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Background and purpose — A better understanding of 
factors that influence functioning may improve the identi-
fication of patients with distal radius fractures (DRFs) who 
need hand therapy. The purpose of this scoping review was 
to provide a comprehensive overview of factors that have 
been evaluated for their influence on hand functioning fol-
lowing volar plate fixation of DRFs.

Material and methods — 6 databases were searched 
from 2005 to 2021 for publications regarding surgical treat-
ment for a DRF with a volar locking plate. Included stud-
ies evaluated demographic, perioperative, and postoperative 
factors within the 6 weeks post-surgery for their influence on 
functioning at least 3 months post-surgery. Functioning was 
assessed with patient-reported outcome measures. The fac-
tors were categorized into themes and mapped to the Inter-
national Classification of Functioning, Disability and Health 
(ICF).

Results — 148 studies were included. 708 factors were 
categorized into 39 themes (e.g. pain) and mapped to the ICF 
components. The themes were primarily mapped to “body 
functions and structures” (n = 26) and rarely to “activities 
and participation” (n = 5). Fracture type (n = 40), age (n = 
38), and sex (n = 22) were the most frequently evaluated 
factors.

Conclusion — This scoping review identified an exten-
sive number of fac tors evaluated within 6 weeks after sur-
gery for their influ ence on functioning at least 3 months after 
volar plate fixa tion of a DRF and the existing research has 
primarily evaluated factors related to “body functions and 
structures,” with limited focus on factors related to “activi-
ties and participation.” 

The rehabilitation approach offered to patients with a surgi-
cally treated distal radius fracture (DRF) relies on the health-
care professionals’ clinical experience and assessment of 
range of motion, edema, and pain (1). However, these clinical 
findings do not encapsulate all aspects of a patient’s function-
ing (2). Factors such as age, osteoporosis, associated ligament 
injuries, and personal preferences may provide additional 
information that enhances clinicians’ identification of patients 
who might benefit from treatments such as hand therapy.

Functioning is defined in the International Classification 
of Functioning, Disability and Health (ICF) as an interac-
tion between a patient’s health condition, and the components 
“body functions and structures,” “activities and participa-
tion,” “environmental factors,” and “personal factors” (3). 
An understanding of functioning is important for framing 
patients’ health status (3) and should be considered in patients 
with DRFs (4). The evaluation of patients’ level of function-
ing with patient-reported outcomes measures (PROMs) may 
improve clinicians’ understanding of their needs and facilitate 
the planning of targeted rehabilitation approaches for patients 
at risk of insufficient functioning (5). 

While systematic reviews have been published evaluating the 
effect of specific factors, such as pronator quadratus repair (6) 
and duration of immobilization (7) on functioning, we found 
no systematic reviews that provided an overview of all factors 
that may influence functioning after volar locking plate fixa-
tion. A variety of heterogeneous factors have been investigated 
for their influence on functioning. We therefore performed a 
scoping review with the purpose of providing a comprehensive 
overview of factors that have been evaluated for their influence 
on functioning following volar plate fixation of DRFs. 



Acta Orthopaedica 2023; 94: 280–286 281

Methods

We conducted a scoping review using a replicable, transpar-
ent, and rigorous process and included a wide range of study 
designs consistent with scoping review methodology and 
guidelines (8). The review was performed based on the a 
priori published protocol (9), and deviations from the proto-
col are presented in Section 1 (see Supplementary data). The 
review followed the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses extension for Scoping Reviews 
(PRISMA-ScR) (10). 

Review question
Which demographic, perioperative, and postoperative factors 
within 6 weeks after surgery have been evaluated for their 
influence on functioning at least 3 months after volar plate 
fixation of a DRF? 

Eligibility criteria
At least 75% of the study’s participants had to fulfill the fol-
lowing criteria to be included in the review: ≥ 18 years of age, 
had surgery within 3 weeks after trauma, and were treated with 
a volar locking plate (Table 1). If a volar plate was inserted in 
2005 or later, we assumed that a locking plate was used. Func-
tioning needed to be evaluated at least 3 months after surgery, 
based on the systematic review by Stinton et al. (11). 

Types of sources and search strategy
We considered peer-reviewed full-text studies in English, 
Danish, Norwegian, or Swedish with any study design. Sys-
tematic reviews published within the last 5 years were initially 
included to allow their reference lists to be checked for rel-
evant studies. 

