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Study Design: Systematic review.
Introduction: Hand osteoarthritis (OA) is a chronic and disabling disease causing pain and functional
limitations in approximately 54%-67% of the adult population aged 55 years and older.
Purpose of the Study: The objective of the study is to evaluate the evidence supporting conservative
therapeutic interventions for the treatment of OA finger joints.
Methods: Eighteen studies dated between 1979 and 2016 were identified meeting the inclusion criteria.
They were analyzed based on Structured Effectiveness for Quality Evaluation of a Study, level of evidence,
and effect size.
Results and Conclusions: The current evidence varies in quality and effect sizes but generally supports the
use of active range of motion and resistive exercises, joint protection, electromagnetic therapy, paraffin
wax, and balneotherapy (combined and/or not combined with mud packs and magnetotherapy), and
distal interphalangeal orthoses as effective treatment interventions for individuals with OA finger joints.

� 2018 Hanley & Belfus, an imprint of Elsevier Inc. All rights reserved.
Introduction periarticular structures.7-11 Articular osteophytes, or bone spurs, can
Hand osteoarthritis (OA) is a chronic and disabling disease
which can cause pain and functional limitations.1 Hand OA has an
estimated radiologic prevalence of approximately 54%-67% in the
adult population aged 55 years and older.2 In this group, 47% will
develop OA of the distal interphalangeal (DIP) joints and roughly
50% will also have OA of the proximal interphalangeal (PIP)
joints.2,3 This prevalence is expected to rise as the number of older
adults increases.4 Additionally, hand OA is the most common type
of OA, affecting women 3 times more than men.5,6

Individuals with finger OA may experience metabolic derange-
ment and degeneration of articular cartilage, subchondral bone
thickening, narrowing of the joint spaces, and changes in the
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develop with OA at the PIP, DIP, and thumb interphalangeal (IP)
joints.12,13 Osteophytes of the PIP joints are called Bouchard’s nodes,
whereas osteophytes of theDIP joints are calledHeberden’s nodes.14

Progression of the disease canproduce joint pain, swelling, soreness,
and stiffness due to joint cartilage deterioration leading to bone-on-
bone contact within the joint and deformity.12,15 Deterioration of
motion, strength, and function of the finger joints also becomes
evident with progression of the disease.16,17 As a result of this con-
dition, individuals may experience limitations performing self-care
tasks, leisure activities, housework, and vocational tasks.15,18 Addi-
tionally, psychosocial factors such as frustration, depression, and
anxiety can impact participation in meaningful life activities.19,20

Hand therapists have been involved in the treatment of finger OA
through a variety of interventions. Instruction in joint protection
principles has demonstrated positive outcomes for increased grip
strength and hand function.21 Educational programs and self-
management strategies have also demonstrated decreased pain
with range ofmotion (ROM) and improvement in daily activities.22,23

While there is moderate to high evidence to support conservative
interventions for the carpometacarpal joints, few studies have
addressed the effectiveness of hand therapy interventions for
rights reserved.
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conservativemanagementofOAof thefinger joints.24,25 The purpose
of this systematic review is to determine effective conservative
therapeutic interventions for the OA finger joints.

Methods

Data identification and study characteristics

A systematic review of the literature was performed searching
PubMed, CINAHL, Web of Science, PEDro, and OTseeker from their
inception to January 2017. These databases were chosen due to the
vast array of health care literature indexed. The key search terms
included: osteoarthritis, finger joint, digit, thumb, hand, proximal
interphalangeal, distal interphalangeal, interphalangeal, hand
therapy, occupational therapy, physical therapy, intervention,
rehabilitation, and therapy. The key search terms were entered into
each database in a precise sequential order in various combinations
to maximize optimal results. The search strategy for each database
is outlined in Appendix A. As an example, the search in the CINAHL
database included articles from inception to January 28, 2017. This
advanced search was performed by clicking on Advanced Search
and entering the key terms into the search boxes as follows: oste-
oarthritis (Select a Field (optional)) AND finger joint OR digit OR
thumb OR hand OR proximal interphalangeal OR distal interpha-
langeal OR interphalangeal (Select a Field (optional)) AND hand
therapy OR occupational therapy OR physical therapy OR inter-
vention OR rehabilitation OR therapy (Select a Field (optional)). The
search options were kept at default settings. This resulted in 451
files for the CINAHL database alone. See Appendix A for the results
from each of the other databases.

The initial citation, title, and abstract search yielded 5592 arti-
cles referencing OA which were imported into Zotero, a biblio-
graphic manager. Three of the authors utilized Zotero to remove
articles based on duplication, non-English language, and the in-
clusion and exclusion criteria. The inclusion criteria included arti-
cles dated between 1979 and 2016, PIP and DIP joints, IP joints of
the thumb, adults 18 and older, and the English language. Exclusion
criteria included nonhuman subjects, not applicable to the DIP, PIP,
or IP joints of the hand, surgical cases, pharmaceutical studies, lack
of conservative hand therapy interventions, study registered/
developed but not yet conducted, reviews, case reports, patents,
abstracts, conference proceedings, editorials, commentaries, expert
opinions, thesis or dissertations, and meta-analysis. After the cita-
tion, title, and abstract review, 5462 articles were removed leaving
130 articles for full-text review. The process was then repeated
removing full-text articles based on the inclusion and exclusion
criteria resulting in 18 articles to be included in this systematic
review. Figure 1 depicts a summary of the flow of all records
through the review process.

Critical appraisal and quality assessment

Data were extracted from the remaining 18 articles that met the
inclusion and exclusion criteria (see Table 1). The level of evidence
(LOE) was identified according to Sackett et al.42 The quality of each
research article was evaluated using the Structured Effectiveness
for Quality Evaluation of a Study (SEQES).42 The SEQES, developed
by Joy MacDermid, is a 24-question evaluation that helps deter-
mine the quality of each research article.43 This evaluation is a
standardized tool that gives each item a score of 0, 1, or 2 for each
question asked. These scores are then totaled for a maximum score
of 48 points. An item score of 0 indicates poor quality or not
meeting criterion, a score of 1 represents a fair quality, and a score
of 2 is the highest score for that aspect of the study design.43 Blind
scoring of the articles was conducted by each of the authors
independently. Discrepancies were discussed until consensus was
reached for each category (see Table 1).

