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Various conservative treatment options for repetitive strain injury are widely used, despite questionable evidence
of their effectiveness. This systematic review evaluates the effectiveness of these treatment options for relieving
symptoms of repetitive strain injury and improving activities of daily living. Searches in Medline and Embase,
with additional reference checking resulted in 15 eligible trials for this review. Methodological quality was
assessed, and data-extraction was performed. With the use of a “best-evidence synthesis”, no strong evidence
was found for the effectiveness of any of the treatment options. There is limited evidence that multidisciplinary
rehabilitation, ergonomic intervention measures, exercises, and spinal manipulation combined with soft tissue
therapy are effective in providing symptom relief or improving activities of daily living. There is conflicting
evidence for the effectiveness of behavioral therapy. In conclusion, little is known about the effectiveness of
conservative treatment options for repetitive strain injury. To establish strong evidence, more high-quality trials
are needed.
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In the past two decades, repetitive strain injury (RSI)
has become a major topic, both socially and scientifi-
cally. The prevalence of musculoskeletal disorders re-
ported in the United States has increased steadily, ac-
counting for more than 65% of all occupational illness-
es (1). In 1995, 62% of all cases of work-related illness
in the private sector, included in a report from the Bu-
reau of Labor Statistics, were due to disorders associat-
ed with repeated trauma, such as typing, repetitive tool
use, and repetitive grasping or moving of objects other
than tools (2). The prevalence of repetitive strain injury
in the entire Dutch labor force has been reported to be
approximately 19% (3). Repetitive strain injury is not
only a major health problem, but also a huge socioeco-
nomic one. The total compensable cost for upper ex-
tremity, work-related musculoskeletal disorders in the
United States in 1993 was USD 563 million (2).

Musculoskeletal disorders of the upper limbs and
neck in association with repetitive or continuous strain
in work situations have been described in different coun-
tries under various synonyms, such as occupational cer-
vicobrachial disorder (OCD), upper-extremity cumula-
tive trauma disorder (UECTD), work-related upper-limb
disorder (WRULD), and occupational overuse syndrome
(00S) (4-6).

In The Netherlands, repetitive strain injury is the
most frequently used term for these broad ranges of
symptoms and disorders. It is a collective term for syn-
dromes characterized by several complaints, such as
pain, tingling, numbness, loss of coordination and loss
of force, generally affecting the upper extremities and
neck and caused by repetitive or continuous strain.

It is important to keep in mind that terms like repeti-
tive strain injury and upper-extremity cumulative trauma
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disorder are not diagnoses, but merely statements of cau-
sation (7). The etiology of repetitive strain injury is usu-
ally multifactorial, in many cases the etiology is still
obscure (5, 6, 8, 9), and for most cases no specific di-
agnosis can be made. There are no pathological or radi-
ological characteristics to support the diagnosis, and also
there is often no manifestation of neurological signs. In
the literature, consistent findings concerning risk fac-
tors for repetitive strain injury have been described.
Recommendations to prevent these risk factors are log-
ical, but studies on the effectiveness of intervention pro-
grams are still awaited. Many patients with repetitive
strain injury are treated in primary care. There is a wide
variety in the treatment options, ranging from ergonomic
advice and workload restrictions to physiotherapy and
the prescription of medical aids (10). There is also still
little available research on the effectiveness of these
types of therapeutic intervention.

This systematic review aims at evaluating the effec-
tiveness of conservative treatment options for repetitive
strain injury.

Methods

Selection criteria

Types of studies. Both randomized controlled trials
(RCT) and (nonrandomized) controlled clinical trials
(CCT) on conservative treatment options for repetitive
strain injury were included. The studies had to be pub-
lished as full reports (no abstracts) written in English,
German, Dutch, French or Finnish.

Types of participants. Randomized controlled trials and
controlled clinical trials were included if they reported
on subjects (male or female) with repetitive strain inju-
ry. Repetitive strain injury was defined as any work-re-
lated disorder of the upper extremity, neck or thoracic
region in work-age adults (18 to 65 years of age), due
to repetitive work or continuous strain at work. Com-
plaints were characterized by discomfort, impairment,
disability, or persistent pain in joints, muscles, tendons,
and other soft tissues, with or without physical mani-
festations (11). All occupational groups were included.
Excluded were studies reporting on patients with acute
trauma, neoplasm, metastatic diseases, and fractures.
Patients with complaints of the upper limbs, neck, and
thoracic region that were not work-related were also
excluded.

Types of intervention. Randomized controlled trials and
controlled clinical trials in which one form of interven-
tion consisted of conservative therapy (ie, “nonsurgical”
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therapy) were considered for inclusion. All types of con-
servative intervention that were prescribed or performed
in the treatment of repetitive strain injury were includ-
ed, such as occupational therapy, physiotherapy, behav-
ioral therapy, multidisciplinary treatment, or medication.
Ergonomic measures used in the treatment of repetitive
strain injury were also included, for example, specially
designed office furniture, computer keyboards, and com-
puter mice.

Types of outcome measures. The primary outcome
measures were self-reported pain intensity expressed on
a visual analogue scale (VAS) or a numerical rating
scale (NRS), a global measure of improvement (overall
improvement, percentage of patients recovered, subjec-
tive improvement of symptoms), return to work (sick-
ness absence, days off work), and generic functional sta-
tus (SF-36, Nottingham Health Profile, Sickness Impact
Profile). Randomized controlled trials and controlled
clinical trials that did not include any type of patient-
specific outcome measure were excluded.

