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Abstract
Background: This review examines evidence for an association between computer work and
carpal tunnel syndrome (CTS).
Methods: A systematic review of studies of computer work and CTS was performed.
Supplementary, longitudinal studies of low force, repetitive work and CTS, and studies of possible
pathophysiological mechanisms were evaluated.
Results: Eight epidemiological studies of the association between computer work and CTS were
identified. All eight studies had one or more limitation including imprecise exposure and outcome
assessment, low statistical power or potentially serious biases. In three of the studies an exposureresponse association was observed but because of possible misclassification no firm conclusions
could be drawn. Three of the studies found risks below 1. Also longitudinal studies of repetitive
low-force non-computer work (n = 3) were reviewed but these studies did not add evidence to an
association. Measurements of carpal tunnel pressure (CTP) under conditions typically observed
among computer users showed pressure values below levels considered harmful. However, during
actual mouse use one study showed an increase of CTP to potentially harmful levels. The long term
effects of prolonged or repeatedly increased pressures at these levels are not known, however.
Conclusion: There is insufficient epidemiological evidence that computer work causes CTS.

Background
Carpal tunnel syndrome (CTS) is a compression neuropathy of the median nerve as it passes through the carpal
tunnel. It is regarded as the most frequent compression
neuropathy. Based on both clinical symptoms and nerve
conduction tests (NCT), overall prevalences of 3.0–5.8%
among women and 0.6–2.1% among men have been
found in general population samples [1,2]. CTS is generally believed to be caused by increased pressure in the carpal tunnel. It has been a matter of discussion whether

biomechanical factors may cause the condition. It is now
widely accepted that exposure to hand-arm vibrations and
exposure to a combination of repetitive hand use and the
use of hand force may be causal agents [3]. In recent years,
with the expanding use of computers, it has been a matter
of concern if computer use could be a risk factor for the
development of CTS, and if so, should the condition be
recognised as an occupational disease. The issue was
partly addressed in a recent review where it was concluded
that the evidence did not point at any important associaPage 1 of 9
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tion between keyboard and computer work and CTS [3].
The review, however, did not include a systematic search
for studies on computer work and the evaluation was
based on a limited number of epidemiological studies
only. Furthermore, there were no considerations on possible mechanisms.
Thus, the core of this review was a detailed evaluation of
the existing epidemiological evidence of an association
between computer work and CTS. Because of some similarities between computer work and repetitive, low force
work, studies examining associations between repetitive
work and CTS were also evaluated (longitudinal studies
only). Though not epidemiological in design, studies of
median nerve function among computer users, exposure
characteristics in computer work and the influence on carpal tunnel pressure (CTP) and median nerve function was
also evaluated in order to determine possible pathophysiological mechanisms.
The review was originally conducted on behalf of the Scientific Committee of the Danish Society for Occupational
and Environmental Medicine for use by The Danish
National Board of Industrial Injuries in its evaluation of
whether specific musculoskeletal disorders among computer workers should be included on its list of occupational injuries and diseases that may be compensated
through the Danish Workers' Compensation Act [4].

Methods
Literature search
The identification of epidemiological studies examining
associations between computer work and CTS began with
a search in the following databases: Pubmed, Embase,
Web of Science, and Arbline. The language had to be English and the article published in a journal with a peerreview process. Only papers with original data were considered. The original search was performed in June 2005
and covered all years included in the databases. For the
purpose of the present review this part of the search was
further updated in August 2008 (human studies only).

The text search terms were: 'carpal tunnel syndrome or
CTS or median nerve and computer or visual display unit
or keyboard or mouse'. All titles and relevant abstracts
were read. Reference lists in relevant articles and personal
files were also searched for articles not identified in the
original database search.
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sure. In all studies, the health outcome had to be CTS
ascertained with 1) symptoms (questionnaire or interview
or both) in combination with NCT or 2) symptoms alone
but confirmed by qualitative interview.
Studies in which CTS was ascertained with questionnaire
symptoms only, NCT only or Tinel's or Phalen's test only
were not included. Studies using workers' compensation
data were not included (Table 1).
Supplementary to the epidemiological evidence of the risk
of computer work, longitudinal studies of the association
between CTS and high repetition and low force work were
identified with the search terms 'carpal tunnel syndrome
and repet*' (Pubmed only). All titles and relevant
abstracts were read. Only studies with a prospective design
and a focus on the association between repetitive work
and CTS as defined above were included.
With the use of the above search terms studies of median
nerve function in computer users were retrieved and
included. The search term 'computer use and ergonomic
risk factors' was also used (Pubmed only). Studies describing the arm and hand position and force level in computer
work were retrieved and included.

