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Abstract

Purpose—As the population in developed countries continues to age, the incidence of
osteoporotic distal radius fractures (DRFs) will increase as well. Treatment of DRF in the elderly
population is controversial. We systematically reviewed the existing literature for the management
of DRFs in patients 60 and over with five common techniques: volar locking plate system (VLPS),
non-bridging external fixation (non-BrEF), bridging external fixation (BrEF), percutaneous
Kirschner-wire fixation (PKF), and cast immobilization (CI).

Methods—Articles retrieved from MEDLINE, Embase and CINAHL Plus that met
predetermined inclusion and exclusion criteria were reviewed in two literature reviews. Outcomes
of interest included wrist arc of motion, grip strength, functional outcome measurements,
radiographic parameters, and the number and type of complications. The data were statistically
analyzed using weighted means and proportions based on the sample size in each study.

Results—2,039 papers were identified, and 21 papers fitting the inclusion criteria were selected
in the primary review of articles with mean patient age of 60 and over. Statistically significant
differences were detected for wrist arc of mation, grip strength, and DASH score, although these
findings may not be clinically meaningful. Volar tilt and ulnar variance revealed significant
differences amongst the groups, with ClI resulting in the worst radiographic outcomes. The
complications were significantly different, with CI having the lowest rate of complications,
whereas VLPS had significantly more major complications requiring additional surgical
intervention.

Conclusions—This systematic review suggests that despite worse radiographic outcomes
associated with CI, functional outcomes were no different than surgically treated groups for

© 2011 The American Society for Surgery of the Hand. Published by Elsevier Inc. All rights reserved.

Kevin C. Chung, MD, MS, Section of Plastic Surgery, The University of Michigan Health System, 1500 E. Medical Center Drive,
2130 Taubman Center, SPC 5340, Ann Arbor, M1 48109-5340, Phone: 734-936-5885, Fax: 734-763-5354, kecchung@umich.edu.
Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Diaz-Garcia et al.

Page 2

patients 60 and over. Prospective comparative outcomes studies are necessary to evaluate the rate
of functional recovery, cost, and outcomes associated with these 5 treatment methods.

Level of Evidence—Therapeutic, Level 111
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Distal radius fractures (DRFs) are the most common fractures seen by physicians.1~* In the
younger population, these fractures are most often the result of high-energy trauma such as
motor vehicle accidents or falls from heights. In the elderly population, however, these
fractures frequently result from falls from a standing height and other low-energy trauma.
DREFs are the second most common fracture suffered by the elderly, after hip fractures.®
Approximately 10% of 65-year-old white women will suffer a DRF during their remaining
lifetime.> The annual incidence of DRF in the US population over the age of 65 has been
reported as 57 to 100 per 10,000.4-6 There are over 37 million individuals 65 years of age
and older in the US.” Thus, we can extrapolate that as many as 372,000 individuals 65 years
of age and over sustain this type of fracture every year. This number will only rise in the
future because the Baby-Boomers are beginning to age and elderly individuals are living
longer and lead healthier, more active lives than any previous generation.

The optimal treatment for osteoporotic DRFs is controversial. These fractures may be
comminuted and associated with several fracture fragments.® DRFs in older patients have
traditionally been treated with closed reduction and cast immobilization (CI).% 10 This
method of treatment fails to maintain reduction and results in malunion in over 50% of
cases.11: 12 However, malunion often does not affect functional outcomes, and many elderly
patients have satisfactory functional results despite imperfect anatomical healing.11-16 Other
conventional treatments such as percutaneous fixation with Kirschner-wires (PKF), direct
skeletal external fixation with bridging fixators (BrEF) and external fixation with non-
bridging fixators (non-BrEF) result in fewer malunions and also have satisfactory functional
results.17-23 The increasing popularity of the volar locking plating system (VLPS) has been
shown to give equivalent outcomes for young and elderly patients.24

In the face of uncertainty in considering competing treatment choices, a systematic review is
helpful to synthesize the best evidence from the literature when randomized controlled trial
data are not available.2® In this study, we systematically reviewed outcome and complication
data for five common treatment options for DRF: Cl, PKF, BrEF, non-BrEF, and VLPS. The
population of interest in this systematic review are those 60 years or older.

