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A B S T R A C T

Background

Electrical stimulation is one of several rehabilitation interventions suggested for the management of rheumatoid arthritis (RA) to enhance
muscle performance.

Objectives

To assess the eGectiveness of electrical stimulation for improving muscle strength and function in clients with RA.

Search methods

We searched MEDLINE, Embase, HealthSTAR, Sports Discus, CINAHL, the Cochrane Controlled Trials Register, the PEDro database, the
specialized registry of the Cochrane musculoskeletal group and the Cochrane field of physical and related therapies up to January
2002 according to the sensitive search strategy for RCTs designed for the Cochrane Collaboration. The search was complemented with
handsearching of the reference lists. Key experts in the area were contacted for further articles.

Selection criteria

All randomized controlled trials (RCTs) and controlled clinical trials (CCTs), case-control and cohort studies comparing ES against placebo
or another active intervention in patients with RA were selected, according to an a priori protocol. No language restrictions were applied.

Data collection and analysis

Two independent reviewers determined the studies to be included based on a priori inclusion criteria. Data were independently abstracted
by the same two reviewers, and checked by a third reviewer using a pre-developed form. The same two reviewers, using a validated scale,
independently assessed the methodological quality of the RCTs and CCTs. The data analysis was performed using Peto Odds ratios.

Main results

Of the two relevant studies that were identified in the literature, only one RCT met the inclusion criteria. This RCT compared the eGects
of two electrostimulation (ES) protocols on hand function in general and on the performance of the first dorsal interosseous muscle in
particular, in 15 patients with RA and secondary disuse atrophy of the first dorsal interosseous of the dominant hand. The results showed
that ES had significant benefit when compared to a control no treatment group in terms of muscle strength and fatigue resistance of the first
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dorsal interosseous. Most favourable results were obtained by using a patterned stimulation derived from a fatigued motor unit of the first
dorsal interosseous in a normal hand rather than a fixed 10 Hz stimulation frequency. Side eGects of the ES application were not reported.

Authors' conclusions

ES was shown to have a clinically beneficial eGect on grip strength and fatigue resistance for RA patients with muscle atrophy of the hand.
However, these conclusions are limited by the low methodological quality of the trial included. More well-designed studies are therefore
needed to provide further evidence of the benefits of ES in the management of RA.

P L A I N   L A N G U A G E   S U M M A R Y

No evidence to support the use of electrical stimulation in the management of rheumatoid arthritis

Electrical stimulation (ES) is one of the intervention techniques that is available for the management of patients with rheumatoid arthritis
(RA). Specifically, ES is used to improve muscle performance, maintaining or enhancing the muscle strength and endurance that is required
for the various functional activities of daily living (ADL). The eGects of ES on muscle performance are produced by the recruitment of motor
units that are not activated voluntarily during a task due to various factors that include muscle disuse atrophy and articular pain.

A review of randomized (RCT) and controlled clinical trials (CCT), case-control and cohort studies of the use of ES in RA only identified two
RCTs, only one of which met the criteria for retention. The results of this one RCT, involving 15 patients with RA aGecting the hand, showed
significant results that favoured the use of patterned ES derived from a fatigued motor unit from the first dorsal interosseous in a normal
hand for all outcome measures: grip strength, pinch strength, and muscle function and endurance. Electrical stimulation whether delivered
at a fixed frequency of 10 Hz or at patterned frequency, had significant benefit when compared to a no treatment control group on two
outcome measures: pinch strength and muscle endurance. These conclusions however are limited by poor reporting of the characteristics
of application of the ES and the poor methodological quality of the trial. The reviewers therefore conclude that there is no clear evidence
for the inclusion of ES in the management of RA at this time.
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B A C K G R O U N D

Rheumatoid Arthritis (RA) is a chronic systemic inflammatory
disorder which is associated with a progressive destruction of the
joint that ultimately results in joint deformity and loss of function
(Rodnan 1983). A central aim of the therapeutic intervention for
patients with RA is to minimize the loss of joint mobility and
function by controlling the inflammatory process and enhancing
muscle performance. It is well known that forceful muscle
contractions are required in order to improve the strength and
endurance characteristics of a muscle (Robinson 1973). However,
articular movement is usually painful in RA and as such, patients
are oKen unable to generate the level of muscle force that would
be required to increase the muscle's strength and endurance.
Electrical stimulation (ES) provides a solution to this important
clinical problem.

Clinically, ES is typically applied to the motor point of a muscle
and is used to recruit motor units that are not activated at a given
moment by voluntary recruitment (Garnett 1981, Sinacore 1990,
Delitto 1990). This non-physiological recruitment of motor units
provided by ES serves to increase the tension production of the
muscle, thereby assisting in the performance of higher-intensity
muscle contractions that are required to eGectively increase
muscle performance. Although benefits of ES for improving muscle
strength and fatigue resistance have been documented (Snyder-
Mackler 1991, Snyder-Mackler 1995), clinical investigations are
lacking that would provide clear evidence that ES is superior than
exercise alone (Duchateau 1988). The aim of this systematic review
is to assess the evidence for using ES to improve performance of
atrophied muscles and overall function in patients with RA.

