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The primary objective of this prospective questionnaire study was to determine
whether self-reported symptoms were predictive of nerve conduction study (NCS)
results. The population consisted of 211 unselected patients with clinically suspected
carpal tunnel syndrome (CTS) who were physician referred for confirmatory NCS.
These patients were administered a pre-NCS questionnaire. Patients reported 350
symptomatic hands, and 72 asymptomatic hands. A comparison of symptom
lateralization and bilateral NCS results was performed. Standardized electrophysiologic
criteria were applied. In symptomatic hands, 49.2% ofNCS studies reported median
mononeuropathy, while, 50.8% were negative. In asymptomatic hands, 37.5% ofNCS
studies showed median mononeuropathy, the remaining 62.5% were negative. Overall
accuracy ofNCS compared to symptoms was 51.4%, with a sensitivity of 86.4%,
specificity of 20.1 %, positive predictive value of 49.1 % and negative predictive value of
62.5%. These comparisons do not support a strong relationship between clinical
symptoms and NCS results in this patient group.
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Figure 1.1.1
The Anatomy of the Carpal Tunnel

boundaries. Ten structures have passage through the carpal tunnel: eight flexor tendons
to the four fingers, the flexor pollicis longus tendon and the median nerve [9].
The basic pathophysiologic abnormality in carpal tunnel compressive neuropathy
is understood to be one of increased pressure in the carpal tunnel. The tissue pressure
studied by wick catheter techniques within a compartment of a limb is 7-8 mmHg under
normal circumstances. In carpal tunnel syndrome the pressure is often 30 mmHg, which
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is close to the level at which nerve dysfunction occurs [10, 11]. Flexion or extension of'
the wrist may result in pressure increases to 90 mmHg or more in carpal tunnel
syndrome. These pressures can have a two-fold effect on the nerve. The magnitude of
the pressure increase can result in ischemia. Supporting this premise is the finding that
systemic blood pressure influences the tissue pressure threshold at which nerve
dysfunction occurs. In a study of normotensive and hypertensive subjects, tissue pressure
thresholds at which median nerve sensory responses were completely blocked varied
from 40-50 mmHg for the normotensive to 60-70mmHg for the hypertensive. The tissue
pressure threshold was consistently 30mmf{g below diastolic blood pressure [12].
Chronic increased pressures and mechanic

stress can also result in focal demyelination

and deformation of the myelin lamellae [1].
The pathogenesis of carpal tunnel sy:ndrome seems to be multifactorial.
Nonspecific flexor tenosynovitis has been tbleorized to be responsible for increased
pressure in many cases of CTS [13]. Howewer, in some patients underlying medical or
physiological conditions are felt to be contrLbutory or predispose to neural susceptibility.
The most common of these include obesity, diabetes, hypothyroidism, and inflammatory
wrist arthritis [13,14,15,16]. A positive fa.mily history of carpal tunnel syndrome has
been reported as frequent in patients with CIS [17], as has cigarette smoking [18].
Treatment for this condition has tradritionally included volar splinting in the
neutral position, avoidance of movements re::quiring wrist flexion/extension, +/- NSAIDs.
Volar wrist splinting in the neutral position l1as been shown to be of benefit in improving
symptoms and electrophysiologic parameters in CTS [19,20]. Some studies have
suggested benefit from vitamin B6 supplem~ntation, others have not [21, 22, 23, 24].
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Studies of carpal tunnel corticosteroid injection have shown some benefit both
symptomatically and electrophysiologically [13,25]. Relapse rates are high [25,26,27,
28). It has been suggested that patients with mild symptoms and fmdings ofless than one
year's duration, normal sensibility, normal thenar strength and mass, and one to two
millisecond prolongations of either distal median motor or sensory latencies had the most
satisfactory responses to injections and splinting [29]. Age more than 50 years, duration
of disease for more than 10 months and constant paresthesias are all indicators that
conservative management will not succeed [30).
Surgical carpal tunnel release has been the definitive therapeutic intervention and
is highly successful [31]. In the Montreal study, the surgical incidence ofCTS was
0.9/1000 adults/year [32]. Many patients post carpal tunnel release will have delayed
return to full use of the hand [33]. Efforts have been made to identify patients who are
good surgical candidates by examination of pre-operative characteristics [34].
Diagnosis of carpal tunnel syndrome is based on history, physical examination,
and often electrodiagnostic testing. On history, patients often report numbness, tingling,
and pain in the hand which is generally more severe at night or after use of the hand. The
pain may radiate proximally into the forearm. The paresthesias and numbness are
generally in the median nerve distribution, involving the first three and a half digits with
sparing of the lateral aspect of the fourth digit and the entire fifth digit. Many patients
however, have difficulty in describing distribution of their symptoms and will report
entire hand involvement In more severe nerve compression, sensory loss will be
reported over some or all the digits affected. Physical examination findings may be
normal in early stages, and involve wasting of the thenar eminence and motor weakness
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in later stages. Sensory examination may be abnormal. Physical examination maneuvers
have been reported by many investigators to be of limited sensitivity and specificity in
diagnosis of carpal tunnel syndrome [35, 36, 37, 38]. Phalen's test (appearance or
worsening ofparesthesias with maximal passive wrist flexion for one minute) and Tinel's
sign (paresthesias in the median nerve distribution elicited by gentle tapping over the
carpal tunnel) are frequently utilized in assessment. Phalen's test has been shown to have
a sensitivity of75% and a specificity of 47%. Tinel's sign has been associated with a
sensitivity of 60% and a specificity of 67% [36]. The overall relationship of specific
physical examination maneuvers with symptoms and sensory electrophysiological test
results is weak.
The history and clinical examination of carpal tunnel syndrome may be mimicked
by proximal median nerve compression by muscles in the forearm such as the pronator
teres, lacertus fibrosus, and arch of flexor digitorum superficialis. Additionally, cervical
radiculopathy or diffuse peripheral neuropathy may confuse the clinical picture.
Electrodiagnostic testing (NeS) is employed to confmn neuropathology and to
distinguish compression at the carpal tunnel from other forms of neuropathy. Normal
ranges are based on latency distributions from multiple large group electrophysiologic
studies; an absolute sensory latency of more than 3.7 msec, a difference of 0.4 msec or
more between values obtained for the median nerve and those obtained for the radial or
ulnar nerve, a motor conduction latency of more than 4.2 msec, are all considered
abnormal (with control for the patient's age and limb temperature) [39]. Nerve
conduction studies are considered the "gold standard" for laboratory diagnosis of carpal
tunnel syndrome. The validity of this assumption has been called into question by
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several investigators [40, 41, 42]. In 1997, Concannon et al described a retrospective
study of patients with CTS symptoms who had undergone carpal tunnel release (CTR)
surgery. 13% of patients had negative NCS for CTS, but did not otherwise differ from
positive NCS CTS patients in symptoms, surgical outcomes or complications. They
reported a 13% false negative rate ofNCS in this population [40]. Homan et al published
a cross-sectional study of 824 workers showing poor overlap between reported
symptoms, physical examination findings and the electrodiagnostic study results. There
was poor concordance of symptoms and electrophysiological evidence of median
mononeuropathy. In that population, the majority of persons with electrophysiological
evidence of median mononeuropathy did not have symptoms of CTS and, conversely, the
majority of those with symptoms ofCTS did not have a median mononeuropathy [41].
Atroshi et al reported a CTS prevalence survey study from Sweden. In this study, 14.4%
of responders reported median nerve distribution sensory symptoms. Of these
symptomatic responders who underwent NCS, 45.8% had confirmatory
electrophysiologic studies. 18.4% of an asymptomatic control population also met
electrophysiological criteria for median neuropathy. These observations call into
question the specificity of electrophysiologic diagnostic criteria for median
mononeuropathy [5]. This is an issue with practical implications as in today's medicolegally conscious environment many surgeons require electrophysiologic confirmation of
CTS prior to considering surgical therapeutic intervention. Additionally, NCS results
carry weight in Workman's compensation cases or third party insurance claims. The
accuracy of this diagnostic tool has bearing on the potential level of care a patient may be
offered, as well as on the level of compensation which may be available.
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In this study we plan to further evaluate the diagnostic interplay between patient's
symptoms and nerve conduction studies in carpal tunnel syndrome. The utility of any
given diagnostic test is dependant in part on the population being tested and the pre-test
probability of the disorder in question. The workplace screening study reported by
Homan et al was initially a screening study of an asymptomatic population with a low
pre-test probability [41]. The population survey study reported by Atroshi et al, screened
a symptomatic population, however, this population was identified from responders to a
population survey [5]. In neither case was it likely that the study population would be
representative of patients presenting to their physician with complaints potentially
attributable to carpal tunnel syndrome. It is difficult to apply the findings from these
previous studies to the physician's office practice population. In this study the population
examined is made up of patients seen by their family physicians primarily. These
patients have all presented to their physicians with complaints suspicious of carpal tunnel
syndrome and have been referred for confirmatory nerve conduction studies to the
electrodiagnostic laboratory at Royal University Hospital. By examining this population
with a high pre-test probability of carpal tunnel syndrome; comparison of symptomatic
measures and symptom lateralization to nerve conduction study results can be made.
This study will permit further evaluation of the nerve conduction examination as a
diagnostic tool in the population for which it is primarily employed.
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1.2 Research Questions:

