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Abstract
Objective
The aim of our study was to assess agreement between different case definitions of carpal tunnel syndrome (CTS) for epidemiological
studies.
Methods
We performed a literature search for papers suggesting case definitions for use in epidemiological studies of CTS. Using data
elements based on symptom questionnaires, hand diagrams, physical examinations and nerve conduction studies collected from 1107
newly-hired workers, each subject in the study was classified according to each of the case definitions selected from the literature. We
compared each case definition to every other case definition, using the Kappa statistic to measure pairwise agreement on whether
each subject met the case definition.
Results
We found six unique papers in a twenty year period suggesting a case definition of CTS for use in population-based studies. We
extracted seven case definitions. Definitions included different parameters: symptoms only, symptoms and physical examination,
symptoms and either physical examination or median nerve conduction study, symptoms and nerve conduction study. When applied
to our study population, the prevalence of CTS using different case definitions ranged from 2.5 % to 11.0%. The percentage of
misclassification was between 1 to 10%, with generally acceptable levels of agreement (Kappa values ranged from 0.30 to 0.85).
Conclusion
Different case definitions resulted in widely varying prevalences of CTS. Agreement between case definitions was generally good,
particularly between those that required very specific symptoms or the combination of symptoms and physical examination or nerve
conduction. The agreement observed between different case definitions suggests that the results can be compared across different
research studies of risk factors for CTS.
Author Keywords median neuropathy ; population study ; nerve conduction studies ; screening

INTRODUCTION
Carpal Tunnel Syndrome (CTS) is a common and costly disease among working-aged adults ( 1 ). The prevalence ranges from 1%–5%
among the general population, and up to 14.5% among specific occupational groups (1 ,2 ). Many studies of CTS have examined potential
risk factors, preventive measures, and interventions. However, there is no “gold standard” for CTS diagnosis, nor is there consensus on the
most appropriate research case definitions for CTS. Although case definitions in published studies have used some combination of
symptoms, nerve conduction testing, and/or physical exam measures, they do not agree on what methods should be used, nor on specific
criteria or cut-points for testing (3 ). A recent systematic review of classification and case definitions of work-related upper extremity
disorders retrieved seven different case definitions of CTS (4 ). In a recent review that examined 44 papers dealing with the potential
association between occupational exposure and CTS, a large variety of case definitions were described, and only 19 of these studies used a
case definition that required both typical symptoms and electrodiagnostic examination (5 ).
Although there have been studies examining the sensitivity and specificity of individual case definitions ( 6 ,7 ), or some element of
these definitions (8 –10 ), these studies have not always been carried out in a general population or workplace settings, and the assessment
of overlap between different case definitions has been limited. As noted in a 1998 consensus case definition of CTS, the proliferation of
case definitions can make it difficult to compare results across studies, and assessment of agreement of case definitions may facilitate
comparisons between studies that employed different case definitions (11 ).
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The objective of our study was to compare agreement between different case definitions of CTS for epidemiological research or
population studies. We applied different case definitions of CTS to subjects in a large population of newly-hired adults and explored
differences of case classification.