O B J E C T I V E S

To assess the eGectiveness of electrical stimulation for improving
strength and function in patients with RA.

M E T H O D S

Criteria for considering studies for this review

Types of studies

According to a priori protocol, all randomized controlled trials
(RCT), controlled clinical trials without randomization (CCT), and
case-control and cohort studies were considered for possible
inclusion. If randomized or controlled clinical trials were available,
cohort and case-control studies were not included. Results of RCTs
and CCTs were analyzed separately, according to methodological
quality assessed by Jadad's scale (Jadad 1996). No language
limitations were imposed. Abstracts were accepted.

Types of participants

Adult patients (n = 15), 30 to 75 years of age, with RA aGecting the
metacarpo-phalangeal (MCP) joint of the dominant (right) hand,
resulting in volar subluxation and ulnar deviation of the MCP
and disuse atrophy of the first dorsal interosseous were accepted
into the trial. Subjects were screened to exclude neurological
abnormalities aGecting the first dorsal interosseous. Other
characteristics, including phase of the disease and concurrent
interventions, are not provided.

Types of interventions

Two ES protocols were compared to an untreated control group
(n=3). One of the experimental groups (n=6) received a fixed 10
Hz frequency ES signal over the first dorsal interosseous muscle
for a period of 10 weeks. The other experimental group (n=6)
received a patterned ES signal that was derived from a fatigued
motor unit from the first dorsal interosseous in a normal hand. The
specific frequency characteristics of this patterned signal however
is not explicitly defined by the authors. The patterned ES signal
was also applied to the first dorsal interosseous muscle for a
period of 10 weeks. Due to the inability to use weighted mean
diGerence (WMD) statistics to compare two treatment groups with
the same control group (e.g., extracted from the same trial) over
the same measurement period, only the results comparing the
group receiving the patterned ES signal, which produced the most
significant eGects as compared to the control no treatment group
in the study by Oldham 1989, are shown in the present analysis.
Although not shown in the present review, the analysis comparing
the group receiving a fixed 10 Hz ES signal to the control no
treatment group was performed and is discussed.

Types of outcome measures

Outcome measures target hand function in general and function
of the first dorsal interosseous in particular. Outcome measures
include: 1) grip strength; 2) button test; 3) ulnar deviation of the
index finger; 4) profundus pinch strength; 5) superficialis pinch
strength; 6) maximum voluntary force generated by the index finger
during isometric abduction, and 7) fatigue resistance of the first
dorsal interosseous muscle during a sustained maximum voluntary
contraction.

Search methods for identification of studies

We searched MEDLINE, Embase, HealthSTAR, Sports Discus,
CINAHL, the Cochrane Controlled Trials Register (CCTR), the PEDro
database, the specialized registry of the Cochrane musculoskeletal
group and the Cochrane field of physical and related therapies
up to January 2002 according to the sensitive search strategy for
RCTs designed for the Cochrane Collaboration (Dickersin 1994),
with modifications proposed by Haynes 1994. The search strategy
(see Appendix 1) was developed for a number of interventions for
a number of painful knee conditions. Additional terms for study
design were used to identify observational studies including: case-
control, cohort, comparative study, clinical trial.

The electronic search was complemented by the following hand
searches: 1) Bibliographic references; 2) Current Contents up to
January 2002 (to identify articles not yet indexed in MEDLINE); 3)
Coordinating oGices of the trials registries of the Cochrane Field of
Physical and Related Therapies and the Cochrane Musculoskeletal
Group were contacted. This search was performed for a larger
project (Philadelphia 2001) and updated recently.

Data collection and analysis

Two reviewers (SR, LL) independently examined the titles and
abstracts of the trials identified by the search strategy to select
trials meeting the inclusion criteria. All trials that were classified as
relevant or uncertain from the title or abstract by at least one of the
reviewers were retrieved. The retrieved articles were re-examined
to ensure that they met the a priori inclusion criteria.
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The data of the included RCT were independently extracted using
pre-determined extraction forms by two reviewers (SR, MC). The
data was cross-checked by a third reviewer (LB). The extraction
forms were developed and pilot-tested based on other forms used
by the Cochrane musculoskeletal review group. The extraction
form documented specific information about the protocol of ES
application including: 1) the characteristics of the device and 2) the
therapeutic characteristics of the ES protocol, including the size
and placement of electrodes, the frequency of stimulation and the
total duration of application. The final data values were based on
consensus of the two reviewers.

The quality of the studies was independently assessed by two
reviewers (SR, LL). The extent to which the RCT design, data
collection and statistical analysis minimized or avoided biases in its
treatment comparisons were evaluated (Moher 1995). A validated
scale (Jadad 1996, Clark 1999) was used to perform the quality
assessment. This scale includes items pertaining to description
of randomization, appropriateness of blinding, dropouts and
withdrawals and follow-up. DiGerences in scoring were resolved by
consensus. A third reviewer (LB) was consulted when necessary.

