NCS‘s identify CTS in patients 
with a high degree of sensitivity and specificity [16,14]. Challengers 
of the routine use of NCS, sustain their assertion that the tests are 
often redundant or irrelevant to the diagnosis and management of 
CTS [49]. 

Witt, Hentz and Stevens (2004) continue to assert that redundancy 
suggests that NCS results add no critical information to the clinical 
history and physical examination of patients with CTS. Witt, Hentz 
and Stevens (2004), in their research, focused on patients who 
presented with clinically suspected CTS but normal NCS results 
versus those with abnormal CTS results [49]. The researchers found 
that 25% of patients with clinically diagnosed CTS had normal 
NCS. In addition, there were 5 patients with normal NCS for the 
affected hand in which NCS results were positive (abnormal) on 
the contralateral side [49]. The above research by Witt, Hentz and 
Stevens (2004) may correlate to some of the findings in the present 
study where 12 subjects revealed ‘no CTS (0)‘ when assessed with 
the mediracer even though verbally and through the questionnaire, 
symptomology was acknowledged [49]. Conversely, some subjects 
who scored low with the questionnaire (low clinical symptoms of 
CTS) had results of ‘moderate CTS‘ severity. Therefore, importantly, 
either the accuracy of the questionnaire in terms of CTS severity 
must be questioned or/and the specificity and/or sensitivity of the 
Mediracer must be reviewed. As mentioned in the results section, 
certain subjects presented, via the Mediracer, with positive CTS 
results also on the contralateral side to the symptomatic side (the 
ambiguous cases), as with Witt, Hentz and Stevens (2004) [49]. 
These results may indicate central changes in the subjects‘ nervous 
system, for example mirroring. In relation to the above, Upton and 
McComas (1973) described the double crush in nerve entrapment 
syndromes [29]. A cervical lesion may explain the variable nerve 
pathology at the wrist and the proximal reduction of speed of 
impulse conduction in CTS patients [29]. If the nerve root damage 
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led to the production of distal axonal lesions, damage to several 
cervical roots could lead to multiple entrapment pathologies [10,29]. 
The essence of this theory suggests that neural function is impaired 
because single axons, having been compressed in one region, 
become greatly vulnerable to damage and pathology at another site 
[29]. Kwon, Hwang and Yoon (2006) assert that the most frequent 
clinical example of the double crush hypothesis is a heightened 
predisposition to CTS in patients with cervical radiculopathies [20]. 
Although not all the ambiguous cases in the current study presented 
with cervical pathology, some did have cervical symptoms which 
may correspond to the above theory presented by Upton and 
McComas (1973) and Kwon, Hwang and Yoon (2006) [20,29]. This 
may also account for the ambiguous group.

It is difficult to understand how cervical radiculopathy can 
have an impact on distal sensory NCS‘s as the injury in cervical 
radiculopathy is proximal to the dorsal root ganglion (DRG) and 
therefore would not be expected to result in distal dysfunction of the 
sensory nerves, which is a key finding in CTS [32,53]. However, 
importantly it must be noted, that whether or not a lesion is proximal 
to the DRG, complex central changes can certainly occur, which as a 
result can have an impact on the distal sensory nerves and therefore 
this hypothesis may account for the contralateral Mediracer findings. 
Within the bilateral symptomatic group, a significant correlation 
was found between the questionnaire scores and Mediracer scores. 
Although a p-value of 0.047 was revealed for the right symptomatic 
hand group, this needs to be interpreted with caution. The left 
symptomatic side group did not have a significant correlation 
between the questionnaire and Mediracer scores (p=0.898). When 
reviewing the above results for the left- and right-hand subdivisions 
of the bilateral group, there are possible explanations that need to 
be considered when exploring these results. Firstly, the question of 
whether there is a difference noted between the left and right when 
assessed with nerve conduction tests needs to be asked. Overall, 
there were 60 subjects in the bilateral group, thus making 30 right 
hands and 30 left hands (excluding the 4 missing observations) 
and therefore a difference in the numbers of left and right hands 
in the nerve conduction testing cannot be the explanation; velocity 
differences cannot be an explanation due to equal left and right-
side numbers. Another possible explanation of the paradoxical 
results is whether or not gender could play a role in these particular 
results. However, this appears not to be the case as there are equal 
amounts of left and right hands in females as in men. Looking at a 
physiological error as the reason for the above paradoxical results 
may be of sufficient explanation. When reviewing the data, more 
subjects who had bilateral symptoms stated that they experience 
greater severity of symptoms on the right side than on the left side. 
This may explain the interesting result on the right side (described 
above). Another explanation for the results is that of an experimental 
error. This may be a sequencing error in terms of not testing the right 
side and left side consistently in the same order with the Mediracer. 
Secondly, the technique in which the assessor tests the specific side 
may be different from the manner used to examine other side due 

