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Objective. Wrist fractures constitute the most frequently occurring upper limb fracture. Many patients report persistent pain and functional limitations up to 18 months following wrist fracture. Identifying which 

patients are likely to gain the greatest benefit from rehabilitative treatment is an important research priority. This systematic review aimed to summarize effectiveness of rehabilitation after wrist fracture for pain and 

functional outcomes and identify potential effect moderators of rehabilitation.  

Methods. A comprehensive search of 7 databases (including MEDLINE, EMBASE, and the Physiotherapy Evidence Database [PEDro]) was performed for randomized controlled trials involving adults >50 years of 

age who sustained wrist fracture and had received 1 or more conservative treatments (eg, exercise/manual therapy, lifestyle, diet, or other advice). Study selection, data extraction, and risk-of-bias assessment were 

conducted independently by 2 reviewers. Results of included trials were summarized in a narrative synthesis.   

Results: A total of 3225 titles were screened, and 21 studies satisfying all eligibility criteria were reviewed. Over half of included studies (n = 12) comprised physical therapist and/or occupational therapist 

interventions. Rehabilitative exercise/manual therapy was generally found to improve function and reduce pain up to 1 year after wrist fracture. However, effects were small, and home exercises were found to be 

comparable to physical therapist–led exercise therapy. Evidence for the effects of other nonexercised therapy (including electrotherapy, whirlpool) was equivocal and limited to the short term (< 3 months). Only 2 

studies explored potential moderators, and they did not show evidence of moderation by age, sex, or patient attitude of the effects of rehabilitation.  

Conclusion: Effectiveness of current rehabilitation protocols after wrist fracture is limited, and evidence for effect moderators is lacking. Currently available trials are not large enough to produce data on subgroup 

effects with sufficient precision. To aid clinical practice and optimize effects of rehabilitation after wrist fracture, potential moderators need to be investigated in large trials or meta-analyses using individual participant 

data. 

Impact. Many patients report persistent pain and functional limitations up to 18 months following wrist fracture. Effectiveness of current rehabilitation protocols after wrist fracture is limited and may be due to 

insufficient targeting of specific rehabilitation to patients who are likely to benefit most. However, evidence for effect moderators is lacking within currently available literature.  To aid clinical practice and optimize 

effects of rehabilitation, investigating potential moderators of rehabilitation in patients with wrist fracture via large trials or meta-analysis of individual participant data is research and policy imperative. 
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[H1]Background 

Fractures of the wrist account for 25% of all fractures in the United Kingdom
1,2

 and result in a 5-fold increase in healthcare utilization and associated expenditures in the year post fracture.
3
 In terms of disease burden, 

63% of people with upper limb fracture report ongoing pain 6 months post fracture, and up to 15% develop complications such as persistent neuropathies, long-term impairment, and complex regional pain syndrome.
4-6

 

In adults aged over 50 years old, wrist fractures are likely to represent a fragility fracture, defined as fractures which occur following an episode of low trauma.
7,8

 Such fractures are often the first indicator of poor bone 

health and are associated with debilitating consequences with respect to activities of daily living such as work, driving, mobility, and self-care, leading to: loss of independence; re-fracture at other sites; reduced quality 

of life; increased health and social care consumption; and up to a 14% increase in mortality rates 7 years post-fracture.
5,6,9-13

 

Fragility wrist fractures may also be an early signal in the life course of a middle to older aged adult, indicating the potential for a cascade of further adverse events (eg, falls, other fragility fractures, frailty, multi-

morbidity, and polypharmacy). As such, fragility wrist fractures are a key target for early rehabilitation, whilst the potential for rehabilitation is at its maximum.  

Treatment of wrist fractures include surgical and non-surgical (conservative) approaches.
14

 Clinical decision making regarding the balance of potential harms and benefits of different treatment options usually varies 

depending on the patient.
14  

Regardless of the treatment chosen, rehabilitation is a core component of a post-fracture care plan and may involve any or all of the following: occupational therapy; education and advice; 

diet and lifestyle interventions; pharmacy review; falls prevention; exercise therapy; and a variety of splinting devices and electro/magnetic therapies.
15 

However, within currently available literature, the observed effect sizes for reducing pain and improving function following wrist fracture are mostly small and highly imprecise.
3,14,16