Statistical Analysis: No dichotomous data was reported. For
continuous data, weighted mean diGerence (WMD) were calculated.
The data analysis was performed using WMD for the number of
patients showing improvements in hand function and in fatigue
resistance of the first dorsal interosseous muscle with ES.

R E S U L T S

Description of studies

Of the two relevant studies identified in the literature, only one
RCT met the inclusion criteria (Oldham 1989). The second trial
(Gotlin 1994) was excluded because of methodological issue; the
proportion of subjects among the total knee arthroplasty group
with RA was not clearly mentioned. The RCT retained (Oldham
1989) was comprised of 15 patients with RA that aGected the
first metacarpophalangeal joint of the dominant (right) hand and
produced secondary disuse atrophy of the first dorsal interosseous
and volar subluxation of the articulation. In this double-blind study,
the 15 subjects were randomly assigned to one of two ES group (10
Hz or patterned stimulation) or to a control no treatment group.
Both the 10 Hz and patterned ES protocols were applied to the first
dorsal interosseous for a total of 168 hours over a 10-week period
(total number of sessions = 70). Outcomes included both functional
measures (grip strength, button test and ulnar deviation of the
index finger) as well as muscle performance measures (profundus
pinch strength, superficialis pinch strength, maximum voluntary
force generated by the index finger during isometric abduction, and
fatigue resistance of the first dorsal inter-osseous during sustained
maximum voluntary contraction).

Risk of bias in included studies

Methodological quality of the trial was assessed using a validated
tool (Jadad 1996, Clark 1999). The quality of randomization,
double-blinding and description of withdrawals, and allocation
concealment was assessed. Two independent reviewers (LB, VR)
assessed the quality of the methodology and any diGerences were
resolved by consensus.

E:ects of interventions

This review showed significant results that favoured the use of a
patterned ES signal that was derived from a fatigued motor unit
from the first dorsal interosseous in a normal hand for all outcome
measures considered in the RCT by Oldham 1989 in patients with
RA of the hand: 1) grip strength (458.00; 95% CI = 309.76 to 606.24);
2) button test (52.00; 95% CI = 45.60 to 58.40); 3)ulnar deviation
of the index finger (37.00; 95% CI = 21.26 to 52.74); 4) profundus
pinch strength (59.00; 95% CI = 33.37 to 84.63); 5) superficialis pinch
strength (97.00; 95% CI = 62.57 to 131.43); 6) maximum voluntary
force generated by the index finger during isometric abduction
(256.00 95% CI = 220.93 to 291.25), and 7) fatigue resistance of the
first dorsal interosseous during maximum contraction (316.00 95%
CI = 224.75 to 407.25). [Results are presented in the data analysis]

The results also showed significant borderline values that favoured
the use of 10 hz stimulation to enhance two specific measures
of hand function in patients with RA: superficialis pinch strength
(21.00; 95% CI = 17.61 to 24.39) and fatigue resistance of the
first dorsal interosseous during maximum contraction (19.00; 95%
CI = 10.68 to 27.32). The eGect of the 10 Hz ES signal on other
objective measures of hand function and first dorsal interosseous
performance was not significant. [Results for 10 Hz are shown in the
data analysis]

When patterned ES signal is directly compared to 10 Hz ES signal,
the patterned ES treatment group is largely superior to 10 Hz
ES treatment group. Indeed, the WMD obtained is statistically
significant for all outcomes measured [Results for the comparison
of both treatment groups are shown in the data analysis].

In interpreting the significance of these results however, it is
important to acknowledge the inclusion in this review of only one
RCT (Oldham 1989) that studied 15 adult patients with RA aGecting
the hand. Also, this RCT scored only a total of two points on a
maximum of five points for methodological quality, as well as
scoring half of the maximum for both randomization and double-
blinding. The trial also did not provide specific information on
the characteristics of the subject groups (i.e., distribution of age,
gender and phase of disease across the two treatment groups and
control group) and did not report non-compliance with treatment
or withdrawals.

D I S C U S S I O N

Clinically, electrical stimulation (ES) is used to facilitate eGective
muscle strength and endurance training in patients that are not
able to voluntarily recruit motor units to a level that is required
for the performance of high-intensity exercises that is required
to enhance muscle function (Robinson 1973) . This decreased
voluntary recruitment can be caused by articular dysfunction,
including pain and muscle disuse atrophy that are typically
associated with RA. Based on the present review, there is however
insuGicient evidence at this time, from both a quality and quantity
point of view, for recommending the use of ES in the management
of RA to improve muscle performance and function. For the one
RCT that was included in this review, more positive results were
found with the use of a patterned ES for improving strength and
fatigue resistance of the first dorsal interosseous muscle aKer 10
weeks of treatment as compared to a group receiving a fixed
10 Hz stimulation and a control no treatment group. However,
a recommendation for the use of ES in RA cannot be firmly
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established due to the low quality of the RCT included in this
review.