to the hand that the assessor uses to complete the testing with; the 
direction/angle at which the assessor tests the subjects` right side 
may be different to that of the left side and vice versa as a result of 
an error in assessing technique and thus experimental error being 
brought about.

4. Limitations
A larger sample size should be instituted so as to increase the size 
of both the left and right sided symptomatic group individually. This 
would increase the power of these specific groups within the study. 
Secondly, it may be plausible to have completely separate studies for 
left sided symptomatic groups and right sided symptomatic groups 
and in turn have larger samples for each of these groups so to once 
again increase the power of these specific groups. Controlling for 
experimental error (which was perhaps evident in the current study) 
in future studies is advisable so as to perhaps establish results that 
may reveal greater consistency and accuracy in certain important 
areas of the research. It is suggested that future research perhaps 
further explores the usage of the Mediracer with polyneuropathies in 
terms of the instrument‘s sensitivity and specificity. The possibility 
of future research investigating the relationship between length of 
time of CTS symptoms and CTS questionnaire scores, in greater 
detail, may be a useful task to undertake as this may provide 
further knowledge around certain paradoxes within the data around 
the questionnaire scores and length of time that the subject has 
experiences CTS symptoms. Finally, further investigations into 
central nervous system changes within certain subjects should also 
be conducted to provide greater in-depth information regarding 
various appropriate subjects in the sample.

5. Conclusion
In conclusion, the present study assessed the relationship between a 
questionnaire for CTS and the Mediracer instrument in evaluating 
severity of CTS. The research revealed that when analysing the 
whole data set, there is a significant correlation between the scores 
of the questionnaire and the Mediracer results. However, when the 
whole sample was broken down into groups (symptomatic side/s, 
gender), generally no significant correlations were found based on 
various possible reasons described earlier. Finally, the ambiguous 
results have been explained in term of possible central nervous 
system changes in these subjects; perhaps due to double crush 
syndrome taking place.

References
1. Amadio, P. C., Silverstein, M. D., Ilstrup, D. M., Schleck, C. 

D., & Jensen, L. M. (1996). Outcome assessment for carpal 
tunnel surgery: the relative responsiveness of generic, arthritis-
specific, disease-specific, and physical examination measures. 
The Journal of hand surgery, 21(3), 338-346.

2. Buch-Jaeger, N., & Foucher, G. (1994). Correlation of clinical 
signs with nerve conduction tests in the diagnosis of carpal 
tunnel syndrome. Journal of Hand Surgery, 19(6), 720-724. 

3. Gunnarsson, L. G., Amilon, A., Hellstrand, P., Leissner, 

https://doi.org/10.1016/S0363-5023(96)80340-6
https://doi.org/10.1016/S0363-5023(96)80340-6
https://doi.org/10.1016/S0363-5023(96)80340-6
https://doi.org/10.1016/S0363-5023(96)80340-6
https://doi.org/10.1016/S0363-5023(96)80340-6
https://doi.org/10.1016/0266-7681(94)90244-5
https://doi.org/10.1016/0266-7681(94)90244-5
https://doi.org/10.1016/0266-7681(94)90244-5
https://doi.org/10.1016/S0266-7681(97)80011-3


  Volume 9 | Issue 1 | 8 J Anesth Pain Med, 2024

P., & Philipson, L. (1997). The diagnosis of carpal tunnel 
syndrome: sensitivity and specificity of some clinical and 
electrophysiological tests. Journal of Hand Surgery, 22(1), 34-
37.

