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AbstRAct Keywords
There exist three main methods of treating distal radius fractures: closed reduction, 
open reduction internal fixation, and percutaneous fixation. 10 studies in the geriatric 
population comparing closed reduction and ORIF, and ORIF and methods of 
percutaneous treatment were found. DASH and PRWE scores from these studies 
at 1 year followup were compiled and means were compared via independent T 
tests. DASH scores in the ORIF and percutaneous treatment groups were better 
than the open reduction, although ORIF and percutaneous treatment groups were 
not significantly different. PRWE score analysis revealed a significant advantage of 
ORIF compared to percutaneous treatment, and percutaneous treatment over closed 
reduction and casting.
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InTRODuCTIOn
The distal radius fracture has one of the highest incidence rates 
across all age groups, contributing to 25% of all fractures in 
the pediatric population, and 18% of fractures in the geriatric 
population [1]. The incidence rate in the United States of 
America in 2009 was 16.2 per 10,000 people [2]. The average 
healing time for the fracture is 6 to 8 (7.1±0.9) weeks, which is 
time in which the arm is rendered useless. The importance of 
the hand is unquestionable, and the loss of hand function can 
impair patients physically, socially, and psychologically [3,4].

Additionally, it has been shown that orthopedic trauma patients 
have higher levels of depression post injury, approaching a 
figure of 45% in a diverse cohort that one study followed [5]. 
The personal costs of hand and arm injuries are evident, but 
the costs to the government are profound as well. Arm and 
shoulder injuries constitute one of the most expensive worker’s 
compensation claims, averaging $46,205 [6]. Depending on 
the insurance and hospital, the costs of the treatment can also 
get high.

The high prevalence and profound personal costs of this 
fracture necessitates a discussion on different treatment 
methods, and the known benefits or risks of certain procedures. 
Patients should be able to function well after the fracture is 
healed, so the treatment methods must be compared to assess 
their viability and long term benefits.

There are three main treatment options for the distal radius 
fracture: the closed reduction, the open reduction internal 
fixation (ORIF), and the percutaneous fixation. Depending on 
measures such as angulation of the distal fragment, comorbidity 
of an ulnar fracture, step off distance, and preexisting conditions, 
the scientific community has some understanding of which 
procedures should be done. However, consensus has not been 
completely reached about which procedures must be done when 
the cases do not fall within currently accepted guidelines.

Research exists comparing the ORIF and the external fixation, 
and comparing the ORIF and the closed reduction. However, 
minimal research exists comparing all three treatments in 
terms of indications, patient outcomes, and price.
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When comparing three distinct procedures and the patient 
outcomes associated with each, it is essential to narrow 
down measures of comparison to clear variables that can be 
measured.

The literature suggests measures of volar tilt, ulnar deviation, 
and grip strength are indicative of functional outcome [7,8]. 
However, the metric of grip strength is often given in different 
ways. Some studies report it as a percentage of the non injured 
hand, while others give it as a percent change or as an actual 
value of force. Thus, grip strength is difficult to compare 
between multiple studies. Using volar tilt as a metric poses 
similar challenges. Some studies report the actual volar tilt in 
degrees, while others report percent change. Ulnar deviation, 
too, is difficult to compare.

So, the primary metrics used to evaluate functional outcomes 
of the procedures were DASH score and PRWE score. The 
Disabilities of the Arm, Shoulder and Hand (DASH) outcome 
measure is a highly standardized self report questionnaire, 
evaluating difficulties the patient has in various categories such 
as feeling pain, having difficulties performing certain tasks, 
and being impacted socially. It is a scale from 0-100, with 
0 indicating no disabilities. Because it relies on patient self 
reporting, it is susceptible to patient based variation. However, 
large sample sizes are correct for the variation.

PRWE score, or the Patient-Rated wrist evaluation, is also a 
standardized questionnaire evaluating wrist pain and difficulty 
with daily tasks. PRWE score is slightly more sensitive to 
patient differences than the DASH score for particularly distal 
radius fractures, which is an advantage of evaluating PRWE 
score [9]. While DASH and PRWE are both reliable and valid, 
DASH had better test-retest reliability (ICC .91), compared to 
PRWE (ICC .87) [10]. So, both metrics were used to compare 
functional outcomes of distal radius fracture treatment 
methods.