To be able to establish clear evidence for the use of ES in RA,
future RCTs should aim to clarify the interaction between specific
subject characteristics including (Morin 1996): 1) the characteristics
of the population and of the disease (e.g., gender, age, phase
of disease, concurrent treatments, extent of disuse atrophy and
degree of joint involvement); 2) the characteristics of the ES
protocol and device, and 3) characteristics of the methodological
design. EGort should also be directed to specifically clarifying
the characteristics of the electrical stimuli (e.g., wave type used,
modulation of frequency, amplitude and duration of stimulation
trains, total number of cycles delivered) that resulted in significant
improvements with a patterned stimuli rather than fixed 10 Hz
stimulation. Another important variable of interest that was not
controlled for in the study by Oldham 1989 was the level of
muscle contraction that was obtained by the ES, thereby giving an
indication of the intensity of the training achieved. Furthermore,
as with any treatment intervention, subject compliance with and
tolerance to the intervention needs to be identified as an important
confounding factor to the measured outcome. Lastly, the period of
retention of any improvements provided in hand function by ES

also needs to be clarified through follow-up evaluations as this will
allow clinicians to evaluate the cost-eGectiveness of ES relative to
other modes of intervention, such as active exercise alone.

A U T H O R S '   C O N C L U S I O N S

Implications for practice

Only one RCT met the methodological criteria for inclusion in our
systematic review. Therefore, evidence for the use of ES to improve
muscle strength and resistance to fatigue in patients with RA is
limited.

Implications for research

In order to justify the integration of ES in the management RA, well-
designed randomized controlled trials with a larger sample size,
using validated outcome measures and high quality reporting of
methods will be required.
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Control group: 3 
Treatment groups: 6 (10 Hz stimulation) and 6 (patterned stimulation)

Participants RA (volar subluxation, ulnar deviation of first MCP) 
other characteristics not mentioned

Interventions Treatment group: Conventional 10 Hz mode and physiological patterned stimulation derived from a fa-
tigued motor unit from the first dorsal interosseous in a normal hand. 
-focal cathode over the motor point of the muscle and diffuse anode situated on the back ot the hand.
treatment site: first dorsal interosseous. 
70 treatments over 10 weeks 
-for the first 2 weeks, one hour/day; for the next 2 weeks, 2 hours/ day and for the remaining 6 weeks, 3
hours/day

No treatment control

Outcomes 1-Grip Strength 
2- Button Test 
3- Ulnar deviation of the Index finger 
4- Profundus pinch strength 
5- Superficialis pinch strength 
6- Max. voluntary force generated by the index finger during isometric abduction. 
7- Fatigue resistance of the 1st dorsal inter-osseous during sustained max voluntary contraction.

Notes Randomization=1 
Blinding=1 
Withdrawals & dropouts=0

Risk of bias

Bias Authors' judgement Support for judgement

Allocation concealment? Unclear risk B - Unclear

Oldham 1989  (Continued)

 

Characteristics of excluded studies [ordered by study ID]

 

Study Reason for exclusion

Gotlin 1994 Not defined as RA population

 

 

D A T A   A N D   A N A L Y S E S

 

Comparison 1.   Electrical Stimulation (10 Hz) versus Placebo (End of treatment - 10 weeks)

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Grip Strength 1 9 Mean Difference (IV, Fixed,
95% CI)

4.0 [-5.70, 13.70]
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

2 Button Test 1 9 Mean Difference (IV, Fixed,
95% CI)

0.0 [0.0, 0.0]

3 Ulnar Deviation of the Index Finger 1 9 Mean Difference (IV, Fixed,
95% CI)

14.00 [-4.30, 32.30]

4 Profundus Pinch Strength 1 9 Mean Difference (IV, Fixed,
95% CI)

0.0 [-7.29, 7.29]

5 Superficialis Pinch Strength 1 9 Mean Difference (IV, Fixed,
95% CI)

21.0 [17.61, 24.39]

6 Maximum Voluntary Force Generat-
ed by the Index Finger During Isomet-
ric Abduction

1 9 Mean Difference (IV, Fixed,
95% CI)

0.0 [-7.20, 7.20]

7 Fatigue Resistance of the First Dor-
sal Interosseous During Sustained
Maximum Voluntary Contraction

1 9 Mean Difference (IV, Fixed,
95% CI)

19.0 [10.68, 27.32]

 
 

Analysis 1.1.   Comparison 1 Electrical Stimulation (10 Hz) versus
Placebo (End of treatment - 10 weeks), Outcome 1 Grip Strength.