4. Osiak, K., Elnazir, P., Walocha, J. A., & Pasternak, A. (2022). 
Carpal tunnel syndrome: state-of-the-art review. Folia 
Morphologica, 81(4), 851-862. 

5. Genova, A., Dix, O., Saefan, A., Thakur, M., & Hassan, A. 
(2020). Carpal tunnel syndrome: a review of literature. Cureus, 
12(3). 

6. Ibrahim, I., Khan, W. S., Goddard, N., & Smitham, P. (2012). 
Suppl 1: carpal tunnel syndrome: a review of the recent 
literature. The open orthopaedics journal, 6, 69. 

7. Mondelli, M., Giannini, F., & Giacchi, M. (2002). Carpal tunnel 
syndrome incidence in a general population. Neurology, 58(2), 
289-294. 

8. Wang, L. (2018). Guiding treatment for carpal tunnel syndrome. 
Physical Medicine and Rehabilitation Clinics, 29(4), 751-760. 

9. Gillig, J. D., White, S. D., & Rachel, J. N. (2016). Acute carpal 
tunnel syndrome: a review of current literature. Orthopedic 
Clinics, 47(3), 599-607. 

10. Schmid, A. B., Fundaun, J., & Tampin, B. (2020). Entrapment 
neuropathies: a contemporary approach to pathophysiology, 
clinical assessment, and management. Pain reports, 5(4). 

11. Omole, A. E., Awosika, A., Khan, A., Adabanya, U., Anand, 
N., Patel, T., ... & Millis, R. M. (2023). An Integrated Review 
of Carpal Tunnel Syndrome: New Insights to an Old Problem. 
Cureus, 15(6). 

12. Dabbagh, A., MacDermid, J. C., Yong, J., Macedo, L. G., & 
Packham, T. L. (2020). Diagnosing carpal tunnel syndrome: 
diagnostic test accuracy of scales, questionnaires, and 
hand symptom diagrams—a systematic review. Journal of 
Orthopaedic & Sports Physical Therapy, 50(11), 622-631. 

13. Heybeli, N., Kutluhan, S., Demirci, S., Kerman, M., & 
Mumcu, E. F. (2002). Assessment of outcome of carpal tunnel 
syndrome: a comparison of electrophysiological findings and a 
self-administered Boston questionnaire. The Journal of Hand 
Surgery: British & European Volume, 27(3), 259-264.

14. Jablecki, C. K., Andary, M. T., Floeter, M. K., Miller, R. 
G., Quartly, C. A., Vennix, M. J., & Wilson, J. R. (2002). 
Practice parameter: Electrodiagnostic studies in carpal tunnel 
syndrome [RETIRED] Report of the American Association of 
Electrodiagnostic Medicine, American Academy of Neurology, 
and the American Academy of Physical Medicine and 
Rehabilitation. Neurology, 58(11), 1589-1592. 

15. MacDermid, J. C., & Wessel, J. (2004). Clinical diagnosis of 
carpal tunnel syndrome: a systematic review. Journal of hand 
therapy, 17(2), 309-319. 

16. AAEM Quality Assurance Committee, Jablecki, C. K., Andary, 
C. M. T., So, Y. T., Wilkins, D. E., & Williams, F. H. (1993). 
Literature review of the usefulness of nerve conduction studies 
and electromyography for the evaluation of patients with carpal 
tunnel syndrome. Muscle & Nerve: Official Journal of the 

American Association of Electrodiagnostic Medicine, 16(12), 
1392-1414. 

17. Massy-Westropp, N., Grimmer, K., & Bain, G. (2000). A 
systematic review of the clinical diagnostic tests for carpal 
tunnel syndrome. The Journal of hand surgery, 25(1), 120-127.

18. Awajel, M. K., Hussin, A., & Ab-Khudhur, M. (2023). 
Assessment of Carpal Tunnel Syndrome Severity by Ultrasound 
and Electrodiagnosis Study. NeuroQuantology, 21(1), 34. 