The geriatric population has a high incidence of distal radius 
fractures due to ground-level falls. As opposed to young adults, 
distal radius fractures in the geriatric population are much 
more serious because there are higher rates of osteoporosis 
[11]. In this population, intra-articular fractures are more 
common than extra-articular fractures. While intra-articular 
fractures are generally caused by high impact collisions in 
younger populations, significantly less force is required for 
them to occur in the geriatric population, contributing to their 
high incidence rate [12]. Because of the greater risks present 
in the geriatric population, this literature review will focus on 
data for the intra articular distal radius fracture in the geriatric 
population.

MeTHODS
Searches on pubmed were conducted using the keywords 
“open reduction internal fixation”, “external fixation”, “closed 
reduction”, “volar locking plate”, “K-wire”, “percutaneous” 
“casting”, “distal radius”, “elderly”. Volar locking plate searches 
yielded information regarding the ORIF, and K-wire and 
external fixation searches yielded results on the percutaneous 
fixation. Casting searches showed results concerning closed 
reductions. To further find studies concerning the topic, the 
find similar articles feature on PubMed was used. This allowed 
for the discovery of studies in languages other than english 
such as French and German. Literature reviews and studies 
about non-radial fractures were excluded. The data collected 
specifically concerned the geriatric population. It was made 
sure that the studies included information on postoperative 
DASH score or PRWE score, which are two measures that 
the literature suggest are indicative of functional outcome 
and are standardized and comparable across studies. These 
scores were compiled into tables and it was noted whether the 
studies found a statistically significant difference with p<.05 
between the outcomes of the treatment groups. The studies 
included randomly assigned patients who came to the hospital 
with distal radius fractures to the treatment groups they were 
testing: either into closed reduction and ORIF or into ORIF 
and percutaneous fixation. Discrimination for type of treatment 
was not made based on radiological outcomes such as ulnar 
deviation, radial shortening, dorsal tilt, etc. This inclusion 
criteria kept the DASH and PRWE values impacted only by 
the type of intervention rather than by the doctor’s choice of 
intervention given certain indications.

This inclusion criteria resulted in the collection of 9 studies 
comparing DASH scores and 6 studies comparing PRWE 
scores. The sample sizes of each study, ranging from 38 to 166, 
were compiled and are listed in tables 1 and 2.

All data was retrieved from other studies which had proper 
patient consent. No personal information was included in this 
meta analysis, and only values of mean DASH and PRWE 
scores were retrieved from the studies included.

Once all the DASH and PRWE values were compiled into the 
tables, averages for each group were found. The calculations 
used took into account the number of participants per study 
instead of averaging all studies as if they had the same number 
of patients. This made sure that studies with high sample 
sizes were given more weight than studies with only a few 
participants. 95% confidence intervals were also found for 
each group, and independent T tests comparing groups were 
performed to find p values to assess significance between the 
outcomes. P values resulting from the independent T tests 
comparing groups are listed on table 3.
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ReSulTS
Thus, a comprehensive data pool of 10 studies were obtained 
for analysis, consisting of data from 828 geriatric patients for 
DASH score and 687 patients for PRWE score. The average 
DASH score for closed reduction, ORIF, and percutaneous 
fixation were 15.6687 ±0.828, 13.8155 ±0.366, and 14.1352 
±0.517, respectively. The percutaneous fixation group had 
significantly better outcomes than the closed reduction group 
(p<.001), and the ORIF group had significantly better outcomes 
than closed reduction group as well (p<.001). However, there 
was no significant difference between the DASH scores of the 
ORIF and percutaneous fixation groups (p=.312). The average 
PRWE scores for closed reduction, ORIF, and percutaneous 
fixation were 19.5929 ±0.364, 14.0247 ±0.384, and 16.3483 
±0.936, respectively. All three groups were significantly 
different from each other, with ORIF offering the best results, 
followed by percutaneous fixation, and then by closed 
reduction. The p value was <.001 for all three comparisons.

DISCuSSIOn
The closed reduction does not involve invasive surgery, so it 
serves as a simple, efficient procedure that can be successful 
for less serious fractures. It involves injecting a needle into the 
hematoma, aspirating the blood, injecting a local anesthetic such 
as lidocaine into the hematoma, applying traction to loosen the 
muscles, and then manually pushing the distal radius back into 
alignment with the proximal radius segment [13]. This could be 
done with the assistance of a fluoroscope to periodically assess 
bone positioning. Oftentimes, a pop sound can be heard to 
indicate that proper bone alignment has been achieved. Multiple 
iterations of applying traction and pushing the bone are often 
required to reach the desired positioning [14].