Effect size

Effect size was calculated (if not provided by the authors) for the
primary outcomes according to Cohen’s d with 0.2 denoting a small
effect size, 0.5 representing a medium effect size, and 0.8 repre-
senting a large effect size.44

Level of evidence

The articles’ LOE ranges between level 1beindividual random-
ized controlled trial (RCT) with narrow confidence intervals,
2beindividual cohort study (including low-quality RCT, eg, <80%
follow-up), level 3beindividual case-control study, and level
4ecase series/case reports (and poor-quality cohort and case-
control studies). Each article was also appraised for its quality
and given an LOE rating using the Sackett scale.42

Results

The analysis included a review of the articles based on statistical
and clinical significance as well as effect size while considering the
LOE and the SEQES score to determine effective interventions. The
final 18 studies were analyzed using the SEQES to rate the quality of
the research (see Table 1). The range for SEQES scores were 18/48 to
46/48. More recent studies met a greater number of criteria on the
SEQES quality of research rating scale than did older studies. The
effect size was calculated (if not provided by the authors) for the
primary outcomes and is included in Table 2.

Exercise

Several subgroupswere identified for this intervention: resistive
hand exercise alone,29 resistive hand exercises with general body
strengthening,35 resistive hand exercises including active range of
motion (AROM) and joint protection,21,26,27 and hand exercises
with electromagnetic therapy.28 The study by Paolillo et al37 also
included hand exercises but is included below with the low-level
laser therapy (LLLT)/ultrasound studies. Although many authors
used exercises, the results could not be pooled due to the lack of
homogeneity of the studies. A table describing the specific hand
exercises that were used in each of the studies is included (see
Table 3). The quality of SEQES scores for these 6 studies ranged from
29 to 46.21,26-30

The cohort study by Lefler and Armstrong had a total of 19
participants.29 This article with an SEQES score of 29 demonstrated
significantly improved grip strength and finger range of motion
with resistive hand exercises. There is some evidence of moderate
quality to support resistive hand exercises to improve grip strength
and finger ROM.

The Rogers andWilder case-control study was completedwith a
total of 55 participants.30 With an SEQES score of 29, it provided
moderate support for resistive hand exercises and overall body
strength training to significantly improve grip strength and
decrease hand pain. It is difficult to determine if the gains made in
these areas were due to the hand exercises or the secondary
intervention of general exercise or a combination. There is some
evidence of moderate quality to support resistive hand exercises
combined with overall body strength training to improve grip
strength and decrease hand pain.

For the hand exercises (AROM and resistive) combined with
joint protection subgroup, 3 RCTs, totaling 377 subjects, examined
these combined interventions.21,26,27 These studies were of
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Fig. 1. A summary of the flow of all records through the review process.
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high-quality receiving scores on the SEQES scale of 43/48,26 and
46/48,21,27 and provided support for the combined intervention of
joint protection education and hand exercises (AROM and resistive)
to decrease pain, increase grip strength, and improve hand func-
tion. A large effect size was calculated for pain reduction (Numeric
Pain Rating Scale) in the study by Dziedzic et al.26 In the Henning
et al study, a large effect size was found on the Patient-Specific
Functional Scale outcome measure.27 There is sufficient evidence
of high quality to support hand exercises (AROM and resistive)
combined with joint protection to decrease pain and improve ac-
tivity performance.

Electromagnetic therapy was combined with hand exercises
(including AROM and resistive) in the RCT study by Kanat et al with
a total of 50 subjects.28 Electromagnetic therapy is defined as the
application of a pulsed magnetic field. The mechanism of action is
based on the flow of electrical charges and the movement of the
ions within the cell.28 The quality of SEQES score was 35/48. While
this high-quality study demonstrated significant improvements in
pain, function, joint stiffness, and quality of life scores, a limitation
included lack of information on the specific hand exercises. This
study provides high-quality evidence to support the use of
electromagnetic therapy combined with hand exercises (AROM and
resistive) to decrease pain and increase function.

Thermal modalities

Four RCTs with a total of 224 subjects examined different ther-
mal modalities and assessed the effect on pain in the treatment of
OA finger joints.31-34 The thermal modalities used included paraffin
wax,31 balneotherapy33 with and without magnetotherapy,34 and
mud packs combined with balneotherapy.32 Balneotherapy is
defined as a natural mineral water bath.31 The SEQES scores of
these studies ranged from 41 to 44, all high-quality studies. Paraffin
wax was demonstrated in the study by Dilek et al to significantly
decrease pain at rest at 3 and 12 weeks, decrease joint pain and
tenderness, and improve bilateral hand grip strength.31 Horvath
et al found that balneotherapy at 38� was more effective than at
36�, demonstrating significant improvements in pinch strength of
the right hand and improved hand function when combined with
magnetotherapy.33 There is some evidence of high quality to sup-
port the thermal modalities of paraffin wax, and balneotherapy at
38�C combined and/or not combined with mud packs and



Table 1
Summary of evidence for conservative therapeutic interventions for osteoarthritic finger joints

Authors and level
of evidence

Number of
subjects

Interventions Primary outcome
measure

Protocol Results Total SEQES
quality score

Exercise
Dziedzic et al 1b26 257 1 of 4 combinationse

joint protection, hand
exercises, joint
protection and hand
exercises combined, or
advice on self-
management
approaches only

Pain and function
subscales of the
AUSCAN and global
assessment of change
as well as the Arthritis
Self-efficacy Pain
subscale

Interventions were
delivered over 4 group
sessions by 9 OTs in 2
hospital centers. OTs
were rotated every 3
months to minimize
potential bias. Sessions
lasted for a maximum
of 1 h. Study outcomes
were collected at
baseline, 3, 6, and 12
months.

Improvement in
Arthritis Self-efficacy
Pain subscale (0-10
with 10 ¼ greater self-
efficacya) with joint
protection vs no joint
protection at 3 mo
(5.5 � 1.9 vs 6.3 � 1.8,
P ¼ .002), 6 mo
(5.7 � 1.9 vs 6.5 � 1.7,
P ¼ .001), and 12 mo
(5.4 � 2.0 vs 6.0 � 1.8
P ¼ .03).
Statistically significant
improvements in the
global assessment of
change with hand
exercises vs no hand
exercises at 3 mo
(OR ¼ 2.48, 95% CI:
1.33-4.60), 6 mo
(OR ¼ 2.79, 95% CI:
1.44-5.40), and 12 mo
(OR ¼ 2.22, 95% CI:
1.20-4.11);
improvement in the
global assessment of
change with joint
protection vs no joint
protection at 6 mo
(OR ¼ 2.71, 95% CI:
1.39-5.25)

43

Hennig et al 1b27 80 All received a leaflet
about hand OA and
ergonomic principles.
Intervention group
received home-based
hand exercise program

Activity performance
measured by the PSFS

3 exercise sessions a
week (each exercise to
be performed 10 reps
the first 2 weeks,
increasing to 12 reps
the next 2 weeks, and
15 reps for the
remainder 3-mo
period) with 8 follow-
up calls over the 3-mo
study. Recorded
adherence, pain after
exercises, and adverse
events in a diary.