19. Lu, Y. T., Deol, A. K., & Sears, E. D. (2021). The 
association between electrodiagnostic severity and treatment 
recommendations for carpal tunnel syndrome. The Journal of 
hand surgery, 46(2), 92-98. 

20. Kwon, H. K., Hwang, M., & Yoon, D. W. (2006). Frequency 
and severity of carpal tunnel syndrome according to level of 
cervical radiculopathy: double crush syndrome?. Clinical 
neurophysiology, 117(6), 1256-1259.

21. Stevens, J. C. (1997). AAEM minimonograph# 26: the 
electrodiagnosis of carpal tunnel syndrome. Muscle & 
Nerve: Official Journal of the American Association of 
Electrodiagnostic Medicine, 20(12), 1477-1486. 

22. Levine, D., Simmons, B. P., Koris, M. J., Daltroy, L. H., Hohl, 
G. G., Fossel, A. H., & Katz, J. N. (1993). Development and 
validation of symptom severity and functional status scales for 
carpal tunnel syndrome. J Bone Joint Surg Am, 75, 1585-1592. 

23. Fischer, J., Thompson, N. W., & Harrison, J. W. (2014). A 
self-administered questionnaire for the assessment of severity 
of symptoms and functional status in carpal tunnel syndrome. 
Classic Papers in Orthopaedics, 349-351. 

24. Mondelli, M., Reale, F., Sicurelli, F., & Padua, L. (2000). 
Relationship between the self-administered Boston 
questionnaire and electrophysiological findings in follow-up of 
surgically-treated carpal tunnel syndrome. The Journal of Hand 
Surgery: British & European Volume, 25(2), 128-134. 

25. Aghda, A. K., Asheghan, M., & Amanollahi, A. (2020). 
Comparisons of electrophysiological and clinical findings 
between young and elderly patients with Carpal Tunnel 
Syndrome. Revue Neurologique, 176(5), 387-392. 

26. Yilmaz, E., & Toluk, Ö. (2022). Comparison of clinical 
findings and electromyography results in patients with 
preliminary diagnosis of carpal tunnel syndrome. Journal of 
Electromyography and Kinesiology, 65, 102688. 

27. Padua, L., Padua, R., Aprile, I., & Tonali, P. (1999). Italian 
multicentre study of carpal tunnel syndrome: differences in 
the clinical and neurophysiological features between male 
and female patients. The Journal of Hand Surgery: British & 
European Volume, 24(5), 579-582.

28. BASHEER, M. A., NAWAL, A., YASEN, E., & AHMED, A. 
(2019). Relation between Findings of Nerve Conduction Study 
and Hand Function in Carpal Tunnel Syndrome. The Medical 
Journal of Cairo University, 87(March), 843-849. 