 Findings of less-than-optimal 

effectiveness of rehabilitation post wrist fracture may result from insufficient targeting of rehabilitation to patients with wrist fractures who are likely to benefit most. Concerns about the effectiveness and 

generalizability of existing treatments for post wrist fracture rehabilitation exist because of varying rehabilitation protocols, and different patient profiles. The degree to which rehabilitative treatments match the needs 

of patients with wrist fracture is germane to clinical decision making and to optimize efficacy of care. Identification of key characteristics of optimal rehabilitative treatment protocols (including therapy utilization, 
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timing, duration, and technique), and understanding of moderating factors are imperative for the development of effective patient-centered wrist fracture rehabilitation protocols. Moderators are factors that affect the 

direction and/or strength of treatment effect, and may include patient characteristics, such as age, sex, lifestyle, characteristics of the fracture, or comorbidity.
13

 

This systematic review therefore aims to summarize evidence for: 

(a) The overall effects of rehabilitative treatments for patients with wrist fracture. 

(b) Potential moderators (predictors) of the effects of treatments for patients with wrist fracture.   

 

[H1]Methods 

[H2]Protocol and Protocol Registration  

This systematic review was written using the preferred reporting items for systematic reviews and meta-analyses (PRISMA) guidance statement.
17 

The review also aligns with the Synthesis without meta-analysis 

(SWiM) in systematic reviews reporting guideline.
18

 A full protocol was established for this study and was registered a priori on the international prospective register of systematic reviews (Prospero ID: 

CRD4201810776).
 

[H2]Information Sources and Search Strategy  

A comprehensive search strategy was developed by an information specialist as part of the review team which included clinicians, physical therapists, and academics with subject knowledge of wrist fracture and 

osteoporosis. A search of the following electronic databases was conducted from their inception until April 2020: Medline, EMBASE, CINAHL, AMED, Cochrane Central Register of Controlled Trials (CENTRAL), 

and Web of Science (see Fig. 1 for full search strategy). Database searches were supplemented by hand searching bibliographies of eligible articles and other relevant literature in the field to identify additional studies 

and grey literature.  

[H2]Study Selection and Eligibility  

The review process was managed using the Covidence software package (https://www.covidence.org). Using pre-defined eligibility criteria, 2 independent reviewers screened the titles and abstracts of retrieved 

citations. Conflicts were resolved with discussion or by the independent opinion of a third reviewer. Studies progressing to full-text stage were similarly screened. The following criteria were used to assess eligibility of 

each trial to be included in the review: 

[H3]Participants: 
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Adults (50 years of age and over) with a history of wrist fracture. As many trials included participants from a wider age range, we considered trials that reported a mean age -1 SD (standard deviation) totaling >45, to 

ensure the majority of participants in eligible trials were 50 years or older. 

[H3] Interventions/Exposures: 

 Any conservative (non-surgical) treatment including any of the following: diet and exercise, falls prevention, occupational therapy, exercise therapy, acupuncture, and electromagnetic therapies. Primary studies 

focusing on pharmaceutical and/or nutraceutical treatments only were excluded from this review.  

[H3] Comparisons or Control Arms:  

Control group including placebo, no intervention, or comparison with other conservative interventions.  

[H3] Outcomes of Interest:  

a) Primary outcome of interest was pain and functional disability following wrist fracture. 

b) Secondary outcomes included post-treatment complications, quality of life, healthcare utilization, and work absence.  

[H3] Study Design:  

Only randomized control trials (RCTs) were included. (RCTs were required for moderation analysis, therefore no other study types considered). 

[H2]Data Extraction 

Eligible full texts were subjected to data extraction using a pilot tested data extraction form, customized for this review. The aim(s), rationale, design, study setting, inclusion and exclusion criteria for each of the 

eligible studies were documented. Study-level data were also collected on participant characteristics including details of treatments received (type, duration, intensity, and frequency of sessions); concurrent intervention 

(where reported); treatment uptake; outcome measures; treatment outcomes; follow-up time points; potential predictors of treatment effect; and complications. Data regarding the use of subgroup or moderation analysis 

including estimates of subgroup effects or associations between potential predictors and treatment effects were also sought from included studies. Full data extraction was conducted for all included studies by 1 

reviewer and was checked by an independent second reviewer to ensure validity and consistency of extracted data.   

[H2]Risk of Bias Assessment 
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Two independent reviewers assessed eligible full texts based on the Cochrane Risk of Bias tool.
19

 Reviewers were blinded to the responses from the other reviewer until both reviewers had completed their reviews. 