The MEDLINE, CINAHL, Embase, Cochrane Library, 
PsycINFO, and SPORTdiscus databases were searched for 
studies published from 2005 until November 23, 2021, which 
reflected the time frame of volar locking plate fixation becom-
ing common practice (12). The search strategy for MEDLINE 
is shown in Section 2 (see Supplementary data). The same 

search strategy was adapted and employed in the other data-
base searches. 

Study selection and data extraction
All identified citations were uploaded into the Covidence 
systematic review software (Veritas Health Innovation, Mel-
bourne, Australia), and duplicates were removed. The screen-
ing of titles and abstracts (SB, AV), assessment of full-text 
studies against the inclusion criteria (SB, AV/CPP/NSJ/CTJ), 
and extraction of data (SB, CPP/NSJ) were performed by 2 
reviewers independently. Any disagreements were resolved 
through discussion between the reviewers or by arbitration 
with a 3rd reviewer (AV/AØH). The following data was 
extracted: source (first author, country, year published), study 
design, study aim, postoperative rehabilitation, sample char-
acteristics, DRF classification, plate type, factors evaluated, 
PROM used to evaluate functioning, and time points employed 
to assess functioning. Section 3 (see Supplementary data) out-
lines the operationalization of the data-extraction process.

Data analysis and presentation
The factors were categorized into themes by 2 reviewers (SB, 
AØH). For example, the theme “pain” contained the factors 
pain medication (13), pain at rest (14), and pain measured with 
the Pain Catastrophizing Scale (15). Likewise, depression 
(14,15), comorbidities (16,17), polytrauma (18), and diabetes 
(19,20) were factors included in the theme “comorbidities.” 
Factors that were evaluated from multiple perspectives or at 
multiple time points in the same study were only reported once. 

Data was analyzed through content analysis (21). We iden-
tified the content of the factors based on the purpose of the 
assessments conducted in the original research and the manner 
in which the factors related to the ICF components (3). The 
content of each factor (22) was analyzed by 2 reviewers (SB, 
AØH) independently, and a 3rd reviewer was consulted if the 
determination of a factor’s content required discussion (ML). 
Each factor was mapped to 1 to 4 components of the ICF (3) that 
were most consistent with the factor’s content using the ICF 
linking rules (22,23) and the supplementary criteria developed 
for our review (Section 4, see Supplementary data; SB, AØH). 
The ICF components are defined in Table 2 and examples of 
factor mapping using the ICF framework is provided in Table 
3. Disagreements during content analysis and factor mapping 
were resolved through arbitration with 3 additional reviewers, 
who also verified the factor mapping (AV, CBJ, HHK). 

The 2 reviewers who carried out the content analysis and 
factor mapping (SB, AØH) are experienced occupational ther-
apists with specialized knowledge of hand therapy and the use 
of the ICF framework in research. The content analysis was 
based on a biopsychosocial pre-understanding that a dynamic 
variety of factors influence patients’ functioning (2,3). 

The factor mapping to the ICF classification was presented 
as frequency counts of studies assessing factors within each 
theme. 

Table 1. Inclusion criteria

Patient	 Adults	(≥	18	years)	treated	with	volar	locking	plate	fixation	
within	3	weeks	after	a	distal	radius	fracture

Concept Factors:	Demographic,	perioperative,	and	postoperative	
	 	 						factors	evaluated	within	6	weeks	after	surgery
  Functioning:	Evaluated	at	least	3	months	after	surgery

	 either	qualitatively	or	with	the	following	patient-reported	
outcome	measures	of	functioning	and	their	variations	
commonly	used	in	distal	radius	fractures	(43):	Patient-
Rated	Wrist	Evaluation	(PRWE),	Patient-Rated	Wrist/
Hand	Evaluation	(PRWHE),	Disabilities	of	the	Arm,	
Shoulder	and	Hand	(DASH),	QuickDASH,	Michigan	
Hand	Outcomes	Questionnaire	(MHQ),	and	BriefMHQ

Context	 Any	context	regardless	of	country	or	healthcare	setting
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Results
Study selection 
After the study selection process, 147 studies met the inclusion 
criteria and were included. An additional study was included 
after checking the reference lists of the included studies; thus, 
148 studies were included in the scoping review (Figure 1). 