Significant mean
adjusted difference in
the PSFS score (0-10
with 10 indicating no
activity limitations) of
1.4 (95% CI: 0.6-2.2,
P < .001) in favor of the
exercise group. Mean
adjusted difference in
joint pain (�1.1, 95%
CI: �2.0 to �0.2,
P ¼ .02), fatigue (0-10,
0 ¼ no fatigue, �1.1,
95% CI: �2.3 to 0.00,
P ¼ .05), right hand
maximum grip strength
in Newtons (53.5, 95%
CI: 27.8 to 79.1,
P < .001), left hand
maximum grip strength
in Newtons (44.6, 95%
CI: 23.4 to 65.8,
P < .001)

46

Kanat et al 1b28 50 Electromagnetic
therapy combined with
active ROM and
resistive exercises of
the hand

Pain and joint stiffness,
pinch and grip strength

Group 1 received 25 Hz,
450 pulse/s, 5-80 G,
electromagnetic
therapy for 10 days at
20 min/day combined
with AROM and
resistive exercises for
the hand. Group 2
received sham
magnetotherapy for 10
days at 20 min/day
combined with same
exercises as group 1.

Improvement for pain
(0-10a) at rest from
4� 2 to 0� 0 (P< .001),
pain at motion from
7� 2 to 0� 0 (P< .001),
and joint stiffness from
5 � 3.5 to 0 � 0
(P < .001) for group 1.
Also SF-36 for pain
improved from
43.20 � 3.09 to
77.60 � 5.08 (P < .001),
SF-36 social function
improved from
67.80 � 2.96 to
76.20 � 3.87 (P ¼ .03),
SF-36 general health

35

(continued on next page)
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Table 1 (continued )

Authors and level
of evidence

Number of
subjects

Interventions Primary outcome
measure

Protocol Results Total SEQES
quality score

improved from
54.52 � 3.16 to
62.92 � 2.79 (P ¼ .001),
and DAOI from
34.92 � 1.83 to
22.04 � 0.92 (P < .001)
for group 1.

Lefler and
Armstrong 2b29

19 Strength training
(isometric and isotonic)
exercises

Pain level, ROM, grip
and pinch strength

Treatment group
performed strength
training exercises 3
times per week for 6
weeks. The amount of
weight lifted and
number of reps for each
subject was recorded
each session.
The comparison group
did not receive
treatment.

Significant
improvementa in grip
strength (baseline of
27.1 � 15.0 vs
posttreatment of
35.3 � 8.4, P < .05) for
the treatment group.

29

Rodgers and
Wilder 3b30

55 Whole body strength
training exercise
program

Isometric grip strength 25-30 min exercise
routine consisting of
aerobic warmup,
strength training, and
cool down performed 3
times a week for 2
years. Two age groups
(55-70 and 71-85) were
compared.

Isotonic grip strength
increased 1.94 kg
(P < .0003). Right and
left isometric grip
increased 3.62 kg
(P < .002) and 2.95 kg
(P < .0005),
respectively. Hand pain
decreased from 4.77 to
2.62 (P < .006) among
those with a baseline
hand pain score of 3 or
higher.

29

Stamm et al 1b21 40 All received oral and
written information on
joint protection.
Intervention group
received joint
protection and home
hand exercises

Grip strength Joint protection
exercise (JPE)
performed a home
exercise program on
both hands, 10 times
daily, recording the
date, time, and duration
of exercise in an
exercise diary. Control
group was given a
Dycem gripper and was
instructed to use it
when opening jars
throughout the 3
month period.
Assessment at baseline
and 3 months.

Grip strengtha (Martin
Vigorimeter) improved
in the JPE group from
0.43 � 0.21 to
0.55 � 0.12 (P < .0001)
for the right hand and
from 0.44 � 0.19 to
0.55 � 0.27 (P ¼ .0005)
for the left hand. Grip
strength between
baseline and 3 months
was significantly higher
(P < .0005) in the JPE
group.

46

Thermal modalities
Dilek et al 1b31 56 Paraffin bath therapy Pain at rest and pain

during ADL
Dip-wrap paraffin bath
therapy for both hands
for 15min until paraffin
cooled 5 days a week
for 3 weeks vs no
paraffin bath therapy
(drug diary only)

Pain at rest decreased at
3 weeks (5-2, P < .001)
and 12 weeks (5-0,
P < .001) for paraffin
group. Pain with ADL
decreased at 3 weeks
(7-5, P < .001) and 12
weeks (7-5, P < .001)
for the paraffin group.
Number of painful
joints at 12 weeks
decreased from 8 to 3
(P¼ .04) for the paraffin
group.

42

Fioravanti
et al 1b32

60 Spa therapy consisting
of mud packs and
generalized thermal
baths of sulfate-
calcium-magnesium-
fluorides mineral water

Global spontaneous
hand pain on a 0-
100 mm VAS and the
FIHOA score

Spa therapy applied on
both hands for
20 min at an initial
temp of 43�C andwith a
sulfate-calcium-
magnesium-fluoride
water at 38�C for
15 min in a bathtub for

Improvement in
spontaneous pain after
treatment (P < .005)
and after 3 months
(P < .01) in the spa
group. The FIHOA score
decreased significantly
(P < .001) after 2 weeks

44

(continued on next page)
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Table 1 (continued )

Authors and level
of evidence

Number of
subjects

Interventions Primary outcome
measure

Protocol Results Total SEQES
quality score

a total of 12
applications carried out
over a period of 2
weeks vs no spa
therapy.

and continued at the 6-
month follow-up
(P < .001) in the spa
group. The HAQ
improved at end of
treatment (P < .0005),
after 3 months
(P < .005) and after 6
months (P < .005) for
the spa group.