Primary:

In a population with a high pre-test probability of carpal tunnel syndrome, are
symptoms predictive of nerve conduction study results?
This will be examined by comparison of lateralization of patient symptoms and
nerve conduction study results. Comparison will also be made between symptom
characteristics of the population with positive nerve conduction study results and those
with negative results. These characteristics will include: duration of symptoms, a
symptom severity score, a functional severity score which reflects symptom impact on
patient function, and the use of treatment modalities as a limited proxy for symptom
severity.

Secondary:
1. What proportion of patients clinically suspected of CTS and referred for
electrodiagnostic studies by their physicians had confirmatory NCS results?
2. How common are previously reported risk factors for carpal tunnel syndrome in our
population?
3. What is the prevalence of use of conservative treatment modalities in a population
clinically suspected of CTS?
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(Appendix B) were reviewed and signed by those who agreed to participate. The
questionnaire was completed by the patient in the waiting area just prior to their
scheduled nerve conduction study.

2.31 Inclusion criteria:
1. The patient must have been referred for nerve conduction studies with median
nerve distribution symptoms as per requisition fonn.
2. The patient must be capable of understanding and agreeing to the questionnaire
application.
3. The patient must be 18 years of age or older.

2.4 Study duration:
Patients were recruited from the nerve conduction laboratory at Royal University
Hospital from January 2003 through November 2003 inclusive.

2.S Questionnaire design:
This survey (Appendix C) consisted offour domains:
1. Patient personal/demographic infonnation, including age, gender, hand
dominance, symptomatic hand(s), duration of symptoms, weight and height (Body Mass
Index (BMI) was calculated using kglm2 fonnula), and whether there was either lost work
time or workman's compensation claims related to CTS symptoms.
2. A validated CTS scoring instrument, the Levine questionnaire with
symptomatic and functional scores [43]. This tool was developed by Levine et al and
initially reported in The Journal of Bone and Joint Surgery in 1993. The authors reported
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evaluation of reproducibility, internal consistency, validity, and responsiveness to clinical
change of scales for the measurement of severity of symptoms and functional status. In a
sample of 38 CTS patients the scales were highly reproducible with Pearson correlation
coefficient r = 0.91 and 0.93 for severity of symptoms and functional status, respectively.
Internal consistency in a sample of 67 patients provided Cronbach alpha values of 0.89
and 0.91 for severity of symptoms and functional status respectively. Responsiveness to
clinical change was evaluated by follow up of38 patients post-CTR (median of 14
months post-op). The mean symptom-severity and functional-status scores improved
compared to pre-op values. Validity of the questionnaire was problematic as there is no
universally accepted standard for measurement of the severity of symptoms or hand
functional status. Both the symptomatic and functional scales had positive but weak
correlations with two sensory physical examination techniques; two-point discrimination
and Semmes-Weinsten monofilament testing (Spearman coefficient, r = 0.12 - 0.42).
Since publication, this outcome measure has been evaluated by other investigators and
used in several clinical trials.[ 44, 45, 46, 47] The original authors employed a mean
score for each of the symptomatic and functional scales. In this study the raw scores
were used to permit more effective use of parametric analysis. Higher scores are
associated with more severe symptoms and more severe functional impairment.
3. Self-reported potential risk factor assessment, including presence of associated
medical co- morbidities (diabetes mellitus, thyroid disease, pregnancy, rheumatoid
arthritis, ganglion, fibromyalgia, hypertension), or use of associated medications
(prophylactic ASA, antihypertensives, 'cardiac drugs', cholesterol lowering medication,
antidepressants, thyroid medications, hormonal therapy, oral contraceptives), smoking
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status, positive family history, and usual/most recent employment. Employment history
data was subsequently coded as: unskilled labour, housewife, farmer, professions
(primarily nursing and teaching professions), clerical workers, mechanical/machinery
worker, or no information provided.
4. Therapeutic intervention evaluation including: prescription/recommendation,
purchase, use of, adjustment of and benefit from volar wrist splints;
prescription/recommendation, purchase, use of, and benefit from non-steroidal antiinflammatory drugs (NSAIDs), administration of and benefit from intra-carpal tunnel
corticosteroid injection, use of vitamin B6 or multivitamins, and discussion of surgical
referral or actual surgical consultation. Benefit questions were structured as a 4 point
scale (yes, a great deal, yes, somewhat, uncertain, or not at all).

2.51 Questionnaire trial! Pilot data collection:
In order to evaluate ease of understanding of the question structures and language,
the questionnaire was initially administered as a trial to six volunteers with and without
hand symptoms. Subsequently, 25 consecutive patients were surveyed as a pilot study to
determine an estimate of unilateral versus bilateral proportions in this patient population.
These estimated proportions were employed in the sample size calculation for this study.

2.6 Samole Size:
The sample size for this study was based on the primary research question;
whether, in the population referred for NCS with suspected CTS, symptoms would be
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predictive ofNCS results. This would be primarily evaluated by comparison of
lateralization of symptoms and NCS results.
We anticipate two populations; those with unilateral symptoms and those with
bilateral symptoms. We therefore expect to compare NCS results in symptomatic hands
and asymptomatic hands. Based upon the pilot data an estimate that 30% of patients will
have unilateral symptoms was made. This means 15% of hands being tested by NCS will
be asymptomatic. This provides an allocation ratio of 5.5:1 (r = 5.5). The NCS results
will be either positive or negative for carpal tunnel syndrome. This gives a binary
outcome. Based on previous studies, the proportion of symptomatic hands expected to
have positive NCS is 0.5 (50%). The proportion of asymptomatic hands expected to have
positive NCS is 0.2 (20%).

PA = 0.5, PB = 0.2 [5].

For this comparison ofNCS study results between symptomatic and asymptomatic hands,
the following equation was employed to calculate the number of patients required in each
group [48]:
Where m = patient number/group.