Study or subgroup Treatment Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Oldham 1989 6 8 (7) 3 4 (7) 100% 4[-5.7,13.7]

   

Total *** 6   3   100% 4[-5.7,13.7]

Heterogeneity: Not applicable  

Test for overall effect: Z=0.81(P=0.42)  

Favours control 1000500-1000 -500 0 Favours treatment

 
 

Analysis 1.2.   Comparison 1 Electrical Stimulation (10 Hz) versus
Placebo (End of treatment - 10 weeks), Outcome 2 Button Test.

Study or subgroup Treatment Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Oldham 1989 6 3 (14) 3 1 (0)   Not estimable

   

Total *** 6   3   Not estimable

Heterogeneity: Not applicable  

Test for overall effect: Not applicable  

Favours control 10050-100 -50 0 Favours treatment
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Analysis 1.3.   Comparison 1 Electrical Stimulation (10 Hz) versus Placebo
(End of treatment - 10 weeks), Outcome 3 Ulnar Deviation of the Index Finger.

Study or subgroup Treatment Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Oldham 1989 6 24 (19) 3 10 (9) 100% 14[-4.3,32.3]

   

Total *** 6   3   100% 14[-4.3,32.3]

Heterogeneity: Tau2=0; Chi2=0, df=0(P<0.0001); I2=100%  

Test for overall effect: Z=1.5(P=0.13)  

Favours control 10050-100 -50 0 Favours treatment

 
 

Analysis 1.4.   Comparison 1 Electrical Stimulation (10 Hz) versus Placebo
(End of treatment - 10 weeks), Outcome 4 Profundus Pinch Strength.

Study or subgroup Treatment Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Oldham 1989 6 1 (9) 3 1 (1) 100% 0[-7.29,7.29]

   

Total *** 6   3   100% 0[-7.29,7.29]

Heterogeneity: Not applicable  

Test for overall effect: Not applicable  

Favours treatment 10050-100 -50 0 Favours control

 
 

Analysis 1.5.   Comparison 1 Electrical Stimulation (10 Hz) versus Placebo
(End of treatment - 10 weeks), Outcome 5 Superficialis Pinch Strength.

Study or subgroup Treatment Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Oldham 1989 6 24 (4) 3 3 (1) 100% 21[17.61,24.39]

   

Total *** 6   3   100% 21[17.61,24.39]

Heterogeneity: Not applicable  

Test for overall effect: Z=12.12(P<0.0001)  

Favours control 1000500-1000 -500 0 Favours treatment

 
 

Analysis 1.6.   Comparison 1 Electrical Stimulation (10 Hz) versus Placebo (End of treatment - 10 weeks),
Outcome 6 Maximum Voluntary Force Generated by the Index Finger During Isometric Abduction.

Study or subgroup Treatment Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Oldham 1989 6 1 (3) 3 1 (6) 100% 0[-7.2,7.2]

   

Total *** 6   3   100% 0[-7.2,7.2]

Heterogeneity: Not applicable  

Test for overall effect: Not applicable  

Favours treatment 1000500-1000 -500 0 Favours control
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Analysis 1.7.   Comparison 1 Electrical Stimulation (10 Hz) versus Placebo (End of treatment - 10 weeks),
Outcome 7 Fatigue Resistance of the First Dorsal Interosseous During Sustained Maximum Voluntary Contraction.

Study or subgroup Treatment Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Oldham 1989 6 20 (10) 3 1 (2) 100% 19[10.68,27.32]

   

Total *** 6   3   100% 19[10.68,27.32]

Heterogeneity: Not applicable  

Test for overall effect: Z=4.48(P<0.0001)  

Favours control 1000500-1000 -500 0 Favours treatment

 
 

Comparison 2.   Electrical Stimulation (Patterned electrical stimulation) versus Placebo (End of treatment - 10
weeks)

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Grip strength 1 9 Mean Difference (IV, Fixed,
95% CI)

458.00 [309.76,
606.24]

2 Button test 1 9 Mean Difference (IV, Fixed,
95% CI)

0.0 [0.0, 0.0]

3 Ulnar deviation of the Index finger 1 9 Mean Difference (IV, Fixed,
95% CI)

37.0 [21.26, 52.74]

4 Profundus Pinch Strength 1 9 Mean Difference (IV, Fixed,
95% CI)

59.0 [33.37, 84.63]

5 Superficialis Pinch Strength 1 9 Mean Difference (IV, Fixed,
95% CI)

97.0 [62.57, 131.43]

6 Maximum Voluntary Force Gener-
ated by the Index Finger during Iso-
metric Abduction

1 9 Mean Difference (IV, Fixed,
95% CI)

256.0 [220.93,
291.07]

7 Fatigue Resistance of the First Dor-
sal Interosseous During Sustained
Maximum Voluntary Contraction

1 9 Mean Difference (IV, Fixed,
95% CI)

316.0 [224.75,
407.25]

 
 

Analysis 2.1.   Comparison 2 Electrical Stimulation (Patterned electrical stimulation)
versus Placebo (End of treatment - 10 weeks), Outcome 1 Grip strength.