Search strategy

In an attempt to identify relevant studies for this review,
the following literature search strategy was used: (i) ran-
domized controlled trials and controlled clinical trials
were identified through a computer-aided search of
Medline (from 1966 to April 2000), Embase (from 1988
to April 2000), and the Cochrane Controlled Trials Reg-
ister (Issue 2, 2000) and (ii) references given in retrieved
articles and other relevant publications and reviews were
screened.

The Medline search strategy incorporated the opti-
mal search strategy for randomized and controlled tri-
als by Dickersin (12), combined with the textwords (ex-
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tition strain injury”, “repetitive strain injury”, “overuse
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injury”, “overuse syndrome”, “occupational cervicobra-
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chial disorder”, “occupational myalgia”, “repeated trau-
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ma injury”, “musculoskeletal disorder of the neck”, “re-
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petitive motion disorder”, “work related upper limb trau-
ma injury”, “continuous strain injury”). A similar strat-
egy was used in Embase. The complete search strategy

is available on request.

Study selection

One reviewer (HK) generated the Medline and Embase
search strategies and downloaded the relevant data (au-
thor, title, keywords and abstract) of all the identified
studies into a computer file. Two reviewers (AG and
MvT) independently applied the selection criteria to the
studies that were retrieved through the literature search.
The abstracts were reviewed or, in case of any doubt,



a copy of the full article was considered. Consensus was
achieved to resolve disagreements concerning the selec-
tion and inclusion of studies.

Assessment of methodological quality

The methodological quality of the controlled clinical tri-
als and randomized controlled trials was independently
assessed by three reviewers (HK, HdV, NdW). Quality
assessment was pilot-tested in two trials from a compa-
rable field of research (neck pain) not included in the
review. An adjusted version of the criteria list recom-
mended by the Cochrane Back Review Group (13) was
used to assess the methodological quality of the rand-
omized controlled trials and controlled clinical trials (ap-
pendix). Modifications were made for repetitive strain
injury and nonsurgical treatment options regarding prog-
nostic indicators (c) and outcome measures (j). Items
could be scored as positive (“yes”), negative (“no”), or
unclear (“don’t know”). The list consisted of internal
validity criteria (items b,, b,, c, e, f, g, h, i, 1, 1,, n, p),
descriptive or external validity criteria (items a, d,, d,,
j» k, m;, m,), and two statistical criteria (items o, q).

If the article did not provide sufficient information
on one of the methodological quality criteria and the
criterion was scored as unclear, the authors were con-
tacted for additional information. This information was
used for a final quality assessment made by two review-
ers independently. The final scores of the quality assess-
ment were reached in consensus.

Data extraction

Two reviewers (HK and NdW) independently extract-
ed the data, using a standardized form. Information was
collected on participants (age, gender), type of repeti-
tive strain injury (criteria on which diagnosis was made,
duration of symptoms, location of disorder), interven-
tions (type, duration, treatment schedule), outcome
measures, timing of the posttreatment and follow-up
measurements, and results (number of patients, point
estimates and measures of variability). Although data on
all reponed outcomes were extracted, outcome measures
on subjective symptoms and activities of daily living,
including return to work, were considered primary out-
comes.

Data analysis

Clinical homogeneity was evaluated by exploring the
differences between the studies with regard to study
population, types of treatment, and outcome measures.
The studies were considered to be heterogeneous with
regard to all three criteria. Therefore, it was decided not
to pool data from the studies statistically but, instead,
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to summarize the results according to a rating system
for the strength of the scientific evidence, consisting of
the following four levels: strong evidence — provided
by generally consistent findings in multiple high-quali-
ty randomized clinical trials (randomized controlled tri-
als) (level 1), moderate evidence — provided by gener-
ally consistent findings in multiple low-quality rand-
omized controlled trials or multiple controlled clinical
trials (level 2), limited evidence — only one randomized
controlled trial (either high or low quality) or control-
led clinical trial (Ievel 3a), conflicting evidence — in-
consistent findings in multiple randomized controlled
trials or controlled clinical trials (Ievel 3b), and no evi-
dence — no randomized controlled trials or controlled
clinical trials (level 4).

Conclusions with regard to the findings of the stud-
ies were based on the statistical significance (P <0.05)
of the outcome measures on symptoms and activities of
daily living, as assessed by the reviewers. Both post-
treatment and follow-up results were taken into consid-
eration. Findings were considered to be “generally con-
sistent” if at least 75% of the studies showed similar re-
sults.

A study was (arbitrarily) considered to be of high
quality if at least 50% (6 out of 12) of the internal va-
lidity criteria were fulfilled. A sensitivity analysis was
performed to explore the results when high quality was
defined as fulfilling 5 and 7 or more of the 12 validity
criteria.

Results

Study selection

The literature search resulted in the identification of 986
publications. Fifteen studies in 16 publications met the
inclusion criteria, 5 of which were identified in Medline.
Searching Embase and the Cochrane database resulted
in the identification of 2 additional studies in each (a
total of 4 studies). Reference checking resulted in 6 ad-
ditional studies. In summary, a total of 15 identified tri-
als (12 randomized controlled trials and 3 controlled
clinical trials) on conservative treatment for repetitive
strain injury met the criteria for inclusion in this review.
These studies evaluated the efficacy of physiotherapy
(14-17), exercise (18, 19), behavioral therapies (20-24),
chiropractic treatment (25), a multidisciplinary rehabil-
itation program (26), an energized splint (27), and an
ergonomic approach (28, 29).

