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Abstract
Purpose This study aims to examine the subjective functional
outcomes of patients 70 years or older who sustained distal
radius fractures through the use of the Disability of the Arm,
Shoulder, and Hand (DASH) and Short Form-8 Health (SF-8)
surveys.
Methods Patients at least 70 years old with a distal radius
fracture between 2000 and 2004 were identified and their
charts reviewed. They were contacted to answer the DASH
and SF-8 surveys. The radiographic injury parameters
examined were articular stepoff greater than 2 mm, dorsal
tilt on the lateral radiograph, ulnar variance, and presence
of an ulnar styloid fracture.
Results Fifty-eight patients answered the DASH and
SF-8 surveys. The mean age at the time of injury in the
survey group was 78 years old (range 70–94 years). Mean
follow-up period was 33 months (range 13–65 months).
Average DASH and SF-8 scores were 22.3 (SD 22.4) and
31.5 (SD 6.9), respectively. DASH scores were inversely
correlated with SF-8 scores (R=−0.65, p<0.01). Patients
who sustained an associated ulnar styloid fracture demon-
strated worse DASH scores than those without an ulnar
styloid fracture (presence of ulnar styloid fracture: mean
DASH 26.2, no ulnar styloid fracture: mean DASH 12.9,
p=0.04). There were no significant differences in functional
outcome for any other radiographic parameters assessed.
Males had statistically better DASH scores than the females

(males: mean DASH 6.9, females: mean DASH 24.4, p=
0.003). No difference was found in functional outcome
scores among different treatment groups.
Conclusion In elderly patients with distal radius fractures,
the only radiographic parameter we found that affects
functional outcome is an associated ulnar styloid fracture.
Additionally, females had worse functional outcomes than
males.

Keywords Functional outcomes . Elderly . Distal radius
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Introduction

Elderly patients represent a growing population segment.
Distal radius fractures are the most common upper
extremity fracture in individuals aged 65 years and older
with 15% of Caucasian women fracturing their distal radius
after age 50 [8].

Elderly patients exhibit lower bone mineral density
which may predispose them to fracture following low
energy trauma while mandating longer healing times during
which displacement may occur [17]. This fracture instabil-
ity has been shown to result in a 30–50% likelihood of
secondary displacement after closed reduction efforts [3,
26, 30, 31]. Cumulative risk factors for a loss of reduction
are (1) age over 60, (2) greater than 20° of dorsal
angulation, (3) 5 mm of radial shortening, (4) dorsal
comminution, (5) ulna fracture, or (6) intraarticular radio-
carpal involvement [25].

Prior studies have shown radiographic parameters do not
correlate with self-reported disability [1, 2, 15, 20, 21, 32,
43]. However, other studies have shown radiographic
parameters predict functional outcome [4, 12, 19, 29, 40].
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While previous studies have examined the outcomes of
distal radius fractures in elderly patients, it remains unclear
what risk factors are for poor outcomes in this group [7, 9,
14, 33]. This is evidenced by the 2010 American Academy
of Orthopaedic Surgery Clinical Practice Guideline Sum-
mary of Treatment of Distal Radius Fractures where the
expert panel was unable to come to a consensus on
treatment of distal radius fractures in elderly patients [27].
The frequency of distal radius fractures in elderly
patients and the lack of consensus regarding management
led us to perform a retrospective review of patients older
than 70 years who sustained a distal radius fracture. Our
objective was to examine the subjective functional
outcomes of patients 70 years or older who sustained
distal radius fractures through the use of the Disability of
the Arm, Shoulder, and Hand (DASH) and Short Form-
8 Health (SF-8) surveys. Our hypotheses were that the
following factors would be associated with poor outcome
in this elderly group: female gender, increasing age, AO
type C fractures, articular stepoff greater than 2 mm,
associated ulnar styloid fracture, and other radiographic
parameters.

Materials and Methods

Institutional Review Board approval was obtained prior to
initiating this study. Inclusion criteria were patients aged
70 years or older for whom initial injury films were
available, definitive treatment was known, and who were
still alive at the time of survey follow-up. There were 198
patients aged 70 years or older treated for a distal radius
fracture at our hospital between January 2000 and
December 2004. We identified 107 patients for which
initial injury films were available and definitive treatment
was known. Of the 107 patients, 20 (20 of 107=18.7%)
were confirmed to be deceased. This left a possible 87
patients who could potentially perform follow-up ques-
tionnaires. Twenty-one of 87 patients (24.1%) could not
be reached and were considered lost to follow-up. Of the
remaining 66 people, 58 agreed to answer the survey
questionnaires (66.7% follow-up rate). The mean age at
the time of injury in the survey group was 78 years old
(range 70–94 years). Mean follow-up period in the
survey group was 33 months (range 13–65 months).