Where: () = PA-PS and p = (PA + Ps)/2. ZI-aJ2 = 2.58, and Zl-P = 1.28 for a two-sided a
0.01, and a

~=

=

0.1

m = [2.58-V{2<O.7/2)(l-0.7/2U

+ 1.28-vW.5(l-0.5) + 0.2(l-0.2Uf

(0.5-0.2i

m

=

72.857 or 73 hands/group. As, there is an unequal allocation ratio (r), a further

calculation is required: Given m, which was calculated assuming equal sized groups, m'
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will be the sample size in the first group and un' will be the sample size in the second
group.

m'= L±.lxm
2r
m'

= 43.07 or 44 hands (asymptomatic), and un' = 236.885 or 237 hands (symptomatic)
In teuns of people, this will equal 44 people with unilateral CTS, and 97 people

with bilateral CTS, for a total of 141 in both groups. A further 50% (71 patients) was
added to the total sample size desired to account for individuals who did not provide
appropriate signed consent (for questionnaire study itself or access to electrophysiology
test results) or failed to complete the questionnaire. In summary, the sample size
proposed for this study was 212 patients.

2.7 Eledroohysiologic Data Collection:
Consent for access to medical records was a component of the study consent
foun. For those who completed the questionnaire and provided this consent, raw results
and the neurologist's interpretation of electrophysiology studies were accessed for each
study participant.
Bilateral studies are standard in our NCS laboratory regardless of whether patients
report unilateral or bilateral symptoms.
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2.71 Electrophysiological def"mition of CTS
A positive nerve conduction study for CTS was defined as demonstrating one or
more of the following characteristics [39,49]:
Median motor latency> 4.2 msec, Median sensory latency> 3.7 msec, orthodromic
Median palmar sensory latency (8cm) > 2.2 msec, antedromic wrist to palm (7cm)
Median sensory distal latency (wrist to digit 3 - palm to digit 3) > 2 msec. A difference
of 0.4 msec or more between values obtained for the median nerve and those obtained for
the radial or ulnar nerve.

2.8 Statistical Analysis
The data analysis for this study was based on the primary research question;
whether, in the population referred for NeS with suspected CTS, symptoms would be
predictive ofNCS results. This was evaluated by comparison oflateralization of
symptoms and NCS results in two group comparisons. However, as this study was in
part an exploratory hypothesis generating study with substantial descriptive data, multiple
testing was performed. Corrections for multiple testing were made using the Bonferroni
method as described below.
Data was entered into a computer spreadsheet. Continuous or numerical data,
were entered directly, categorical data was given a numerical code Le. for gender, male
was coded as 1, female was coded as 2. The numerical code was entered into the
spreadsheet for categorical or frequency data. SPSS version 12.0 statistical software was
utilized for data analysis.
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Continuous data was available for the following variables: age, symptom
duration, on a ratio scale, Levine symptomatic and functional scores, height, weight, and
BMI (directly calculated from height and weight) on an interval scale. Continuous data
when normally distributed permit use of parametric analytic techniques. Characteristics
of the data were assessed; including measures of central tendency, dispersion,
skewedness and kurtosis. Comparisons were primarily between two groups. This
allowed use oft-tests for two group comparisons. Independent 2-tailed t-tests were used
for comparisons of continuous ratio/interval data between groups Two-tailed tests were
used rather than one-tailed in order to assess differences between the two groups in either
a positive or negative direction. When appropriate, 95% confidence intervals were
reported. In order to correct for multiple testing and avoid an increased risk of type I
error, the alpha value required before rejection of the null hypothesis was divided by k
(the number of comparisons made).
Frequency data (categorical, binomial, or count data) was generated for gender,
symptom lateralization, co-morbidities - present or absent, conservative treatment
utilization -yes or no, and occupational status. The chi-square distribution, which was
used in this study is the most commonly utilized statistical method for analysis of
frequency data. However, the chi-square test is not an appropriate method of analysis if
minimum expected frequency requirements are not met or if one of the expected
frequencies is less than five. Accordingly, Fisher's exact test was used when one or more
cell entries were less than five. Multiple testing correction of aIk were also performed.
For occupational categorical data, odds ratios were calculated for risk of a
positive NCS in each occupational group. This technique was employed as the
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population consisted of those with a positive NCS and those without a positive NCS, the
distribution of the potential risk factor of occupation was retrospectively addressed The
95% confidence intervals for the odd's ratios was calculated using Woolfs formula [50].
Regression analysis was employed to determine independence of variables
associated with increased probability of a positive NCS. Binary-logistic regression was
utilized with the dichotomous outcome of a positive or negative NCS for CTS. Variables
were included by 'stepwise-enter' method. Variables were selected based on
demonstrated association with outcome in bivariate analysis. The Hosmer-Lemeshow
goodness of fit test was employed [51].

2.9 Ethical/Administrative Approvals:
Approval for this study was obtained from the University of Saskatchewan
Research Ethics Board (EC#: B2002-755), and the Saskatoon District Health Research
Services Unit.
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family's medical history. Pregnancy within the previous 6 months of the nerve
conduction study was reported in 1.4% (3) patients.
Current or most recent employment information was provided by 207/211 study
participants. The breakdown on occupational category in the study population revealed:
20.4% (43), were unskilled labour, 6.6% (14) were housewives, 4.3% (9) were farmers,
32.7% (69) were in the professions of nursing and teaching, 21.8% (46) were clerical
workers, 11.8% (25) were mechanical/machinery workers, and for 2.4%(5) no
information was provided [Figure 3.1.1].
Conservative treatment modalities were used in 55% (116) of the study
population pre-test. Wrist splints had been recommended in 33.2% (70) of patients, and
NSAIDs tried by 38.9010 (82) of patients. Corticosteroid injection to the carpal tunnel was
administered in 1.9% (4) of patients. Discussions with their doctor regarding surgical
referral were recalled by 31.8% (67) of the study population. 9.5% (20) had already seen
a surgeon for their current symptoms. Previous unilateral carpal tunnel release (CTR)
had been undergone in 7.6% (16) {right CTR in 5.7% (12), left CTR in 1.9% (4)} and
bilateral CTR in 1.4% (3) of study patients.
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Table 3.1.1: Personal characteristics of population in total
Characteristic

Mean (SD)

Range

Age for total population

46.72 (12.22) years

67 (21-88) years

Age for females (73.9%)

47.37 (12.40) years

67 (21-88) years

Age for males (26.1%)

44.85 (11.58) years

60 (23-83) years

Height for total population

165.42 (8.26) cm

43.20 (147.32 -190.5) cm

Weight for total population

80.22 (20.73) kg

140.90 (43.18 -184.09) kg

BMI for total population

29.25 (6.47) kg/m

36.69 (16.89 -53.55) kg/m
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Figure 3.1.1

3.2 Levine Scoring Instrument Application Analysis for Study Population

The Levine scoring instrument is a validated self-administered tool for
measurement of symptoms and function in carpal tunnel syndrome. The Levine
symptomatic and functional questionnaires were incorporated into the survey. Scores
were tabulated from each survey. The mean Levine symptomatic score for the total
population was 28.75. The minimum and maximum scores possible were 11 and 55. The
mean symptomatic score for the male population was 28.14 (SD 7.07), and for the female
population was 28.96 (SD 7.47) [Figure 3.2.1]. Comparisons of the symptomatic score
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means using 2-tailed independent t-tests showed no significant differences between
genders. The mean functional score for the male population was 13.46 (SD 4.37), and for
the female population was 15.61 (SD 5.34) [Figure 3.2.2]. Independent 2-tailed t-testing
comparison of the means showed a significant difference between genders with p =.009.
The mean Levine functional score for the total population was 15.05. The minimum and
maximum possible scores were 8 and 40 respectively.