METHODS
General design
We collected papers that specifically proposed cases definitions for CTS in epidemiological studies. The case definitions selected were
applied to data from a study of newly-hired workers to evaluate the concordance of these different criteria.
Literature review
We searched for original papers dealing specifically with case definitions for CTS applicable to epidemiological studies. We searched
in three databases: Pubmed, Embase, and Web of Science and reviewed references from selected papers for possible case definitions.
Keywords used were “carpal tunnel syndrome” AND “case definition,” “consensus definition,” “diagnostic criteria,” OR “case criteria.” Our
literature search included the 20 years between 1989 to early 2009, and was limited to English language and Human subjects. Identified
papers were read by two independent reviewers (AD and BE). Inclusion required consensus that a paper clearly proposed a case definition
of CTS for use in epidemiological studies.
Quantitative analyses of the criteria used
Subject Recruitment and Eligibility
To assess the concordance of results from the various case definitions,, we used data from the Predicting Carpal Tunnel Syndrome
study in St. Louis, MO (PrediCTS study) (12 ). Subjects were recruited from eight employers and three construction trade union
apprenticeship programs in the Saint Louis area between July 2004 and October 2006. Subjects were eligible if they were over the age of
18 years and starting a new full-time job (over 30 hours per week) or changing their work benefits status. Subjects were excluded if they
had a current or previous diagnosis of CTS or peripheral neuropathy, if they reported a contraindication to nerve conduction studies, or
were pregnant. Recruitment occurred during employee orientations, new classes at apprenticeship programs, or at the time of employer
mandated post-offer, pre-placement screening, depending on the individual company or employer involved. Industries represented
included manufacturing, construction, biotechnology, and healthcare. The Washington University School of Medicine and the University
of Michigan Institutional Review Boards approved this study and all subjects provided written informed consent prior to participation.
Data Collection
Subjects were tested at the time of enrollment in the study. Testing consisted of a self-administered questionnaire, a physical
examination of the upper extremities, and nerve conduction studies of both hands. All examiners were members of the research team that
included an occupational physician, three occupational therapists, a physical therapy assistant, an occupational therapy assistant, and three
medical students. Each examiner was instructed in a standardized physical examination testing procedure and demonstrated proficiency
before collecting study data. Periodic re-evaluation of examiners’ performance was assessed over the course of the study.
Symptom definition
Symptoms of the hand and wrist were assessed with a self-administered questionnaire, using the following initial question: “In the past
YEAR, have you had RECURRING (repeated) symptoms in your HANDS, WRISTS, or FINGERS more than 3 times or lasting more than
ONE week?” If yes, other questions asked about the location of symptoms (fingers, hands, wrists), the nature of the symptoms, and the
presence of nocturnal symptoms. To clarify the localization and types of symptom, a Katz hand diagram was also completed by each
subject reporting numbness, tingling, pain, or burning (13 ,14 ). A team of three researchers (two physicians and an occupational therapist)
independently rated each Katz hand diagram as “Unlikely”, “Possible”, “Probable” or “Classic” for CTS; disagreement between the reviewers
was resolved by consensus (14 ).
Physical examination testing
The physical exam included inspection, Semmes-Weinstein sensory testing (the examiner tested light touch sensation using a
monofilament applied to the distal phalanx of the long finger of each hand. An abnormal response was the inability to detect touch with a #