Disagreements were resolved with discussion.  

[H2]Methodological Quality of Moderation Analysis  

Assessment of the quality of moderation analysis was based on existing quality criteria, outlined by Pincus et al (2011), which provide an estimation of the level of moderation evidence.
20

 The 5 criteria considered 

when making a judgement on the overall level of evidence for moderation include an a priori hypothesis, presence of a theory or evidence-based selection of moderators to be tested, measurement of moderators prior to 

randomization, quality of measurement of baseline factors, and an explicit test of the effect of interaction between moderator and treatment on outcome. Each criterion is scored as either met or not met, resulting in a 

total score ranging from 0 to 5. A maximum score of 5 out of 5 allows findings to be regarded as confirmatory evidence, while the presence of 3 criteria allow findings to be regarded as exploratory evidence.
19 

[H2]Data Analysis and Synthesis  

Statistical pooling of data (via random effects meta-analysis) was not possible as planned because of the substantial differences in patient population, settings, interventions, and outcomes used. This systematic review 

therefore followed a narrative approach.
19,20 

Synthesis involved an initial description of the characteristics of the included studies and their risk of bias. Included studies were subsequently grouped into broad categories 

by intervention type (eg, exercise/manual therapy as part of physical therapy or occupational therapy; other non-exercise therapy including acupuncture, electrotherapy, aids/orthotics), and results reported in relation to 

review outcomes (ie, pain and functional disability). A summary of evidence from studies which included analysis of, or suggested moderators of treatment outcomes, was then undertaken. For this, studies were 

categorized into 2 groups: (i) studies with further analysis of between-arm treatment effect for patient subgroups (or formal moderation analysis) and (ii) studies that suggested potential moderators of treatment effect 

without formal analyses.
21 

 

[H1]Role of The Funding Source  

The views expressed are those of the authors and not necessarily those of the National Health Service, the NIHR, or the Department of Health and Social Care. The funders played no role in the design, conduct, or 

reporting of this study. 

 

[H1]Results 
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In the subsequent paragraphs, a description of all included studies, including risk of bias and treatment effects (grouped by intervention type), is given first. This is followed by a description of the moderators 

highlighted in the body of evidence and an evaluation of the level of evidence for moderators of treatment effect.  

[H2]Characteristics of Included Studies 

Details of the study identification and selection process is illustrated in Figure 2. After removing duplicates (n = 3216), our search strategy yielded 3550 unique titles which were screened. Of these, 3225 were found to 

be irrelevant during title and abstract review. A total of 325 studies qualified for full-text review, and 21 of these fully met pre-specified eligibility criteria and were included in the final review. Reasons for exclusion of 

full-text articles included pediatric patient population, surgical interventions, irrelevant outcomes (eg, radiological) and non-randomized study designs.  

Included studies were published over a period of 34 years between 1986 and 2020.
22-24 

Studies were conducted across Europe
9,25-32

, North America
22,33,34

, South America
35

, Asia
36,37,38

, and Australia.
23,39-41

 All of the 

studies were conducted in the primary care/community sector (though this was not part of our inclusion criteria). A total of 1065 participants with a mean age of 57.8 years and ranging from 49.9 years of age (SD 

10.15) to 75.85 years of age (SD 7.65) were included in this review.
27,39

 Sample sizes of included studies ranged from 18 to 119 participants.
26,39

 On average, study samples consisted of a greater proportion of females 

compared to males: mean proportion of females was 75.9%; this ranged from 34% to 100%
26,28

. One study did not give data on sex.
23

 In terms of fracture types and severity, most studies did not specify or report 

fracture classifications but where reported, fracture severity was variable. Included studies recruited patients with distal radial fractures (n = 16), 2 studies recruited people with Colle fractures while the rest included 

mixed population involving different types of fractures at the wrist. The characteristics of included studies are summarized in Supplementary Table 1.
 

[H2]Risk of Bias 

Of the 21 studies included, only 2 were assessed as having low risk of bias in all domains of risk assessment, which were also the only 2 studies assessed as having low risk of bias in relation to blinding of participants 

and personnel.
23,34

 This domain also had the highest number of studies (n = 13) assessed as having unclear risk of bias due to insufficient information to adequately assess risk.
22,25–27,29,31,32,35,37–41

 Though 14 studies had 

a low risk of selective reporting of outcomes, this domain also accounted for the highest number of studies (n = 6) having a high risk of bias. Reasons contributing to other sources of bias in included studies were 

deviation from protocol,
38

 not presenting data on baseline characteristics
23

, not clearly stating how patients were recruited
28 

and selective presentation of significant outcomes.
25,28,31,33,37,39 

Summary of risk of bias for 

each included study is presented in Figure 3. 