gender differences in Levine symptomatic scores

sex
-male
female

~

8

0

8

Figure 3.2.1
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gender differences in Levine functional scores
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Figure 3.2.2

3.3 Nerve Conduction Study Results:
Nerve Conduction Study results [Figure 3.3.1], utilizing the previously mentioned
electrodiagnostic criteria for CTS were as follows:
For 57.3% (121) of patients, the NCS were confirmatory ofCTS
For 39.3% (83) of patients, the NCS were normal studies
For 3.4% (7) of patients, the NCS demonstrated non-CTS abnormalities
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Differences in age between groups were observed. The NCS positive group had a
mean age of 49.08 years (SD 12.92), the NCS negative group had a mean age of 43.54
years (SD 10.45) P = .001 (95% CI -8.81, -2.26) by independent 2-tailed t-test.
Age, BMI and its associated variable, weight showed significant differences
between groups in independent 2-tailed t-tests. Symptomatic score comparison was not
significant after correction for multiple comparisons, and substantial overlap in range
between the two groups is obvious [Figure 3.4.1]. No differences were seen between
groups in terms of functional scores, or frequency of use of conservative treatment
modalities. Symptom duration between NCS positive and NCS negative groups did not
differ. Examination of the gender groups revealed longer syIhptom duration in women
but not men, with positive NCS for CTS. These women had a mean symptom duration in
the NCS positive group of36.5 months and in the NCS negative group of21.2 months (p
= 0.025). When corrected for multiple comparisons, the p value was not significant.

Comparison of personal characteristics revealed no significant differences in
gender between the two groups. The NCS positive group was comprised of 27.3% (33)
men, and the NCS negative group 24.4% (22) men, p

= .643.

Assessment of potential risk factors and co-morbidities showed significant
increase in hypertension, associated use of antihypertensives (in all but one hypertensive
patient) and prophylactic ASA in the NCS positive population. As these characteristics
all increase with age, it was not clear that they could be viewed as independently
associated with increased likelihood of a positive NCS for CTS. Evaluation by logistic
regression did not confirm these variables to be independent of age. No differences
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between groups were seen in other co-morbidities or potential risk factors. Table 3.4.1.1
compares differences between the NCS positive and negative gf0ups.

Table 3.4.1.1: Comparison of CTS NCS positive and negative
NCS+(S.D.)

NCS-(S.D.)

Sig

n= 121

N=90

(2-tailed)

Mean age (years)

49.08(12.92)

43.54(10.45)

.001

Gender (% male)

27.3%(n-33)

24.4% (n =22)

.643

Mean duration symptoms

33.07(49.53)

24.21 (25.63)

.095

Variable

sroups
95%CI

95%CI

Lower

Upper

-8.81

-2.26

-19.26

1.55

-1.34

3.19

-14.22

-3.02

(months)
Height (cm)

165.02(8.35)

165.95(8.16)

.422

Weight (kg)

83.93 (22.90)

75.31(16.33)

.003

BMI

30.61 (6.82)

27.45(5.50)

<.001

-4.89

-1.43

Levine

29.82(7.46)

27.34(7.01)

.016

-4.50

-0.47

Levine functional score

15.40(5.52)

14.58(4.87)

.267

-2.27

0.63

Workmissed n-29

55.2%(n=l6)

44.8%(n=13)

.855

Workman's

38.5%(n=5)

61.5%(n=8)

.215

symptomatic score

Compensation cases
n= 13

Results expressed as mean values (standard deviation) unless otverwise specified
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symptomatic score differences between ncs positive and
negative groups
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Figure 3.4.1

From the clinical characteristic data gathered, logistic regression was employed to
confirm independence of variables associated with a positive NCS for CTS.
Using NCS positive or negative as previously defmed as the binomial dependant
variable, use of the independent variables, age, symptomatic score, and BMI in a logistic
regression provides the best model. These variables were chosen based on demonstrated
association with outcome in bivariate analysis. These three variables provide a model
with a chi squared of32.2 with 3 degrees of freedom and p < .001. The Homer and
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3.4.2 Comparison of occupational category
Information on most recent occupation was provided by 206 of the 211 study
participants. Table 3.4.2.1 compares differences between occupational groups.
Housewives, farmers, and unskilled labourers have higher odds of a positive test for CTS
than clerical workers, nurses or teachers in this population.

Table 3.4.2.1: Comparison of occupational category
Occupation Total
Mean
age(yrs)
number
44.0
Unskilled
43/211
(20.4%)
labour
Housewife 14/211
52.2
(6.6%)
Farmer
9/211 (4.3%) 43.3
Clerical
69/211
46.3
worker
(32.7%)
Professions 46/211
48.4
(21.8%)
Machinery 25/211
41.8
operators
(11.8%)
No info.
5/211 (2.4%) 74.8
Provided

Mean
BMI
28.90

%NCS+
30/43 (70%)

Odds
Ratios
1.95

95%CI

26.74

12/14(86%)

4.84

1.06,22.20

35.33
29.06

7/9 (78%)
30/69(43%)

2.70
0.43

0.49,15.0
0.24,0.77

29.32

24/46(52%)

0.76

0.39,1.47

29.32

14/25 (56%)

0.94

0.23,1.25

29.47

4/5 (80%)

3.04

.33,27.67

.95,4.00

3.5 Comparison of Lateralization of Presenting Symptoms and NCS Results
This portion of the analysis compares the symptom lateralization self-reported by
patients and the NCS results, addressing directly the primary research question posed.
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Seventy-two (34.1%) patients reported unilateral symptoms, in contrast to 139
(65.9%) reporting bilateral symptoms. This proportion of patients with unilateral
involvement was quite consistent with the pilot data employed in sample size estimation.
Patients with unilateral symptoms did not differ from those with bilateral symptoms in
demographics, co-morbidities, symptomatic scores, functional scores, or frequency of
conservative treatment recommendation. Symptom duration did differ between groups.
Patients with unilateral symptoms had a mean symptom duration of 18.5 months, while
those with bilateral symptoms had a mean symptom duration reported of34.9 months (p

=0.001).
A comparison between: presenting symptom lateralization and NCS results, was
possible, as bilateral NCS is standard laboratory protocol whether a patient has unilateral
or bilateral symptoms. These results are outlined in Table 3.5.1. A comparison ofNCS
findings by hand dominance is also made. There was substantial discordance between
lateralization ofCTS symptoms (left, right or bilateral hand symptoms) and NCS results.
Whether CTS symptoms were unilateral or bilateral, 31-44% ofNCS were negative. The
group reporting bilateral symptoms had the highest degree of agreement with the NCS
with 38.9% concordance. Unilateral NCS abnormalities were seen in 18% of the bilateral
symptom group. Isolated right sided symptoms were more often in agreement with NCS
results than isolated left sided; 25.6% versus 13.8%. Discordant fmdings, either bilateral
median neuropathies or isolated opposite side median neuropathies, were seen on NCS in
25.6% of patients reporting isolated right sided symptoms, and in 55.2% of those
reporting isolated left sided symptoms. Interestingly, although patients with isolated left
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median mononeuropathy were seen in the right hand dominant population, they were not
seen in the left hand dominant population.
A comparison ofNCS results in symptomatic and asymptomatic hands was
possible. Examination by individual wrists is outlined in Table 3.5.2, where presence or
absence of clinical symptoms suspected to be CTS are compared to NCS results (as
previously defined). From this perspective, employing the NCS as the 'gold standard',
the following comparative characteristics were calculated for diagnosis by symptoms:
sensitivity of 86.4% (172/199), specificity of20.1 % (45/223), positive predictive value of
49.1% (172/350), negative predictive value of 62.5% (45/72), accuracy of 51.4%
(217/422), and prevalence of disease (pre-test probability in this population) of 47.1 %
(199/422). The positive likelihood ratio was 1.13, indicating a patient reporting
symptoms was 1.13 times more likely to have a positive NCS study than those without
symptoms in this population. The negative likelihood ratio was 0.70. These comparisons
do not support a strong relationship between clinical symptoms and NCS results in this
patient group.