2.83 monofilament at least two out of three times), Tinel’s test (the examiner tapped firmly over the median nerve from the palm of the
hand to the proximal wrist. An abnormal response was recorded if the subject reported symptoms of paresthesia, burning, or numbness in
the median nerve distribution), and Phalen’s maneuver (the subject held the wrists in full flexion for one minute by placing the backs of the
hands together with the elbows raised to shoulder height. An abnormal response was recorded if the subject reported symptoms of
paresthesia, burning, or numbness in the median nerve distribution).
Nerve conduction testing
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Examiners performed median and ulnar nerve conduction studies at the wrist bilaterally using the NC-Stat nerve conduction testing
device (NEUROMetrix, Inc., Waltham, MA). This clinical tool has been found to have reliability and criterion validity similar to
traditional methods of nerve conduction testing (15 ,16 ). Prior to data collection, all examiners demonstrated proficiency in use of the
device following the standard testing procedures recommended by the manufacturer. The NC-Stat required placement of self-adhesive
electrodes at the wrist and fingers using anatomic landmarks; the distance in centimeters between the wrist crease and the finger electrodes
was measured as part of the testing protocol. We then measured median and ulnar distal motor latencies (wrist-thenar eminence and
wrist-hypothenar eminence) and distal sensory latencies (wrist-third finger and wrist-fifth finger). Because the NC-Stat sensory electrodes
are placed by reference to anatomic landmarks (the distal wrist crease and the finger crease of the proximal interphalangeal joint), the
distance between the wrist and finger electrodes for median nerve measurements varied between 10.2 and 17.4 centimeters in our subjects.
We normalized the measured sensory latencies for each subject to standard 14 centimeter sensory latencies using the measured nerve
conduction velocity. We calculated median-ulnar sensory latency difference (MUDS), based on the 14 cm-adjusted sensory latencies.
Abnormal median nerve conduction was defined in our study as a 14 cm sensory latency of the median nerve >3.5 ms OR motor
latency of the median nerve >4.5 ms OR paired transcarpal sensory difference (between median and ulnar nerves, MUD) of >0.5 ms.
Analyses
To compare various definitions, we attempted to map all elements of each identified case definition to all subjects in our study. Each
subject was classified separately for each case definition using the data elements collected in the study (i.e., symptoms, hand diagrams,
physical exams, and nerve conduction results). A subject was counted as a “case” of carpal tunnel syndrome for a particular case definition
if the entire criteria were met within each arm, for either the right or the left hand. For instance, a subject with symptoms in the right hand
but abnormal median nerve conduction values in left hand was not considered a “case”; a subject whose symptoms and abnormal median
nerve conduction findings both occurred in the left hand was considered a “case”. We calculated the prevalence of CTS using each case
definition and compared concordance between the different definitions. We compared each case definition against every other definition as
the “reference”, and assessed intermethod agreement using the Kappa statistic to measure pairwise agreement on whether each subject met
the case definition. (17 ,18 ). Values of kappa greater than 0.75 are considered excellent, values between 0.40 and 0.75 are fair to good,
and values of less than 0.40 represent poor agreement beyond chance alone (19 ). Because the prevalence of CTS was low, the Kappa
statistic may be low despite high agreement (20 ). To assess the “paradox” of low Kappa values despite high agreement, we also report the
true positive, false positive, true negative, and false negative rates, and the frequency of cases misclassified ( 21 ).
Statistical Analysis Software (SAS v8.2, SAS institute Inc, Cary, NC, USA) and Statistical Package for Social Science (SPSS v11.01,
SPSS Inc, Chicago, MC, USA) were used for all analyses.