29. Upton, A. M., & Mccomas, A. (1973). The double crush in 
nerve-entrapment syndromes. The Lancet, 302(7825), 359-362. 

30. Sartorio, F., Dal Negro, F., Bravini, E., Ferriero, G., Corna, S., 

https://doi.org/10.1016/S0266-7681(97)80011-3
https://doi.org/10.1016/S0266-7681(97)80011-3
https://doi.org/10.1016/S0266-7681(97)80011-3
https://doi.org/10.1016/S0266-7681(97)80011-3
https://doi.org/10.5603/fm.a2021.0121
https://doi.org/10.5603/fm.a2021.0121
https://doi.org/10.5603/fm.a2021.0121
https://doi.org/10.7759%2Fcureus.7333
https://doi.org/10.7759%2Fcureus.7333
https://doi.org/10.7759%2Fcureus.7333
https://doi.org/10.2174%2F1874325001206010069
https://doi.org/10.2174%2F1874325001206010069
https://doi.org/10.2174%2F1874325001206010069
https://doi.org/10.1212/WNL.58.2.289
https://doi.org/10.1212/WNL.58.2.289
https://doi.org/10.1212/WNL.58.2.289
https://doi.org/10.1016/j.pmr.2018.06.009
https://doi.org/10.1016/j.pmr.2018.06.009
https://doi.org/10.1016/j.ocl.2016.03.005
https://doi.org/10.1016/j.ocl.2016.03.005
https://doi.org/10.1016/j.ocl.2016.03.005
https://doi.org/10.1097%2FPR9.0000000000000829
https://doi.org/10.1097%2FPR9.0000000000000829
https://doi.org/10.1097%2FPR9.0000000000000829
https://doi.org/10.7759%2Fcureus.40145
https://doi.org/10.7759%2Fcureus.40145
https://doi.org/10.7759%2Fcureus.40145
https://doi.org/10.7759%2Fcureus.40145
https://www.jospt.org/doi/10.2519/jospt.2020.9599
https://www.jospt.org/doi/10.2519/jospt.2020.9599
https://www.jospt.org/doi/10.2519/jospt.2020.9599
https://www.jospt.org/doi/10.2519/jospt.2020.9599
https://www.jospt.org/doi/10.2519/jospt.2020.9599
https://doi.org/10.1054/jhsb.2002.0762
https://doi.org/10.1054/jhsb.2002.0762
https://doi.org/10.1054/jhsb.2002.0762
https://doi.org/10.1054/jhsb.2002.0762
https://doi.org/10.1054/jhsb.2002.0762
https://doi.org/10.1212/WNL.58.11.1589
https://doi.org/10.1212/WNL.58.11.1589
https://doi.org/10.1212/WNL.58.11.1589
https://doi.org/10.1212/WNL.58.11.1589
https://doi.org/10.1212/WNL.58.11.1589
https://doi.org/10.1212/WNL.58.11.1589
https://doi.org/10.1212/WNL.58.11.1589
https://doi.org/10.1212/WNL.58.11.1589
https://doi.org/10.1212/WNL.58.11.1589
https://doi.org/10.1212/WNL.58.11.1589
https://doi.org/10.1002/mus.880161220
https://doi.org/10.1002/mus.880161220
https://doi.org/10.1002/mus.880161220
https://doi.org/10.1002/mus.880161220
https://doi.org/10.1002/mus.880161220
https://doi.org/10.1002/mus.880161220
https://doi.org/10.1002/mus.880161220
https://doi.org/10.1053/jhsu.2000.jhsu025a0120
https://doi.org/10.1053/jhsu.2000.jhsu025a0120
https://doi.org/10.1053/jhsu.2000.jhsu025a0120
https://doi.org/10.1016/j.jhsa.2020.08.020
https://doi.org/10.1016/j.jhsa.2020.08.020
https://doi.org/10.1016/j.jhsa.2020.08.020
https://doi.org/10.1016/j.jhsa.2020.08.020
https://doi.org/10.1016/j.clinph.2006.02.013
https://doi.org/10.1016/j.clinph.2006.02.013
https://doi.org/10.1016/j.clinph.2006.02.013
https://doi.org/10.1016/j.clinph.2006.02.013
https://doi.org/10.1002/(SICI)1097-4598(199712)20:12%3C1477::AID-MUS1%3E3.0.CO;2-5
https://doi.org/10.1002/(SICI)1097-4598(199712)20:12%3C1477::AID-MUS1%3E3.0.CO;2-5
https://doi.org/10.1002/(SICI)1097-4598(199712)20:12%3C1477::AID-MUS1%3E3.0.CO;2-5
https://doi.org/10.1002/(SICI)1097-4598(199712)20:12%3C1477::AID-MUS1%3E3.0.CO;2-5
https://doi.org/10.1007/978-1-4471-5451-8_87
https://doi.org/10.1007/978-1-4471-5451-8_87
https://doi.org/10.1007/978-1-4471-5451-8_87
https://doi.org/10.1007/978-1-4471-5451-8_87
https://doi.org/10.1054/jhsb.2000.0361
https://doi.org/10.1054/jhsb.2000.0361
https://doi.org/10.1054/jhsb.2000.0361
https://doi.org/10.1054/jhsb.2000.0361
https://doi.org/10.1054/jhsb.2000.0361
https://doi.org/10.1016/j.neurol.2019.11.001
https://doi.org/10.1016/j.neurol.2019.11.001
https://doi.org/10.1016/j.neurol.2019.11.001
https://doi.org/10.1016/j.neurol.2019.11.001
https://doi.org/10.1016/j.neurol.2019.11.001
https://doi.org/10.1016/j.neurol.2019.11.001
https://doi.org/10.1016/j.neurol.2019.11.001
https://doi.org/10.1016/j.neurol.2019.11.001
https://doi.org/10.1054/jhsb.1999.0255
https://doi.org/10.1054/jhsb.1999.0255
https://doi.org/10.1054/jhsb.1999.0255
https://doi.org/10.1054/jhsb.1999.0255
https://doi.org/10.1054/jhsb.1999.0255
https://doi.org/10.21608/mjcu.2019.52628
https://doi.org/10.21608/mjcu.2019.52628
https://doi.org/10.21608/mjcu.2019.52628
https://doi.org/10.21608/mjcu.2019.52628
https://doi.org/10.1016/S0140-6736(73)93196-6
https://doi.org/10.1016/S0140-6736(73)93196-6
https://doi.org/10.1186/s12891-020-03651-1