Methodological quality

The results of the methodological quality assessment are
shown in table 1. Applying a cut-off point of >50%
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Table 1. Randomized controlled trials on the effectiveness of conservative treatment options for repetitive strain injury. (RCT =
randomized controlled trial, CCT = controlled clinical trial, +=yes, —=no, ?=do not know)

Scores for methodological criteria

Type of Internal validity 2 Quality ~ External validity @ Statistics2  Study
treatment score® design
b b c e f g h i L I, n p a d, d j k mm o q
Physiotherapy
Vasseljenetal, 1995(17) + + + - 2?2 2?2 - - + + + + 7 + -+ - - RCT
Levoska & Keindnen- + ?2 + - + ? - - 4+ + + - 6 + + o+ - - RCT
Kiukaanniemi, 1993 (15)
Ferguson & Duncan, 1976 (14) + ? + - ?2 -+ - ? + - 4 - - - + - + + RCT
Rundcrantz et al, 1991 (16) - - + - ?7 - - + - ? - 2 + -+ o+ - - - CCT
Exercise
Takala et al, 1994 (18) + - 4+ - 7 0?7 - + 4+ + + % 6° - - o+ - - + RCT
Waling et al, 2000 (19) 7?2 + - ?2 - - - - - % - 2 + o+ o+ o+ -+ - - 4 RCT
Behavioral therapy
Moore & Wiesner,1996(20) + ? + - ? ? - - - - + - 3 + o+ -+ o+ o+ - - 4 RCT
Spence,1989&1991(21,22) ? ? ? - ?2 - 0?2 + o+ + - 3 + o+ - 4+ -+ o+ -+ RCT
Spence et al, 1995 (23) ?7 ? + - ?7 - ? + - 4+ - 3 T T - 4 RCT
Swerissen etal, 1991 (24) ? ? ? - ?7 - - - - + - 1 R -+ CCT
Energized splint
Stralka et al,1998 (27) 2?2 ?2 + ?2 ?2 + 2?2 - -7 - o+ o+ o+ - - - RCT
Chiropractic treatment
Leboeuf et al,1987 (25) 2?2 ?2 - ?2 7 - 7 4+ - + + 3 O e T - - RCT
Ergonomic approach
Rempel et al,1999 (28) + 7 + + + o+ o+ o+ - -+ - 8 + + o+ - - - RCT
Tittiranonda etal,1999(29) + ? + + ? 2?2 + + - - + + 7 + + o+ - - - RCT
Multidisciplinary rehabili-
tation
Feuersteinetal, 1993(26) - - + - ? ?2 - ? 2?2 2?2 - ? 1 + o+ -+ = 207 - 4 cCcT

2 The definitions for the criteria are specified in appendix 1.
b Only internal validity items determined the final quality score.

¢ Intended cross-over design, considered, however, as two separated trials, of which only the first is presented here.

positive items resulted in only five high-quality trials
(15, 17, 18, 28, 29). Requests to comment on the quali-
ty score attributed to the study and to provide more in-
formation were sent to all the authors but one, whose
recent address could not be traced. Only 5 out of 14 au-
thors responded (15, 17-19, 28). As a result of their
comments and information, we decided to change the
assessments of 18 items on the criteria list as follows: 9
from unclear to positive, 5 from unclear to negative, 1
from negative to unclear, and 3 from negative to posi-
tive. Table 1 presents the studies for each type of inter-
vention in hierarchical order, according to their internal
validity score.

Overall, the methodological quality of the studies
was poor, although the scores of the randomized con-
trolled trials were somewhat higher than the scores of
the controlled clinical trials. Many studies reported ran-
dom treatment allocation but failed to describe whether
the method of randomization was concealed (b2). Infor-
mation on co-interventions (f) and blinding of the care-
provider (e), patient (h), or outcome assessor (i) was
often lacking. Other prevalent shortcomings were that
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no intention-to-treat analyses (p) were performed and
that very few studies stated whether compliance was ac-
ceptable (g).

Efficacy of conservative treatment options

Table 2 presents the study characteristics (study design,
study population, interventions, and results). Only the
outcome measures that were relevant to patients are re-
ported. The outcomes were subjective symptoms [eg,
levels of pain (VAS, Pain Beliefs Questionnaire, West
Haven-Yale Multidimensional Pain Inventory), numb-
ness or stiffness], and activities of daily living (eg, func-
tional status of the hand, return to work, and interfer-
ence of symptoms with daily living). Other outcome
measures reported in the studies were strength (14, 15,
17, 27), tender points (15, 17, 18, 19), sensibility (27—
29), and depression, anxiety, coping strategies or per-
sonal harmony (16, 19, 21-24), but they were all con-
sidered to be secondary outcomes.

The differences between the groups are presented
using 95% confidence intervals when data on exact
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Table 2. Characteristics of the (randomized) controlled trials with conservative treatment options for repetitive strain injury (RSI). (RCT
=randomized clinical trial, CCT = controlled clinical trial, 95% Cl=95% confidence interval, PNF = proprioceptive neuromuscular facilita-
tion, EMG = electromyographic, WHYMPI = West Haven-Yale Multidimensional Pain Inventory)

Type of Study design  Study population? Intervention® Reported results
treatment
Physiotherapy
Vasselienet RCT, no control 24 female office workers (1) individual physiotherapy (massage, strength Improvement in self-assessment of
al, 1995 (17) group with shoulder & neck and flexibility exercises, stretching, weight training pain levels in 75% (1) and 17% (2) at the
pain; mean age 39.7 on apparatus, passive mobilization of cervical spine time of posttreatment measurement
years for (1) & 38.1 when indicated); 1 hour per treatment, 2 timesa  [difference 58% (95% Cl 31-285)],
years for (2) week for a total of 10 treatments (N=12) improvement in pain of 50% (1) and
(2) group exercises (weight training arms, muscle  25% (2) after 6 months [difference
training abdomen & back, practicing correct 25% (95% Cl 6—-44)]

breathing techniques); 30 minutes/session, 3
sessions/week for a period of 6 weeks (N=12)