Study characteristics 
The largest number of included studies originated from Europe 
(n = 57) and Asia (n = 57), followed by North America (n = 
29), South America (n = 4), and Oceania (n = 1). Studies with 
the following designs were included: randomized controlled 
trials with data extracted from 2 or 3 treatment groups (n = 32), 
randomized controlled trials with data extracted from only 1 

treatment group (n = 4), non-randomized controlled trials (n = 
14), prospective cohort studies (n = 41), retrospective cohort 
studies (n = 48), case-control studies (n = 5), and case series 
studies (n = 4). The distributions of study publication year and 
employed PROMs are shown in Figures 2 and 3 (see Supple-
mentary data). In 27 of the 148 studies, 2 different PROMs 
were employed: Disabilities of the Arm, Shoulder and Hand 
(DASH) and Patient-Rated Wrist Evaluation (PRWE) (n = 15) 
or QuickDASH and PRWE (n = 12; Table 5, see Supplemen-
tary data). 

The 148 studies evaluated a total of 708 factors (Table 5, 
see Supplementary data). The factors were categorized into 
39 themes, of which 23 themes were evaluated in more than 
2 studies. 

Factors mapped to components of the ICF classification
Of the 148 included studies, 138 studies evaluated 1 or more 
factors in “body functions and structures,” 43 studies evalu-
ated 1 or more “personal factors,” 85 studies evaluated 1 or 
more “environmental factors,” 14 studies evaluated 1 or more 
factors in “activities and participation,” and 3 studies evalu-

Table 2. Definitions of the ICF components 

Body functions and structures 
 “Body functions	are	the	physiological	functions	of	body	systems
	 				including	psychological	functions”	(3)	
 “Body structures	are	anatomical	parts	of	the	body	such	as	organs,	
	 				limbs	and	their	components”	(3)	
Activities and participation
 “Activity is	the	execution	of	a	task	or	action	by	an	individual”	(3)
 “Participation	is	involvement	in	a	life	situation”	(3)	
Environmental factors

“Environmental factors	make	up	the	physical,	social,	and	attitudi-
nal	environment	in	which	people	live	and	conduct	their	lives”	(3)	

Personal factors
“Personal factors	are	the	particular	background	of	an	individual’s	
life	and	living,	and	comprise	features	of	the	individual	that	are	
not	part	of	a	health	condition	or	health	status.	These	factors	
may	include	sex,	race,	age,	other	health	conditions,	fitness,	
lifestyle,	habits,	upbringing,	coping	styles,	social	background,	
education,	profession…,	all	of	which	may	play	a	role	in	disability	
at	any	level”	(3)	

Table 3. Examples of factor mapping using the ICF framework 

	 Factor	evaluated
First	 in	the	original	 Content	 ICF	 ICF
author	 research	 analysis	 category	 component

Uchiyama	(44)
	 Alendronate	 Administration		 E1101	(drug	 Environmental
	 	 of	alendronate	 handling)	 factors
	 	 Effect	on	bone	 S73010	 Body	functions
	 	 healing	and	 (structure	 and	structures
	 	 consequent	 of	bones	of
	 	 influence	on	 forearm)
	 	 	functioning	
Choi	(26)
	 Osteoporosis	 Osteoporosis	 Comorbidity	 Personal	factors
	 	 Effect	of	 S73010	 Body	functions
	 	 reduced	 (structure	 and	structures
	 	 density	in	the	 of	bones	of	
	 	 bone	structure	 forearm)
	 	 on	functioning	

Records identified from databases (n = 6,406):
– MEDLINE, 1,809
– CINAHL, 1,116
– Embase, 3,014
– Cochrane Library, 308
– PsycINFO, 8
– SPORTdiscus, 151

Duplicate records removed
n = 2,321

Records screened 
n = 4,085

Records excluded
n = 3,501

Reports sought for retrieval
n = 584

Reports not retrieved/withdrawn 
n = 2

Reports assessed for eligibility
n = 582

Reports excluded (n = 435):
– systematic reviews ≤ 2017, 30
– abstract only, 41
– not English/Scandinavian, 46
– not selected operation, 24
– DRF-surgery > 3 weeks, 5
– volar locking plate < 75%, 66
– no functioning at all, 18
– no functioning > 3 months, 4
– no factors ≤ 6 weeks, 201

Records identified via 
other methods:
Reference checking of 
– systematic reviews, 0 
– included studies, 1

Studies included in review
n = 147

Reports of included studies
n = 1

Figure	1.	PRISMA-ScR	flow	diagram.	DRF:	distal	radius	fracture.
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ated factors not covered or defined in the ICF classification. 
42 studies evaluated only factors in 1 ICF component, while 7 
studies evaluated factors in all 4 ICF components.