RESULTS
Literature review
The literature review produced 324 papers based on the selection criteria and cross-references. Of these, 318 did not propose case
definition criteria for CTS in epidemiological studies, or cited another reference already selected. We found six papers proposing case
definitions for population-based studies (Table 1 ) (7 ,11 ,13 ,22 –24 ). One paper proposed 16 levels of case definition; we chose the most
inclusive definition and the definition that had the greatest “accuracy” when compared to electrodiagnostic studies (best compromise
between sensitivity and specificity) (7 ).
All of the definitions were different: two papers suggested a definition based on symptoms only, one on symptoms plus physical
examination only, two required combinations of symptoms plus either physical exam or nerve conduction studies, and one required
symptoms and nerve conduction studies. The symptoms criteria varied across definitions from non-specific hand symptoms (numbness,
tingling, burning or pain in the hand, and nocturnal symptoms) to specific hand symptoms as described by the Katz hand diagram ( 13 ).
Quantitative analyses of research case definitions
The cohort included 435 apprentice construction workers, 478 hospital workers, 158 workers in computer or laboratory jobs, and 37 in
other positions. There was wide variability in prior jobs reported, with 258 job titles (12 ). The study group was 65.1% male, with a mean
age of 30.8 years (SD 10.3) and a mean body mass index of 28.5 (SD 6.6). Ten subjects (1.0%) had missing data in the symptoms, physical
examination or nerve conduction studies, and were excluded from analyses.
A list of each of the definitions we selected, and how we mapped their criteria to our methods is found in Table 1 . Most of the
parameters were easily mapped using data collected in our study. Exceptions included motor weakness of the abductor pollicis on physical
examination, which was not tested in our study. Instead of motor weakness, we used muscle wasting on inspection (not found for any
subject in our study). We tested sensory deficits using Semmes-Weinstein monofilaments instead of two-point discrimination as required
by some criteria. Our symptom criteria required recurrent or persistent symptoms in the past year, which we substituted for the temporal
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requirement of symptoms in the Sluiter case definition (“Symptoms present now or present on at least 4 days during the last 7 days ”).
Previous results have shown that ‘averaging’ of symptom reporting over some period of time (e.g., symptoms in the last 7 days, 30 days, or
the last year) produces relatively stable results, and so our modification of the Sluiter case definition likely had only a small impact ( 25 ).
The prevalence of carpal tunnel syndrome varied from 2.5 to 11.0%, depending on the case definition used (Table 2 ). The case
definitions requiring symptoms alone, in any part of the hand or fingers (Franzblau (1 ), and Franzblau (2 )) resulted in the highest
numbers of cases (Table 3 ). The case definition requiring symptoms specific to the median nerve distribution plus electrodiagnostic
abnormality (Rempel (11 )) had the lowest number of cases, while those requiring symptoms plus physical exam or electrodiagnostic
abnormality were intermediate. When each case definition was tested against all other case definitions, we found relatively small
percentages of misclassification (1 to 10%, Table 4 ). The concordance using the Cohen’s Kappa statistic ranged from 0.30 to 0.81. The
greatest degree of misclassification (>4.3%) and the lowest agreement measured by Kappa (<0.5) was seen when the least restrictive case
definitions - those requiring only non-specific hand or finger symptoms - were compared against case definitions requiring more specific
hand symptoms (Katz hand diagram) and case definitions requiring symptoms plus physical examination or electrodiagnostic abnormality
(figure 1 ). Use of a Katz hand diagram alone showed “good to excellent” agreement with case definitions requiring specific hand
symptoms and physical examination or electrodiagnostic abnormality (Kappa 0.64 – 0.80) when a Katz reading of probable or classic
definition was required. Similar agreement was seen between case definitions requiring symptoms and physical examination or
electrodiagnostic abnormality (Kappa 0.70 – 0.81). Slightly lower agreement was seen between a case definition that required symptoms
and electrodiagnostic abnormality and those that allowed symptoms and physical examination (Kappa 0.53 – 0.68).