41

Table 3.5.1: Comparison of symptom lateralization and NCS results
NCSresult

Bilateral

Bilateral

Bilateral

Isolated

Isolated

Other

Negative

Positive

right

left

non-CTS

39.6%

38.9%

positive

Positive

abnormality

10.8%

7.2%

3.6%

(55/139)

(54/139)

(15/139)

(10/139)

(5/139)

Lateralization Isolated

44%

25.6%

25.6%

0

4.6%

of symptoms

right side

(19/43)

(11/43)

(11/43)

Isolated

31%

44.8%

10.4%

13.8%

0

left side

(9/29)

(13/29)

(3/29)

(4/29)

Right
Hand
dominance

Left

(2/43)

39.3%

36.1%

13.6%

7.3%

3.7%

(75/191)

(69/191)

(26/191)

(14/191)

(7/191)

40%

45%

15%

0

0

(8/20)

(9/20)

(3/20)
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Table 3.5.2: Comparison of number of symptomatic wrists with NCS results
NCS Results for CTS

I

Sympromatic

Wrist

Positive

Negative

Total

Yes

172

178

350

No

27

45

72

Total

199

223

422

3.6 Conservative treatment measures:
Conservative treatment measures had been offered to approximately half of these
patients with clinically suspected carpal tunnel syndrome (Table 3.6.1). Only 33.2%
(70/211) of the study population had been prescribed wrist splints. 69170 purchased the
wrist splints, and 13% (9/69) had undergone adjustment of the splint for optimal
treatment. Reported compliance with splint usage varied with 38/69 (55%)
usually/always wearing splints at night, compared to 20 (29%) who reported occasional
night time use, and 11 (15.9010) who stated they never wore their splints at night.
Daytime usage of more than 6 hours was reported by 21 (30.4%) patients. Eighteen
(26.1%) patients reported usage for 2-6 hours/day. The remaining 29 (43.5%) patients
reported one hour or less of wrist splint use each day. The majority of patients did not
usually wear their splints to their workplace, with 28 (40.6%) reporting never doing so.
A further 28 (40.6%) of patients with wrist splints occasionally wore them to work. Nine
(13%) patients usually/always wore their splints to work, and the remaining four of the
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sixty-nine patients reported no workplace outside the home. Improvement in symptoms
perceived to be related to wrist splint use was reported in 54/69 (78.3%) patients.
However, 25 of these 54 successfully treated patients had negative NCS.
NSAIDs were prescribed/recommended in 52/211 (24.6%) patients, but 82/211
(38.9%) had purchased/tried NSAIDs. As several NSAIDs are non-prescription
medications, this discrepancy was expected. The mean reported duration of use of
NSAIDs was 17.8 months (SD 30.9) with a range of203 (1-203 months). Improvement
perceived to be related to NSAID use was reported in 61/82 (74.4%). However, 28 of
these 61 successfully treated patients had negative NCS. These patient numbers
reporting improvement were arrived at by collating the number of patients who
responded with; yes, a great deal or yes, somewhat; to the questions on benefit for splint
use or NSAID use. Thirty-five patients were prescribed/used both splints and NSAIDs.
In this subgroup, 85.7% (30/35) reported improvement. Interestingly, there were no
significant differences between the NCS positive and negative groups in reported
improvements with splints or NSAIDs. Patients prescribed these therapeutic
interventions did not differ in age, BMI, gender, duration of symptoms, symptomatic or
functional scores from the remainder of the population. Patients responding to NSAIDs
and/or splinting did not differ from non-responders in terms of Levine symptomatic,
functional scores, age, gender, BMI, or duration of symptoms. In all 55% (116) patients
had used wrist splints and/or NSAIDs.
No significant difference in vitamin usage was noted between the diagnostic
groups.
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Table 3.6.1: Conservative treatment utilization
Treatment

NSAIDs:

Total population

CTS + group

CTS-group

Significance (2-tailed)

(n=211)

(n= 121)

(n=90)

(pvalue)

52(24.6%)

26(21.5%)

26(28.9"10)

.200

82(38.9"10)

45(37.2%)

37 (41.1%)

.520

70(33.2%)

38(31.4%)

32(35.6%)

.583

69(32.7%)

37(30.5%)

32(35.6%)

.471

116(55%)

63(52.1%)

53(58.9%)

.325

prescribed
NSAIDs:
use reported
Wrist splints:
prescribed
Wrist splints:
obtained
NSAIDs&/or
splint use
VitaminB6

18(8.5%)

12(9.9"10)

6(6.7%)

.410

lntra-earpal

4(1.9"10)

1(0.8%)

3(3.3%)

.313

corticosteroid
injection

3.7 Questionnaire Defects:
Upon reviewing the completed questionnaires it became apparent despite initial
testing of the instrument that one question was flawed and data from it was not
interpretable. This error in question design occurred for Question 46 where the question
was not structured clearly enough to distinguish the postmenopausal woman on no
hormonal supplements from the premenopausal woman on no hormonal therapies. This
could have been prevented by a wider population demographic for the questionnaire trial
and an earlier evaluation of the completed questionnaires.
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symptomatic improvement with use. No increase in frequency ofNCS positive
individuals was seen in either the patients prescribed or responding to splinting/NSAIDs.
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5.2 Conservative Treatment Utilization:
This study also assessed the prevalence of pre-test therapeutic interventions.
These 'conservative' therapeutic options included use of wrist splints, NSAIDs, intracanal corticosteroid injection and vitamin B6 use. Wrist splinting has been shown by
several studies to be efficacious in relieving symptoms of carpal tunnel syndrome [19,
20]. The intra-carpal pressure in CTS as determined through Wick catheter
measurements is tremendously elevated with flexion and extension, the lowest pressure
transduced in CTS patients has been in the neutral position [52]. Not surprisingly, the
wrist splint positioned in a neutral angle provides superior symptom relief compared to
other splinting angles [53]. Significant improvement in both sensory and motor distal
latencies has been observed in full time use of wrist splints compared to night use only
patients [19]. Corticosteroid injection has also been shown to be efficacious in relief of
symptoms ofCTS [25,26,29,54].
Considering both NSAIDs and wrist splints, 55% of the study population received
either or both of these treatments. The ratio ofNCS positive/ negative was
approximately equal between the treated and untreated groups for both NSAIDs and wrist
splints. No differences in Levine symptomatic, functional scores, age, gender, BMI, or
duration of symptoms were observed between the treated and untreated groups or
between the responders and non-responders. The response to treatment measure utilized
in this study was quite subjective, depending on patient recall of response. Limited
conclusions from this retrospective approach can be drawn regarding efficacy of these
therapeutic interventions in this study. Intra-articular steroid injection was used in only 4
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It would seem in this patient population that non-invasive conservative treatment
modalities, despite previous reports of efficacy, are recommended or utilized in only half
of the patients referred for NCS with symptoms of CTS.