It is currently accepted that conservative treatment should be 
performed when the fracture is nondisplaced, incomplete, extra 
articular and can be reduced, or if surgery is too dangerous for 
the patient[15]. If the fracture is unstable, then more complex 
procedures must be performed.

Table 1: DASH score at 1 year followup
Study # Patients p<.05 Closed Reduction ORIF Percutaneous Fixation
Arora 2009 130 no 11.6 11.1 N/A
Arora 2011 73 no 8.0 ± 9.3 5.7 ± 11.1 N/A
Saving 2019 140 yes 23.1 ± 19.8 15.6 ± 17.0 N/A
Huard 2010 38 no N/A 21 17
Jubel 2005 55 no N/A 17 17
Hollevolet 2011 40 no N/A 14 ± 16 13 ± 20
Voigt 2006 89 yes N/A 17 7
Ma 2016 123 no N/A 16.81 ± 5.98 18.79 ± 5.54
Navarro 2016 140 no N/A 11 ± 7 13 ± 8
Average: 828 15.6687 ±0.828 13.8155 ±0.366 14.1352 ±0.517

Table 2: PRWE score at 1 year followup
Study # Patients p<.05 Closed Reduction ORIF Percutaneous Fixation
Arora 2009 130 n 16.9 9.3 N/A
Arora 2011 73 n 14.6 ± 22.8 12.8 ± 23.2 N/A
Saving 2019 140 y 22.4 ± 21.4 12.7 ± 15.0 N/A
Lawson 2021 166 n 21.5 19.8 N/A
Huard 2010 38 n N/A 16 25
Navarro 2016 140 n N/A 13 ± 9 14 ± 7
Average: 687 19.5929 ±0.364 14.0247 ±0.384 16.3483 ±0.936

Table 3: statistical significance between group means
Group comparison DASH p value PRWe p value
1 vs 2 <.001 <.001
1 vs 3 <.001 <.001
2 vs 3 .312 <.001
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One such procedure is percutaneous fixation, which can either 
be with Kishner wires, or with an external fixator. Kirschner 
wires are metal rods which are inserted at certain angles to 
stabilize the bone fragments [16]. A cast can be put on the 
patient’s arm after the K-wires are inserted. Or, an external 
fixator can be installed. These methods both are minimally 
invasive, and do not involve open surgery. Instead, the 
procedures are done by inserting rods through the skin, and 
into the bone with the case of the external fixation [17]. When 
the fracture is healed, the rods are removed and the skin and 
muscles heal.

Some studies claim that this procedure should be performed 
when there are more than 2 fragments resulting from the 
fracture that are properly reduced. Another indication is old 
age, as there is a greater risk of infections resulting from more 
invasive procedures [18]. It is often used when a simple closed 
reduction does not completely stabilize the fracture.

However, there is another alternative which is used when closed 
reduction does not result in a stable fracture. This is the Open 
Reduction Internal Fixation, or ORIF, which consists of a 
procedure in which either the dorsal or volar forearm is opened, 
the muscles are displaced, and either a dorsal or volar locking 
plate is installed by drilling it into the bone fragments [19].

Dorsal locking plates are less common than volar locking 
plates, due to their complications with regard to extensor 
tendon irritation and rupture [20] and higher incidence of 
volar collapse [21]. These devices are then removed after 
the fracture is healed, which requires another procedure and 
further disturbance of the muscles in the area.

When the fracture presents as an open fracture and the skin is 
already torn, the fracture is most likely serious. Additionally, 
open fractures offer a location where the volar or dorsal locking 
plate can easily be inserted with minimal extra damage [15]. 
They are also done when closed reduction does not restore a 
congruent articular surface or when there is significant radial 
shortening of more than 5mm [15]. Another study evaluating 
surgeon views found that there is high consensus among 
surgeons that an intra-articular step-off of greater than or equal 
to 2mm is an absolute indication for ORIF in patients under 65 
years of age [22]. Comorbidity of an ulnar shaft fracture also 
indicates open surgery, as both fractures are more easily treated 
that way [15].

No significant difference was found in DASH scores or 
PRWE scores at the 1 year mark in two studies comparing 
closed reduction and casting and ORIF, but differences 
were found at 6 weeks, with the ORIF group having better 
outcomes with a DASH score of 18.8 vs 34.4 in the closed 
reduction group [23]. Grip strength was also better in the 
ORIF group at this time point.