Study or subgroup Treatment Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Oldham 1989 6 462 (185) 3 4 (7) 100% 458[309.76,606.24]

   

Total *** 6   3   100% 458[309.76,606.24]

Favours control 10050-100 -50 0 Favours treatment
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Study or subgroup Treatment Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Heterogeneity: Tau2=0; Chi2=0, df=0(P<0.0001); I2=100%  

Test for overall effect: Z=6.06(P<0.0001)  

Favours control 10050-100 -50 0 Favours treatment

 
 

Analysis 2.2.   Comparison 2 Electrical Stimulation (Patterned electrical
stimulation) versus Placebo (End of treatment - 10 weeks), Outcome 2 Button test.

Study or subgroup Treatment Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Oldham 1989 6 53 (8) 3 1 (0)   Not estimable

   

Total *** 6   3   Not estimable

Heterogeneity: Not applicable  

Test for overall effect: Not applicable  

Favours control 10050-100 -50 0 Favours treatment

 
 

Analysis 2.3.   Comparison 2 Electrical Stimulation (Patterned electrical stimulation) versus
Placebo (End of treatment - 10 weeks), Outcome 3 Ulnar deviation of the Index finger.

Study or subgroup Treatment Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Oldham 1989 6 47 (15) 3 10 (9) 100% 37[21.26,52.74]

   

Total *** 6   3   100% 37[21.26,52.74]

Heterogeneity: Not applicable  

Test for overall effect: Z=4.61(P<0.0001)  

Favours control 10050-100 -50 0 Favours treatment

 
 

Analysis 2.4.   Comparison 2 Electrical Stimulation (Patterned electrical stimulation)
versus Placebo (End of treatment - 10 weeks), Outcome 4 Profundus Pinch Strength.

Study or subgroup Treatment Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Oldham 1989 6 60 (32) 3 1 (1) 100% 59[33.37,84.63]

   

Total *** 6   3   100% 59[33.37,84.63]

Heterogeneity: Not applicable  

Test for overall effect: Z=4.51(P<0.0001)  

Favours control 10050-100 -50 0 Favours treatment
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Analysis 2.5.   Comparison 2 Electrical Stimulation (Patterned electrical stimulation)
versus Placebo (End of treatment - 10 weeks), Outcome 5 Superficialis Pinch Strength.

Study or subgroup Treatment Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Oldham 1989 6 100 (43) 3 3 (1) 100% 97[62.57,131.43]

   

Total *** 6   3   100% 97[62.57,131.43]

Heterogeneity: Not applicable  

Test for overall effect: Z=5.52(P<0.0001)  

Favours control 10050-100 -50 0 Favours treatment

 
 

Analysis 2.6.   Comparison 2 Electrical Stimulation (Patterned electrical
stimulation) versus Placebo (End of treatment - 10 weeks), Outcome 6 Maximum

Voluntary Force Generated by the Index Finger during Isometric Abduction.

Study or subgroup Treatment Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Oldham 1989 6 257 (43) 3 1 (6) 100% 256[220.93,291.07]

   

Total *** 6   3   100% 256[220.93,291.07]

Heterogeneity: Not applicable  

Test for overall effect: Z=14.31(P<0.0001)  

Favours control 10050-100 -50 0 Favours treatment

 
 

Analysis 2.7.   Comparison 2 Electrical Stimulation (Patterned electrical stimulation)
versus Placebo (End of treatment - 10 weeks), Outcome 7 Fatigue Resistance of

the First Dorsal Interosseous During Sustained Maximum Voluntary Contraction.

Study or subgroup Treatment Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Oldham 1989 6 317 (114) 3 1 (2) 100% 316[224.75,407.25]

   

Total *** 6   3   100% 316[224.75,407.25]

Heterogeneity: Not applicable  

Test for overall effect: Z=6.79(P<0.0001)  

Favours control 10050-100 -50 0 Favours treatment

 
 

Comparison 3.   Electrical Stimulation (Patterned ES) versus Electrical Stimulation (10 Hz) (End of treatment - 10
weeks)

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Grip Strength 1 12 Mean Difference (IV, Fixed,
95% CI)

454.0 [305.87,
602.13]
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

2 Button test 1 12 Mean Difference (IV, Fixed,
95% CI)

50.0 [37.10, 62.90]

3 Ulnar Deviation of the Index Finger 1 12 Mean Difference (IV, Fixed,
95% CI)

23.0 [3.63, 42.37]

4 Profundus Pinch Strength 1 12 Mean Difference (IV, Fixed,
95% CI)

59.0 [32.40, 85.60]

5 Superficialis Pinch Strength 1 12 Mean Difference (IV, Fixed,
95% CI)

76.0 [41.44, 110.56]

6 Maximum Voluntary Force Gener-
ated by the Index Finger During Iso-
metric Abduction

1 12 Mean Difference (IV, Fixed,
95% CI)

256.0 [221.51,
290.49]

7 Fatigue Resistance of the First Dor-
sal Interosseous During Sustained
Maximum Voluntary Contraction

1 12 Mean Difference (IV, Fixed,
95% CI)

297.0 [205.43,
388.57]

 
 

Analysis 3.1.   Comparison 3 Electrical Stimulation (Patterned ES) versus Electrical
Stimulation (10 Hz) (End of treatment - 10 weeks), Outcome 1 Grip Strength.