Levoska &  RCT 47 female office workers (1) active treatment group (stretching and No differences between the groups in
Keinénen-Kiu- with neck & shoulder dynamic muscle training of neck and shoulder patients with RSI for the occurrence
kaanniemi, symptoms; mean age regions), total of 15 visits, 60 minutes/visit, of neck-shoulder pain as assessed by
1993 (15) 40 years 3 visits/week (N=22) the reviewers after the treatment and
(2) passive treatment group (light stretching and  at the 3-month follow-up; improve-
physical exercising of the muscles of the neck ment in the occurrence of pain in 18%
& shoulder region, surface heat, massage), (1) and 14% (2) in the 1-year follow-
total of 15 visits, 60 minutes/visit, 3 visits/week up [difference 4% (95% Cl -17-+26)]
(N=22)
Ferguson & RCT with cross- 40 male patients with (1) active exercises for affected hand & forearm Improvement in subjective symptoms
Duncan, over design; symptoms of inco- combined with application of (subaquatic) ultra- in 46% (1), 36% (2) and 36% (3)
1976 (14) random block ordination & sound, 4 weeks (frequency and dosage schedule  from before to after the trial, but no
design aching in one or not presented) (N=28) significant differences between the
both upper limbs, (2) PNF to whole affected upper limb, preceded by groups [difference (1) versus (2)
from large communi- ice pack to hand & forearm, 4 weeks (frequency & and (1) versus (3) 10% (95% CI -2—
cation undertaking; dosage schedule not presented) (N=28) +24); no difference between (2)
age 2060 years (3) massage to affected hand, 4 weeks (frequency & (3)]
& dosage schedule not presented) (N=28)
Rundcrantz  CCT, no ran- 18 female & 27 male (1) physiotherapeutic treatment based on a psycho- No significant differences between
etal, 1991  domization official dentists with somatic approach (to reduce pain & discomfort) (1) & (2) for neck or shoulder
(16) pain & discomfort & ergonomic instruction; program & number of pain at the different times of mea-
in neck & shoulders; treatments varied (N=22) surement (0800, 1200, 1800) in the
mean age 41 years (2) ergonomic instruction only, one session during posttreatment measurement
dentist’s treatment of 1 or 2 patients (N=22)
Exercises
Takalaetal, RCT 45 women with frequent (1) group gymnastics during workhours, performed Overall handicap and interference
1994 (18) neck symptoms from for 45 minutes, once a week for 10 weeks (whole  with work showed a significantly
a security printing com-  body training, consisting of aerobic dynamic greater reduction in (1) than in (2)
pany; age 20-55 years,  exercises, relaxation, muscle stretching) (N=22) after the treatmente®
median 43 years for (1)  (2) control group (not further specified) (N=22)
& 45 years for (2)
Waling et al, RCT 103 women reporting (1) strength training (individualized & progressive  Significantly more improvement in
2000 (19) work-related neck- overload on air-machines giving resistance in current pain and pain at worst in
shoulder pain recruited  the concentric part of the movements); 1 hour/ (1), (2) and (3) taken together versus
on a voluntary basis; session, 3 sessions/week, for 10 weeks (N=29) (4) after the treatment; significantly
mean age 38.2 (range (2) endurance training (individualized & progres-  more improvement in pain at worst
22-45) years sive overload, arm cycling on an arm ergometer);  at the time of the posttreatment
1 hour/session, 3 sessions/week, for 10 weeks measurement in (1) versus (4) and in
(N=28) (2) versus (4); significantly more
(3) coordination training (body awareness training improvement in myalgia problems
aimed at a better understanding & awareness of during employed work and during
the body regarding muscular tension & relaxation  household activities in (1) than in (2)
in movements); 1 hour/session, 3 sessions/week,
for 10 weeks (N=25)
(4) control group (studied & discussed stress
management); 1 time/week for 2 hours, for a
period of 10 weeks (N=21)
Behavioral therapy
Moore & RCT, with 30 females & 2 males, (1) hypnotically induced vasodilatation treatment  Significantly more improvement in
Wiesner, control group, referred from an occupa- on an individual basis (basic relaxation & hypnosis pain in (1) than in (2) after 6 weeks
1996 (20)  randomization tional medicine depart-  techniques, biofeedback, autogenesis, self- [difference 3.6 cm (95% Cl 2.0-

procedure using ment, who were diagnosed hypnosis), 45 minutes/week for 6 weeks (N=15) 5.1]
a list of random with upper extremity RSl (2) waiting-list control group (N=15)
numbers (carpal tunnel syndrome,

wrist tendinitis, de

Quervain tenosynovitis or

cervical myofascial dys-

function); mean age

35 years (continued)
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Table 2. Continued.

Type of
treatment

Study design  Study population?