Table 1: Inclusion and exclusion criteria for the epidemiological
studies of the association between computer work and carpal
tunnel syndrome.

CTS: Carpal tunnel syndrome
NCT: Nerve conduction test
Inclusion criteria
English language, peer-reviewed articles with original data
Study design
Longitudinal studies
Cross sectional studies
Case referent studies
Population
Should include both an exposed group and a control group
Exposure
Computer work (keyboard or mouse) or typing should be defined
as the exposure
Outcome definition
1. Symptoms (questionnaire or interview or both) of CTS in
combination with NCT or
2) Symptoms alone but confirmed by qualitative interview.
Exclusion criteria

The criteria for inclusion in the review of epidemiological
evidence were: Cross-sectional or longitudinal studies that
included participants exposed to computer work (mouse
or keyboard) or typing and participants without such
exposure and case-referent studies where computer work
(mouse or keyboard) or typing was specified as an expo-

Population
Studies using workers' compensation data
Outcome definition
Studies where CTS was diagnosed using questionnaire symptoms
only, NCT only, or clinical tests as Tinel's and Phalen's tests only

Page 2 of 9
(page number not for citation purposes)

BMC Musculoskeletal Disorders 2008, 9:134

Finally, the search term 'carpal tunnel pressure' was used
(Pubmed only). All titles and relevant abstracts were read
and human studies with a focus on carpal tunnel pressure
(CTP) and the effect of force and position of arm, wrist
and fingers were included. No cadaver studies were considered.
In the quality assessment of each of the epidemiological
studies, no scoring system was used. Instead, descriptive
data for each study were provided and assessed, as follows: Study design: Longitudinal better than cross sectional and case referent but dependent on other of the
mentioned factors as well. Exposure assessment: Objective measurements better than self-reported exposure better than job title. Outcome definition: Symptoms and
NCT better than symptoms only. Length of follow-up
period: If baseline exposure was used then a short followup period was better than a long period. Controlling for
potential confounders: Age and gender as a minimum.
Reporting or selection bias was considered. Sample size
was assessed in relation to statistical power. Blinding of
the participant and/or the examiner was considered.
Level of evidence
The overall evaluation was based on a classification system established by The Scientific Committee of the Danish Society of Occupational and Environmental Medicine,
2005 and used in other recent reviews, e.g. [3,5]. The following categories were used:

Strong evidence of a causal association: A causal relationship is very likely (chance, bias, and confounding could
be ruled out with reasonable confidence) between an
exposure to a specific risk factor and a specific outcome. A
positive relationship has been observed between exposure
to the risk factor and the outcome in several studies.
Moderate evidence of a causal association: Some convincing epidemiological evidence exists (chance, bias, and
confounding are not the likely explanation) for a causal
relationship between an exposure and a specific outcome.
A positive relationship has been observed between exposure to the risk factor and the outcome in several studies.
Limited evidence of a causal association: Some convincing
epidemiological evidence exists in some studies for a
causal relationship between an exposure to a specific risk
factor and a specific outcome. A positive relationship has
been observed between exposure to the risk factor and the
outcome, but it is not unlikely that this relationship could
be explained by chance, bias, or confounding.
Insufficient evidence of a causal association: The available
studies are of insufficient quality, consistency, or statisti-
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cal power to permit a conclusion regarding the presence or
absence of a causal association.
The likelihood that chance, bias and confounding may
explain observed associations was based on the quality
assessment criteria (study design, exposure assessment,
outcome definition, confounder control, length of followup period, selection and information bias, study size and
statistical power).
Biological plausibility and contributory information may
add to the evidence of a causal association.

Results
Epidemiological studies
Computer work and carpal tunnel syndrome
In the literature search on the association between computer work and CTS 4661 references were identified (Figure 1). Eight epidemiological studies met the criteria for
inclusion [6-14] (two of the papers were from the same
population [11,12]). Four of these studies were prospective in design [6-8,12], one was a case-referent study [10],
one was cross-sectional but with a case-referent approach
[9], and two were cross-sectional[13,14]. The studies are
listed in Table 2 with information on design, population,
response rate, control group, exposure, CTS case definition, confounders controlled for, results and strengths
and weaknesses [see Additional file 1].