DISCUSSION
Different case definitions for carpal tunnel syndrome have been used in epidemiological studies, based on different combinations of
symptoms, physical examination, and nerve conduction studies. When we tested different case definitions in the same study population, we
found widely varying estimates of prevalence, yet a relatively high degree of quantitative concordance between case definitions, with
relatively low rates of misclassification.
Not surprisingly definitions based on non-specific hand symptoms only led to the highest prevalence of disease, while more restrictive
definitions requiring specific hand symptoms plus median nerve conduction abnormalities resulted in the lowest prevalence. Results of
population surveillance studies are clearly sensitive to the case definition ( 2 ,26 ). The proportion of misclassification between more
restrictive and less restrictive case definition of CTS was relatively low.
The selection of the case definition papers was based on a literature search. We decided to include only those papers suggesting a case
definition for use by other investigators, rather than testing the much larger group of different case definitions used in epidemiological
studies (3 ,5 ,27 ). We did not study definitions based on insurance or medical treatment claims of carpal tunnel syndrome nor self-reports
of treatment or diagnosis, though such case definitions are useful for some surveillance and epidemiological studies (28 –31 ). We believe
that our choice of case definitions is representative of the spectrum of definitions that have been used.
One limitation of our study approach could be in the mapping of our study data to the case definitions described in the literature. When
authors described a symptom or a sign not recorded in the study, we selected the closest item in our study. Only a few items were different:
motor loss in physical examination, choice of sensory examination, and the time period for symptoms in the Sluiter et al. case definition.
The Sluiter time period, that incorporates a timeframe, frequency and duration, were included in their document in order to differentiate
common aches and pain from work related musculoskeletal disorders, and did not serve to define the type of the disease ( 24 ). As noted
earlier, the difference in time frames between Sluiter and our study probably made only minor differences in the prevalence of CTS. Motor
loss in our study was evaluated by inspection (thenar atrophy). The study was based on screening a large population for clinically
unreported CTS and no atrophy was found, which is not surprising. In a study of active workers, the prevalence of motor loss
corresponding to severe CTS is expected to be low, even if assessed by physical examination of motor strength. Different results might be
seen in a clinical population with a higher prevalence and greater severity of CTS (32 ).
Another potential limitation of our study was our definition of abnormal median nerve conduction. In both clinical settings and
population studies, the determination of normative values for nerve conduction is complicated, with different possible cut-offs depending
on the studies’ purposes (11 ,33 ,34 ). None of the case definitions selected from the literature defined cut-points for nerve conduction. We
chose nerve conduction cut-offs that have been proposed for use in a large multi-center study of CTS in working populations, and applied
these same criteria to all case definitions. More stringent criteria for abnormality may have resulted in slightly different study results, with
fewer subjects rated as abnormal (33 ).
Our study compared concordance between different case definitions, but did not propose a “best” case definition for CTS - even in
clinical settings, there is no gold standard for establishing a diagnosis of CTS (35 ,36 ). Different authors have described different methods
to study the clinical diagnosis of CTS, with different results (35 ,37 –42 ). We could conclude some definitions are more conservative than
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others. Their use depends on the purpose of the study and their feasibility (43 ). We found a fair degree of agreement between different
case definitions in a general working population. These results suggest that comparison of risk factors for CTS across studies may not be
greatly biased by misclassification errors due to differences in case definitions of CTS, though it is important to note that the prevalence of
disease is likely to be different when using different case definitions.
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Figure 1
Distribution and median value of kappa values showing agreement between each case definition compared to all others tested. * (N=1107,
number of carpal tunnel syndrome cases mentioned below of each case definition) * The top bar is the 95th percentile, the top of the box is the
75th percentile, the horizontal line in the box is the median, the bottom of the box is the 25th percentile, and the bottom bar is the 5th
percentile
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Table 1
Selected papers and case definition, with the mapping for the PrediCTS study
Authors
Type of items
(first)
Original criteria
used
PrediCTS Mapping
One of the median innervated
Matte et al, Symptoms suggestive of carpal tunnel syndrome are present. One or more of the following symptoms are sufficient: paresthesia, hypoesthesia, pain Symptoms
or
numbness
affecting
at
least
part
of
the
median
nerve
distribution