  Volume 9 | Issue 1 | 9 J Anesth Pain Med, 2024

Copyright: ©2024 Marnin Joseph Romm, et al. This is an open-access 
article distributed under the terms of the Creative Commons Attribution 
License, which permits unrestricted use, distribution, and reproduction 
in any medium, provided the original author and source are credited.

https://opastpublishers.com/

Invernizzi, M., & Vercelli, S. (2020). Relationship between 
nerve conduction studies and the Functional Dexterity Test in 
workers with carpal tunnel syndrome. BMC Musculoskeletal 
Disorders, 21, 1-10. 

31. Fargaly, S. N., & Bland, J. D. (2023). Do nerve conduction 
studies or ultrasound imaging correlate more closely with 
subjective symptom severity in carpal tunnel syndrome?. 
Muscle & Nerve, 68(3), 264-268.

32. Wilbourn, A. J., & Gilliatt, R. W. (1997). Double-crush 
syndrome: a critical analysis. Neurology, 49(1), 21-29. 

33. Bland, J. D. (2023). Use of nerve conduction studies in carpal 
tunnel syndrome. Journal of Hand Surgery (European Volume), 
48(10), 976-985. 

34. Sonoo, M., Menkes, D. L., Bland, J. D., & Burke, D. (2018). 
Nerve conduction studies and EMG in carpal tunnel syndrome: 
Do they add value?. Clinical neurophysiology practice, 3, 78-
88.

35. You, H., Simmons, Z., Freivalds, A., Kothari, M. J., & 
Naidu, S. H. (1999). Relationships between clinical symptom 
severity scales and nerve conduction measures in carpal tunnel 
syndrome. Muscle & Nerve: Official Journal of the American 
Association of Electrodiagnostic Medicine, 22(4), 497-501. 

36. Küçükakkaş, O., & Yurdakul, O. V. (2019). The diagnostic 
value of clinical examinations when diagnosing carpal tunnel 
syndrome assisted by nerve conduction studies. Journal of 
Clinical Neuroscience, 61, 136-141. 

37. Longstaff, L., Milner, R. H., O'sullivan, S., & Fawcett, P. (2001). 
Carpal tunnel syndrome: the correlation between outcome, 
symptoms and nerve conduction study findings. The Journal 
of Hand Surgery: British & European Volume, 26(5), 475-480. 

38. Atroshi, I., Gummesson, C., Johnsson, R., & Ornstein, E. (2003). 
Diagnostic properties of nerve conduction tests in population-
based carpal tunnel syndrome. BMC musculoskeletal disorders, 
4(1), 1-7. 

39. Erfanifam, T., Anaraki, P. H., Vahedi, L., Nourmohammadi, J., 
Emami, B., & Khameneh, A. (2022). The outcomes of carpal 
tunnel decompression based on electro-diagnostic approaches 
and clinical symptoms in patients suffering from carpal tunnel 
syndrome (CTS). Journal of Family Medicine and Primary 
Care, 11(6), 2411.