[H2]Outcome Measures  

Pain and function were the primary outcomes for this systematic review, although included studies also investigated secondary outcomes of interest: post-treatment complications (n = 6), quality of life (n = 3), 

healthcare utilization (n = 0), and work absence (n = 2). The Patient Related Wrist Evaluation Score (PRWE) was the most commonly used outcome measure to assess pain, function, and difficulty performing everyday 

activities.
24,26,27,30,33–36,40,41

 Other measures used to assess pain were the Visual Analogue Scale (VAS),
23,24,26,30,35

 and the present pain intensity score (PPI).
22

 In terms of function, the Disabilities of the Arm, Shoulder 
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and Hand questionnaire (DASH) or QuickDASH were often used in combination, or as an alternative, to PRWE for investigating the level of functional disability in performing everyday activities.
9,23,24,26,27,35

 Other 

outcome measures used to assess function were the Werley functional score
25

 encompassing pain, disability, ROM (range-of-motion), and radiography,
23

 and the Michigan Hand questionnaire (MHQ), which 

investigates pain, function, satisfaction and activities of daily living.
27 

 

[H2]Effectiveness of Conservative Treatments Following Wrist Fracture 

Supplementary Table 2 presents a summary of results for studies reporting pain and function outcomes of conservative treatments post wrist fracture. 

[H3] 1. Exercise/Manual Therapy as Part of Physical Therapy or Occupational Therapy  

[H4]Interventions  

Sixteen studies
9,23–26,28–31,33-35,38–41

 investigated exercise as part of physical therapist/occupational therapist-led interventions. Occupational therapy exercises included hand strengthening and function focused 

programs
23,25

.
 
In addition to localized rehabilitation of the hand affected by wrist fracture, physical therapist-led exercise intervention studies also focused on the impact of the onset of rehabilitation (early versus late 

mobilization
24,26,30,38

) and mode of delivery on treatment effectiveness. Delivery modes were mainly home-based exercise with or without physical therapist-led sessions versus physical therapist-led exercise 

rehabilitation.
28,31,33,35,39,40

 Other comparisons to physical therapist-led exercises included the use of an advice brochure
28

. 
 

The duration of intervention ranged from 2 weeks,
29

 to 52 weeks.
24

 Two studies did not specify the duration of treatment for either intervention or control arms.
22,31

 Frequency of therapy varied between 3 times a day,
40

 

and once a week.
23

 Though over 50% of patients in treatment arms completed some form of home-based exercise protocol (constituting up to 70% of their treatment schedule), there was no significant difference in 

adherence to exercise/rehabilitation protocols between control and intervention arms of studies that reported adherence.
33,38

 

[H4]Effects on pain  

Nine out of 16 studies assessing the effects of exercise as part of physical therapist/occupational therapist-led interventions reported on pain outcomes.
23,24,26,28,30,31,35,40,41

 Exercise was associated with reduction in pain 

but reported effects/differences between treatment arms were mostly limited to the short term (<6 months) and were not statistically significant.
23,24,30,31,35,40,41

 Only 2 studies, found exercise to reduce pain symptoms 

for up to 1 year after wrist fractures.
26,28

 There was discrepancy amongst the studies regarding any perceived advantage of physical therapist-led exercises over home-based exercise on pain outcomes.
26,28,30,31,40,41 

Most 

studies reported no significant difference between either mode of delivery in the short- or long-term.
28,31,40, 41

 In summary, the effect of exercise on pain after wrist fracture is limited and, home exercises were found to 

be comparable to physical therapist-led exercise therapy, especially when used in combination with less frequent conventional 1-to-1 physical therapist-led sessions.
26,28,30,31,40,41

 

[H4]Effects on function 
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All 16 studies reported on the effects of exercise on functional outcome after wrist fracture. Only in 5 studies was exercise/manual therapy utilized as part of physical therapy/occupational therapy rehabilitation 

programs reported to lead to significant improvements in hand function compared to control.
9,23,24,30,35