Materials and Methods

Literature search

A search of the English language literature published from January 1980 to July 2009 was
performed using MEDLINE and CINAHL Plus to identify citations related to DRF. The
following search MeSH terms were used: radius fractures OR wrist injuries OR distal radius
(radial) fractures OR wrist fractures OR Colles fractures OR Smith fractures.26 A secondary
search was performed within the results of the primary search with MeSH terms, fracture
fixation OR orthopedic fixation devices. A title and abstract search then was conducted to
identify appropriate articles using criteria developed a priori (Table 1). A manual reference
check of the retrieved articles was performed to identify additional references not captured
by the original search.
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Our primary literature search was deliberately broad so that we could capture the most
information available. However, studies with a mean age of 60 or older may be confounded
by younger patients. Thus, a separate secondary literature search was performed with more
stringent search criteria as an internal test of validity. This search was performed in
MEDLINE, Embase, and CINAHL Plus in the same date range with the following MeSH
terms: radius fractures OR distal radius fractures OR wrist fractures OR Colles fractures OR
Smith fractures. A secondary search was performed within this separate group of abstract
results using: (fracture fixation OR orthopedic fixation OR fracture management) AND
(elderly OR elder OR geriatric OR osteoporotic).

Inclusion and Exclusion Criteria

Because we were examining outcomes following unstable fractures, citations were only
included if fractures fit at least one of the criteria indicated in Table 1.24 27 We excluded
articles from review if they met any of the following criteria: (1) fewer than 10 patients, (2)
no information provided about the number of patients lost to follow-up, (3) complications
not reported, (4) studies including a surgical technique that combined the use of an external
fixator and plate fixation in the same patient, (5) studies including non-standard procedures
such as functional casting or intramedullary wire fixation, or (6) studies of fractures
associated with either fractures of the distal ulna (not including isolated fractures of the
styloid process), fractures of carpal bones, dislocation of the distal radioulnar joint, fractures
with vascular injury, or open fractures.28 In our second literature search, we added the
additional criterion excluding studies that included any patients under the age of 60 to
eliminate possible confounding effect of younger patients.

Data Extraction and Analysis

The data extracted from the studies included patient demographic information, fracture-type
classifications, treatment technique, time period of wrist immobilization, type of
supplemental wrist immobilization (i.e. splinting after VLPS or casting in addition to PKF),
functional outcomes, radiographic parameters, and the number and type of complications
and their treatments. Functional outcomes data included wrist and forearm motion and grip
strength. We also extracted the results of objective or self-assessment scoring systems for
the function of the hand, wrist or upper extremity, activities of daily living (ADLS) or other
outcomes. Radiographic parameters included volar tilt, radial inclination, radial height,
radial shortening and ulnar variance. We categorized complications into three groups; minor,
major not requiring surgery, and major requiring surgery. Minor complications consisted of
superficial infection, blistering, and loosening of pins. Persistent nerve lesions, complex
regional pain syndrome and early removal of pins were assigned to major complications not
requiring surgery. Major complications requiring surgery included tendon rupture, deep
infection, continuous carpal tunnel syndrome, and any complication requiring a secondary
surgical procedure to correct.2?

Statistical Analysis

Heterogeneity is a concern in any review of this type, which is influenced by the underlying
differences in patient samples, study design, or data analysis that can result in variations in
outcomes among studies. Variations caused by heterogeneity can obscure the differences
that we attribute to the particular treatment type. In studies of DRF treatment, outcome
heterogeneity may be caused by differences in patient selection, patient age, fracture
severity, variations in surgical technique, postoperative rehabilitation, outcome measurement
methods, length of follow-up period, and the number of patients loss to follow-up.2” For this
systematic review, we considered the number of fractures, the rate of intra-articular
fractures, mean patient age, and the length of the follow-up time as potential sources of
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heterogeneity and analyzed these factors using analysis of variance (ANOVA) and the chi-
square test.

The weighted means of continuous outcome measures were calculated across available
studies for each treatment option.30 Wrist motion, grip strength, radiographic parameters,
and DASH scores from available articles were pooled together by generating the weighted
means for all factors. Significance level was set at p=0.05. If significant differences were
detected, multiple comparisons of the five treatment options were performed using Tukey
Style Multiple Comparisons test.