5.3 Diagnostic Utility of Self-Reported Symptoms in CTS:
The issue of diagnostic clarity creates difficulty in epidemiologic research in CTS.
A combination of consistent symptoms, physical exam signs and electrophysiological
findings would be compelling in diagnosing CTS. However, physical exam signs have
been evaluated by many investigators and found to be wanting in sensitivity and
specificity in relation to symptoms and NCS results. A self-administered hand diagram
in the diagnosis of carpal tunnel syndrome has been shown to have a sensitivity of SOOIo
and specificity of 90% [55]. This is superior to most physical examination maneuvers.
The nerve conduction study is often held to be the "gold standard" in providing some
measure of objectivity in assessing patients with median nerve distribution symptoms or
signs. As previously mentioned, the validity of this assumption has been called into
question by several investigators [40,41,42]. In this patient population, with clinically
diagnosed or suspected CTS, 39.3% had completely normal or negative
electrophysiologic studies. It should be pointed out that the majority of the referring
physicians were family practitioners and not musculoskeletal specialists or neurologists.
The argument could be made that family practitioners may be less skilled at clinical
evaluation of potential carpal tunnel syndrome than specialists leading to a higher number
of negative studies from a lower pre-test probability. On the other hand, as has been
mentioned, the physical examination for carpal tunnel syndrome has imperfect sensitivity
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and specificity even in a clinical trial setting. Accordingly, our finding of39.3% negative
studies may be a reflection of poor specificity of the clinical screening process, and/or
limited sensitivity of the NCS. The questioning of sensitivity and specificity of clinical
diagnostic maneuvers, reported symptoms, and nerve conduction studies leave the
clinician without a reliable standard on which to base a diagnosis of carpal tunnel
syndrome, or rule that diagnosis out. Likewise, arriving at a case definition of CTS for
future research which would be widely accepted may be problematic.
In this study, the primary objective was to compare the diagnostic utility of selfreported symptoms to NCS results. A methodological criticism could include the
absence of a patient completed hand diagram in the data collection. However, a
physician-completed hand diagram is included in the NCS requisition form for each
patient (Appendix A), and specific symptom lateralization is a component of the
questionnaire.
Symptom characteristics between the NCS positive and negative groups revealed
no difference in frequency of conservative treatment use, lost work time, workman's
compensation claims, or Levine functional score. Intuitively, one would expect a higher
symptomatic score to be associated with a positive NCS result. There was indeed such a
difference observed in the Levine symptomatic score between groups, but when corrected
for multiple comparisons lost significance. This is not surprising when the extent of
overlap in symptom score ranges between groups is observed.
A wide range of symptom duration was seen in the population, from 1 up to 300
months was reported. The duration of hand symptoms was not predictive for a positive
NCS. The mean duration was 29.3 months, suggesting many people tolerate their
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symptoms for aprolonged period, prior to seeking medical advice. This implies a large
number of un.t'l:p<>rted or unrecognized CTS may exist in the general population. This
tolerance of symp~oms was also reflected in the relatively small numbers of people in this
study populatioo '-Vho reported missing work or filing WCB claims due to their hand
symptoms. Patients with unilateml symptoms reported shorter symptom duration than
those with bilateral symptoms.
The

su~or sensitivity

and specificity ofthe hand diagram in diagnosis ofCTS,

suggests that seIf-~eported symptom lateralization would be predictive ofNCS results.
This was not the case. Assuming accuracy of reporting on the part of the patients in
terms oflateralization of their symptoms, marked discordance was evident in the
comparison with NCS results. In terms of symptomatic hands; there was confirmation in
the form of a positive NCS in 49.2% of symptomatic hands. A negative NCS was seen in
50.8% of symptorDatic hands. In terms of asymptomatic hands; concordance with a
negative NCS was seen in 62.5% of asymptomatic hands. Asymptomatic hands were
found to haveJXls-tive NCS for CTS in 37.5% of cases. The overall accuracy of symptom
lateralization fir NCS results was 51.4%.
It has beer1 suggested that patients with asymptomatic median mononeuropathy
may have subclinical CTS. In this study, the observation that those with unilateral
symptoms had shorter symptom duration than those with bilateral symptoms would fit
with that possilXli-t;y. However, if this is the case, it is reasonable to expect an abnormal
NCS in these iJdi"iduals to be predictive of future symptom development. Although
limited observati~ s have been made, this has not been confirmed in other studies.

This

question was prtially addressed by Nathan et at in a longitudinal study of289 workers in
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four industries, who compared NCS results with symptoms and found that 82% of
subjects with abnormal NCS results had persistence ofNCS slowing over time, but
symptoms fluctuated substantially, with only 13% having persistent symptoms over the
eleven year follow-up period [56]. Another case control study of over 700 workers in
five sites found 77 asymptomatic workers with NCS evidence of median
mononeuropathy and compared them with a control group of normal NCS subjects who
were age and sex matched. A follow-up questionnaire 6 months later found no difference
in percentage of subjects reporting CTS-like symptoms between the two groups [57].
These observations, as well as the findings of this study create confusion as to the
role ofNCS in diagnosis ofCTS. It is likely that diagnostic utility varies with the pre-test
probability of a population, and very likely varies in subpopulations depending on
susceptibility of neural elements to insult.
In clinical practice, substantial weight may be placed on NCS results; influencing
referral for surgical intervention as well as prescription of non-surgical interventions.
Further evaluation of sensitivity and specificity of standardized nerve conduction studies
would be clinically relevant. Ideally, the NCS could be studied in comparison with
another "gold standard" diagnostic measurement. Potentially, intra-carpal pressure
measurements may be an appropriate comparison for nerve conduction studies. Wick
catheter measurements in previous studies have demonstrated substantial differences
between the intra-carpal pressure in a normal and a wrist with CTS [11]. However,
problems may arise with utilization of absolute intra-carpal pressures as a standard for
diagnosis in CTS. Variation in median nerve susceptibility to pressure injury due to preexisting vascular, metabolic disease likely exists between populations. Diabetes mellitus
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is a recognized example of a disease state that may put individuals at increased risk of
compressive median neuropathy [58]. Familial predisposition to compressive neuropathy
also exists [17, 59]. It is probable, that lower intra-carpal pressures are required to create
clinical CTS in a susceptible individual than in a non-susceptible individual. Age related
changes in neural susceptibility to compression are also likely. This would potentially
create difficulties in defining a pathologic range of intra-carpal pressures for comparison
with electrophysiologic test results.
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Appendix A: NCS Requisition Form
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Appendix B: Consent form:

Consent Form
You are invited to participate in a study entitled" A survey of patients with

median nerve distribution symptoms presenting for nerve conduction studies"
Please read this form carefUlly, andfeel free to ask questions you might have.

Researchers: Dr. R.M. Taylor Gjevre, Dr. B. Nair, Dr. J. Sibley, Division of
Rheumatology. Dr. C. Boyle, Division of Neurology, Ms. C. Geddes, Neurophysiology
Laboratory, Royal University Hospital, University of Saskatchewan. Contact number:
966-8280,
Purpose and Procedure: This study is in the form of a questionnaire. The purpose of
the study is to find out what kinds of non-surgical treatments patients with hand/wrist
symptoms are using. Also we wish to see if we can predict, based on people's symptoms
who will have a positive nerve conduction test. For this purpose, as part of this study, we
request permission to review your nerve conduction test results
Potential Risks or Benefits: No risks would be involved. There would be no direct
benefits to the participant.

Storage of Data: The questionnaire information will be stored for 5 years in a locked file
cabinet in Dr. R. Taylor Gjevre's office. Only the researchers involved will have access.

Confidentiality: When the study is complete the group results will be submitted to
medical journals and/or medical conferences. Complete individual confidentiality and
anonymity would be guaranteed in presentation or publication of results.