The large population-based study by Atroshi et al.
included both physical examination and NCT [14]. It
showed a significant protective effect of keyboard work, i.e.
the prevalence of CTS increased with decreasing hours/
day with self-reported computer work. The study was carefully conducted with adequate blinding of the interviewer
regarding exposure and of the technician regarding the
symptom status.
An Indian cross-sectional study, on the contrary, showed
a significant effect of both years and hours/day with computer work [13]. The participation rate was 100% which
raises a question of the selection process. There was not
the expected effect of gender (men had twice the frequency of CTS compared to women), age or BMI. Blinding was not described and NCT was not used.
In the follow-up study of Andersen et al. (The NUDATA
study), two case definitions relevant for this review were
used [see additional file 1] [8]. When applying case definition 1, analysis of baseline data showed odds ratios of
2.3 (95% CI 1.2–4.5) among participants reporting 5–9
h/w of mouse use increasing to 3.6 (95% CI 1.8–7.1)
among participants reporting 20–24 h/w of mouse use.
There was no further increase of risk among participants
reporting more than 24 h/w of mouse use. Case definition
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Duplicates
n=1039
Did not fulfil the inclusion
criteria
n=3617
Retrieved
references
n=4661

Fulfilled the inclusion
criteria
n=5 [6,8,9,13,14]

Identified from own files
n=2 [10,12]
Studies
included
Identified from
supplementary search
(‘carpal tunnel
syndrome and repet*’)
n=1 [7]