Quality assessment of the literature

Results

Each article was evaluated using both the Structured Effectiveness Quality Evaluation Scale
(SEQES) and Sackett’s Level of Evidence.(Appendices 1 and 2, respectively)>8-60 The
SEQES appraises the overall quality of a study based on study design, subject accrual,
intervention, outcomes, analysis, and recommendations. Each category is further broken
down into individual criteria, with each criterion scored 0-2. A score of 0 indicates that the
criterion has not been met, a score of 1 indicates that it has been partially met, and a score of
2 indicates that the criterion has been fully met. A total score of 33 or above indicates a high
quality study.59 The authors reviewed each of the studies, assigning scores to each criterion
and a level of evidence (LOE) rank.

Study Retrieval and Characteristics

After eliminating non-relevant and duplicate articles, our extensive primary literature search
identified 2,039 citations. After a title and abstract search, 250 citations remained.
Ultimately, 21 articles, comprising 27 groups of patients, met the inclusion and exclusion
criteria (Figure 1). Selected articles and study characteristics are listed in Table 2. Of the
included studies, 8 were randomized controlled trials,18: 41. 48, 50, 51, 53-55 3 \yere
prospective cohort studies,24 4449 and 10 were retrospective case

series.13: 15,29, 42, 43, 45-47, 52, 56, 57 Fifteen of the 21 studies were single institution studies.
In eight studies, the operations were performed by or under the supervision of a single
surgeon. Our secondary literature search was more specific in its search terms, so it
identified only 504 citations. The final result of the secondary literature search was
comprised of 8 articles with 12 groups of patients. Three of those articles were Level |
randomized controlled trials (RCTs), 1 was a Level Il prospective cohort studies (PCSs) and
the remaining 4 were case series. Seven of those 8 articles were captured in our first
literature search.

Table 2 displays the breakdown of the levels of evidence of the available literature in our
review. Of all the papers that met our inclusion criteria in our primary literature review, 7
were LOE |, 4 were LOE 11, and the remaining articles were level 1V case series. The
SEQES scores varied from 13-41, with a mean of 25.6, out of 40. Appendix 1 illustrates the
distribution of SEQES criteria met by all of the included articles, ranging from 0% in
regards to blinded patients or treatment providers to 100% in regards to appropriate follow-
up. Only 9% established that the study had significant power to identify treatment effects.

Patient and Fracture Characteristics

Patient, fracture and treatment characteristics are indicated in Table 3. The number of
patients (p=0.86), mean patient age (p=0.71), and mean follow-up period (p=0.48) were
comparable amongst the five treatment methods. There was a significant difference amongst
the 5 groups with regard to the proportions of intra-articular fractures (p<0.001); the VLPS

J Hand Surg Am. Author manuscript; available in PMC 2012 May 1.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Diaz-Garcia et al.

Page 5

group was comprised of 64% intra-articular fracture, whereas the PKF group had only 24%
intra-articular fractures. In the Non-BrEF and BrEF groups, the fixation devices were
commonly applied for 6 weeks. Below-elbow casts were also applied for 6 weeks in the
majority of patients treated with CI. In 92% of patients treated with VVLPS, an additional
splint or short arm cast was used for 2 to 4 weeks. For PKF, an additional splint was used for
3 to 6 weeks.

Functional Outcomes

Wrist and forearm motions were inconsistently presented and were expressed as degrees,
percentage of the contralateral hand or difference from the contralateral hand. We used the
11 citations from our primary literature review that listed motion at final follow-up in
degrees to calculate the weighted mean (Table 4). There were statistically significant
differences in flexion/extension of the wrist (p<0.001) and rotation of the forearm (p<0.001)
amongst the 5 methods. There was insufficient data in the secondary literature review to
analyze weighted means on active motion. Grip strength at final follow-up was reported in
13 studies (Table 5). Grip strength at final follow-up was not significantly different (p=0.71)
amongst the five methods in our primary literature search. However, there was a significant
difference (p<0.001) between VLPS/PKF and VLPS/CI in our secondary literature search.