 For up to 1 year after commencing exercise rehabilitation for wrist fracture, most studies reported no clinically 

significant differences between treatment arms. Studies with longer follow-up reported worsened or no significant improvement compared to control and/or other active interventions at any given time point up to 2 

years.
26,28

 As with pain outcomes, there were equivocal findings with regards to the beneficial effects or added advantage of physical therapist/occupational therapist-led exercises over home-based exercise for 

functional outcomes.
22,27,32,36,37,26,28,30,31,40,41

 

[H3] 2. Non-Exercise Interventions Including Acupuncture, Electromagnetic Therapy, and Others 

[H4]Interventions 

Five studies
22,27,32,36,37

 were identified which presented effects of non-exercise interventions; these included whirlpool therapy,
22

 graded motor imagery ,
27

 light-therapy,
32

 oedema focused therapy involving use of 

compression glove,
36

 and computer-regulated brush machine therapy
37

 Comparisons were hot towel therapy,
22

 home-based exercise,
27

 physical therapy,
36

 standard occupational therapy,
37

 and standard care
32

 Studies 

investigating these interventions differed in terms of duration (range: 2-13 weeks; most common: 2 weeks) and frequency of treatment (range: 2-10 sessions per week; most common: 2/3 sessions per week).
22,27,32,36,37 

One study did not mention the duration of follow-up.
22

 

[H4]Effects on pain 

Four out of 5 studies reported pain outcomes after non-exercise/manual therapy treatments for rehabilitation of wrist fracture.
22,27,32,36

 Significant effects on pain were seen for graded motor imagery, light therapy and 

compression gloves (after 2-, 4- and 8-weeks post-intervention),
27,32,36

 but not for whirlpool therapy,
22

 hot towels,
22

 and computerized brush therapy
37 

compared to controls. Studies trialed different treatments and 

controls making comparisons regarding effectiveness difficult across studies. 
 

[H4]Effects on function  

Four out of 5 studies assessed the effects of other non-exercise treatments after wrist fracture.
22,27,36,37

 Of these, only 1 found no significant difference between its 2 treatment arms for functional outcomes.
36

 

Improvements in function following rehabilitation were found with graded motor imagery,
27

 occupational therapist-led computer-aided brush machine,
37

 and compression glove
36

 compared to function in control arms. 

However, positive findings were associated with non-patient reported outcome measures and limited to the immediate short-term, post-intervention period (ie, 7-15 days) indicating possible selective outcome reporting 

and no true clinically significant effect on functional disability after wrist fracture.
32

 
 
Functional disability as measured using grip strength was not significantly different for standard brush occupational therapy versus 

computer-regulated brush therapy
37 

in the longer term. In summary, the effects of other non-exercise therapy for improving function following wrist fracture remains equivocal. 
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[H3]Complications 

Of the 21 studies, 15 neither reported or investigated complications following treatment of wrist fracture as part of their trials
9,23,25,26,28,31–33,37,41 

Of those remaining (n = 6), reporting of onset (timing) and/or duration of 

symptoms of complications after wrist fracture was limited. Complex regional pain syndrome (CRPS) was the most commonly reported complications (n = 4 studies) with 10% to 15.4% CRPS overall 

incidence.
23,24,26,32

 Participants in the control arms of these studies were reported to be most affected by this complication, however the control arm intervention varied widely (eg, range-of-motion exercises, physical 

therapist-led exercises, combined physical therapist-led exercises and cryotherapy). Other listed complications included residual pain or stiffness necessitating further interventions,
26,35,40

 carpal tunnel syndrome,
24

 

suboptimal osteosynthesis,
26

 transient nerve dysfunction,
26

 trigger finger,
24,26

 adhesive capsulitis,
23,24,26,32

 superficial wound infection,
26

 Dupuytren contracture,
26

 scar problems,
26

 and peripheral nerve decompression.
26

 

On average across studies, a 10% rate of complications (including CRPS) were reported and there was no indication of statistical difference between intervention and control arms. Incidence of complications were not 

reported as treatment related but studies were generally underpowered to accurately investigate the relationship between treatment effect and the incident and outcomes of complications. 