The themes and the frequency of studies reporting factors 
within the themes mapped to the ICF components are depicted 
in Figure 4. The factor mapping revealed most themes related 
to “body functions and structures” (n = 26), followed by 
“environmental factors” (n = 17) and “personal factors” (n = 
11), while themes were least often mapped in “activities and 
participation” (n = 3; Figure 4). 

A patient’s rehabilitation approach (e.g., hand therapy or 
home-based exercises), often relies on the healthcare profes-
sional’s clinical experience, available resources, and interpre-
tation of impairment measures of range of motion, edema, 
or pain (1). These factors were used as inclusion criteria for 
patients determined to not need supervised rehabilitation in a 
study by Boel and Juhl (32), which found that 42% of patients 
experienced insufficient functioning at 6 months after volar 
plate fixation of DRF, implying that these factors alone do 
not identify all patients in need of a rehabilitation approach 

Fracture type
Associated fracture of ulna
Time from injury to surgery

Muscle release during surgery
Plate/screw type

Rehabilitation approach
Bone quality

Duration of immobilization
Anesthesia type

Energy of trauma
Fracture alignment

Associated ligament lesions
Treatment before surgery

Comorbidity
Pain

Arthroscopy
Experience of surgeon

Carpal tunnel release
Grip strength
Incision type

Range of motion
Type of postoperative dressing/splint

Bone cement
Edema

Ratio of soft tissue to bone circumferences
Tscherne grade
Fractured side

Rehabilitation approach
Activities of daily living

Comorbidity
Work status

Age
Sex

Bone quality
Comorbidity

Education level
Pain

Income
Smoking

Activities of daily living
Race

Trauma expectation
Time from injury to surgery

Muscle release during surgery
Plate/screw type
Anesthesia type

Rehabilitation approach
Duration of immobilization

Rehabilitation approach
Treatment before surgery

Arthroscopy
Experience of surgeon

Bone quality
Carpal tunnel release

Incision type
Income

Type of postoperative dressing/splint
Area deprivation index

Bone cement
Pain

Fractured side
Disability

Injury on duty

ICF components
Body functions and structures
Activities and participation
Personal factors
Environmental factors
Not covered/defined

Factor themes

Number of studies
0 5 10 15 20 25 30 35 40

Figure	4.	Factor	themes	and	frequency	of	studies	reporting	factors	within	each	ICF	component.	
ICF	=	International	Classification	of	Functioning,	Disability	and	Health.

The themes fracture type (n = 40), age 
(n = 38), and sex (n = 22) were exten-
sively evaluated, while factors repre-
senting patients’ perceptions of their 
health status were evaluated in only 5 
studies that assessed trauma expecta-
tion, depression, pain, performance of 
activities of daily living, and disability. 

Discussion

The study aimed to provide a compre-
hensive overview of factors that have 
been evaluated for their influence on 
hand functioning following volar plate 
fixation of DRFs. We found factors in 
all ICF components encompassing the 
perspective of functioning in patients 
with DRFs. This is in line with the 2009 
ICF Core Set for Hand Conditions, 
which acknowledged the importance of 
reporting factors from all ICF compo-
nents to measure functioning in patients 
with hand conditions (24). However, 
in our scoping review, we observed a 
tendency in the research to primarily 
evaluate factors related to “body func-
tions and structures.” Interestingly, 
only 7 studies (14,15,25-29) evaluated 
factors in all 4 ICF components. The 
predominant evaluation of factors in 
“body functions and structures” is also 
evident in the hand therapy literature up 
to 2010 (30) and in the American Acad-
emy of Orthopedic Surgeons’ Clinical 
Practice Guideline for DRFs (31). The 
hand therapy literature has emphasized 
“body function and structures” and to 
a lesser extent “activities and participa-
tion,” and “environmental factors” (30) 
and “activities and participation” were 
not addressed in the Clinical Practice 
Guideline (31). 
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that exceeds generic home exercises (32). Furthermore, the 
American Academy of Orthopedic Surgeons found that no 
established prognostic criteria enable the identification of the 
appropriate rehabilitation approach for all patients (33). As 
highlighted in the ICF framework, impairment-based factors 
alone do not provide a complete picture of the patient’s health 
status, and a dynamic variety of factors must be considered to 
identify patients at risk of experiencing insufficient postopera-
tive functioning (2). 