40. Razavipour, M., Ghaffari, S., Rezaei, S., & Ghoreishi, B. 
(2022). Comparing Electrodiagnostic Findings Before and 
after Carpal Tunnel Release to Determine The Relationship 
Between Patients Clinical Symptom and Postoperative EMG 
NCV Changes. Journal of Mazandaran University of Medical 
Sciences, 32(214), 134-142. 

41. Dagtas, M. Z., & Unal, O. K. (2022). Long-term outcome of 

electrodiagnostic values and symptom improvement after 
carpal tunnel release: a retrospective cohort study. The Journal 
of Hand Surgery, 47(8), 727-735. 

42. Schrijver, H. M., Gerritsen, A. A., Strijers, R. L., Uitdehaag, 
B. M., Scholten, R. J., De Vet, H. C., & Bouter, L. M. (2005). 
Correlating nerve conduction studies and clinical outcome 
measures on carpal tunnel syndrome: lessons from a randomized 
controlled trial. Journal of clinical neurophysiology, 22(3), 
216-221. 

43. Tamaru, Y., Yanagawa, A., & Matsugi, A. (2021). Sensory nerve 
conduction velocity predicts improvement of hand function 
with nerve gliding exercise following carpal tunnel release 
surgery. Journal of Clinical Medicine, 10(18), 4121.

44. Sousa, R. L., Moraes, V. Y. D., Zobiole, A. F., Nakachima, L. 
R., & Belloti, J. C. (2023). Diagnostic criteria and outcome 
measures in randomized clinical trials on carpal tunnel 
syndrome: a systematic review. Sao Paulo Medical Journal, 
141, e2022086.

45. Mehta, S. P., Weinstock-Zlotnick, G., Akland, K. L., Hanna, M. 
M., & Workman, K. J. (2020). Using carpal tunnel questionnaire 
in clinical practice: a systematic review of its measurement 
properties. Journal of Hand Therapy, 33(4), 493-506. 

46. Atroshi, I., & Johnsson, R. (1996). Evaluation of portable nerve 
conduction testing in the diagnosis of carpal tunnel syndrome. 
The Journal of hand surgery, 21(4), 651-654.

47. Lawson, I. (2019). Nerve conduction: point-of-care testing. 
Occupational Medicine, 69(2), 149-150. 

48. Strickland, J. W., & Gozani, S. N. (2011). Accuracy of in-
office nerve conduction studies for median neuropathy: a meta-
analysis. The Journal of Hand Surgery, 36(1), 52-60.

49. Witt, J. C., Hentz, J. G., & Stevens, J. C. (2004). Carpal tunnel 
syndrome with normal nerve conduction studies. Muscle 
& Nerve: Official Journal of the American Association of 
Electrodiagnostic Medicine, 29(4), 515-522.

50. Lee, J. K., Yoon, B. N., Cho, J. W., Ryu, H. S., & Han, S. H. 
(2021). Carpal tunnel release despite normal nerve conduction 
studies in carpal tunnel syndrome patients. Annals of Plastic 
Surgery, 86(1), 52-57. 

51. Waldman, S. D. (2011). Atlas of Common Pain Syndromes 
E-Book. Elsevier Health Sciences.

52. Atroshi, I., Gummesson, C., Johnsson, R., Ornstein, E., 
Ranstam, J., & Rosén, I. (1999). Prevalence of carpal tunnel 
syndrome in a general population. Jama, 282(2), 153-158. 

53. Richardson, J. K., Forman, G. M., & Riley, B. (1999). An 
electrophysiological exploration of the double crush hypothesis. 
Muscle & nerve, 22(1), 71-77.

