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Introduction

Distal radius fractures are one of the most common muscu-
loskeletal injuries in the United States, with more than 600 
000 cases reported annually.1,2 This poses a significant bur-
den on the health care system. Numerous randomized con-
trolled trials (RCTs) have investigated treatment modalities 
for distal radius fractures, particularly in patients aged 50 
years or older. The outcomes used to determine treatment 
efficacy in these studies vary widely and include radio-
graphic findings, wrist and forearm range of motion, com-
plications, pain, and patient-reported outcome measures 
(PROMs).3-5 Given the heterogeneity and lack of standard-
ized outcome reporting among studies, meaningfully com-
paring studies remains challenging.6,7

Historically, radiographic findings have been frequently 
used as primary outcome measures, despite multiple studies 
showing that radiographic outcomes often poorly correlate with 
function.8,9 Arora et al3 reported on 73 patients randomized to 

volar locking plate fixation versus nonoperative management, 
and although radiographic parameters were significantly supe-
rior in the surgical group, there were no differences in pain 
scores, Patient-Rated Wrist Evaluation (PRWE), or Disabilities 
of the Arm, Shoulder, and Hand (DASH) scores. Anzarut et al8 
reported on 74 patients aged 55 years and older who underwent 
closed treatment for distal radius fractures and found that an 
acceptable radiographic reduction was not associated with sub-
sequent upper extremity disability or decreased satisfaction 
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compared with those with a suboptimal reduction. Furthermore, 
radiographic metrics do not capture pain or the magnitude of 
associated limitations, such as subsequent disability. A patient 
with excellent radiographic parameters may still not be able to 
return to his or her desired activities for a number of reasons, 
and as a result may ultimately deem the result poor. By omitting 
these measures when reporting outcomes, it is difficult for 
RCTs to be fully comprehensive in their assessment of patient 
outcomes.

Objective clinical examination findings are also com-
monly reported outcomes, and there is wide agreement in 
the literature regarding the importance of specific  
metrics.10,11 Although wrist range of motion and grip 
strength have been shown to be strongly associated with 
satisfaction, they have also been shown to account for 
only a portion of variation seen in PROM scores, mean-
ing that a significant component of patient satisfaction 
and reported function is not associated with these mea-
surable examination findings.12,13 Patient-reported out-
come measures for upper extremity injury, including the 
Michigan Hand Questionnaire, the DASH questionnaire, 
and the PRWE, aim to capture these other variables and 
have been shown to be validated measures in evaluating 
outcomes for distal radius fracture.14-16 If radiographic 
and clinical metrics only convey a part of the patient 
story, other subjective measures like PROMs should be 
included if the goal is to be comprehensive in the assess-
ment of patient outcomes, with the understanding that 
PROMs have their own limitations and may struggle to 
fully elucidate subtle differences.

Patient-reported outcome measures are often not rou-
tinely assessed outside of academic medicine, as there are 
concerns that collection may disrupt clinic workflow, be 
labor-intensive, and cause financial burdens.17 In a system-
atic review of 109 studies on distal humerus fracture out-
comes, Zarezadeh et al18 reported that 39% of studies 
reported 1 PROM or none at all, with a range of 20 different 
PROMs being reported across the studies. We hypothesized 
that there is heterogeneity of PROM reporting in distal 
radius literature, whereas reporting of radiographic and 
physical examination measures is more standardized.

Methods

Identification of Relevant Literature

Using methodology established from the Preferred Report-
ing Items for Systematic Reviews and Meta-Analysis 
(PRISMA), we searched PubMed/Medline, Embase, 
CINAHL, and Web of Science for English-language, level I 
or II RCTs from January 2007 to April 2018 for distal radius 
fractures and treatments in adults (search criteria in Supple-
mental Appendix I). The search criteria were reviewed and 
revised by a board-certified hand surgeon to ensure com-
pleteness of search terms.

Abstract and Full-Text Selection

A board-certified orthopedic hand surgeon and 2 research 
assistants initially screened all RCT article titles for rele-
vance. If an abstract confirmed that the article focused on 
distal radius fracture treatment, the full text of the article 
was reviewed. We did not discriminate between studies 
investigating operative or nonoperative measures or exclude 
studies based on the type of distal radius fracture treated. 
We attempted to capture all RCT studies addressing any 
component of the treatment of all forms of distal radius 
fractures. Discrepancies between reviewers were resolved 
by discussion until consensus was achieved. Based on an 
initial screening of the literature, the low-end age cutoff for 
inclusion in some studies assessing distal radius fracturs in 
the “elderly” was 50 years. In an effort to have our system-
atic review reflect the literature, we decided to use the same 
age threshold for this study,

The PRISMA flowchart outlines our screening process 
(Figure 1). We assessed the full texts of 33 studies using a 
data abstraction tool.19 Ten studies were excluded for the 
following reasons: 6 were found to not fit criteria for a qual-
ifying RCT and 4 studies were protocol only. The remaining 
23 studies were thoroughly reviewed, and outcome metrics 
within each study were categorized and analyzed (Table 1). 
Of these 23 studies, 14 used 50 years of age as the low-end 
cutoff for inclusion, with the remaining studies using 55, 
60, or 65 years.