Intervention® Reported results

Behavioral therapy (continued)

Spence,
1989&1991
(21, 22)

Spence etal,
1995 (23)

Swerissen
et al, 1991
(24)

Energized splint

Stralka et al,
1998 (27)

RCT 44 females & 1 male

with medical diagnosis of

RSl in which pain condi-

(1) group format cognitive-behavior therapy (major Significantly more improvement in
components: goal-setting, cognitive restructuring, symptoms [pain (McGill)] in (2)
relaxation training, cognitive skills for coping with  than in (3) after the treatment;

tion was due to repetitive pain, etc); 1 time/week, 1.5 hours for 9 weeks significantly more improvement in
work, subjects replied to  (N=12) degree of interference of pain in daily
media publicity or were  (2) individually conducted cognitive-behavior ther- living in (2) than in (3) after the
referred to study by their apy (same components as in group therapy); treatment; no differences between the
medical practitioners; no 1 time/week, 1.5 hours for 9 weeks (N=13) groups in the 6-month follow-up; 2-
data on (mean) age (3) waiting-list control group; maximum of year follow-up results of 19 subjects
available 10 weeks (N=14) only showed no differences

RCT 40 females & 8 males with (1) applied relaxation training (participants were No statistically significant differences

history of musculoskeletal taught a range of relaxation techniques; method found between groups for the

pain problems in upper
limbs, neck or shoulders
in association with repe-
titive tasks in the work-
place; subijects replied to
media publicity; mean
age 42 years

CCT,noran- 9 females & 3 males re-

domization, no cruited by newspaper

blinding advertisement (all
subjects employed in
clerical, administrative
or typing positions) with
(work-related) injury of
muscles, joints or con-
nective tissues of the

upper limbs, neck or upper

back; mean age 42 years

RCT, randomiza- 84 female & 36 male
tion procedure: data-processors with
odd & even symptoms of wrist and
number distribu- hand pain with no

tion specific diagnosis

Chiropractic treatment

Leboeuf et al, RCT, no control 35 females & 3 males with (1) spinal manipulation therapy to hypomobile areas Improvement in frequency of symp-
group discomfort experienced in in cervical & thoracic spine, 2 times/week for 5 toms of 59% in (1) versus 81% in (2)
upper limb(s) due to repe- weeks (N=17) at posttreatment measurement

1987 (25)

titive strain or static load

relied on subjective awareness of muscular tension  measures of WHYMPI, self-monitored

and relaxation); 8 sessions of 1.5 hours for pain index or Pain Beliefs Question-
4-6 weeks (N=11) naire posttreatment or in the 6-

(2) applied EMG biofeedback (auditory feedback month follow-up; no significant differ-
concerning muscle tension levels from various ences between the groups for inter-

sites, no instructions given regarding the relaxa-  ference of pain in daily living in the
tion techniques taught); 8 sessions of 1.5 hours posttreatment measurement or in the
for 4-6 weeks (N=12) 6-month follow-up

(3) combined applied EMG biofeedback and relaxa-
tion training (auditory signal of biofeedback was
available during relaxation practice and exposure to
stressor tasks); 8 sessions of 1.5 hours for

4-6 weeks (N=11)

(4) waiting-list control group (N=11)

(1) occupational overuse intervention program More improvement in number of
(group sessions, given by a clinical psychologist,  daily-living activities disrupted by
consisting of movement-oriented relaxation by pain in (1) than in (2) after the
training, muscle & task rotation strategies, treatment and in the 6-month follow-
training in efficient movement, etc), comprising 8  up, but not to a significant extent [dif-
sessions of 1-1.5 hours over a period of 11 ference 10.5 (95% Cl -5—+26)] res-
weeks (N=5) pectively [difference -4.5 (95% Cl

(2) waiting-list control group (N=7) -19.9-+10.9)]; number of daily

living activities that subjects engaged
in showed no significant differences
between (1) and (2) after the treat-
ment measurement [difference -5.3
(95% Cl -13.2—+2.6)] or at the time
of the 6-month follow-up [difference
-1.7 (95% Cl -10.3-+6.9)]

(1) appropriate-size wrist splint, incorporating No intergroup comparisons pre-
energized, high voltage pulsed unit; 30-minute sented; no data extraction possible
stimulation at worksite during 20 visits over a 35-

day period (N=60)

(2) identical splint with a nonenergized unit; 30

minutes, 20 visits, 35-day period (N=60)

(2) spinal manipulation therapy combined with soft [difference 22% (95% CI-7 —+ 51)];

stress; subjects replied to tissue therapy to tender & tight areas of neck, improvement in stages of RSI of 41%

a call for volunteers in a
local paper; mean age
33 (range 18-63) years

shoulder girdle & upper limbs, 2 times/week for (1) and 86% (2) at posttreatment
5 weeks (N=21) measurement [difference 45%
(95% Cl 17-72)]

(continued)
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Type of Interventions®

treatment

Study design  Study population®

Reported results

Ergonomic approach

Tittiranonda  RCT, random 44 females & 34 males
etal, 1999  permuted block diagnosed with possible (2
(29) method carpal-tunnel syndrome or (3

as determined by review

(1) Apple adjustable keyboard (N=19)

) Comfort keyboard system (N=11)

) Microsoft natural keyboard (N=19)

wrist or forearm tendonitis (4) placebo (participants’ own keyboard was
cleaned) (N=20)

Significantly more improvement in
overall pain severity after 6 months in
(3) than in (4); significantly more
improvement in overall functional
status in (3) than in (4) after 6 months

of the workers’ compensa- Participants were asked to use the assigned
tion injury and iliness data- keyboards in their workplace for 6 months

base; participants were
full-time employed and
used a computer keyboard
4 hours/day or 20 hours/
week or more; mean age
ranged from 40 to 45 years