Horvath
et al 1b33

63 All received
magnetotherapy.
Intervention group
received balneotherapy
at either 36�C or 38�C

VAS for pain in small
joints of the hand, grip
and pinch strength, the
number of swollen and
tender joints of the
hand, the duration of
morning joint stiffness,
HAQ, and SF-36

All received standard
pulsed magnetic field
therapy (60 Hz, 20 J,
15 min) applied on the
hands 3 times weekly
for 3 weeks.
Intervention group was
bathed by immersion of
the body (head-out
immersion in 36�C or
38�C thermal mineral
water, group 1 and
group 2, respectively)
for 20 min, 5 times a
week for 3 weeks.

The 36�C thermal water
treatment significantly
improved pain at rest at
3 weeks (mean
decrease of �28.9, 95%
CI: -38.2 to �19.5,
P < .05) and at 13
weeks (mean decrease
of �20.3, 95% CI: �28.9
to �11.6, P < .05), pain
at exertion at 3 weeks
(mean decrease of
�28.2, 95% CI -36.5 to
�19.9, P< .05), and grip
strength of the right
hand at 3 weeks (mean
increase of 3.8, 95% CI:
0.8 to 6.8, P < .05). The
38�C thermal water
treatment significantly
improved pinch
strength of the right
hand at 13 weeks
(mean increase of 0.6,
95% CI: 0.2 to 1.1,
P < .05), and HAQ
parameters at 13 weeks
(mean decrease of�0.4,
95% CI �0.6 to �0.2,
P < .01).

44

Kovacs
et al 1b34

45 Balneotherapy in
sulfurous water or tap
water at 37�C

Hand pain measured by
VAS, morning stiffness
based on self-report of
patients, and grip
strength

Patients sat in a bath
with only their heads
out of the water. They
spent 20 min in the tub
per occasion, 15 times
in a 3 week period. The
balneotherapy group
sat in a tub of 37�C
sulfurous water and the
control group sat in
37�C tap water.

After 6-month pain
improvementa in VAS
from 59.96 � 16.64 to
42.75 � 17.86
(P < .001), HAQ
1.56 � 0.54 to
1.34 � 0.47 (P ¼ .034),
AUSCAN 36.75 � 9.34
to 33.00 � 10.10
(P ¼ .049) for the
balneotherapy
sulfurous water group.

41

Low-level Laser therapy (LLLT)
Baltzer et al 435 34 Patients were

administered 5-10
LLLT/
photobiomodulation
therapy sessions to the
leading joint(s)

Pain, ring size, and ROM Therapy took place
twice a week for 5, 7, or
10 treatments.

LLLT reduced pain (0-
10; mean � SD) from
4.72 � 0.52 to
3.90 � 0.49 after 5
sessions and
2.86 � 0.49 after 7
sessions (P ¼ .004).
ROMa increased from
54.48 � 4.97 to
62.93 � 4.67 after 5
sessions and
70.17 � 4.07 after 7
sessions (P ¼ .001).

32

Basford et al 1b36 81 0.9 mw continuous
wave HeliumeNeon
(HeNe) laser, via a
fiberoptic delivery
system with 15 sec
irradiation at 4 points at
approximately 90�

Grip and pinch
strength, and joint
tenderness

Subjects were
randomized. Group A
was irradiated with a
0.9 mw continuous
wave HeNe (632.8 nm)
laser, via a fiberoptic
delivery system. Group

Significant
improvementa in 3-
finger chuck pinch
increased (0.9 � 2.9,
P< .04), decreased joint
tenderness of MCP
(0.3 � 0.7, P < .1) and IP

38

(continued on next page)
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Table 1 (continued )

Authors and level
of evidence

Number of
subjects

Interventions Primary outcome
measure

Protocol Results Total SEQES
quality score

intervals around the
CMC, MCP, and IP joints
of the most
symptomatic thumb.

B received a sham
treatment. Nine
treatment sessions
were completed on all
subjects.

(0.2� 0.6, P< .1) for the
laser-treated group.

Paolillo et al 2b37 43 (Note:
n values only
add to 37)

3 groups: Placebo
groupeno therapeutic
exercises (TEs) but used
prototype without
emitting
electromagnetic or
mechanical waves
applied; ultrasound
(US) þ LLLT group
ecarried out only the
prototype;
TE þ US þ LLLT group
performed TE before
the prototype was
applied. The
parameters of the US
were frequency of
1 MHz; 1.0 W/cm2

intensity, pulsed mode
1:1 (dual cycle 50%). For
the laser, the output
power was fixed at
100 mW leading to an
energy value of 18 J per
laser.

PPT levels were
measured at 30
locations 3 times to
obtain an average

The placebo group
(n ¼ 11) did not
perform TE, and the
prototype set to null
dose; US þ LLLT group
was prototype only;
TE þ US þ LLLT
performed TE before
prototype applied; both
hands were treated by
prototype in circular,
continuous, slow, and
smooth motions. The
treatments were done
once a week for 3
months.

The average PPT
between baseline and 3
months showed
significant decrease of
the pain sensitivity for
both the US þ LLLT
group (D ¼ 30 � 19 N,
P < .001) and the
TE þ US þ LLLT group
(D ¼ 32 � 13 N,
P < .001)

36

DIP orthosis
Ikeda et al 438 25 Participants were to

wear customized DIP
orthoses that were
molded tubular inserts
made of elastic
polypropylene. It was
worn all day but
participants were
allowed to remove if
they had discomfort.

Pain was measured by
the 100-mm VAS

Affected DIP and thumb
IP joints that rated
between grade 0 and 3
on the Kellgrene
Lawrence radiographic
grading system
received customized
orthoses. Patients were
instructed to wear the
orthoses all day but
were allowed to
remove them
whenever they felt
discomfort. Patients
were permitted to stop
wearing the orthoses
once the symptom
subsided. Even if the
pain decreased but
persisted, the patient
continued to wear the
orthoses for up to 10
months.

Average VAS pain (0-
100 mm scale)
improvement from
56 mm (range, 24-
75 mm) at
pretreatment to 17 mm
(range, 0-50 mm) at
follow-up (P < .001)

23

Watt et al 2b25 26 started; primary
outcome data
available for 23; 22
subjects completed
all study visits

Participants were to
wear the custom
thermoplastic DIP
orthoses for at least 6 h
and no more than 12 h
at night for 3 months.

Average pain in the
nominated joints at 3
months (primary
outcome recorded at
baseline, 3 and 6
months)

Patients instructed to
wear the orthoses every
night no less than 6 h
and no more than 12 h
for 3 months with a
follow-up appointment
at 6 months.
Anteroposterior
radiographs of each of
the nominated study
digits were acquired
prior to initiation of the
orthotic intervention, at
baseline, and at 3 and 6
months.