of
the
hand(s).
The
median
nerve
distribution
generally
includes
palmar
side
of
AND
fingers (digits 1, 2, or 3) is
22
1989 ( )
thumb, index finger, middle finger, and radial half of ring finger; dorsal (back) side of same digits above PIP (proximal interphalangeal) joint; and (Physical
shaded regardless of shading
radial half of palm. Pain and paresthesia may radiate proximally into the arm. Symptoms should have lasted at least one week or, if intermittent, examination
in palm and back of hand ie
have occurred on multiple occasions. Other causes of hand numbness or paresthesia, such as cervical radiculopathy, thoracic outlet syndrome, and abnormality OR hand diagram coded as
nerve
pronator teres syndrome, should be excluded by appropriate clinical evaluation.*
possible, classic or probable*
conduction
AND
AND
abnormality)
Objective findings consistent with carpal tunnel syndrome are present in the affected hand(s) and wrist(s):
(Tinel or Phalen signs,
EITHER
sensory loss by using Semmes
Weinsteins test)
I)
Physical examination findings.
One or more of the following findings should be present: 1) Tinel’s sign (paresthesia elicited or accentuated by gentle percussion over the carpal
tunnel), 2) present or positive Phalen’s test (paresthesias are elicited or accentuated by maximal passive flexion of the wrist for one minute), or 3)
decreased or absent sensation to pin prick in the median nerve distribution of the hand.
OR
2)
Electrodiagnostic findings of median nerve dysfunction across the carpal tunnel. Criteria for abnormal electrodiagnostic findings are generally
determined by the individual laboratories.
Katz et al, Katz Hand diagram: classic or probable=Tingling, numbness, burning, or decreased sensation with or without pain in at least 2 of the digits 1, 2, or 3. Symptoms only Katz hand diagram: classic or
probable
(ie
Tingling,
1990 (13 ) Palmar symptoms allowed if confined solely to the ulnar apect; 5th finger symptoms, wrist pain or radiation proximal to the wrist allowed. If dorsal
numbness, burning or pain in
symptoms are present, classification is “possible.”
at least 2 of the digits 1, 2, or
3.
Symptoms in dorsum of hand
excluded; wrist pain or
radiation proximal to the wrist
allowed; palmar symptoms
allowed
Symptoms only Numbness, tingling, burning
Franzblau-1 Numbness, tingling or pain in the hands or any finger
or pain in the hands or any
et al, 1993 (
finger
7)
Symptoms only Numbness, tingling, burning
Franzblau-2 Numbness, tingling or pain in the hands or any finger) AND (nocturnal symptoms)
or pain in the hands or any
et al, 1993 (
finger
AND
nocturnal
7)
symptoms
Symptoms
Harrington Pain, or paraesthesia, or sensory loss in the median nerve distribution and one of:
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Tingling, numbness, burning,
et al, 1998 ( Tinel’s test positive, Phalen’s test positive, nocturnal exacerbation of symptoms, motor loss with wasting of abductor pollicis brevis, and abnormal AND
(Nocturnal
or pain in at least 2 of the
23 )
nerve conduction time.
symptoms OR digits 1, 2, or 3
physical
AND
examination
[(nocturnal exacerbation) OR
abnormality OR physical examination positive
nerve
(Tinel ’ s,
Phalen ’ s
test,
conduction
inspection)
OR
Nerve
abnormality)
conduction study (abnormal)].
Katz hand diagram: classic or
Rempel et The combination of electrodiagnostic study findings and symptom characteristics provides the most accurate carpal tunnel syndrome diagnosis. No Symptoms
probable
(ie
Tingling,
al, 1998 (11 single best scheme has emerged for assessing symptom qualities. A recommended classification scheme for symptoms based on Katz diagram AND
(requires
documentation
of
symptom
location
and
character
(numbness,
tingling,
burning,
or
pain).
Electrodiagnostic
studies
should
be
performed
N
e
r
v
e
numbness,
burning
or
pain in
)
according to the current and future guidelines prepared by the American Academy of Neurology, the American Association of Electrodiagnostic conduction
at least 2 of the digits 1, 2, or
Medicine.
abnormality
3.
Symptoms in dorsum of hand
excluded; wrist pain or
radiation proximal to the wrist
allowed, palmar symptoms
allowed unless confined
solely to the ulnar aspect.)
AND
Nerve conduction study
(abnormal)
Symptoms
Tingling, numbness, burning,
Sluiter et al, Symptoms present now or on at least 4 days during the last 7 days
AND
AND
or pain in at least 2 of the
24
2001 ( )
digits 1, 2, or 3
Symptoms: • Intermittent paresthesias or pain in at least 2 of digits 1,2, or 3; may be present at night as well (allowing pain in the palm, wrist, or P h y s i c a l
examination
AND
radiation proximal to the wrist)
abnormality
(Tinel’s or Phalen’s tests,
AND
Semmes Weinstein and
Signs: • At least one of the following tests positive:
inspection).
Flexion or carpal compressions test, Tinel’s or Phalen’s tests, two-point discrimination, or resisted thumb abduction or motor loss with wasting of
abductor pollicis brevis muscle
*
In the validation study of the Matte et al definition, the Katz hand diagram was used as the criteria for symptoms (possible, classic or probable by Katz hand diagram ( 6 ))
Table 2
Frequency and proportion of clinical items (symptoms or physical examination), nerve conduction abnormality, using the selected case definitions in the PrediCTS study (n = 1097)
Clinical Item
Symptoms of the hand and wrist
Night symptoms
Symptoms in one or more digit (digits 1,2,3)
Symptoms in two or more digits (digits 1,2,3)
Katz hand diagram: classic/probable rating
Semmes-Weinstein testing positive