Right to Withdraw: You may withdraw from the studyfor any reason, at any time,
without penalty ofany sort (and without loss ofrelevant entitlements, without affecting
academic or employment status, without losing access to relevant services etc.) Ifyou
withdraw from the study at any time, any data that you have contributed will be
destroyed
Questions: Ifyou have any questions concerning the study, please feel free to ask at any
point; you are also free to contact the researchers at the numbers provided above ifyou
have questions at a later time. This study has been approved on ethical grounds by the
University ofSaskatchewan Behavioural Sciences Research Ethics Board on Jan. 15/03.
Any questions regarding your rights as a participant may be addressed to that committee
through the Office ofResearch Services (966-2084).
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We ask you below for permission to review your records for medical research:
I agree to allow information from my medical record to be reviewed for medical research.
I understand that this information will remain confidential.
Please put an X in one box. Thank you!

DYes

DNo

Consent to Participate: I have read and understood the description provided above; I
have been provided with an opportunity to ask questions and my questions have been
answered satisfactorily. I consent to participate in the study described above,
understanding that I may withdraw this consent at any time. A copy ofthis consentform
has been given to me for my records.

(Signature of Participant)

(Date)

(Signature of Witness)
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Appendix C: Study Questionnaire

oi ersity

Saskatche an
urology

It

Quesf nnaire:

Are you:

a. Lcft-h dctl
b. Ri

t-·

I:d

during
the

at night?

you up during

1)'Pi a1 ni

t

in the

58

n.

7.

. 11

12. lio severe is nu bn
iI.

. (10 'of':n' i n) or tingling at ni

11

I hu • } nUl1lblll:sS or linglin al ni· t

Mild
c. Modcr.ll
d. Severe

e. Vay

"Yc."fC'

or tingling w c you up durin

14.00yo h ved'fficuhy
ns?

of mall

ith

typical n 'ghl

0 ~ ctssuchas~

ysor

3.

b.

se ne, t questions are about wrist pUnts for your

16,

you ohtained
a. Yes
b. 0

sympt, ,

st splints to help. our and • mpto

HlIYC

0; pI'

kip'

ad to que_ tio

17, /\btl 1 how many h urs
h d:l)' do you \ a you
3. I don't we3r ",Tis 5pli s

.

t ~plin

"'' l

.,

On II ur or Jess
urs

~.

2-6

d.

mo

chun6 hou

~

b

I X. O~l yl11l W· f your wriJit s.plin!. al nighl while '1 :apin •

a.

c"'~r

Occasi nail..'
c. Ul>ually

d. Al

-

a~

60

19. Hav')' u

d your wri:. 'plin . adj

tl...d

'or:l bett r 'it',

, VI;.
b.

61

id inj

into )'0

'

t.lJ'Ca [

lOins

62

63

an s comp~lmrtiO]] lxltW

()(x:.~u~e

afyow

o d

, sisters, bro

64

ircte all whic

ply

a.
b.

c.
d.
e.
f.

6, What is your ight?

.•• i ,

7.

_

tisyo rweigh?

48. What i.. OLl a e?

49.

--'Ycars.

you:
a. M
b. F

at

65

ey

Tele hone num r:
I

al

c-m il

_

_

oum

.nitiated into
ii t.

Please

T

DYe
te:

If you have: qu

o

c.

_

con,

1:

66

References:

1. Puckett CL, Concannon MJ, Croll GH. Aesthetic and Functional Problems. In
Ruberg RL and Smith DJ (eds), Plastic Surgery: A core curriculum. St. Louis:
Mosby-Year Book Inc., 1994
2. Biundo JJ. Regional rheumatic pain syndromes. In: Schumacher HR, Klippel

JH, Koopman WJ editors. Primer on the rheumatic diseases (101b ed). Arthritis
Foundation 1993.
3. Stevens JC, Sun S, Beard CM, O'Fallon WM, Kurland LT.

Carpal tunnel

syndrome in Rochester, Minnesota, 1961 to 1980. Neurology 1988;38:134-138.
4. Masear VR, Hayes JM, Hyde AG. An industrial cause of carpal tunnel syndrome.
J Hand Surg 1986;IIA:222-227.
5. Atroshi I, Gummesson C, Johnsson R, Ornstein E, Ranstam J, Rosen I.
Prevalence of carpal tunnel syndrome in a general population. JAMA
1999;281(2):153-158.
6.

Silverstein BA, Fine LJ, Armstrong n. Occupational factors and carpal tunnel
syndrome. Am J Industrial Medicine 1987;11 :343-358.

7. Rempel DM, Harrison RJ, Barnhart S. Work-related cumulative trauma disorder
of the upper extremity. JAMA 1992;267:838-42.
8. Feuerstein M, Miller VL, Burrell LM, Berger R. Occupational upper extremity
disorders in the federal workforce: prevalence, health care expenditures, and
patterns of work disability. JOEM 1998;40(6):546-555.

67

rd

9. Lister G. The Hand, Diagnosis and Indications, 3 edition. Churchill Livingstone
1993.
10. Gelbennan RH, Hergenroeder PT, Hargens AR, Lundborg GN, Akeson WH. The
carpal tunnel syndrome: a study of carpal canal pressures. J Bone Joint Surg

(Am) 1981;63:380-3.
11. Szabo RM, Chidgey LK. Stress carpal tunnel pressures in patients with carpal
tunnel syndrome and nonnal patients. J Hand Surg (Am) 1989;14:624-627
12. Szabo RM, Gelbennan RH, Williamson RV, Hargens AR. Effects of increased
systemic blood pressure on the tissue fluid pressure threshold of peripheral nerve.
J Orthop Res 1983;1(2):172-178.
13. Dawson DM. Entrapment neuropathies of the upper extremities. NEJM
1993;27:2013-2018.
14. Karpitskaya Y, Novak CB, Mackinnon SE. Prevalence of smoking, obesity,
diabetes mellitus, and thyroid disease in patients with carpal tunnel syndrome.

Ann Plast Surg 2002;48(3):269-73.
15. Werner RA, Albers JW, Franzhlau A, Annstrong TJ. The relationship between
body mass index and the diagnosis of carpal tunnel syndrome. Muscle Nerve
1994;17(6):632-636.
16. Becker J, Nora DB, Gomes I, Stringari FF, Seitensus R, Panosso JS, EWers JC.
An evaluation of gender, obesity, age and diabetes mellitus as risk factors for
carpal tunnel syndrome. Clio NeurophysioI2002;113(9):1429-1434.
17. Radecki P. The familial occurrence of carpal tunnel syndrome. Muscle Nerve
1994;17(3):325-330.

68

18. Vessey MP, Villard-Mackintosh L, Yeates D. Epidemiology of carpal tunnel
syndrome in women of childbearing age. Findings in a large cohort study. Int J
Epidemiol. 1990: 19(3);655-659.
19. Walker WC, Metzler M, Cifu OX, Swartz Z. Neutral wrist splinting in carpal
tunnel syndrome: a comparison of night-only versus full-time wear instructions.
ArchPhys Moo Rehabil2000;81(4):424-429.
20. Kruger VL, Kraft GH, Deitz JC, Ameis A, Polissar L. Carpal tunnel syndrome:
objective measures and splint use. Arch Phys Med Rehabil1991;72(7):517-520.
21. Ellis JM, Folkers K. Successful therapy with vitamin B6 and vitamin B2 of the
carpal tunnel syndrome and need for determination of the RDAs for vitamins B6
and B2 for disease states. Ann NY Acad Sci 1990;585:295-301.
22. Keniston RC, Nathan PA, Leklem JE, Lockwood RS. Vitamin B6, vitamin C,
and carpal tunnel syndrome: A cross-sectional study of 441 adults. JOEM
1997;39(10):949-959.
23. Amadio PC. Pyridoxine as an adjunct in the treatment of carpal tunnel syndrome.
J Hand Surg [Am].l985;10:237-41.
24. Smith GP, Rudge PJ, Peters TJ. Biochemical studies of pyridoxal and pyridoxal
phosphate status and therapeutic trial of pyridoxine in patients with carpal tunnel
syndrome. Ann NeuroI1984;15:104-107.
25. Wood MR. Hydrocortisone injections for carpal tunnel syndrome. The Hand
1980;12(1):62-64.