Data Abstraction

Our data abstraction process was guided by prior work from 
Mead et al.19 We included study features such as design, 
level of evidence, collection period, collection site, partici-
pant population, inclusion and exclusion criteria, data 
sources, and dependent/independent variables, as well as 
the study’s methods, results, and conclusions and method-
ological rigor. Two authors independently abstracted these 
data points from the 23 final studies. Any disagreements 
between the 2 reviewers on the data were discussed until 
consensus was reached.

Study Quality Assessment

We graded the methodology of each study with the Cole-
man Methodology Score.20 This instrument was originally 
developed to assess the methods of clinical studies on patel-
lar and Achilles tendinopathy and has previously been mod-
ified for assessment of the literature on lateral epicondylitis.21 
Our Modified Coleman Methodology is available in Sup-
plemental Appendix I. Briefly, the Coleman Methodology 
instrument provides a rating from 0 to 100. A study is con-
sidered to have excellent methodology for a rating between 
85 and 100, good if between 70 and 84, fair if between 55 to 
69, and poor if 54 or less.



Fogel et al 45S

Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analysis flow diagram demonstrating study selection.
Note. RCT = randomized controlled trial.

Results

The reviewed studies had a mean of 4.1 outcome metrics 
per study (SD = 1.7, range = 1-7). Sixteen studies (70%) 
used at least 1 physical examination test to compare treat-
ments. The most commonly used test was wrist range of 
motion (65%), followed by grip strength (57%). Seventeen 
studies (74%) used radiographic studies to evaluate various 
parameters of fracture healing. Seventeen studies (74%) 
used a PROM. The most common PROM was the DASH 
questionnaire (57%), followed by the PRWE and Mayo 
Wrist Score (22% and 13%, respectively). Ten studies 

(44%) assessed patient pain with the Visual Analog Scale 
(VAS). Five studies (22%) assessed complications of treat-
ment. Table 2 summarizes metric frequencies and individ-
ual metrics used in each study. Eleven studies (48%) defined 
a primary outcome measure. Of these, 4 designated a radio-
graphic measure, 4 designated a PROM, 2 designated a 
physical examination finding, and 1 study reported pain 
score as the primary end point.

Based on the Modified Coleman Methodology Score 
instrument, no studies received an excellent methodology 
rating, 4 received a good rating (17%), 11 received a fair 
rating (48%), and 8 received a poor rating (35%).
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Discussion

Objective and subjective measures, together, can ensure 
appropriate comparisons between populations while also 
ensuring that aspects of care that are important to patients 
are collected. When implemented in a similar fashion across 
studies, outcome metrics can be used to compare and con-
trast results between investigations. We found that the out-
come measures reported in RCTs for the treatment of distal 
radius fracture are heterogeneous and lack standardization. 
Radiographic outcomes and physical examination findings 
were each reported in 74% and 70% of studies, respectively, 
with either radiographic outcomes or physical examination 
findings being reported in 95% of studies. Wrist range of 
motion (61%) and grip strength (52%) were the 2 com-
monly reported physical examination findings. While most 
studies reported at least 1 PROM, there was wide variation 
in the specific measures used outside of the DASH, which 
was reported in 88% of studies that included PROMs in 
their analysis. Six other PROMs were reported across the 

literature, with no other PROM being reported in more than 
21% of studies. While various subjective measures were 
collected with good frequency across studies, objective 
measures were more homogeneously reported, allowing for 
easier comparison across cohorts. This is unfortunate, as the 
literature suggests that traditional objective measures have 
limitations regarding fully capturing outcomes that are most 
important to the patients themselves.