[H2]Moderators of Treatment Effect Following Wrist Fracture 

Two studies investigated factors assessed pre-randomization through moderation or subgroup analysis as part of an a priori defined hypothesis regarding effect moderation.
29,37

 Interventions for which moderating 

factors were identified included exercise therapy as part of multimodal physical therapy,
29

 and occupational therapy with computer-regulated brush therapy.
37

 Table 1 shows a summary of how these 2 studies 

performed when considered against the Pincus criteria for the identification of moderators.
20

 An outline of suggested (potential) moderators and the supporting exploratory evidence base is presented in Table 2. No 

study provided a methodologically valid and statistically confirmed moderation of effect for rehabilitation after wrist fracture. 

Age >55 years, sex (female), and patient attitude towards computers were investigated as potential moderators of treatment effect. Jarus et al investigated attitude towards computers, using appropriate statistical 

methods, but the results showed no significant moderation of the effect of computer-regulated brush therapy by a positive attitude towards computers.
37

 Sample size however was very small (n = 47 in total). The 

potential influence of older age was mentioned by the authors, but this was not investigated as most participants were older adults. Ratajczak et al explored the possible role of age and sex on the effectiveness of a 

rehabilitation package with massage (compared to no massage), using descriptive statistics to present improvement in outcomes in age and sex subgroups, and within each treatment arm.
29

 Subgroup effects (between 

treatment arms) were not presented, and interaction was not tested. The results showed similar outcomes across all subgroups and did not provide evidence of moderation by age or sex of the effect of adding massage, 

but sample size is again small (n = 40 in total). 
 

Additional factors which were not formally investigated using subgroup/moderation analysis, but suggested (eg, in the discussion section of other studies) to be potential moderators of the effect of rehabilitative 

interventions for wrist fracture included: eg, functional impairment before fracture,
31

 malunion at 6 weeks after fracture,
31

 high level of pain at baseline comminution and joint involvement in fracture,
25,31,35

 duration of 

immobilization,
24,26,30,31,38

 frequent falls,
28,29,32

 low adherence to prescribed treatments,
28,34,40

 depression,
9
 and low patient expectations (Tab. 3).

31,37,40 
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[H1]Discussion 

This systematic review synthesized evidence concerning the effectiveness of rehabilitation following wrist fracture. Importantly, it also aimed to summarize evidence for moderators or potential moderators of the 

effects of rehabilitative treatments following wrist fracture. Findings generally indicate modest improvement in patient outcomes. We found little evidence for the effectiveness of rehabilitation compared to ‘usual care’ 

control arms, as all included studies involved active treatment intervention protocols compared against each other in many different ways and combinations. Rehabilitative treatments including electromagnetic 

therapies and whirlpool were not shown to have a significant effect for improving pain and function following wrist fracture. Though some studies involving exercise/manual therapy as part of a physical therapist-led 

intervention showed beneficial effects for pain and function, estimates were small and may not be clinically important. 

The optimum time for mobilization is yet to be determined but in studies where participants begin physical therapy rehabilitation as early as 2 weeks post-surgical reduction of fracture, beneficial effects for function in 

the short- and long-term were found. Home exercises in combination with fewer supervised therapist-led sessions were found to lead to similar effects on patient outcomes compared to fully supervised, facility-based 

exercise rehabilitation sessions (in the short term up to 6 months). However, adherence was variable and not well reported for most studies. It is therefore important that clinicians consider how to optimize engagement 

and adherence when designing rehabilitative treatment protocols for wrist fracture patients. 

To our knowledge, this is the first systematic review to extract and summarize evidence for moderators of the effects of conservative treatments for wrist fracture. Only 2 studies investigated possible effect moderation 

by age (>55 years old), sex (female) or patient attitude, with only 1 study using appropriate statistical methods, but results suggested there was no influence of these factors on the effects of rehabilitation after wrist 

fracture. It must be noted however that both trials were very small (less than 30 patients per intervention arm) and not powered to detect interaction.  Variation in the effects of rehabilitative treatments following wrist 

fracture are possibly dependent on a wider range of factors which have yet to be investigated formally in sufficiently powered randomized trials. Earlier reports in this field
42,43

 have suggested a possible influence of 

age, sex, patient motivations/attitude or treatment expectations on outcome of wrist fracture, but such evidence on the prognostic value of these factors does not necessarily mean they can also predict a differential 

effect of treatment. Furthermore, methodological limitations in the conduct and reporting of results from available studies has limited the strength of evidence for effect moderation. All the potential moderators of 

treatment effect identified in this review are yet to be examined across large, adequately powered, RCTs. Most of the studies proposing potential moderators of treatment response did not formally investigate 

moderation, including testing of interaction or adequately presenting subgroup effects. As yet, evidence for moderators of treatment effect following wrist fracture is therefore lacking. 