69

26. Girlanda P, Dattola R, Venuto C, Mangiapane R, Nicolosi C, Messina C. Local
steroid treatment in idiopathic carpal tunnel syndrome: short- and long-term
efficacy. JNeuroI1993;240:187-190.
27. Irwin LR, Beckett R, Suman RK. Steroid injection for carpal tunnel syndrome. J
Hand Surg (Br) 1996;21B(3):355-357.
28. Weiss APC, Sachar K, Gendreau M. Conservative management of carpal tunnel
syndrome: a re-examination of steroid injection and splinting. J Hand Surg
1994;19A:410-415.
29. Gelberman RH, Aronson D, Weisman MH. Carpal-tunnel syndrome: results of a
prospective trial of steroid injection and splinting. J Bone Joint Surg
1980;62A:1181-1184.
30. Kaplan SJ, Glickel SZ, Eaton RG. Predictive factors in the non-surgical treatment
of carpal tunnel syndrome. J Hand Surg (Br) 1990; 1: 106-8.
31. Katz IN, Keller RB, Simmons BP, Rogers WD, Bessette L, Fossel AH, Mooney
NA. Maine carpal tunnel study: outcomes of operative and nonoperative therapy
for carpal tunnel syndrome in a community-based cohort. J Hand Surg
1998;23A(4):697-710.
32. Rossignol M, Stock S, Patry L, Armstrong B. Carpal tunnel syndrome: what is
attributable to work? The Montreal study. Occup Environ Med. 1997:54(7):519523.
33. Vasen AP, Kuntz KM, Simmons BP, Katz IN. Open versus endoscopic carpal
tunnel release: A decision analysis. J Hand Surg 1999;24A: 11 09-1117.

70

34. Wintman BI, Winters SC, Gelberman RH, Katz IN. Carpal tunnel releasecorrelations with preoperative symptomatology. Clin Ortho 1996;326:135-145
35. Massy-Westropp N, Grimmer K, Bain G. A systematic review of the clinical
diagnostic tests for carpal tunnel syndrome. J Hand Surg 2000;25A:120-127.
36. Katz IN, Larson MG, Sabra A, Kramp C, Stirrat CR, Sethi R, et al. The carpal
tunnel syndrome: diagnostic utility of the history and physical examination
findings. Annals oflnternal Med 1990;112:321-327.
37. Gellman H, Gelberman RH, Tan AM, Botte MJ. Carpal tunnel syndrome: an
evaluation of the provocative diagnostic tests. J Bone and Joint Surg
1986;68A(5):735-737.
38. Stewart JD, Eisen A. Tinel's sign and the carpal tunnel syndrome. BMJ
1978;2:1125-6.
39. Stevens JC. AAEE Minimongraph #26: The electrodiagnosis of carpal tunnel
syndrome. Muscle Nerve 1987;10:99-113.
40. Concannon MJ, Gainor B, Petroski GF, Puckett CL. The predictive value of
electrodiagnostic studies in carpal tunnel syndrome. Plastic and Reconstructive
Surgery 1997;100(6):1452-1458.
41. Homan MM, Franzblau A, Werner RA, Albers JW, Armstrong n, Bromberg

MB. Agreement between symptom surveys, physical examination procedures and
electrodiagnostic fmdings for the carpal tunnel syndrome. Scand J Work Environ
Health 1999;25(2):115-124.
42. Franzblau A, Werner RA. What is carpal tunnel syndrome? JAMA
1999;282(2): 186-187.

71

43. Levine OW, Simmons BP, Koris MJ, Oaltroy LH, HoW GG, Fossel AH, Katz IN.
A self-administered questionnaire for the assessment of severity of symptoms and
functional status in carpal tunnel syndrome. J Bone Joint Surg
1993;75A(II):1585-1592.
44. Atroshi I, Breidenbach WC, McCabe SJ. Assessment of the carpal tunnel
outcome instrument in patients with nerve compression symptoms. J Hand Surg
(Am). 1997:22(2):222-7.
45. Bradley MP, Hayes EP, Weiss AP, Akelman E. A prospective study of outcome
following mini-open carpal tunnel release. Hand Surg 2003:8(1):59-63.
46. Dias JJ, Bhowal B, Wildin CJ, Thompson JR. Carpal tunnel decompression. Is
lengthening of the flexor retinaculum better than simple division? J Hand Surg
(Br). 2004:29(3):271-6/
47. de Campos CC, Manzano GM, de Andrade LB, Castelo Filho A. [Translation and
validation of an instrument for evaluation of severity of symptoms and the
functional status in carpal tunnel syndrome]. Arq Neuropsiquiatr 2003:61(1):51-5
48. Campbell MJ, Julious SA, Altman OG. Estimating sample sizes for binary,
ordered categorical, and continuous outcomes in two group comparisons. BMJ
1995:311:1145-8.
49. Kimura J. The carpal tunnel syndrome: localization of conduction abnormalities
within the distal segment of the median nerve. Brain. 1979:102(3):619-35.
50. Agresti A. Inference for contingency tables. In: Categorical data analysis. 2 nd ed,
New York: Wiley Interscience c2002: 70-114.

72

51. Daniel WW. Biostatistics: A Foundation for Analysis in the Health Sciences. i

b

edition. Wiley Series in Probability and Statistics: Applied Probability and
Statistics Section. © 1999, John Wiley & Sons, Inc. New York.
52. Weiss ND, Gordon L, Bloom T, So Y, Rempel DM. Position of the wrist
associated with the lowest carpal-tunnel pressure: implications for splint design.
J Bone Joint Surg 1995;77-A(II):1695-99.
53. Burke DT, McHale Burke M, Stewart GW, Cambre A. Splinting for carpal tunnel
syndrome: In search of the optimal angle. Arch Phys Med RehabilI994;75:12411244.
54. Dammers JWHH, Veering MM, Vermeulen M. Injection with
methylprednisolone proximal to the carpal tunnel: randomized double blind trial.
BMJ 1999;319:884-6.
55. Katz IN, Stirrat CR. A self-administered hand diagram for the diagnosis of carpal
tunnel syndrome. J Hand Surg (Am). 1990:15(2):360-363.
56. Nathan PA, Keniston RC, Myers LC, Meadows KD, Lockwood RS. Natural
history of median nerve sensordy conduction in industry: relationship to
symptoms and carpal tunnel syndrome in 558 hands over 11 years. Muscle Nerve
1998:21(6):711-21.
57. Werner RA, Franzblau A, Albers JW, Buchele H, Armstrong TJ. Use of
screening nerve conduction studies for predicting future carpal tunnel syndrome.
Occup Environ Med. 1997:54(2):96-100.
58. Thomas PK. Classification, differential diagnosis, and staging of diabetic
peripheral neuropathy. Diabetes 1997;46(2):S54-857.

73

59. Hakim AI, Cherkas L, £1 Zayat S, MacGregor AJ, Spector TD. The genetic
contribution to carpal tunnel syndrome in women: a twin study. Arthritis Rheum.
2002:15;47(3):275-279.

74