Significantly lower
average pain (0-10) at 3
months (change from
baseline of �1.5, range
�6 to 2, P¼ .002) and at
6 months (change from
baseline of �2.0, range
�8 to 4.5, P ¼ .001).
Worst pain was
significantly reduced at
3 months (change from
baseline of �1.0, range
�9.5 to 4, P ¼ .02) and
at 6 months (change
from baseline of �2.5,
range �9.5 to 1,
P ¼ .003).

39

(continued on next page)
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Table 1 (continued )

Authors and level
of evidence

Number of
subjects

Interventions Primary outcome
measure

Protocol Results Total SEQES
quality score

Other (keyboarding, yoga, gloves)
Garfinkel et al 2b39 25 10-week supervised

yoga and relaxation
techniques (1 h session
once a week for 8
weeks) and Patient
education (weekly
written instructions of
clearly printed
educational materials)
session 1 and 10 were
reserved for pretesting/
posttesting.

ROM, grip strength,
tenderness of the finger
joints, hand pain

Treatment group
received 8 60-min yoga
sessions once a week
that emphasized
stretching and
alignment. They
performed classic yoga
poses under
supervision.

Significant
improvementsa in right
hand ROM
(16.93 � 7.78 vs.
6.91 � 6.67, P < .01),
right and left hand
tenderness (2.20 � 1.32
vs. 0.40 � 0.94, P < .01
and 2.14 � 1.55 vs
0.41 � 1.43, P < .01,
respectively), and pain
during activity
(�4.29 � 2.09 vs.
�1.00� 3.00, P< .01) in
the yoga vs the control
group after 8 weeks.

27

Swezey et al 440 15 Subjects wore a
pressure gradient
glove, a control glove,
or no glove at all nightly
for 1 week.

Pain, stiffness Both groups were to
perform the same
procedure of wearing
the gloves for 7 nights
and then be assessed.

No significant
differences in pain or
stiffness in the OA
group. Individual data
not reported.

18

Zelazny 441 4 Playing folk and big
band melodies on a
Yamaha PSR-510
touch-sensitive
electronic keyboard for
20 min each session.

Pinch meter
measurements

Participants met the
investigator 4 days a
week for approximately
30 min for 4 weeks to
play folk and big band
melodies on a keyboard
for 20-min each
session.

2 participants had
significant decreases
(P < .001) in arthritic
discomfort after
playing, whereas 3
participants showed
significant
improvement in finger
velocity (P < .001,
P ¼ .001, and P < .001,
respectively).
Participant data were
not combined.

24

SEQES¼ Structured Effectiveness for Quality Evaluation of a Study; C¼ degrees Celsius; ADLs¼ activities of daily living; AROM¼ active range of motion; AUSCAN¼ Australian
Canadian Osteoarthritis Hand Index; CI ¼ confidence interval; CMC ¼ carpometacarpal; DAOI ¼ Duruöz and Auscan Hand Osteoarthritis Indexes; DIP ¼ distal interphalangeal
joints; FIHOA ¼ Functional Index of Hand Osteoarthritis; G ¼ Gauss; HAQ ¼ Health Assessment Questionnaire; HeNe ¼ HeliumeNeon; Hz ¼ Hertz; IP ¼ interphalangeal;
J ¼ Joules; LLLT ¼ low-level laser therapy; JPE ¼ joint protection exercise; MCP ¼ metacarpophalangeal; MHz ¼ Megahertz; mW ¼ milliWatts; N ¼ Newtons; OA ¼ osteo-
arthritis; OR ¼ odds ratio; OTs ¼ Occupational Therapists; PPT ¼ pressure pain threshold; PSFS ¼ Patient-Specific Functional Scale; ROM ¼ range of motion; SD ¼ standard
deviation; SF-36 ¼ 36-Item Short-Form Survey; TE ¼ therapeutic exercise; VAS ¼ Visual Analog Scale.

a Data reported as mean � SD.
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magnetotherapy to decrease pain and tenderness, and improve grip
strength, pinch strength, and hand function.

Low-level laser therapy

The results of LLLT appear to be mixed. One RCT,36 1 cohort
study,37 and 1 case series,35 with a total of 158 subjects, examined
the use of LLLT in individuals with OA of the finger joints. The SEQES
scores of these studies ranged from 32 to 38. The case series by
Baltzer et al found that LLLT was effective in reducing pain and
swelling while improving joint mobility.35 Similarly, Paolillo et al in
a cohort study found that LLLT combined with ultrasound was
statistically significant in reducing pain for womenwith hand OA.37

Contradicting these results, Basford et al found that LLLT was not
effective in improving ROM and joint tenderness.36 These mixed
results make it difficult to determine a conclusion in this area.

DIP orthosis

One RCT study25 and 1 case series38 with a total of 51 subjects
examined the use of wearing a customized DIP orthosis and the
effect on pain. The SEQES scores of these studies were 23/4838 and
39/48.25 In the case series, a night-time volar DIP custom thro-
moplastic gutter orthosis was fabricated by a senior hand therapist
and adjusted at 6 weeks (if necessary) to ensure comfort and fit.38

In the RCT study, the orthosis is a premanufactured 1.0- to 1.2-mm-
thick elastic polypropylene.25 This orthosis is a molded tubular
insert that partially immobilizes the DIP joint allowing slight active
DIP joint flexion.25 In the study, it was worn all day until symptoms
subsided. The studies demonstrated wearing a customized DIP
orthosis significantly reduces pain. There is some evidence of
moderate to high quality to support DIP orthoses to decrease pain.
Other (keyboarding, yoga, gloves)

With an SEQES score of 27, 1 moderate quality cohort study with
25 subjects with hand OA found statistically significant evidence to
support the use of yoga to decrease pain, tenderness, and increase
hand AROM.39 Two case series with a total of 19 participants found
that gloves and keyboarding helped to decrease pain in individuals
with finger OA, but this was not statistically significant.40,41 These
studies had SEQES scores of 2441 and 18.40 In addition to decreasing
pain, Swezey et al40 also found that wearing gloves increased the
palmar skin temperature of the glove wearing hand, whereas
Zelazny41 found that active keyboard playing improved finger
strength and dexterity. Although these studies are unique in their
intervention methods, the research is dated, with the articles