Various objective and subjective scoring systems were also used (Table 6). The Disability of
Arm, Shoulder and Hand (DASH) was used as an outcomes measure in 5 studies. There was
a significant difference (p<0.001) when the weighted mean DASH score was compared
amongst VLPS, non-BrEF, BrEF, and ClI in our primary literature search. Similar analysis
was not possible in our secondary search.

Radiographic Outcome

Volar tilt was evaluated in 22 of the 27 patient groups in the primary literature search and all
patient groups in the secondary search. Radial inclination and ulnar variance were reported
less frequently. Amongst radial height, radial shortening, and ulnar variance to evaluate
shortening of the distal radius, only ulnar variance was evaluated in all five treatment
options. Volar tilt, radial inclination, and ulnar variance at final follow-up are shown in
Table 7 for both literature searches. Treatment with CI resulted in the most severe dorsal
angulation and shortening of the distal radius in both literature searches (volar tilt = —11°;
ulnar variance = +3.6mm). VLPS, non-BrEF and PKF indicated positive values for volar tilt:
4°, 7° and 4° respectively. Three treatment options also resulted in ulnar variance under
+2mm (VLPS = +1.5mm; non-BrEF = +1.0; BrEF = +1.0mm). There were significant
differences in volar tilt (p<0.001), radial inclination (p<0.001), and ulnar variance (p<0.001)
amongst the 5 treatment groups. Multiple comparison analysis demonstrated there were
significant differences in volar tilt between CI and all other treatment groups (p<0.001).
Ulnar variance was significantly different between PKF and other options and between Cl
and others (p<0.001). Similar results were obtained between the analyses of the radiographic
outcomes of our two literature searches with the exception of two key points (Table 7). First,
we were unable to analyze the non-bridging external fixator group in our secondary
literature search because of insufficient data Second, radial inclination measurements
showed significant differences between the groups in our secondary literature search, with
the VLPS mean at 23° and the Cl mean at 18° (p < 0.001) as the maximum and minimum
values, respectively.

Complications

Complications are listed in Table 8. The most common minor complication was superficial
pin-track infection in patients treated with non-BrEF, BrEF, and PKF. Sixty-three of the 77
major complications not requiring surgery were complex regional pain syndrome and nerve
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lesions. Injured nerves included the superficial branch of the radial nerve, ulnar nerve, the
median nerve, and its palmar cutaneous branch. The most common major complication
requiring surgery was rupture or adhesion of the flexor pollicis longus tendon and/or the
extensor pollicis longus tendon. Four patients experienced carpal tunnel syndrome requiring
surgical intervention. In 8 cases in the VLPS group, hardware removal was performed as an
additional operation due to loosening, failure or patient request.

There were significant differences in the rates of all types of complications among the 5
treatment options, with BrEF resulting in the highest proportion of minor and major
complications not requiring surgery, whereas VLPS resulted in the highest proportion of
major complications requiring surgery. Non-invasive CI resulted in the lowest proportion of
complications in all categories.

Discussion

In the present study, we reviewed over 2,000 citations from three large databases in order to
evaluate the functional outcomes, radiographic parameters, and complications of the five
most common treatment methods for unstable DRFs in the elderly. Our systematic review
revealed that motion after each treatment option was statistically different, when measured
at least 12 months following injury. Functional range of wrist flexion and extension for
ADLs, however, were 54° and 60° respectively. 31 Therefore, wrist motion was clinically
comparable because the final motions (regardless of the treatment method) were between
116° and 133°. DASH scores were also significantly different among the four treatment
groups except PKF, but not clinically different because the difference was only 2.5 or less
out of 100 points. There were significant differences in some radiographic parameters,
namely volar tilt and ulnar variance. Specifically, treatment with VLPS or Non-BrEF
resulted in significantly better volar tilt and ulnar variance when compared to treatment with
Cl. This was not unexpected, because it is well known that fractures treated conservatively
are prone to collapse.1 12 \VLPS prevents this by using fixed-angle screws to hold the
fragment in place, whereas Non-BrEF can directly support the distal fragments through pins,
which are secured to the device. It is also well known that wrist function is not related to
wrist deformity in elderly patients, lending credence to our finding that there were no
clinically significant functional differences amongst the 5 treatment methods, as measured
by the DASH and motion despite the significant differences in radiographic