n=8
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2 showed only borderline significance at 30+ hours and a
very irregular pattern of association. In the follow-up
analyses, a significantly increased risk was found among
participants reporting working more than 20 h/w with the
mouse.
In the extensive prospective study of computer users by
Gerr et al. the prevalence of CTS was too low to allow any
analyses of association [6]. It is worth noting, however,
that with the use of an outcome definition including both
symptoms and NCT the prevalence and incidence of the
disease was low in this working population.
As a substudy of the Danish PRIM study (Project on Intervention and Research in Monotonous work), 731 participants from three companies, one bank and two postal
centres, were included. [7]. Data entry was the main repetitive task. Electrogoniometer measurements of wrist
movements showed that this work task was highly repetitive. Blinding of physician and technician was observed.
The overall prevalence of CTS was 1.1% (8 cases) on the
working hand and 0.3% (2 cases) on the contralateral
hand. The risk of CTS was statistically significantly
increased for every 10 hours of repetitive work (OR = 1.86
(95% CI 1.06–3.19)) after adjusting for forceful work and
personal characteristics. The annual incidence of CTS was
0.62% (4 cases) and thus no further analyses of incidence
data could be made.
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Nathan et al. had followed a cohort established in 1984
for 11 years [11,12]. Originally, the cohort included 471
participants from 4 industries representing a wide variety
of hand activities. It was not stated if the at-risk population had normal NCT at baseline nor if the examiners
were blinded to exposure or health status. In multivariate
analyses adjusting for various potential baseline confounders (but not age and gender), neither an effect of
keyboard work nor of repetitive work (as ascertained in
1984) was found.
In the study by Stevens et al., all participants were identified as "frequent computer users" working in a medical
facility [9]. Exposure and demographic characteristics
were compared between the two groups but without formal statistical testing. Hours of daily keyboard use and
years with keyboard did not differ between the groups.
Frequent mouse use was more prevalent in the CTS group
than the non-CTS group (48.1% vs. 27.9%). This difference was not tested statistically. However, testing the
reported figures with a Mantel-Haenszel chi-square test (1
df) showed a statistically significant difference (p = 0.04).
In another study with a case-referent approach de Krom et
al. identified 156 CTS cases from a population based survey and from an outpatient department of neurology [10].
Referents were persons without CTS symptoms from the
population based survey (n = 473). Care was taken to
keep the purpose of the study blinded to the participants
in order to avoid information bias. One question documented hours per week of typing during the last 5 years.
The odds ratios were all below 1 and not statistically significant.
A large population based study with main focus on handarm vibration and CTS did not meet the inclusion criteria
because of insufficient outcome definition [15]. There was
one questionnaire item concerning keyboard use more
than 4 hours per day. No excess risk for self reported tingling/numbness was found (PR = 1.1, 95% CI 0.8–1.3)
after adjusting for age, smoking, headaches and tiredness/
stress.
In summary, of the eight studies identified, four studies
were designed as follow-up studies. One of these studies
was well performed with a short follow-up period, a large
study population and thus sufficient statistical power. The
study found some positive associations. However, the
possibility of information bias in combination with an
outcome definition not involving NCT made inferences
difficult [8]. Two of the follow-up studies had too few CTS
cases to perform analyses [6,7]. The last follow-up study
identified had a very long follow-up period, only baseline
exposure information and no adjustment for age and gender. They found no association but because of the impor-
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tant limitations the result was difficult to interpret [12].
One of the follow-up studies reported positive associations from baseline data but here the computer exposure
was mixed with other kinds of repetitive work [7]. One of
the two cross-sectional studies was very well performed
and had enough statistical power and found the opposite
association of what was expected [14]. The other cross-sectional study showed a positive association but had some
confusing results, e.g. a much higher prevalence among
men compared to women. Two of the eight studies were
case-control studies. One study had limited statistical
power and showed no association [10]. The other showed
a weak association but only in a crude analysis with no
adjustment for age [9].
Repetitive work and carpal tunnel syndrome
In the literature search on repetitive work and CTS, 229
studies were retrieved and three studies fulfilled the inclusion criteria [16-18]. Two of the three studies were based
on one population [16,17]. Werner et al. identified 49
asymptomatic participants with an abnormal NCT and 59
with a normal NCT and assessed them after 17 months
and after 70 months. Work tasks were video-filmed and
categorized according to repetition rate on a scale from
1–10. The incidence of developing CTS symptoms was
equal in the two groups after 17 months but significantly
higher after 70 months in the group with initially positive
NCTs. Repetitive work was a risk factor for developing
symptoms after 17 months (OR 1.35, 95% CI 1.03–1.77)
and after 70 months (risk estimate not provided).
In a well designed follow-up study by Gell et al. no association between level of repetitive hand tasks and development of CTS was found [18]. The case definition
included both symptoms as well as NCT. Each job was
assessed and rated for ergonomic exposures.
In all, results from studies on other kinds of repetitive, low
force work and CTS did not add to evidence of to an association between computer use and CTS.
Studies of nerve involvement among computer workers
Seven studies comparing median nerve function in computer users with groups without computer use were found
[19-25]. Two of the studies assessed median nerve function with NCT [23,25] whereas the other five studies used
vibration perception threshold testing. Vibration sense
perception, however, is not a good indicator of CTS [26].
The selection of participants was not described in the five
studies using vibration perception threshold testing and
selection bias may have affected the results.