Table 2
Effect sizes

Intervention Author Outcomes Statistical significance and
effect size*

P values

Exercise Values exercise and
strengthening

Hennig et al27 PSFS 1* <.001

Exercise and strengthening Lefler and Armstrong29 Pain-level (6-point scale) �0.7
ROM �0.5
Grip strength 0.7* <.05
Palmar pinch 0.9
Fifth digit pinch 0.8
Third digit pinch 0.7

Exercise and strengthening Rogers and Wilder30 Grip strength, NPRS, AIMS2 N/C
Exercise and joint protection Stamm et al21 Grip strength, JPE right hand <.0001

Grip strength, JPE left hand 0.04* .0005
Exercise and joint protection Dziedzic et al26 NPRS paineat 3 months 1.35* .002

NPRS paineat 6 months 2.1* .001
NPRS paineat 12 months 1.57* .03

Exercise and electromagnetic Kanat et al28 Pain and Joint Stiffness Likert
Scale, SF-36, AUSCAN, grip and
pinch strength

Sizes thermal
modalities

Mineral bath (H2O) Fioravanti et al32 MJS, VAS, FIHOA, HAQ, SF-36,
Meds

N/C

Balneotherapy (H2O) and
magnetotherapy

Horvath et al33 HAQ, SF-36, PCS, MCS N/C

Parrifin bath Dilek et al31 VAS N/C
Balneotherapy (H2O) Kovacs et al34 VAS pain 0.358* <.001

MJS 0.099
Grip strength, R hand 0.052
Grip strength, L hand 0.087
HAQ 0.192* .034
AUSCAN 0.176* .049
EQ5D 0.068
EQVAS 0.234* .013

Low-level laser
therapy

LLLT Basford et al36 Grasp 0.01
Lateral pinch 0.11
Three-finger chuck pinch 0.07* <.04
CMCepalmar abduction 0.02
CMCeplanar (radial) abduction 0
MCPeextension 0.3
MCPeflexion 0.03
IPeextension 0.12
IPeflexion 0.11
Joint tendernessethumb CMC 0
Joint tendernessethumb MCP 0.12
Joint tendernessethumb IP 0.17

LLLT Paolillo et al40 Grip strength, PPT N/C
LLLT Baltzer et al35 VASepain 0.13* <.001

ROM 0.15* <.001
Ring size 0.03* <.001

Orthoses DIP orthoses Watt et al25 NPRSepain N/C
DIP orthoses Ikeda et al38 VASepain 2.59* <.001

Other
Interventions

Yoga Garfinkel et al39 CircumferenceeR hand 0.61
CircumferenceeL hand 0.27
ROMeR hand 1.38* .002
ROMeL hand 0.7
Grip strengtheR hand 0.16
Grip strengtheL hand 0.67
Joint tendernesseR hand 1.57* .001
Joint tendernesseL hand 1.16* .009
VAS pain at restecombined
hands

0.39

VAS pain during activity
ecombined hands

1.27* .004

Hand function 0.59
Keyboarding Zelazny41 Pinch strength, ROM, pain

Likert scale, MIDI
N/C

Gloves Swezey et al40 3-point pain and stiffness scale,
ROM, number of tender joints,
ROM, grip strength, ring size,
PPB, skin temperature

N/C

AIMS2 ¼ Arthritis Impact Measurement Scale; MCP ¼ metacarpophalangeal; ROM ¼ range of motion; AROM ¼ active range of motion; MCS ¼ mental component summary;
SF-36 ¼ Short Form-36 Health Questionnaire; AUSCAN ¼ Australian/Canadian Hand Osteoarthritis Index; Meds ¼ number of tablets taken weekly; VAS¼ Visual Analog Scale;
CMC ¼ carpometacarpal; MIDI ¼ computer program Master Tracks Pro, measured keynote finger velocity; Duruöz ¼ Duruöz Hand OA Index; MJS ¼morning joint symptoms;
EQ5D ¼ EuroQol Group Generic Health Status; N/C ¼ effect size could not be calculated based on the data provided; EQVAS ¼ EuroQol Visual Analog Scale; NPRS ¼ Numeric
Pain Rating Scale; FIHOA¼ Functional Index for Hand Osteoarthritis; PCS¼ physical component summary; HAQ¼Health Assessment Questionnaire; PPB¼ Purdue Peg Board;
IP¼ interphalangeal; PPT¼ algometer used tomeasure the force or pressure intensity at which pain was evoked; L¼ left; PSFS¼ Patient-Specific Functional Scale; LLLT¼ low-
level laser therapy; R ¼ right; JPE ¼ joint protection exercise.
*Statistically significant.
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Table 3
Specific hand exercises completed in each study

Study Hand exercises Secondary intervention Sets of exercises

Dziedzic et al (2015)26 AROM: wrist flexion/extension
pronation/supination, tendon gliding,
radial finger walking, opposition,
thumb, and “stretching exercises.”
strengthening: Rubber band to digital
extensors and abductors, play-dough
rolling, pinching, and gripping.

Joint protection education 3 reps. each exercise and building up to
10 reps within the limits of discomfort

Henning et al (2015)27 Rubber ball (7 cm in diameter) for grip
strengthening and rubber bands for the
thumb abductors and extensors

Education provided on OA and
ergonomic principles (joint protection)

First 2 weeks: 10 reps, 12 reps. For the
second 2 weeks, and then 15 reps. For
the remaining 3 months

Paolillo et al (2015)37 Rolling a tennis ball between the
palmar surface of both hands and on the
table for sensorimotor input, passive
wrist flexion, active wrist extension,
and DigiFlex

Ultrasound and low-level Laser therapy DigiFlex resistance increased gradually
from 5,10, 16, and 23 lbs. over 2 months

Kanat et al (2013)28 AROM and resistive exercises Electromagnetic therapy Specifics not provided
Rogers and Wilder (2007)30 Hammer strength gripper at less than

near-maximum weight
Treadmill walking, stationary cycling,
cabled weight stack machine
(latissimus, seated row, shoulder press,
biceps curl, triceps, seated chest press,
and lower extremity exercises) at less
than near-maximum weight

First week: 2 sets � 10 reps.
Second week: 2 sets � 15 reps.
Third week: 3 sets � 15 reps.