13 females & 7 males
who reported to the site
occupational medicine

Rempel et al, RCT, no
1999 (28)  control group

(1) keyboard A (Protouch keyboard, Key Tronic Cor- Significantly more improvement in
poration), keys gave greater feeling of looseness
when resting fingers on keycaps than did key-

hand pain in (1) than in (2) after 12
weeks [difference 2.4 cm (95%Cl

clinic and met the criteria board B, keyboard had greater dampening when key 0.2—4.6)]
for possible carpal-tunnel hit bottom than keyboard B (N=10)

syndrome; mean age 42
years

Multidisciplinary rehabilitation

Feuerstein ~ CCT, no ran-
etal, 1993  domization
(26) habilitation center with

in association with weeks (N=19)

21 women & 13 men refer-(1) multidisciplinary work re-entry rehabilitation
red to an occupational re- program (overall physical conditioning, work condi-
tioning and simulation, pain and stress manage-
upper-extremity disorders ment ergonomic consultation), daily for 4-6

(2) keyboard B (MacPro Plus keyboard with 2-ounce
rubber domes, Key Tronic Corporation) (N=10)

Return to work rates in 73.7% (1) &

40.0% (2) at an average of 17 (range
3-35) months after treatment for the
treatment group, while controls were
contacted an average of 18 (range 5-

repeated work-related ex- (2) usual care (provided by primary care physician) 30) months after the evaluation

posure; mean age (N=15)
37.9 years

[difference 34% (95% CI 17-50)];
among patients who returned to work,
a significantly higher percentage
returned to full-time employment,
91% in (1) versus 50% in (2)
[difference of 41% (95% Cl 19-63)]

2 The number of patients randomized or included.
b The number of patients analyzed.

¢ Since the author of the study presented the cross-over design as two repeated trials, only the first intervention period is presented in this

systematic review.

differences or standard deviations or confidence inter-
vals were available. Otherwise (for most continuous out-
comes), the differences between the groups have been
presented as significant or nonsignificant (P <0.05). It
is indicated whether the intervention group was
compared with a nontreatment group or to another ac-
tive intervention group.

Physiotherapy. Four studies evaluating the effectiveness
of physiotherapy were identified: two high-quality ran-
domized controlled trials (15, 17), one low-quality ran-
domized controlled trial (14), and one controlled clini-
cal trial (16). Two studies compared exercise therapy
(optionally combined with additional physiotherapeutic
interventions) with any other type of physiotherapy [eg,
massage, ergonomic instruction (14, 16)]. Neither study
found significantly more improvement in symptoms in
the exercise therapy groups than in the “other physio-
therapy” group. There was moderate evidence (level 2)
that exercise therapy and other forms of physiotherapeu-
tic intervention are equally effective in providing symp-
tom relief for patients with repetitive strain injury.

Two studies compared group exercises with individ-
ually conducted physiotherapeutic exercises (15, 17).
One found significantly more improvement in the self-
assessment of pain status with individual exercise ther-
apy (17), but the other study (15) found no significant
differences between the groups. Therefore, the evidence
(level 3b) is conflicting as to whether individually con-
ducted exercise therapy is more effective than group
exercise therapy.

Exercises. The effect of exercise (gymnastics) was as-
sessed in one high-quality randomized controlled trial
(18) and in one low-quality randomized controlled tri-
al (19). The first study reported significantly more im-
provement in activities of daily living in the exercise
versus the control group at the time of the posttreatment
measurement. The other study (19) reported significant-
ly more improvement in “pain at present” and in “pain
at worst” when all the exercise groups together were com-
pared with the control group receiving stress manage-
ment. Both studies reported that exercise had a positive
effect. One of these studies was of low methodological
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quality, and the other was of high quality. Therefore the
evidence is limited that exercise relieves pain and also
that exercise improves the daily functioning of patients
with repetitive strain injury (level 3a).

One study (19) also reported on comparisons be-
tween exercise groups and found significantly more
improvement in activities of daily living (both during
employed work and during household duties) in the
strength exercise group, as compared with the endurance
group (limited evidence, level 3a).

Behavioral therapy. Four studies that implemented be-
havioral therapy were identified: three low-quality ran-
domized controlled trials (20-23) and one controlled
clinical trial (24).

Cognitive-behavioral treatment was one of the ther-
apies tried. It is based on a multidimensional model of
pain that includes physical, affective, cognitive, and be-
havioral components (30).

One study (21, 22) assessed the effect of cognitive-
behavioral group therapy and individually conducted
cognitive-behavioral therapy versus a waiting-list con-
trol group. No statistically significant posttreatment or
follow-up differences were found for any outcome
measure between the cognitive-behavioral therapy
groups and the waiting-list controls. In addition, no sig-
nificant differences were found between the cognitive-
behavioral therapy groups and the individually conduct-
ed intervention group.

At posttreatment measurement, significantly more
improvement in pain was reported in the individually
conducted intervention group than in the waiting-list
control group. However, of the two outcome measures
of pain (McGill and pain-rating scales) reported in this
study, only one (McGill Pain Questionnaire) showed sta-
tistically significant differences between the groups. For
activities of daily living, this study also reported two
outcome measures, interference in daily living caused
by pain and the Sickness Impact Profile. Again, for only
one measure (interference in daily living) was signifi-
cantly more improvement reported for the individually
conducted intervention group than for the waiting-list
control group. No statistically significant differences
were found in the 6-month follow-up measurements.
Another study (24) evaluated an occupational overuse
intervention program. The program combined cognitive-
behavioral intervention strategies with specific move-
ment-oriented relaxation training, muscle and task ro-
tation techniques, and training in efficient movement.
However, no differences in activities were found be-
tween the groups after the treatment or at the time of
the 6-month follow-up.