Study or subgroup Treatment Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Oldham 1989 6 462 (185) 6 8 (7) 100% 454[305.87,602.13]

   

Total *** 6   6   100% 454[305.87,602.13]

Heterogeneity: Not applicable  

Test for overall effect: Z=6.01(P<0.0001)  

Favours control 10050-100 -50 0 Favours treatment

 
 

Analysis 3.2.   Comparison 3 Electrical Stimulation (Patterned ES) versus Electrical
Stimulation (10 Hz) (End of treatment - 10 weeks), Outcome 2 Button test.

Study or subgroup Treatment Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Oldham 1989 6 53 (8) 6 3 (14) 100% 50[37.1,62.9]

   

Total *** 6   6   100% 50[37.1,62.9]

Heterogeneity: Not applicable  

Test for overall effect: Z=7.6(P<0.0001)  

Favours control 10050-100 -50 0 Favours treatment
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Analysis 3.3.   Comparison 3 Electrical Stimulation (Patterned ES) versus Electrical Stimulation
(10 Hz) (End of treatment - 10 weeks), Outcome 3 Ulnar Deviation of the Index Finger.

Study or subgroup Treatment Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Oldham 1989 6 47 (15) 6 24 (19) 100% 23[3.63,42.37]

   

Total *** 6   6   100% 23[3.63,42.37]

Heterogeneity: Not applicable  

Test for overall effect: Z=2.33(P=0.02)  

Favours control 10050-100 -50 0 Favours treatment

 
 

Analysis 3.4.   Comparison 3 Electrical Stimulation (Patterned ES) versus Electrical
Stimulation (10 Hz) (End of treatment - 10 weeks), Outcome 4 Profundus Pinch Strength.

Study or subgroup Treatment Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Oldham 1989 6 60 (32) 6 1 (9) 100% 59[32.4,85.6]

   

Total *** 6   6   100% 59[32.4,85.6]

Heterogeneity: Not applicable  

Test for overall effect: Z=4.35(P<0.0001)  

Favours control 10050-100 -50 0 Favours treatment

 
 

Analysis 3.5.   Comparison 3 Electrical Stimulation (Patterned ES) versus Electrical
Stimulation (10 Hz) (End of treatment - 10 weeks), Outcome 5 Superficialis Pinch Strength.

Study or subgroup Treatment Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Oldham 1989 6 100 (43) 6 24 (4) 100% 76[41.44,110.56]

   

Total *** 6   6   100% 76[41.44,110.56]

Heterogeneity: Not applicable  

Test for overall effect: Z=4.31(P<0.0001)  

Favours control 10050-100 -50 0 Favours treatment

 
 

Analysis 3.6.   Comparison 3 Electrical Stimulation (Patterned ES) versus
Electrical Stimulation (10 Hz) (End of treatment - 10 weeks), Outcome 6 Maximum

Voluntary Force Generated by the Index Finger During Isometric Abduction.

Study or subgroup Treatment Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Oldham 1989 6 257 (43) 6 1 (3) 100% 256[221.51,290.49]

   

Total *** 6   6   100% 256[221.51,290.49]

Heterogeneity: Not applicable  

Test for overall effect: Z=14.55(P<0.0001)  

Favours control 10050-100 -50 0 Favours treatment
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Analysis 3.7.   Comparison 3 Electrical Stimulation (Patterned ES) versus Electrical
Stimulation (10 Hz) (End of treatment - 10 weeks), Outcome 7 Fatigue Resistance

of the First Dorsal Interosseous During Sustained Maximum Voluntary Contraction.

Study or subgroup Treatment Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Oldham 1989 6 317 (114) 6 20 (10) 100% 297[205.43,388.57]

   

Total *** 6   6   100% 297[205.43,388.57]

Heterogeneity: Not applicable  

Test for overall effect: Z=6.36(P<0.0001)  

Favours control 10050-100 -50 0 Favours treatment

 

 