Lefler and Armstrong (2004)29 Bucket of rice grasp and release, pinch
grip lifting (gradually increasing a bag
of sand not more than 250 g), wrist rolls
for flexion/extension (1.75 diameter
PVC pipe with weight adjustable sand
bags on a rope), keeping below a 1.5
pain level above baseline

None Exercises initiated at 40% maximal
effort. The repetitions increased by 15
when achieved minimal effort

Stamm et al (2002)21 AROM: making a hook and full fist,
intrinsic plus position, opposition,
abduction, and full-thumb flexion to
base of fifth digit. PROM of MP joint
lying flat on a table towards radial
abduction

Joint protection education and a Dycem
gripper for bottle and jar opening

10 repetitions daily of AROM

AROM ¼ active range of motion; PROM ¼ passive range of motion; OA ¼ osteoarthritis; MP ¼ metacarpophalangeal; PVC ¼ polyvinyl chloride.

J. Beasley et al. / Journal of Hand Therapy 32 (2019) 153e164162
written in 1979,40 1994,39 and 2001,41 and all had small sample
sizes.
Discussion

Summary of evidence for the OA finger joints

There is some evidence of moderate quality to support resistive
hand exercises to improve grip strength and finger ROM, and when
combined with overall body strength, training may improve grip
strength and decrease hand pain. There is sufficient evidence of
high quality to support hand exercises (AROM and resistive) com-
bined with instruction in joint protection to decrease pain and
improve activity performance. There is some evidence of high
quality to support the use of electromagnetic therapy combined
with hand exercises (AROM and resistive) to decrease pain and
increase function. There is some evidence of high quality to support
the thermal modalities of paraffin wax, and balneotherapy at 38�C
combined and/or not combined with mud packs and magneto-
therapy to decrease pain and tenderness, and improve grip
strength, pinch strength, and hand function. Finally, there is some
evidence of moderate to high quality to support DIP orthoses to
decrease pain.

This is the first systematic review to evaluate the evidence
supporting conservative therapeutic interventions for osteoar-
thritic finger (PIP, DIP, and IP) joints. Previous studies have included
the thumb carpometacarpal joint in their reviews24 where this
current review focused on finger joint interventions. The lack of
parameters for some of the interventions, small sample sizes, and
studies that combined interventions limits the conclusions of this
systematic review.
Clinical implications

Watt et al identified reducing pain as a primary goal of ther-
apeutic interventions for individuals with finger OA.25 Manifes-
tations of pain can generate functional deficits which include
decreased grip and pinch strength, decreased ROM, and
decreased performance during activities.27,35,36 The clinician can
utilize the interventions described in these studies in an attempt
to decrease pain as a treatment goal. These interventions
included AROM and resistive exercises, joint protection, elec-
tromagnetic therapy, paraffin wax, and balneotherapy (combined
or not combined with mud packs and magnetotherapy), and DIP
orthoses as effective treatment interventions for individuals with
OA finger joints. Although resistive hand exercises have good
support in the literature, it is important to note that many of the
resistive exercises, when specified, focused on avoiding discom-
fort with a respect for pain. This respect for pain is a principle of
joint protection education commonly discussed in treatment. The
hand exercises outlined in Table 3 provide more detailed infor-
mation to the clinician as to the specific parameters provided in
most of the hand exercise studies. The clinician should take into
consideration that some studies utilized combined interventions
as opposed to a single intervention and results may vary. The
clinician should rely not only on the highest LOE available but
also sound clinical judgment when choosing appropriate client-
centered interventions.
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Conclusion

This systematic review provides a synthesis of the research
evidence for the conservative therapeutic interventions for osteo-
arthritic finger joints. The evidence varies in quality and effect sizes
but in general supports the use of AROM and resistive exercises,
joint protection, magnetotherapy, thermal modalities, and DIP or-
thoses as effective treatment interventions for individuals with OA
of the finger joints. Unfortunately, limited research on these in-
terventions, specific to the DIP, PIP, and IP joints, limits the ability to
provide strong conclusions. Additional research is needed on the
efficacy of therapeutic interventions for the OA finger joints.

Supplementary data

Supplementary data related to this article can be found at
https://doi.org/10.1016/j.jht.2018.01.001.
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#1. The study design is

a. RCTs
b. qualitative
c. a case series
d. a systematic review of existing literature on the topic
#2. Using X-ray verification techniques it has been shown that in
adults over 55 years of age there is an approximately
_____________ % likelihood of having OA of the small joints of
the hand

a. 25
b. 35-40
c. 45-55
d. 75-85
#3. The distribution of OA is

a. approximately the same in the DIPs and PIPs
b. significantly greater in the PIPs than the DIPs
c. significantly greater in the DIPs than the PIPs
d. most pronounced in the MPs
#4. In addition to statistical and clinical significance, the authors
looked at the

a. degree of difficulty in applying the techniques described
b. effect size of each study
c. popularity of the concepts described
d. availability of the journals containing each study
#5. Modest evidence was found to support resistive exercise to
improve ROM and grip strength

a. false
b. true
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Appendix A. Detailed search strategy for each database

CINAHL

Database search from inception to January 28, 2017: resulting in
451 files.

An advanced search was performed by clicking on Advanced
Search and entering the key terms into the search boxes as follows:

osteoarthritis (Select a Field (optional))
AND finger joint OR digit OR thumb OR hand OR proximal

interphalangeal OR distal interphalangeal OR interphalangeal
(Select a Field (optional))

AND hand therapy OR occupational therapy OR physical therapy
OR intervention OR rehabilitation OR therapy (Select a Field
(optional))

Leave Search Options at default settings, click green Search
button.

PubMed

Database search from inception to January 28, 2017: Resulting in
2633 files.

An advanced search was performed by selecting (PubMed) and
clicking on Advanced to take one to the PubMed Advanced Search
Builder and entering the key terms into theBuilder boxes as follows:

(All Fields) osteoarthritis.
AND (All Fields) finger joint OR digit OR thumb OR hand OR

proximal interphalangeal OR distal interphalangeal OR interpha-
langeal (click the D to add another box)

AND (All Fields) hand therapy OR occupational therapy OR
physical therapy OR intervention OR rehabilitation OR therapy.

Click brown Search button.

Web of Science

Database search from inception to January 28, 2017: Resulting in
2126 files.

A basic search was performed by selecting (All Databases) and
(Basic Search) and entering the key terms into the search boxes as
follows:

osteoarthritis (Topic) (click the D Add Another Field to add
another box)

AND finger joint OR digit OR thumb OR hand OR proximal
interphalangeal OR distal interphalangeal OR interphalangeal (click
the D Add Another Field to add another box)

AND hand therapy OR occupational therapy OR physical therapy
OR intervention OR rehabilitation OR therapy.

Leave TIMESPAN at (All years), click blue Search button.

PEDro

Database search from inception to January 28, 2017: Resulting in
356 files.