Multiple studies have shown that radiographic indices may 
not correlate with patients’ perceived level of function in the 
context of distal radius fracture in an older population.3,22-25 
Nelson et al reported on 96 patients aged 60 years or older, of 
which 48 had radiographic evidence of malunion. At a mini-
mum 1-year follow-up, there was no difference in Quick-
DASH scores, VAS, strength, or range of motion.23 
Furthermore, Shapiro et al found that patients aged 55 years 
and older with distal radius fractures report radiographic out-
come as one of the least important attributes when evaluating 
the proposed method of treatment for their injury, with only 
cosmesis and cost to insurance reported to be of lower impor-
tance.26 Radiographic outcomes are important to obtain, easy 
to measure, and are objective and often standardized, but 
should not be reported in the absence of other subjective mea-
sures. Furthermore, grip strength and wrist range of motion 
have been shown to correlate with patient satisfaction at 
1-year follow-up.12,13,27 Deficits in wrist arc of motion, in par-
ticular, may affect overall patient dissatisfaction even when 
range of motion has been restored to levels adequate for per-
forming activities of daily life (ADLs). Chung et al reported 
that while existing literature estimated that just 25% to 57% of 
baseline arc of motion is required for ADLs, patients recover-
ing from distal radius fractures in their cohort needed to obtain 
95% of their preinjury arc of motion to be satisfied.12 Patient-
reported outcomes measures aim to capture how patients per-
ceive changes to baseline range of motion and grip strength, 
although multiple studies have shown that objective clinical 
examination measures account for a small portion of variabil-
ity in overall scores for different PROMs.13,28 A combination 
of relevant objective clinical examination metrics, in particu-
lar grip strength and wrist arc of motion, as well as consis-
tently collected PROM scores can be comprehensive outcome 
assessments in an RCT. Independent assessment of pain 
scores, which were collected only 44% of the time in our 
included studies, is also important to incorporate more consis-
tently, as pain does not always correlate with other subjective 
outcome measures.27 The degree to which PROMs are influ-
enced by pain scores also varies between metrics, making 
standardized independent collection of pain scores something 
to consider for future related RCTs.

Our study has several limitations. Being a systematic 
review, this work is limited by the number of high-quality 
randomized controlled studies. We used the Modified Cole-
man Methodology Score to account for variability in study 
quality and found that 65% of studies included were of 

Table 2. Summary of the Reported Metrics in Included Studies.

Total studies 23
Mean total metrics per study 4.1
Maximum metrics in 1 study 7

Metrics
Frequency (% of studies 

with attribute)

Physical examination 16 (69.6)
 Wrist ROM 15 (65.2)
 Grip strength 13 (56.5)
 Forearm ROM 1 (4.3)
 Purdue pegboard 1 (4.3)
 Pinch strength 1 (4.3)
Fracture evaluation 17 (73.9)
 Radiographic findings 16 (69.6)
 Castaing score 1 (4.3)
 Herzberg score 1 (4.3)
 Time to heal 1 (4.3)
PROMs 17 (73.9)
 DASH 15 (56.5)
 PRWE 5 (21.7)
 Mayo Wrist Score 3 (13.0)
 EQ-5D 2 (8.7)
 SF-36 1 (4.3)
 Satisfaction 1 (4.3)
 WHOQOL 1 (4.3)
 QuickDASH 1 (4.3)
Pain (with VAS) 10 (43.5)
Complications (general) 5 (21.7)

Note. ROM = range of motion; PROMs = patient-reported outcome 
measures; DASH = Disabilities of the Arm, Shoulder, and Hand; PRWE 
= Patient-Rated Wrist Evaluation; SF-36 = Short Form 36; WHOQOL 
= World Health Organization Quality of Life; VAS = Visual Analog 
Scale; EQ-5D = EuroQol 5-dimensional.
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either good or fair quality. Our group performed a similar 
systematic review of level I and II RCTs for carpal tunnel 
syndrome and found a similar overall level of study quality 
(70% of studies rated as good or fair). In an attempt to limit 
the subjectivity of our screening process, we followed 
PRISMA guidelines for systematic reviews and had multi-
ple reviewers for each article. We used a previously estab-
lished method of assessing each study developed by Mead 
et al19 to standardize our analysis. Finally, in an effort to be 
inclusive of all level I and II RCTs, we included studies 
with a wide variety of treatment modalities, ranging from 
operative interventions to pharmacologic measures alone. 
To some degree, heterogeneity in outcome measures may 
be unavoidable when the treatment arms in each study vary 
so widely among trials.

Standardization of the collection of patient-centered out-
come measures in addition to objective clinical metrics in 
studies investigating treatment for distal radius fractures 
has clear benefits for both patients and physicians. Radio-
graphic and physical examination findings remain impor-
tant to report but have known limitations when reported 
without supplementary patient-centered outcomes. Our 
study demonstrates that although PROMs are being used in 
most studies, measures other than DASH have been used in 
limited fashion and are inconsistently reported, making 
accurate comparison between studies difficult. Pain scores 
and cost remain scarcely reported. These findings can be 
used to guide future RCTs to include measures in a stan-
dardized fashion that will sufficiently supplement tradi-
tional radiographic and objective metrics to provide a more 
comprehensive assessment of the outcomes of most impor-
tance to patients enrolled in these studies.
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