The patients’ demographic data was recorded. We
reviewed all initial injury radiographs of patients who fit
the inclusion criteria for the study. The senior authors
recorded the AO Fracture Classification based on initial
injury radiographs into groups A, B, and C [24]. The senior
authors used initial injury films to record standard radio-
graphic parameters. The radiographic parameters used were
amount of articular stepoff on the anterior–posterior view,

ulnar variance on the anterior–posterior view, dorsal tilt on
the lateral view, and presence of ulnar styloid fracture on
the anterior–posterior view. All radiographs and measure-
ments were reviewed digitally and were agreed upon by
both senior authors.

Additionally, treatment was broadly classified into
nonoperative, closed reduction and percutaneous pinning
(CRPP) with pins and casting, closed reduction and
external fixation (Ex Fix), or open reduction and internal
fixation (ORIF).

The functional outcome data was obtained via telephone
interviews. We attempted to account for and contact all
patients who met the inclusion criteria for the study. We
called these patients and performed the DASH and SF-
8 surveys by telephone. DASH is a previously validated 30
question survey used for patients with upper extremity
conditions with lesser scores having better function [16].
The Short Form-8 is an eight-question survey designed to
measure overall health status with higher scores having
better health.

Treatment Types

Of survey respondents, 22 were treated nonoperatively, two
were treated by closed reduction and percutaneous pinning,
18 were treated with external fixation, and 16 were treated
by open reduction and internal fixation. Of the 16 patients
who underwent ORIF, one patient had a dorsal non-locking
plate, two patients had a dorsal locking plate, one patient
had a volar non-locking plate, and the remaining 12 patients
had a volar locking plate. Distal radio-ulnar joint stability
was addressed during surgery and in four cases was deemed
unstable. These unstable joints were associated with a
Fernandez type 3 ulnar styloid fracture [11]. ORIF and
pinning of the distal radioulnar joint was performed in these
four patients.

Of the 27 type A fractures, initial treatment was closed
reduction in 11 cases, external fixation in 12 cases, and
ORIF in four cases. For the 11 type A fractures that were
initially treated nonoperatively by closed reduction, one
went on to undergo open reduction and internal fixation.
Of the 12 type A cases that initially underwent external
fixation, four had to be revised. One of the 4 type A
cases that underwent ORIF eventually had to be revised
(Fig. 1).

Both type B fractures were initially treated nonoper-
atively and did not require any future operative procedure.

Of the 29 type C fractures, initial treatment was
nonoperative in 14 cases, closed reduction and percutane-
ous pinning in one case, external fixation in 10 cases, and
open reduction and internal fixation in four cases. Four of
the 14 (28.5%) type C cases initially treated nonoperatively
went on to undergo open reduction and internal fixation.
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One of the 10 type C cases that initially underwent external
fixation eventually underwent ORIF. One of the four type C
cases that initially underwent ORIF eventually underwent a
revision procedure.

Complications

Major complications were recorded for the different treat-
ments. Of the 27 nonoperatively treated patients, four went
on to collapse and one went on to nonunion. Of the 22
patients initially treated by external fixation, three experi-
enced significant pin site infection requiring hardware
removal, two collapsed, and three experienced a nonunion.
Of the eight patients initially treated with ORIF, one had a
malunion, and another had a nonunion.

Associated Injuries

Other than the concurrent ulnar styloid fractures, other
injuries were recorded. Five patients concomitantly suffered
ipsilateral hip fractures, two suffered ipsilateral proximal
humerus fractures, one an ipsilateral distal humerus
fracture, one an ipsilateral olecranon fracture, one an
ipsilateral scaphoid fracture, one an ipsilateral radial shaft
fracture, one a contralateral humeral shaft fracture and
distal femur fracture, two a contralateral patella fracture,
and one a facial fracture.