These differences were mitigated past 12 weeks. At the 1 
year final assessment, there were no statistically significant 
differences in any metric [23-24]. However, one other study 
found ORIF led to significantly better DASH, PRWE, flexion, 
ulnar deviance, and grip strength when compared to the closed 
reduction and casting group even at the 1 year followup [25]. 
These three studies offer contradictory results, even though 
they are all prospective randomized trials. Arora (2011) had 
a sample size of 73 patients. Only patients who had an initial 
inadequate reduction or a loss of reduction at 1 week followup 
were included in the study, and the mean age was 76.7. Saving 
(2019) included data of 119 participants at 12 months followup, 
with an average age of 79. The most relevant aspect in which 
these studies differed was the frequencies of the exact type 
of distal radius fractures. Arora (2011) had high frequencies 
of type C fractures, with 69.9% of participants having either 
type C1, C2, or C3. Saving (2019) had a high frequency of 
type A2 and A3 fractures at 48.7% and just 51.3% being type 
C1, C2, and C3 fractures. Arora (2009) did not report as much 
data, and not all the patients came back at the 1 year followup. 
Instead, some patients came much later, so the data showed 
less significant differences than would be seen if the patients 
all came at the 1 year followup. So, it is difficult to assess the 
efficacy of closed reduction and casting to ORIF for all types 
of distal radius fractures. Clear results have been shown for 
the intra-articular fracture though, with ORIF leading to better 
DASH and PRWE outcomes even at the 2 year followup [26].

The results comparing percutaneous fixation and ORIF in 
particular are often complex. These two procedures both 
stabilize unstable fractures post closed reduction, but seem 
to offer different benefits and disadvantages. One major 
disadvantage of the ORIF is that it leads to significantly more 
infections in the geriatric population, necessitating replacement 
and further infection controlling treatments, which hinder the 
healing process [18]. In the geriatric population, most studies 
found no significant difference in DASH and PRWE scores 
at 1 year post treatment. Even across other metrics such as 
grip strength, volar tilt, and radial shortening, no statistically 
significant differences were found. [27]. However, significant 
differences were noted at time points less than 3 months post 
treatment. One study found ORIF led to significantly better 
ulnar variance compared to K-wire treatment at 5 weeks. 
However, the other measures were not statistically significant 
at that time onwards [27]. Other studies found ORIF led to 
better EuroQol-5D scores than K-wires in the first 6 weeks, but 
did not differ after that point [28].

DASH and PRWE scores were not statistically significant at 
any point. In the geriatric population, the literature suggests that 
most metrics are similar after 3 months, and there exist some 
differences before that point. It is not the same for younger 
populations. One study found Gartland scores were higher in 
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the ORIF group than the K-wire group for patients under 60 
years of age [29]. In the geriatric population, the correlation 
between clinical outcome and anatomical differences is not as 
pronounced, which may explain the similarities between the 
functional outcomes found in the studies analyzed in this paper 
[30]. This may be due to the reduced physical demands in this 
population compared to younger populations, who tend to be 
more physically active.

Not all studies supported the statistical insignificance of the 
outcomes between percutaneous treatment groups and ORIF 
groups in the elderly. Voigt (2006) found favorable DASH 
scores in the K-wire group. The study attributed the better 
DASH scores for the K-wire group to the earlier return to daily 
activities of living times and the lack of an obligatory second 
surgery [31]. However, the study only found this was true for 
type A3 and C2 fractures.

Cost is also a consideration when evaluating treatments. One 
cost analysis study found the average cost of a pack of 10 
K-wires was 3 euros in February 2009, or 3.83 US dollars at 
that time. The cost of the volar locking plate and screws was 
787 euros, or 1,004.45 US dollars at that time [32,33]. Adjusted 
for inflation, the difference between $1,224.16 and $4.67 is 
$1,219.49 as of January 2021 [34]. Although the prices of 
these treatments may have changed, just the materials needed 
for ORIF are still more expensive. This measurement still does 
not factor in time needed to complete the procedures. The same 
study found that ORIF took an average of 65 more minutes 
than the K-wire procedure. K-wire treatment took an average 
of 56 minutes while ORIF took 121 minutes on average. This 
leads to greater costs of the surgery as well. Closed reduction 
takes the least time, at 24 ± 7.5 minutes [35]. In a setting such 
as an emergency room, which could be filled with patients with 
dire needs, time is also a necessary consideration [36-38]. 
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