The study of Murata et al[23] used nerve conduction tests
among 27 female life insurance company employees
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entering data for six hours or more per day and 24 female
students. Significant differences in median nerve sensory
conduction velocities were found for measurements
across the carpal tunnel whereas values proximal and distal to the wrist did not differ. The two groups differed in
symptom profile. The findings of Murata et al[23] were in
contrast to a recent study by Sandén et al[25] in which 82
secretaries with a median of 6 hours of daily computer
work were compared to 35 nurses with very limited computer work. No statistically significant differences were
found in the median nerve conduction velocity or in the
vibration threshold between the two groups in t-test analyses. Doezie et al. compared vibration thresholds among
transcriptionists with symptoms to a control group [21].
Thresholds of the second and fifth fingers were significantly elevated in the transcriptionists compared to the
control group but only for the high frequencies (125–500
Hz). Very little information about the control group was
shown.
Greening et al. conducted two studies examining associations between vibrotactile thresholds and computer use
[19,20]. In both studies, they found that patients with
musculoskeletal symptoms in the upper limbs had higher
thresholds than healthy individuals. The studies did not
compare computer users without symptoms to non-computer users. Thus, the design of the studies did not allow
conclusions considering an effect of computer work per
se.
Similar methods were used in a Danish study and similar
results were observed [24]. Finally, another Danish study
studied vibration thresholds in computer users but with a
focus on symptoms and not levels of computer use [22].
Pathophysiological mechanisms
It is widely believed that biomechanical factors (e.g. forceful exertions, repetition, and awkward postures) increase
the risk of CTS by increasing carpal canal pressure with
subsequent nerve ischemia [27]. Therefore, in addition to
epidemiological evidence of associations between computer work and CTS, insight into the role of computers on
the development of CTS may be found in studies examining wrist biomechanics or carpal canal pressures during
computer use.
Wrist position and exertion of force in computer work
Wrist positions and forces exerted by computer users have
been measured in several studies. Keir et al[28], reported
that wrist extension ranged from 23° to 30° and that
ulnar deviation from -3.2° to 5.2° during mouse work. In
a study of wrist position in keyboard work (entering of
data), electrogoniometer measurements showed wrist
extension of 14° and 20° at the 50th and 90th percentile,
respectively [7]. In another study of keyboard work, mean
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ulnar deviation using a conventional keyboard was 18.9°
(SD 6.8°) [29]. Gerr et al. reported wrist postures
observed among 379 computer users. Mean wrist extension was 24.3° (SD 9.6°) during keyboard use and 23°
(SD 8.8) during mouse use. Mean ulnar deviation was
5.0° (SD 7.3) during keyboard use and 1.0° (SD 7.7°)
during mouse use [30].
Several investigators have measured finger tip forces
among computer users. The finger tip force exerted while
keying varied from less than 1 N to 7 N but in most studies
was between 1 and 4 N [31-34].
Carpal tunnel pressure
In the literature search, 253 studies were retrieved and
nine studies were found with measures of carpal tunnel
pressure in relation to finger, wrist or arm use. Several
studies have measured the carpal tunnel pressure (CTP)
among persons free of CTS and among those with CTS
[28,35-42]. In aggregate, these studies suggest that CTS
development is associated with elevated CTP. The resting
CTP with the wrist in neutral position among persons free
of CTS ranges from 3 to 13 mmHg (results from 7 studies
are summarized in [37] and [39]). CTP in CTS patients
varies between 10 and 43 mmHg [39] though higher values have been found [38]. In an often cited study by Lundborg et al[35], CTP was increased experimentally among
16 human volunteers. In four participants the CTP was
increased to 60 mmHg and in four other participants the
CTP was increased to 90 mmHg. In these two groups, the
sensory and subsequently the motor response were
blocked within an hour. In a third group of 4 participants
CTP was increased to 30 mmHg. This produced minor
and varying effects but "pins and needles" was reported in
2 of 4 subjects. This was further studied by Gelberman et
al. who found some functional loss at 40 mmHg and
complete motor and sensory block at 50 mmHg among
healthy subjects [36].

Several studies have measured the CTP profile associated
with different wrist angles, finger flexion and forearm
position [39,40,42,43]. The studies show that CTP is
dependent on the position of the forearm, wrist and metacarpophalangeal joint (MCP). In particular, supination
showed higher CTPs than pronation and MCP flexion
increased CTP [28,39,42]. With wrist positions between
40° flexion and 40° extension the CTP did not exceed 20
mmHg regardless of MCP angle. Ulnar and radial deviation had only small effects [40].
CTP has been studied among persons engaged in actual
work tasks. Rempel et al. measured CTP among 19 healthy
subjects engaged in a number of hand intensive tasks [37].
CTP increased from 8 (SD 6) mmHg at rest to 18 (SD 13)
mmHg after lifting 0.5 kilogram cans for 5 minutes at a
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rate of 20 cans per minute. Keir et al. conducted a study on
the effect of computer tasks on CTP. Among 14 healthy
subjects the mean CTP rose from 5.3 mmHg during rest to
16.8–18.7 mmHg (varying between different kinds of
computer mice) with the hand static on the computer
mouse and to 28.8–33.1 mmHg while dragging or pointing and clicking with the mouse [28]. This was the only
study of computer work and CTP that was found.
To summarize, measurements of CTP under conditions
commonly observed among computer users showed
modest increases generally believed to be below potential
harmful levels. However, one study showed an increase of
CTP during actual mouse use to levels where possible neurological effects were seen experimentally. These studies
have not been repeated in other studies and nothing is
known about the effects of prolonged or repeatedly
increased pressures to this level.