Statistical Analysis

An a priori power analysis was performed to determine the
minimum number of patients needed to detect a significant
difference in DASH scores between groups. Previous
literature has estimated a 10-point difference in the DASH
score to be clinically meaningful [13, 18]. Recent studies

administering the DASH to patients with distal radius
fractures have shown that a standard deviation of DASH
scores ranging from 5 to 10 points allowed for an accurate
power analysis [6, 34, 37, 42]. Using these parameters in
the literature—a mean difference of 10 points, and a
standard deviation of 10—we determined with an alpha of
0.05 a minimum of 17 patients per group were required to
detect a significant difference with a two-tailed independent
samples t test between groups. These groups included male
versus female gender, AO type A versus type C fractures,
articular stepoff greater than 2 mm versus less than 2 mm,
associated ulnar styloid fractures, ulnar neutral or negative
versus positive, dorsal angulation less than 20° versus
greater than or equal to 20°, operative versus nonoperative
treatment, and closed versus open fractures. Statistical
analyses were performed using independent samples t tests
to determine differences in mean DASH and SF-8 scores
between different groups. Pearson’s correlation analyses
were used to determine correlations between two continu-
ous variables, including between DASH and SF-8 scores as
well as between age and functional outcome scores. The
level of significance for all statistical tests was p<0.05. All
tests were two-tailed. We used SPSS version 14.0 to
perform statistical analysis.

Results

Functional Outcome Scores

Average DASH and SF-8 scores in the survey group were
22.3 (SD 22.4) and 31.5 (SD 6.9), respectively. Mean
follow-up period in the survey group was 33 months (range
13–65 months). DASH and SF-8 scores did have an inverse
correlation to each other, with R=−0.65, p<0.01.

58 patients

Type A 
(n=27)

Nonop 
(n=11)

ExFix(n=1)

ExFix 
(n=12)

ORIF (n=4)

ORIF (n=4)
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Type B 
(n=2)

Nonop 
(n=2)

Type C 
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Fig. 1 Group of patients divided into their AO classifications followed
by primary treatment and any secondary procedures performed. Type A,
B, C: AOClassification.Nonop nonoperative treatment with either sugar

tong splint or fiberglass cast; ExFix closed reduction and external
fixation, ORIF open reduction and internal fixation, CRPP closed
reduction and percutaneous pinning with casting
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Radiographic Parameters

Articular stepoff on initial injury radiographs was recorded
into stepoff less than 2 mm and stepoff of 2 mm or greater.
Two millimeters was used as a cutoff based on prior studies
that have shown this to be a clinically significant amount
[23]. Nine patients had stepoff of 2 mm or more; 49 had
less than 2 mm. Using an independent samples t test, we
found no significance between the groups based on DASH
or SF-8 scores (Tables 1 and 2).

Ulnar variance on initial injury radiographs was
recorded. Twenty-eight patients were either ulnar neutral
or negative, while 30 patients were ulnar positive. Using an
independent samples t test, we found no significance
between the groups based on DASH or SF-8 scores
(Tables 1 and 2).

Dorsal tilt on initial injury radiographs was recorded.
Using 20° as a cutoff for amount of initial dorsal angulation
based on the criteria of Lafontaine, 49 patients had less than
20° of dorsal angulation while nine patients had 20° or
more [25]. Using an independent samples t test, we found no
difference between the groups based on DASH or SF-8 scores
(Tables 1 and 2).

Forty-one of 58 patients had an ulnar styloid
fracture (71%). Using an independent samples t test,
we found there to be a significant difference between
groups based on DASH, with those patients who had an
ulnar styloid fracture doing worse (Table 1). However,
there was no difference in SF-8 scores between the
groups (Table 2). Given the association of ulnar styloid
with poorer DASH scores, and given the likelihood that
more fractures with ulnar styloid fractures may have
received operative intervention, we performed a second-
ary analysis to determine if patients with ulnar styloid
fractures did better with operative intervention versus
nonoperative treatment. Comparing those patients who
received operative intervention (n=23) to those patients
who received nonoperative treatment (n=18), we found
no difference in mean DASH scores (mean DASH 26.7±
SD 22.7 in operative group; mean DASH 25.5±SD 24.0
in nonoperative group, p=0.87). We also found no
difference in SF-8 scores between patients treated
operatively versus nonoperatively (mean SF-8 31.4±SD
7.2 in operative group; mean SF-8 30.0±6.5 in the
nonoperative group, p=0.50).

Table 1 DASH scores

Mean DASH (SD) p Value

Articular stepoff

<2 mm (n=49) 22.3 (22.4) 0.99
≥2 mm (n=9) 22.2 (23.6)

Ulnar variance

Ulnar neutral or negative (n=28) 23.6 (22.4) 0.67
Ulnar positive (n=30) 21.1 (22.7)

Dorsal tilt

<20° (n=49) 21.8 (21.6) 0.72
≥20° (n=9) 24.8 (27.7)

Ulnar styloid fracture

Ulnar styloid fracture present
(n=41)

26.2 (23.0) 0.04a

No ulnar styloid fracture (n=17) 12.9 (18.2)

AO fracture classification

Type A (n=27) 24.4 (26.2) 0.68
Type C (n=29) 21.8 (18.6)