parameters,19: 16, 32

Recent randomized controlled studies of unstable DRFs, not restricted to the elderly,
demonstrated that both wrist function and DASH scores in groups treated with VVLPS were
comparable with those treated with BrEF, radial column plate, and PKF one year after
surgery.33: 34 VLPS, however, leads to better wrist motion and DASH score in the first 6 to
12 weeks after surgery. We found that the period of immobilization, which allowed patients
limited or no wrist movement, and the types and rates of complications were also different
amongst the five strategies in the present review. The rate of recovery and limitations of
ADL during treatment affect the quality of life of patients with DRFs. Compared to younger
patients, the elderly already experience a delay of approximate 6-month in gaining
functional improvement.24 These findings imply that rate of recovery of ADL performance
and the possibility of major complications during recovery may be more important factors
than the final functional outcome when deciding which treatment strategy is best for elderly
patients with DRFs. A decision analysis, which compares the utility of, or preference for,
each treatment option from the perspective of elderly individuals themselves, may serve as a
reference for decision-making based on risk-benefit ratio that the elderly population places
on each intervention.
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Our results were limited by the strength of available evidence. Heterogeneity exists amongst
the five groups in many characteristics, including indications of surgery, manipulation of
redisplaced fractures and fracture type. Most notably, there are significant differences in the
proportions of intra-articular fractures amongst the groups, although we were unable to
determine the influence of these confounding factors on outcomes at final follow-up because
of insufficient information on patients’ loss to follow-up. On the other hand, it remains
controversial whether experiencing an intra-articular fracture, or the subsequent
osteoarthritis of the radiocarpal joint that frequently occurs following this type of fracture,
greatly affects long-term function of the wrist.13: 35-37 |n future research, it would be
prudent to distinguish between outcomes of extra-articular and intra-articular fractures,
including coronal split fracture or Barton’s fracture, which generally require management
with open reduction and internal fixation.32 38

Another limitation of our primary data analysis is that the primary literature search inclusion
criteria required only a mean age of 60 for each study’s patient sample, not that all the
patients in each series be over the age of 60. We did this because we also included a
minimum follow-up period of 12 months, limiting our results to only 21 citations. However,
to serve as an internal test of validly, we redid our literature search and analysis with more
stringent criteria to isolate journal articles with study populations comprised completely of
elderly patients. Even with the addition of a third database, this reduced the number of
citations in our secondary literature search to 8. This greatly impacted our ability to analyze
and compare important aspects of DRF outcomes such as motion, standardized functional
scores and complications. In comparing radiographic outcomes, the results between the
analyses of the primary and secondary literature searches were similar (Table 7) in showing
that operative management is superior to Cl in maintaining volar tilt and preventing radial
shortening. We feel that this similarity between the analyses of our two literature searches
adds validity to the assumptions we made in broadening our search to studies with a mean
age of 60 or older in our original inclusion/exclusion criteria. Thus, we are confident in
using our primary literature search analysis in the description of the variability between the
5 treatment options in regards to motion, DASH score and complications.

Another limitation is that 10 retrospective case series were included in this systematic
review. A systematic review of randomized controlled trials or cohort study is ranked as a
higher level of evidence. However, the importance of systematic review relies on the
methodological search for the underlying causes of heterogeneity, which allows the authors
to make evidence-based recommendations for future investigations. 3% Therefore, the present
analysis uses all available evidence in the literature to yield the pooled data for comparative
purposes to propose necessary follow-up studies.

Even with the inclusion of these retrospective case series, the mean SEQES score was 25.6,
out of 48, reflecting our stringent inclusion criteria for 12-month follow-up, complications,
and functional and radiologic assessments. Although the SEQES is a subjective measure of
quality, it does lend some merit to the studies included and also draws attention to some
flaws in our literature. Blinding treatment providers and patients remains a difficult issue to
address in the field of surgical outcomes research, but others seem much easier to improve.
Only 9% of studies had established that they had sufficient power to detect treatment effects,
and 41% had independent evaluators assess function or radiologic outcomes. This study
reflects inadequacies in our current literature that can only be attended to if they are
acknowledged going forward.