[H2] Implications for Future Research and Practice 

Based on currently available evidence, effectiveness of current rehabilitation protocols after wrist fracture is limited; and evidence for effect moderators is lacking as currently available trials are not large enough to 

produce data on sub-group effects with sufficient precision. To aid clinical practice and optimize effects of rehabilitation after wrist fracture, potential moderators need to be investigated in large trials or meta-analysis 

using individual participant data. Furthermore, the heterogenous nature of fractures and treatments as reported in current literature makes it difficult to draw conclusions about optimal timing of mobilization. The 

reporting of rehabilitative interventions could be improved, including key features such as duration, dose or intensity, mode of delivery, and monitoring using for example prescriptions in the TIDieR checklist
44

. This 
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will not only ensure adequate, homogeneous reporting essential for impactful evidence synthesis but will also aid research design and practice where rehabilitative needs of patients after wrist fracture are closely 

matched with elements and processes essential to the intervention. 

[H2]Strengths and Limitations  

We have conducted a detailed systematic review of evidence using a comprehensive search of multiple databases, as well as considering grey literature. Although we considered articles that had been translated into the 

English language,
29

 we excluded 3 articles that may have met our inclusion criteria due to lack of available translations (Fig. 2). We used robust systematic review methods in line with established guidance including 2 

independent reviewers for risk of bias and data extraction. Unfortunately, we were unable to conduct a meta-analysis due to insufficient data from studies both comparing the same interventions and using similar 

outcome measures. We acknowledge a generally low methodological quality among included studies. For instance, we found inconsistencies in reporting of the design, conduct and results of many of the included 

trials, which may have affected study results. Limitations included differences in baseline characteristics, treatment of control and intervention arms,
 
and low sample sizes.  

[H1]Conclusion 

Evidence for the effectiveness of most rehabilitative treatments for reducing pain and improving function following wrist fracture is less than optimal. Moderation of the effects of exercise or occupational interventions 

on functional outcomes after wrist fracture by age (>55 years), sex (being female), or patient attitude/expectations of treatment could not be confirmed. However, there is very little evidence based on formal, high 

quality moderation analysis for these factors and there will be a need for these to be properly investigated in future pragmatic trials. This will be a first important step to more closely match the rehabilitative needs of 

patients with wrist fracture.  
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Tables 

 

Table 1. Methodological Assessment of Moderation Analysis
20

   

Study A Priori Hypothesis Theory-Driven and/or 

Evidence-Driven 

Hypothesis 

Moderators Measured 

Prior to Randomization 

Valid and Reliable 

Baseline and Process 

Factors 

Explicit Test of 

Interaction 

Total Score Level of Moderation 

Evidence
a
 

Jarus et al
37

 (2000) Yes Yes Unclear Unclear Yes 3 Exploratory 

Ratajczak and 

Plominski
29

 (2015) 
No Unclear Yes Yes No 2 Insufficient 

 

a 
Confirmatory = all 5 items met; exploratory = 3+ items met; insufficient = failure to meet 3 items. 
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Table 2. Summary of Moderators of Treatment Outcomes Following Wrist Fracture 

Author (Year) Interventions Studied Prognostic Factors 

Explored or Tested as 

Potential Moderators 

Statistical Analysis Suggestive of 

Moderation of Treatment Effect 

Evidence for Suggested Moderator(s)/Findings of 

Moderation Analysis on Relevant Outcome 

Additional Moderators 

(Suggested) + Comments 

Level of 

Moderation 

Evidence (Tab. 1) 

Jarus et al37 

(2000)  

Use of computer-aided brush 

machine vs standard 

occupational therapy brush 

machine. 

Patient attitude towards 

computers 

 

 

For each outcome measure (including grip strength as a 

proxy for function), a 3-way analysis of variance 

(ANOVA) with repeated measures was performed: 2 

(treatment group) x 2 (attitude) x 6 (time) design. Post-

hoc tests were then performed to test for significant 

differences between the means. The level of 

significance was set at .05. 

 

 

For function as measured by grip strength: the computer-

aided group improved more in grip strength than the 

control arm starting with the third time point; however, 

these differences were not significant at any time point. 

An enhanced interest in the computer-supported 

intervention was hypothesized to increase the motivation 

to repeat and continue to exercise and improve hand 

function. However, the interaction between treatment 

group and attitude toward computers on outcome was not 
significant. 