Discussion
The epidemiological evidence
The epidemiological evidence of an association between
computer use and CTS is inconsistent. All 8 studies identified in this review that examined the association
between computer work and CTS had important limitations. Thus, a definitive study that clarifies the relationship between computer use and CTS has not been
conducted yet. Such a study should involve a large population with varying degrees of computer work, at least one
year of follow-up, a careful exposure description and a
precise CTS diagnostic procedure. Such a study would
require considerable resources to complete.

Based on evaluation of study design, sample sizes and
response rates, case definitions and the exposure information, the studies by Andersen et al., Thomsen et al. and
Atroshi et al. were the most likely to yield valid inferences.
In two of the studies very intense computer work was represented (e.g. data entry, graphical work) [7,8]. Andersen
et al. observed an association between mouse use and
symptoms of CTS in the median nerve distribution area in
both the cross sectional and in the follow-up analyses. The
association was statistically significant for participants
reporting more than 20 h/w of mouse use with the risk
almost tripled compared to the control group. A similar
risk level was found in the study by Thomsen et al
Both studies had limitations. The study by Andersen et al.
was performed during a time of intense debate on the
potential hazards of mouse use in Denmark [8]. This may
have influenced the results and thus explain why only
associations with mouse use and not keyboard use was
found. Information bias caused by beliefs about certain
associations may have very strong effects. This was shown
in a study of indoor climate symptoms where reporting
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turned out to be dependent on the information given to
the participants about the purpose of the study [44]
Another draw back of the study by Andersen et al. was the
lack of NCT in the CTS case definition. Also of concern
was the observation that associations with the most specific CTS case definition were not as strong as associations
with the less specific CTS case definition.
Thomsen et al. used a sensitive and specific CTS case definition (including NCT) and precise estimates of exposure
with the use of questionnaires and direct measurements.
The odds ratio of 1.86 was based on only 8 cases among
the exposed and no cases among the control group. Furthermore, the interpretation was complicated by the fact
that participants with data entry exposure were pooled
with participants performing manual letter sorting [7].
The study by Atroshi et al. showed quite convincingly the
opposite of the expected, i.e. a negative association [14].
A limitation in this study could be the rather limited
amount of keyboard work reported which would make it
more difficult to show an effect. The exposure was selfreported and thus misclassification may have occurred.
The possibility of reporting bias was limited because the
participants were not aware of this special focus. The other
cross-sectional study was difficult to interpret because of
possible methodological bias, e.g. a much higher prevalence was found among men compared to women.
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ies of the association no further evidence was established
mainly because of limitations in the studies.
This review also had limitations as well as strengths. The
search strategy in the databases only identified six of the
eight epidemiological studies. Therefore, we may have
missed other studies with a focus on the use of keyboard,
mouse or typing. Because of the relatively few studies in
this field we preferred to describe the strengths and weaknesses of the studies in text in stead of using a scoring system as scoring systems are not always valid [45]. The risk
of publication bias exists but is not obvious. There were
both positive and negative studies among both the large
and small studies.
Pathophysiological mechanisms
Computer work involves very little force. Experiments on
the effect of positions of fingers, wrist and forearm comparable to the positions common in computer use have
shown that CTP increases but not to levels generally
believed to be harmful [39,40,42]. Surprisingly, mean
CTP levels between 28–33 mmHg where observed when
study participants were dragging or clicking with the
mouse. Lower values were found with the hand static on
the mouse [28]. Although the experiment has never been
repeated the findings indicate a possible pathophysiological mechanism for CTS among heavy mouse users.

Conclusion
When statistical tests were applied to the results presented
by Stevens et al., a statistically significant positive association was observed for the association between mouse use
and CTS (although the authors concluded otherwise) [9].
However, the significant association was unadjusted for
potentially confounding risk factors, e.g. age.
The case referent study by de Krom et al. was inconclusive.
The number of exposed CTS cases in the study was very
low and thus statistically unstable [10]. However, no pattern in the risk estimates was seen and all estimates were
below unity. One of the strengths of the study was that the
participants were blinded to the purpose of the study.
A number of methodological weaknesses substantially
limited inferences that could be made form the study by
Nathan et al. [11,12].

In summary, because of insufficient quality, bias, lack of
consistency and statistical power evidence is insufficient
to conclude that computer work (mouse and keyboard)
causes CTS. As a consequence, this condition cannot be
recognised as an occupational injury because of computer
work. A large and unbiased prospective study is needed to
establish further evidence. Such a study is recommended
but the costs should be carefully considered.
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