A P P E N D I C E S

Appendix 1. Full search strategy

1 exp Rheumatoid arthritis/ (20250)
2 Rheumatoid.tw,sh. (19491)
3 1 or 2 (22762)
4 exp physical therapy/ (77848)
5 rh.fs. (85516)
6 (physical therap$ or physiotherap$).tw. (10205)
7 exp rehabilitation/ (83995)
8 occupational therap$.tw. (3663)
9 kinesiolog$.tw. (360)
10 leisure therap$.tw. (3)
11 rehabilitation.sh,tw. or rehabilit$.tw. (47430)
12 or/4-11 (212975)
13 clinical trial.pt. (318862)
14 randomized controlled trial.pt. (151123)
15 random$.tw. (222458)
16 (double adj blind$).tw. (58339)
17 placebo$.tw. (68926)
18 meta-analysis.pt,sh. (9006)
19 (meta-anal: or metaanal:).tw. (7365)
20 (quantitativ: review: or quantitativ: overview:).tw. (193)
21 (methodologic: review: or methodologic: overview:).tw. (122)
22 (systematic: review: or systematic: overview).tw. (2653)
23 review.pt. and medline.tw. (4701)
24 exp cohort studies/ (411926)
25 (cohort or longitudinal or prospective).tw. (187412)
26 exp case-control studies/ (197714)
27 (retrospective or case-control).tw. (94989)
28 Controlled Clinical Trials/ (1663)
29 (controlled adj2 trial$).tw. (30562)
30 or/13-29 (1026660)
31 splints/ (5227)
32 (splint$ or stent$).tw. (20522)
33 orthotics.tw. or orthotic devices/ (2685)
34 or/31-33 (25863)
35 exp Self-Help Devices/ (4248)
36 canes/ or crutches/ or walkers/ (719)
37 shoes/ or (shoes$ or cane$ or crutches or walker$).tw. (8508)
38 (assistive device$ or self-help device$).tw. (331)
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39 (toilet aid$ or bath aid$ or transfers or liKs).tw. (6915)
40 (wheelchair$ or wheel chair$).tw. (2117)
41 (wheelchair$ or wheel chair$).tw. (2117)
42 (kitchen aid$ or kitchen adaption$).tw. (2)
43 Human Engineering/ or ergonomics.mp. (4757)
44 beds/ or beds.tw. or mattress$.tw. (11501)
45 or/35-44 (36716)
46 (cryotherapy or ice).mp. (10543)
47 exp Hyperthermia, Induced/ (11397)
48 (hyperthermia or thermotherap$).tw. (13169)
49 Hypothermia, Induced/ (9138)
50 hypothermia.tw. (13175)
51 (hot pack$ or heat pack$).tw. (38)
52 HYDROTHERAPY/ or hydrotherapy.mp. (1108)
53 exp Balneology/ (6484)
54 (balneotherap$ or ammotherap$ or bath$).tw. (21358)
55 hot wax.tw. (5)
56 or/46-55 (72664)
57 therap$ exercise$.tw. (519)
58 exp Exercise Therapy/ (12329)
59 (passive adj2 exercise$).tw. (174)
60 mobilizing exercis$.tw. (4)
61 ((strength$ or resistance or aerobic) adj exercis$).tw. (2224)
62 (continuous passive motion or movement device).tw. (277)
63 or/57-62 (14786)
64 manual therap$.tw. (247)
65 exp Manipulation, Orthopedic/ (2762)
66 (manipulation adj (therap$ or joint)).tw. (82)
67 mobilization.tw. (17822)
68 or/64-67 (20683)
69 exp ultrasonography/ (109386)
70 ultrasonic therapy/ or us.fs. (75760)
71 (ultrasound$ or ultrasonic$).tw. (74429)
72 short wave therapy.tw. (22)
73 ultrasonograph$.tw. (34389)
74 exp electric stimulation therapy/ (10026)
75 ((electric$ adj nerve) or therapy).tw. (503921)
76 (electric$ adj (stimulation or muscle)).tw. (24559)
77 electrostimulation.tw. (1747)
78 electroanalgesia.tw. (161)
79 (tens or altens).tw. (1863)
80 electroacupuncture.tw. (810)
81 neuromusc$ electric$.tw. (84)
82 (high volt or pulsed or current).tw. (238552)
83 (electromagnetic or electrotherap$).tw. (7713)
84 iontophoresis.tw. (2001)
85 or/69-84 (925321)
86 exp Acupuncture/ (7256)
87 (acupuncture or electroacupunture).tw. (5337)
88 or/86-87 (7771)
89 (gait reeducation or gait re-education).tw. (3)
90 (gait adj3 (reeducation or re-education)).tw. (4)
91 89 or 90 (4)
92 (postural adj3 (reeducation or re-education)).tw. (3)
93 Patient Education/ (32938)
94 ((patient or family or cargiver) adj education).tw. (5394)
95 93 or 94 (34858)
96 corset.tw. (216)
97 ((lumbar or cervical) adj support).tw. (43)
98 neck collar.mp. or Braces/ (2767)
99 or/96-98 (2965)
100 (Conservation adj energy).tw. (86)
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101 (fatigue or rest).tw. (70757)
102 FATIGUE/ (7288)
103 or/100-102 (74199)
104 34 or 45 or 56 or 63 or 68 or 85 or 88 or 91 or 95 or 99 or 103
(1160289)g
105 3 and 12 (1686)
106 104 and 105 (898)
107 106 and 30 (292)
108 from 107 keep 10 (1)
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