Our scoping review identified several factors that were 
evaluated in multiple studies and can thus serve as a future 
resource for researchers. For instance, future systematic 
reviews and meta-analyses can investigate how these factors 
affect functioning. The results of such systematic reviews 
would importantly strengthen the evidence base and aid in 
the development of guidelines to identify patients requiring 
individualized and specific rehabilitation approaches. Fur-
thermore, they may inform the development of a decision 
aid that can be used to prepare and facilitate consultations 
between patients and healthcare professionals to promote 
shared and individualized decision-making regarding the 
rehabilitation approach that is compatible with the patient’s 
values (34). 

Patients with DRFs have described having activity limita-
tions, participation restrictions, and dependence on help from 
others in various life activities during the first 4 weeks fol-
lowing surgery (35). Patients with a variety of hand condi-
tions have reported valuing several factors in the component 
of “activities and participation” as important aspects of func-
tioning (24). In our scoping review, factors mapped to “activi-
ties and participation” were synthesized into 5 themes (“frac-
tured side,” “rehabilitation approach,” “activities of daily 
living,” “comorbidities,” “work status”). With the exception 
of “fractured side,” these themes were evaluated in only a 
limited number of studies (14-16,32,36). As pointed out by 
patients with both DRFs and other hand conditions (24,35) 
and the ICF framework (3), performing activities and partici-
pating in everyday life situations are essential components of 
functioning, which highlights the need for further evaluation 
of factors related to “activities and participation” in future 
research.

Hall et al. argued that patient-reported factors impact the 
outcomes of patients with DRFs (37), and Hansen et al. found 
that “the level of sense of coherence” was associated with 
functioning in patients with hand-related disorders (38). These 
findings emphasize the importance of taking patients’ per-
ceptions of their health status into consideration. Our scop-
ing review included studies exploring patients’ perceptions 
through PROMs using predefined items (14,15,32,39,40). How-
ever, predefined items might only partially capture patients’ 
perspectives, as they may not reflect the factors of value for all 
patients (41). We found no qualitative studies that comprehen-
sively captured patients’ perspectives. Future research with a 
qualitative design is thus warranted.

Strengths and limitations
A strength of this scoping review is the methodology of check-
ing the included studies’ reference lists, as the core concept 
“factor” was difficult to capture in the keywords of the initial 
searches. We found only 1 additional study through the review 
of reference lists, implying that the search strategy was com-
prehensive. In addition, the extensive process of screening and 
extracting evidence was conducted by 6 reviewers, with the 
1st author participating in all stages, which guaranteed a uni-
form approach throughout the review. Furthermore, the use 
of the linking rules developed by Cieza et al. (22,23) and the 
supplementary criteria developed for our review (Section 4, 
see Supplementary data) increased the reliability and transpar-
ency of the mapping process. 

The primary limitation of our scoping review is the lack 
of citation tracking employed to identify studies citing the 
included studies. However, our review provides a comprehen-
sive overview. We therefore believe that studies not identified 
in our search would be unlikely to contribute novel informa-
tion to our review. Moreover, 10 studies did not report whether 
a locking plate was used. Volar locking plates were introduced 
in 2000 (42) and became the method of choice for displaced 
and non-reducible DRFs a few years later. Therefore, by 
selecting publications from 2005 onwards, we assumed that 
the risk of including patients treated with volar non-locking 
plates was minimal.

Conclusion 
This scoping review identified an extensive number of fac-
tors evaluated within 6 weeks after surgery for their influ-
ence on functioning at least 3 months after volar plate fixa-
tion of a DRF. Our scoping review provides an overview of 
factors across the multifaceted perspective of functioning. 
Most factors were mapped to “body functions and struc-
tures,” while very few factors were mapped to “activities 
and participation.”

Supplementary data
Figures 2 and 3, Tables 4 and 5, Sections 1–4, and the com-
plete list of references are available as Supplementary data on 
the article home page, DOI: 10.2340/17453674.2023.13431 
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BriefMHQ: Michigan Hand Questionnaire. 
DASH: Disabilities of the Arm, Shoulder and Hand. 
DRF: distal radius fracture.
ICF: International Classification of Functioning, Disability 
   and Health.
MHQ: Michigan Hand Questionnaire.
PROMs: patient-reported outcome measures.
PRWE: Patient-Rated Wrist Evaluation. 
PRWHE: Patient-Rated Wrist Hand Evaluation.
QuickDASH: Quick Disabilities of the Arm, Shoulder and 
   Hand.
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