There remains no consensus regarding the appropriate treatment for unstable DRFs in
elderly patients. Consequently, indications for surgical intervention are judged individually
based on the balance of risk and benefit. If there is no great difference between functional
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outcomes and ADL one year after injury, factors that affect quality of life during recovery
such as pain, the rate of recovery, limitation of ADLs, and potential complications will be
more critical in deciding the treatment strategy. Quality of life depends on individuals’
activities, lifestyles and preferences, rather than age. Nevertheless, it seems age, as well as
geography, influence the selection of treatment methods for DRF.2: 40 The use of internal
fixation is on the rise, yet there have been no large-scale randomized controlled trials to
compare VLPS to other treatments in elderly patients. Although there is some evidence that
outcomes of VLPS are as good in elderly patients as those in young patients,24 there is no
proof that these outcomes justify this more invasive, and likely more expensive, procedure.
The definite answer regarding the optimal management of the growing incidence of DRFs in
the elderly demands the conduct of multicenter clinical trials to better define the best
practice in treating this prevalent injury.
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Table 1

Inclusion Criteria for Systematic Literature Review on Unstable DRFs.

1 Literature Style:
Original article
Human subjects
English language publication
Published from January 1980 to July 2009
2 Treatment Option (at least one of the following):
Closed reduction and cast immobilization
Percutaneous K-wire fixation and immobilization
External fixation with bridging or non-bridging fixator (with or without supplementary pinning)
Open reduction and internal fixation with VLPS
3 Age and Follow-up Period:
Mean age >60 years-old
Follow up period > 1 year
4 Fracture type (at least one of the following):
Volar tilt > 15° or dorsal tilt > 10°
Radial inclination < 15°

Radial height < 10 mm, Radial shortening > 2 mm, Ulnar variance > 5 mm, Intra-articular step off > 2mm, Intra-articular gap > 2
mm

Any comminuted fracture

Redisplacement after the initial reduction or an irreducible fracture
5 Report of Functional Results (at least one of the following):

Grip strength and arc of motion of the wrist

Physician-rated outcome score

Patient-rated outcome score
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Appendix 1

Structured Effectiveness Quality Evaluation Scale (SEQES)
Score each question 0-2 (Higher score indicated higher quality)

Study question

1. Was the relevant background work cited to establish a foundation for the research question?
Study design

2. Was a comparison group used?

3. Was patient status at more than one time point considered?

4. Was data collection performed prospectively?

5. Were patients randomized to groups?

6. Were patients blinded to the extent possible?

7. Were treatment providers blinded to the extent possible?

8. Was an independent evaluator used to administer outcome measures?

Subjects

9. Did sampling procedures minimize sample/selection bias?

10. Were inclusion/exclusion criteria defined?

11. Was an appropriate enrollment contained?

12. Was an appropriate retention/follow-up obtained?

Intervention

13. Was the intervention applied according to established principles?

14. Were biases due to the treatment provider minimized (i.e. attention, training, etc)?
15. Was the intervention compared to appropriate comparator?

Outcomes

16. Was an appropriate primary outcome defined?

17. Were appropriate secondary outcomes considered?

18. Was an appropriate follow-up period incorporated?

Analysis

19. Was an appropriate statistical test(s) performed to indicate differences related to the intervention?
20. Was it established that the study had significant power to identify treatment effects?
21. Was the size and significance of the effects reported?

22. Were missing data accounted for and considered in the analyses?

23. Were the cliwenical and practical significance considered in interpreting results?
Recommendations

24. Were the conclusions/clinical recommendations supported by the study objectives, analysis and results?

Total quality score =
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Appendix 2

Sackett’s Levels of Evidence

Level of Evidence  General criteria for LOE

| Single high-quality randomized, controlled trial (RCT) or systematic review of homogenous RCTs

1 Single cohort study, low-quality RCT (i.e. less than 80% follow-up), or systematic review of cohort studies
1 Case-control studies

\Y Case series, low-quality cohort and case-control studies

\Y Expert opinion without critical appraisal
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