https://doi.org/10.1186/s12891-020-03651-1
https://doi.org/10.1186/s12891-020-03651-1
https://doi.org/10.1186/s12891-020-03651-1
https://doi.org/10.1186/s12891-020-03651-1
https://doi.org/10.1002/mus.27924
https://doi.org/10.1002/mus.27924
https://doi.org/10.1002/mus.27924
https://doi.org/10.1002/mus.27924
https://doi.org/10.1212/WNL.49.1.21
https://doi.org/10.1212/WNL.49.1.21
https://doi.org/10.1177/17531934231191685
https://doi.org/10.1177/17531934231191685
https://doi.org/10.1177/17531934231191685
https://doi.org/10.1016/j.cnp.2018.02.005
https://doi.org/10.1016/j.cnp.2018.02.005
https://doi.org/10.1016/j.cnp.2018.02.005
https://doi.org/10.1016/j.cnp.2018.02.005
https://doi.org/10.1002/(SICI)1097-4598(199904)22:4%3C497::AID-MUS11%3E3.0.CO;2-T
https://doi.org/10.1002/(SICI)1097-4598(199904)22:4%3C497::AID-MUS11%3E3.0.CO;2-T
https://doi.org/10.1002/(SICI)1097-4598(199904)22:4%3C497::AID-MUS11%3E3.0.CO;2-T
https://doi.org/10.1002/(SICI)1097-4598(199904)22:4%3C497::AID-MUS11%3E3.0.CO;2-T
https://doi.org/10.1002/(SICI)1097-4598(199904)22:4%3C497::AID-MUS11%3E3.0.CO;2-T
https://doi.org/10.1016/j.jocn.2018.10.106
https://doi.org/10.1016/j.jocn.2018.10.106
https://doi.org/10.1016/j.jocn.2018.10.106
https://doi.org/10.1016/j.jocn.2018.10.106
https://doi.org/10.1054/jhsb.2001.0616
https://doi.org/10.1054/jhsb.2001.0616
https://doi.org/10.1054/jhsb.2001.0616
https://doi.org/10.1054/jhsb.2001.0616
https://doi.org/10.1186/1471-2474-4-9
https://doi.org/10.1186/1471-2474-4-9
https://doi.org/10.1186/1471-2474-4-9
https://doi.org/10.1186/1471-2474-4-9
https://doi.org/10.4103%2Fjfmpc.jfmpc_609_21
https://doi.org/10.4103%2Fjfmpc.jfmpc_609_21
https://doi.org/10.4103%2Fjfmpc.jfmpc_609_21
https://doi.org/10.4103%2Fjfmpc.jfmpc_609_21
https://doi.org/10.4103%2Fjfmpc.jfmpc_609_21
https://doi.org/10.4103%2Fjfmpc.jfmpc_609_21
https://doi.org/10.1016/j.jhsa.2022.04.003
https://doi.org/10.1016/j.jhsa.2022.04.003
https://doi.org/10.1016/j.jhsa.2022.04.003
https://doi.org/10.1016/j.jhsa.2022.04.003
https://doi.org/10.3390/jcm10184121
https://doi.org/10.3390/jcm10184121
https://doi.org/10.3390/jcm10184121
https://doi.org/10.3390/jcm10184121
https://doi.org/10.1590/1516-3180.2022.0086.07022023
https://doi.org/10.1590/1516-3180.2022.0086.07022023
https://doi.org/10.1590/1516-3180.2022.0086.07022023
https://doi.org/10.1590/1516-3180.2022.0086.07022023
https://doi.org/10.1590/1516-3180.2022.0086.07022023
https://doi.org/10.1016/j.jht.2019.12.011
https://doi.org/10.1016/j.jht.2019.12.011
https://doi.org/10.1016/j.jht.2019.12.011
https://doi.org/10.1016/j.jht.2019.12.011
https://doi.org/10.1016/S0363-5023(96)80020-7
https://doi.org/10.1016/S0363-5023(96)80020-7
https://doi.org/10.1016/S0363-5023(96)80020-7
https://doi.org/10.1093/occmed/kqy117
https://doi.org/10.1093/occmed/kqy117
https://doi.org/10.1016/j.jhsa.2010.09.012
https://doi.org/10.1016/j.jhsa.2010.09.012
https://doi.org/10.1016/j.jhsa.2010.09.012
https://doi.org/10.1002/mus.20019
https://doi.org/10.1002/mus.20019
https://doi.org/10.1002/mus.20019
https://doi.org/10.1002/mus.20019