Frequency
121
46
83
56
41
368
178
135
0
365

Tinel’s test positive
Phalen’s test positive
Thenar wasting
Nerve conduction abnormality

Percent
11.0%
4.2%
7.6%
5.1%
3.7%
33.5%
16.2%
12.3%
0.0%
33.3%
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Table 3
Frequency and proportion of CTS using the selected case definitions in the PrediCTS study (n = 1097)
Case Definition
Franzblau-1 et al, 1993 (7 )

Type of items used
Symptoms only

Frequency
121

Percent

Franzblau-2 et al, 1993 (7 )

Symptoms only

75

6.8%

Symptoms and (PE* or NCS** )

72

6.6%

Symptoms and (nocturnal symptoms or PE* or NCS** )
Symptoms only

51

4.6%

41

3.7%

Symptoms and PE*

40

3.6%

Symptoms and NCS**

27

2.5%

Matte et al, 1989 (22 )
Harrington et al, 1998 (23 )
Katz et al, 1990 (13 )
Sluiter et al, 2001 (24 )
Rempel et al, 1998 (11 )
*

11.0%

PE= Physical examination abnormality
NCS= Nerve conduction study abnormality

**

Table 4
Concordance between the selected case definitions using the PrediCTS study data.
Tested criteria
Franzblau-1 et al, 1993 (7 )

Reference criteria
Franzblau-2

True positive
75

False positive
46

False negative
0

True negative
976

Frequency (percent) of misclassification
46 (4.4)

Kappa
0.74

Franzblau-2, 1993 (7 )

Matte
Harrington
Katz
Sluiter
Rempel
Franzblau-1

63
44
35
35
24
75

58
77
86
86
97
0

9
7
6
5
3
46

967
969
970
971
973
976

67 (6.5)
84 (8.3)
92 (9.2)
91 (9.0)
100 (10.0)
46 (4.4)

0.62
0.48
0.40
0.40
0.30
0.74

Matte et al, 1989 (22 )

Matte
Harrington
Katz
Sluiter
Rempel
Franzblau-1

49
36
25
26
19
63

26
39
50
49
56
9

23
15
16
14
8
58

999
1007
1006
1008
1014
967

49 (4.7)
54 (5.2)
66 (6.4)
63 (6.1)
64 (6.2)
67 (6.5)

0.64
0.55
0.40
0.42
0.35
0.62

Harrington et al, 1998 (23 )

Franzblau-2
Harrington
Katz
Sluiter
Rempel
Franzblau-1

49
46
37
40
27
44

23
26
35
32
45
7

26
5
4
0
0
77

999
1020
1021
1025
1025
969

49 (4.7)
31 (2.9)
39 (3.7)
32 (3.0)
45 (4.3)
84 (8.3)

0.64
0.73
0.64
0.70
0.53
0.48

Franzblau-2
Matte
Katz
Sluiter

36
46
37
37

15
5
14
14

39
26
4
3

1007
1020
1042
1043

54 (5.2)
31 (2.9)
18 (1.7)
17 (1.6)

0.55
0.73
0.80
0.81
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Katz et al, 1990 (13 )

Rempel
Franzblau-1

27
35

24
6

0
86

1046
970

24 (2.2)
92 (9.2)

0.68
0.40

Sluiter et al, 2001 (24 )

Franzblau-2
Matte
Harrington
Sluiter
Rempel
Franzblau-1

25
37
37
30
27
35

16
4
4
11
14
5

50
35
14
10
0
86

1006
1021
1042
1046
1056
971

66 (6.4)
39 (3.7)
18 (1.7)
21 (2.0)
14 (1.3)
91 (9.0)

0.40
0.64
0.80
0.73
0.79
0.40

Rempel et al, 1998 (11 )

Franzblau-2
Matte
Harrington
Katz
Rempel
Franzblau-1

26
40
37
30
20
24

14
0
3
10
20
3

49
32
14
11
7
97

1008
1025
1043
1046
1050
973

63 (6.1)
32 (3.0)
17 (1.6)
21 (2.0)
27 (2.5)
100 (10.0)

0.42
0.70
0.81
0.73
0.58
0.30

Franzblau-2
Matte
Harrington
Katz
Sluiter

19
27
27
27
20

8
0
0
0
7

56
45
24
14
20

1014
1025
1046
1056
1050

64 (6.2)
45 (4.3)
24 (2.2)
14 (1.3)
27 (2.5)

0.35
0.53
0.68
0.79
0.58
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