 

Older age was suggested in the 

discussion section as a potential 

moderator of the effect of using 

a computer-aided brush 

machine compared to a 

standard machine, but this 

could not be investigated as 

most participants were older.  

Exploratory 

Ratajczak and 

Plominski29 

(2015)  

Isometric massage + rehab 

package (combined physical 

therapist-led exercises, 

cryotherapy, laser- and 

magnetic field therapy) vs 

rehab package without 

massage. 

Age, sex The change in global grip strength was presented for 

male and female patients and for 2 age groups 

separately within each treatment arm. No between-

group differences were presented within age or sex 

subgroups, and no interaction tests were performed. 

The descriptive analysis shows that younger patients had 

greater grip strength at baseline than older patients, but 

improvements with treatment were similar for both age 

groups in both treatment arms. Grip strength also 

improved similarly in men and women, regardless of 

treatment group. 

 

No other candidate moderators 

were suggested.  

 

 

Insufficient 
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Table 3. Other Suggested Moderators (Not Supported by Evidence in Design and Analysis)
a
   

Study (Year) Moderators 

Bruder et al
40

 (2016) 
Participant outcome expectations may affect adherence and improve outcomes. 
Not hypothesized a priori or planned in analysis. 

 

Christensen et al
25

 (2001) 

Age, sex, fracture type, dominance. 
Poor result related to comminution and joint involvement. Occupational therapy may not be suitable for damage of soft tissue structures around the wrist joint.  

A priori hypothesis was not set or planned for in analysis. Suggested in discussion. 

 

Dennison et al
24 

(2020) 

Duration of immobilization (onset of rehabilitation). 
Fracture classification (intra-/extra-articular).   

Although the late motion group had delayed recovery, there were no long-term (up to 1 y) significant differences in motion, strength, outcome, or pain scores.  

Hypothesis not set a priori, planned for in analysis but no results and noted in discussion. 
 

Filipova et al
9
 (2015) 

Age, sex, dominance. 

Depression  

Patient expectations and patient-perceived outcome 
A priori hypothesis was not set or planned for in analysis. Suggested in discussion 

 

Gutierrez-Espinoza et al
35

 (2017) 

Age, sex, immobilization time, dominance, fracture characteristics (aged >65 y with more needs/complications). (Malalignment as a predictor of poor functional outcome). 

Elderly (>65 y) patients with complications may benefit from professional clinical supervision. May be beneficial to categorize into low and high demand groups. 
Malalignment is not a predictor of poor functional outcome 

A priori hypothesis was not set or planned for in analysis. Suggested in discussion 

 

Hakestad et al
28

 (2015) 

Age, height, weight, BMI, body fat, age of menarche, age of menopause, time since menopause, bisphosphonate, calcium use, past history of fracture, time since fracture, family history of OP, 

smoking hx, alcohol, education. 

Multiple fallers may benefit in dynamic balance with an active rehab program. 

Patient adherence is possibly a moderating factor in active rehab program. 
Not hypothesized a priori or planned in analysis. 

 

Kuo et al
38

 (2013) 

Age, sex, fracture type, dominance. 
External fixator may be deterrent to early mobilization and internal locking plate may be preferable. 

Not hypothesized a priori or planned in analysis. 

 

Magnus et al
34 

(2013) 

Age, sex, height, weight ; age may be a moderating factor, but was not explored due to the small sample size. 
Surgical intervention may be a moderating factor, but was not explored due to small sample size. 

Adherence may be a moderating factor, but was the same level in both arms. 

Not hypothesized a priori or planned in analysis. 
 

Zlatkovi-Svenda et al
32

 (2019) 

(Daily home exercises, poor balance control at baseline was associated with a better improvement in outcomes). 

Poor balance control at baseline. 

Daily home exercises. 
Suggested in analysis and discussion. 

 

Tomruk et al
30

 (2020) 
 

(Lower age in treatment group could have contributed to increased functional improvement). 

Lower age. 
Active joint mobilizations in early postoperative period. Technique: Performing active joint mobilization in a pain-free ROM 

Suggested in analysis and discussion. 

a 
ROM = range of motion; y = year(s).
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Figure legends  

Figure 1. Full Medline search strategy. 
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Figure 2. PRISMA flow chart. 
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Figure 3. Risk of bias in individual studies. 
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