Therefore, the evidence (level 3b) is conflicting for
the effectiveness of cognitive-behavioral therapy for re-
petitive strain injury.
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Respondent treatment is intended to modify the
physiological response system directly, for example, by
reducing muscle tension, and it includes providing the
patient with a model of the relationship between ten-
sion and pain and teaching the patient to replace mus-
cular tension by a tension-incompatible reaction. Elec-
tromyographic (EMG) biofeedback, progressive relax-
ation, and applied relaxation are frequently used (31).
One study (23) examined the effectiveness of EMG
biofeedback, applied relaxation training, and a combined
procedure versus a waiting-list control condition. No
statistically significant differences between one of the
treatment groups and the waiting-list control group were
found after the treatment or at the time of the 6-month
follow-up with regard to pain (West Haven-Yale Mul-
tidimensional Pain Inventory, Pain Beliefs Question-
naire, self-monitored pain index) or activities of daily
living (interference in daily living caused by pain). An-
other study compared a group receiving hypnotically
induced vasodilatation treatment with a waiting-list con-
trol group (20) and reported significantly more reduc-
tion in pain in the intervention group after 6 weeks of
treatment.

There is conflicting evidence (level 3b) that respond-
ent treatment is more effective than a waiting-list con-
trol condition in relieving the pain symptoms of patients
with repetitive strain injury. The evidence (level 3a) is
limited that EMG biofeedback, applied relaxation train-
ing, a combined procedure, and a waiting-list control are
equally effective in improving activities of daily living
among patients with repetitive strain injury.

Energized wrist splint. In one low-quality randomized
controlled trial the effect of an energized wrist splint was
evaluated (27). Differences in outcomes between the
intervention group and the placebo group were report-
ed, but not statistically evaluated.

No evidence (level 4) therefore is available indicat-
ing that energized wrist splints are effective in treating
repetitive strain injury.

Multidisciplinary rehabilitation. One low-quality con-
trolled clinical trial (26) evaluated the effect of a mul-
ticomponent rehabilitation program that included phys-
ical conditioning, work conditioning, work-related pain
and stress management, ergonomic consultation, and
vocational counseling. The intervention group had sig-
nificantly higher return-to-work rates than the “usual
care” group. For patients who returned to work, a sig-
nificantly higher percentage of the treatment group than
of the “usual care” group returned to full-time employ-
ment (instead of part-time employment).

Therefore, evidence (level 3a) is limited showing
that, for patients with repetitive strain injury, a multi-



component rehabilitation program is more effective in
return to work than “usual care” is.

Chiropractic treatment. One low-quality randomized
controlled trial evaluated the effect of spinal manipula-
tive therapy, combined with soft-tissue therapy in com-
parison with spinal manipulative therapy only (25).
Significantly more improvement in the frequency of
symptoms and improvement in the stages of repetitive
strain injury was found in the combined therapy group,
and, therefore, the evidence was limited (level 3a) that
spinal manipulative therapy combined with soft tissue
therapy is more effective than spinal manipulation ther-
apy only in providing short-term symptom relief for pa-
tients with repetitive strain injury.

Ergonomic approach. Two high-quality randomized con-
trolled trials that evaluated different ergonomic inter-
vention strategies were identified (28, 29). The first (28)
described two keyboards with different force-displace-
ment characteristics. Significantly more improvement in
pain was found in the group using keyboard A versus
the group using keyboard B. Keyboard A was, among
other things, associated with a greater feeling of loose-
ness of the keys when the subjects’ fingers rested on the
keycaps. In the activities of daily living (hand function-
al status), no significant differences between the groups
were found. This result indicates limited evidence (lev-
el 3a) that force-displacement characteristics of key-
board keys can provide symptom relief for patients with
repetitive strain injury. The other study (29) evaluated
the effects of three alternative geometry keyboards in
comparison with a regular keyboard. Only one type of
keyboard (Natural Keyboard) showed significantly more
improvement than the regular keyboard in both activi-
ties of daily living and pain. There is therefore limited
evidence (level 3a) that the use of the Natural Keyboard
is more effective than a regular keyboard in improving
symptoms or activities of daily living.

Sensitivity analysis

Changing the cutoff point of the quality score to 25 and
to =7 positive internal validity criteria resulted in 5 and
3 high-quality studies, respectively (table 1). However,
there were no changes in the strength of the evidence.

Discussion

Study selection

To enhance the validity of this systematic review, an at-
tempt was made to cover the whole range of conservative

Konijnenberg et al

treatment options for repetitive strain injury as compre-
hensively as possible. Due to the fact that there is no
universal unambiguous definition of repetitive strain
injury, some difficulties were expected in identifying all
the studies on work-related disorders of the upper ex-
tremities and neck. An attempt was made to overcome
this difficulty by using all the keywords used in rele-
vant articles concerning repetitive strain injury and by
searching various databases (Medline, Embase, Co-
chrane Controlled Trials Register). The references of all
the identified studies were also screened. This proce-
dure resulted in approximately 1000 references to stud-
ies, of which only 15 met the inclusion criteria. Despite
the extensive search strategy used to identify all rele-
vant studies on the effectiveness of nonsurgical therapy
for repetitive strain injury, some studies may have been
missed because they were indexed in other databases or
published in nonindexed journals.

Although the search included studies published in
English, German, Dutch, French, and Finnish, only stud-
ies published in English were identified and included in
the current review. This approach may have led to pub-
lication bias, since studies with significant results are
more likely to be published in English (32).