A simple search was performed by clicking on Begin a simple
search and entering the key term combinations into the Search
term (or terms) box one combination at time. After each search
was performed, one needed to clickNew Search (Simple) to refresh
the database for the next key term combination.

2-word combination of key terms
osteoarthritis AND finger joint e click brown Search button,

obtain results, click New Search (Simple)
osteoarthritis AND digit e click brown Search button, obtain

results, click New Search (Simple)

osteoarthritis AND thumb e click brown Search button, obtain
results, click New Search (Simple)

osteoarthritis AND hand e click brown Search button, obtain
results, click New Search (Simple)

osteoarthritis AND proximal interphalangeal e click brown
Search button, obtain results, click New Search (Simple)

osteoarthritis AND distal interphalangeal e click brown Search
button, obtain results, click New Search (Simple)

osteoarthritis AND interphalangeal e click brown Search but-
ton, obtain results, click New Search (Simple)

3-word combination of key terms
osteoarthritis AND finger joint AND hand therapy e click brown

Search button, obtain results, click New Search (Simple)
osteoarthritis AND finger joint AND occupational therapye click

brown Search button, obtain results, click New Search (Simple)
osteoarthritis AND finger joint AND physical therapy e click

brown Search button, obtain results, click New Search (Simple)
osteoarthritis AND finger joint AND intervention e click brown

Search button, obtain results, click New Search (Simple)
osteoarthritis AND finger joint AND rehabilitation e click brown

Search button, obtain results, click New Search (Simple)
osteoarthritis AND finger joint AND therapy e click brown

Search button, obtain results, click New Search (Simple)
osteoarthritis AND digit AND hand therapy e click brown

Search button, obtain results, click New Search (Simple)
osteoarthritis AND digit AND occupational therapy e click

brown Search button, obtain results, click New Search (Simple)
osteoarthritis AND digit AND physical therapy e click brown

Search button, obtain results, click New Search (Simple)
osteoarthritis AND digit AND intervention e click brown Search

button, obtain results, click New Search (Simple)
osteoarthritis AND digit AND rehabilitation e click brown

Search button, obtain results, click New Search (Simple)
osteoarthritis AND digit AND therapy e click brown Search

button, obtain results, click New Search (Simple)
osteoarthritis AND thumb AND hand therapy e click brown

Search button, obtain results, click New Search (Simple)
osteoarthritis AND thumb AND occupational therapy e click

brown Search button, obtain results, click New Search (Simple)
osteoarthritis AND thumb AND physical therapy e click brown

Search button, obtain results, click New Search (Simple)
osteoarthritis AND thumb AND intervention e click brown

Search button, obtain results, click New Search (Simple)
osteoarthritis AND thumb AND rehabilitation e click brown

Search button, obtain results, click New Search (Simple)
osteoarthritis AND thumb AND therapy e click brown Search

button, obtain results, click New Search (Simple)
osteoarthritis AND hand AND hand therapy e click brown

Search button, obtain results, click New Search (Simple)
osteoarthritis AND hand AND occupational therapy e click

brown Search button, obtain results, click New Search (Simple)
osteoarthritis AND hand AND physical therapy e click brown

Search button, obtain results, click New Search (Simple)
osteoarthritis AND hand AND interventione click brown Search

button, obtain results, click New Search (Simple)
osteoarthritis AND hand AND rehabilitation e click brown

Search button, obtain results, click New Search (Simple)
osteoarthritis AND hand AND therapy e click brown Search

button, obtain results, click New Search (Simple)
osteoarthritis AND proximal interphalangeal AND hand therapy

e click brown Search button, obtain results, click New Search
(Simple)
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osteoarthritis AND proximal interphalangeal AND occupational
therapy e click brown Search button, obtain results, click New
Search (Simple)

osteoarthritis AND proximal interphalangeal AND physical
therapy e click brown Search button, obtain results, click New
Search (Simple)

osteoarthritis AND proximal interphalangeal AND intervention
e click brown Search button, obtain results, click New Search
(Simple)

osteoarthritis AND proximal interphalangeal AND rehabilitation
e click brown Search button, obtain results, click New Search
(Simple)

osteoarthritis AND proximal interphalangeal AND therapy e

click brown Search button, obtain results, click New Search
(Simple)

osteoarthritis AND distal interphalangeal AND hand therapy e

click brown Search button, obtain results, click New Search
(Simple)

osteoarthritis AND distal interphalangeal AND occupational
therapy e click brown Search button, obtain results, click New
Search (Simple)

osteoarthritis AND distal interphalangeal AND physical therapy
e click brown Search button, obtain results, click New Search
(Simple)

osteoarthritis AND distal interphalangeal AND intervention e

click brown Search button, obtain results, click New Search
(Simple)

osteoarthritis AND distal interphalangeal AND rehabilitation e

click brown Search button, obtain results, click New Search
(Simple)

osteoarthritis AND distal interphalangeal AND therapy e click
brown Search button, obtain results, click New Search (Simple)

osteoarthritis AND interphalangeal AND hand therapy e click
brown Search button, obtain results, click New Search (Simple)

osteoarthritis AND interphalangeal AND occupational therapy e

click brown Search button, obtain results, click New Search
(Simple)

osteoarthritis AND interphalangeal AND physical therapye click
brown Search button, obtain results, click New Search (Simple)

osteoarthritis AND interphalangeal AND intervention e click
brown Search button, obtain results, click New Search (Simple)

osteoarthritis AND interphalangeal AND rehabilitation e click
brown Search button, obtain results, click New Search (Simple)

osteoarthritis AND interphalangeal AND therapy e click brown
Search button, obtain results, click New Search (Simple)

OTSeeker

Database search from inception to January 28, 2017: Resulted in
26 files.

An advanced search was performed by clicking on Advanced
Search and entering the key terms into the search boxes as follows:

(Any Field) osteoarthritis.
AND (Any Field) finger joint OR digit OR thumb OR hand OR

proximal interphalangeal OR distal interphalangeal OR interpha-
langeal (click the D to add another box)

AND (Any Field) hand therapy OR occupational therapy OR
physical therapy OR intervention OR rehabilitation OR therapy.

Click orange Search button.
Uploading Files to Zotero
All databases were then uploaded into Zotero. Due to importing

limitations within each database, the files were uploaded as
follows:

� CINAHL and Web of Science were imported 50 files at a time.
� PubMed was fully imported with one file.
� OTSeeker was imported 20 files at a time.
� PEDro was imported after each key term combination.
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