Methodological quality

According to the criteria applied, the methodological
quality of the included studies on nonsurgical therapy
for repetitive strain injury appeared to be disappointing-
ly low. That was one of the reasons why the evidence
of the efficacy of the various treatments was mostly lim-
ited. Only 5 studies were considered to be high-quality
trials. Studies with lower methodological quality are
more likely to be associated with biased findings. The
quality of most studies could have been improved if a
more-specific description had been given of compliance
(g), avoidance or comparability of co-interventions (f),
and the (reporting of) concealment of treatment alloca-
tion (b2). Blinding of patients (h), care-providers (e),
and outcome assessors (i) also formed criteria that were
often not met. Since the blinding of care-providers and
patients is often very difficult and may have been im-
possible in some studies in this review (eg, in trials eval-
uating the effect of physiotherapy, exercise, or behav-
ioral therapy options), it is even more essential to have
blinded outcome assessments in trials evaluating these
types of treatment.

Efficacy

To date, 12 randomized controlled trials and 3 nonran-
domized clinical trials have been performed to evaluate
the efficacy of nonsurgical therapies for repetitive strain
injury. Because of the generally low methodological
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quality of the studies and the heterogeneity of the study
populations, outcome measures, and interventions, it
was decided not to perform a formal meta-analysis with
statistical pooling of the data. Instead, a “best-evidence
synthesis” was conducted, taking into account the
number, the quality, and the outcome of the studies. No
consensus has yet been reached on how to assess the
strength of the available evidence, and therefore the lev-
els of evidence used in this review are, to some extent,
arbitrary. It was decided to apply this rating system be-
cause it has good face validity, it is simple and explicit,
and it had already been applied in several reviews on
the effectiveness of conservative treatment options for
low-back pain (33, 34).

In seven studies the intervention groups were com-
pared with nontreatment control groups (18, 19), wait-
ing-list control groups (20-24), or a kind of placebo in-
tervention group (27, 29). Seven of the 15 tested inter-
ventions showed a significant difference in efficacy on
at least one outcome measure in a comparison with a
control group. In 8 studies, 15 active treatments were
compared (14-17, 25, 28, 29). Four intervention trials
showed relative efficacy, compared with that of other
interventions. However, it remains questionable wheth-
er the other interventions were effective indeed.

When the strength of the available evidence for the
efficacy of the various nonsurgical treatment options in
providing symptom relief and improvement in activities
of daily living is summarized, there is no strong evi-
dence for the efficacy of any of the forms of interven-
tion used. This result seems disappointing since many
of the interventions are commonly used in daily prac-
tice. However, the conclusion that there is no strong
evidence of effectiveness does not imply that there is
strong evidence that there is no effect. There is definitely
a need for higher quality trials with sufficiently large
sample sizes that meet the internal validity criteria out-
lined in this review. Furthermore, future trials should
evaluate the effectiveness of interventions for repetitive
strain injury using valid, reliable and responsive out-
come measures. In this review, it was striking that many
studies included a substantial number of different out-
come measures. Conceivably, this approach would in-
crease the chance that one of the outcome measures
would have a positive outcome by chance. As a conse-
quence, authors should consider including fewer out-
come measures. Furthermore, the hierarchy of the out-
come measures should be carefully (definition of pri-
mary outcomes) considered, and a way must be found to
combine multiple end points before data are analyzed (35).

Many studies reported on within-group comparisons.
To exclude improvement due to placebo effects or to
the natural course of events, it is essential to perform
and report between-group comparisons, preferably com-
parisons between an experimental and a control group.
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Presentation of statistical analyses

In some studies the outcomes were not presented con-
sistently in the results section. There was a tendency
towards the nonpresentation of insignificant results.
Another prevalent shortcoming was that many studies
did not present summary data and statistics in sufficient
detail. The CONSORT Statement might be of great val-
ue in improving the quality of reports on randomized
controlled trials (36).

Concluding remarks

In conclusion, little is known about the effectiveness of
conservative treatment options for repetitive strain in-
jury. As most studies were of poor methodological qual-
ity and did not meet the current standards for the con-
ducting and reporting of randomized controlled trials
(36), there certainly is an urgent need for high-quality
trials. The development and application of a “gold stand-
ard” for the clinical diagnosis of repetitive strain injury
could provide more comparable and generalizable re-
sults.
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Appendix 1

Criteria list for assessing the methodological quality of randomized controlled trials and controlled
clinical trials evaluating the efficacy of conservative treatment options for repetitive strain injury

Patient selection

a Were the eligibility criteria sufficiently specified?

b, Was an adequate method of randomization performed?

b, Was the treatment allocation concealed?

¢ Were the groups similar at baseline regarding the most important prognostic indicators?

Intervention

d, Was the index intervention explicitly described?

d, Was(were) the control intervention(s) explicitly described?

e Was the care-provider blinded to the intervention?

f Were co-interventions avoided or comparable?

g Was the compliance acceptable in all the intervention groups?
h Was the patient blinded to the intervention?

Outcome measurement

Was the outcome assessor blinded to the intervention?

Were relevant outcome measures used and presented?

Were adverse effects adequately described?

Was the dropout rate acceptable for the posttreatment measurement?
Was the lost-to-follow-up rate acceptable?

m, Was a posttreatment measurement performed?

m, Was a follow-up measurement performed?

n Was the timing of the outcome assessments similar in all the groups?

e e e e

)

Statistics

o Was the sample size for each group adequate?

p Did the analysis include an intention-to-treat analysis?

q Were point estimates and measures of variability or numbers of people presented for
the primary outcome measures?
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