Gender

Females (n=51) 24.4 (22.8) 0.003a

Males (n=7) 6.9 (10.3)

Treatment

Nonoperative (n=22) 20.2 (24.4) 0.59
Operative (n=36) 23.6 (21.3)

Open versus closed injury

Closed injury (n=52) 20.6 (21.8) 0.09
Open injury (n=6) 37.1 (24.0)

a Significance (p value of 0.05 or less)

Table 2 SF-8 scores

Mean SF-8 (SD) P value

Articular stepoff

<2 mm (n=49) 32.0 (6.3) 0.14
≥2 mm (n=9) 28.3 (9.4)

Ulnar variance

Ulnar neutral or negative
(n=28)

31.1 (6.9) 0.75

Ulnar positive (n=30) 31.7 (6.9)

Dorsal tilt

<20° (n=49) 31.3 (6.5) 0.68
≥20° (n=9) 32.3 (8.9)

Ulnar styloid fracture

Ulnar styloid fracture
present (n=41)

30.6 (6.7) 0.15

No ulnar styloid
fracture (n=17)

33.5 (6.9)

AO fracture classification

Type A (n=27) 31.6 (6.8) 0.67
Type C (n=29) 30.8 (6.9)

Gender

Females (n=51) 31.0 (6.8) 0.22
Males (n=7) 34.4 (7.0)

Treatment

Nonoperative (n=22) 32.2 (7.7) 0.55
Operative (36) 31.0 (6.4)

Open versus closed injury

Closed injury (n=52) 31.5 (7.2) 0.92
Open injury (n=6) 31.2 (3.9)

a Significance (p value of 0.05 or less)
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AO Fracture Classification

Of survey respondents, there were 27 type A fractures
(46.6%), two type B fractures (3.4%), and 29 type C
fractures (50%). Given that there were only two patients
with type B fractures, we excluded them from statistical
analysis and compared DASH and SF-8 scores between
patients with type A fractures and those with type C
fractures. Using an independent samples t-test, we found no
difference between type A and C fracture groups in terms of
DASH scores or SF-8 scores (Tables 1 and 2).

Gender

Seven males and 51 females answered the questionnaires.
We found the DASH scores in the male group to be
statistically better than females (Table 1). Females had
mean DASH of 24.4 at follow-up whereas males had mean
DASH of 6.9. However, there was no significant difference
in SF-8 scores between the sexes (Table 2).

Age

A Pearson correlation was performed to determine whether
age correlated with either DASH score or SF-8 scores in
the group of 58 patients who answered questionnaires. A
weak correlation was found between age at time of injury
and DASH score, with increasing age being correlated
with worsening DASH score (R=0.27, p<0.05). No
correlation was found between age and SF-8 score
(R=−0.138, p=0.30).

Treatment

We broadly compared nonoperative versus operative treat-
ment in the cohort. Nonoperative treatment consisted of
anyone who had a final treatment of nonoperative treat-
ment, whereas operative treatment consisted of all patients
with a final treatment of operative treatment, which
included Ex Fix, CRPP, and ORIF. We found no difference
in DASH or SF-8 scores between patients treated opera-
tively and nonoperatively (Tables 1 and 2). Further
ANOVA testing comparing groups of functional outcome
scores among nonoperative, external fixation, and ORIF
revealed no difference in DASH or SF-8 scores among the
groups (DASH p=0.26; SF-8 p=0.80).

Open Versus Closed Fracture

There was a 10.3% incidence (6/58) of open fractures in
this study population, of which five were treated by
irrigation and debridement with external fixation and one
was treated by irrigation and debridement and ORIF with a

volar plate. We found no difference in functional outcomes
between those patients with and without open fractures by
either DASH or SF-8 scores (Tables 1 and 2). This is
consistent with prior studies which have shown that patients
with open distal radius fractures have similar outcomes and
DASH scores as those with a closed injury [35].

Discussion

Fracture management of this common injury has received
significant attention in the literature yet remains without
consensus opinion. Even the concept of the “elderly
patient” leads to confusion and is not necessarily defined
by physiological criteria such as bone density or functional
lifestyle but rather societal customs and legal definitions of
retirement age. The geriatric literature, although lacking
objective criteria, seems to accept age 65 as a cut-off point
[5]. In order to clearly position ourselves into a patient
group that would likely exhibit decreased bone mineral
density, we chose 70 years of age as our cutoff for this
review.

Overall, we found that patients 70 years of age or older
with distal radius fractures have functional outcomes with
notable deficits when compared to previously published
literature of outcomes in younger patients. Our average
DASH scores were 22.3 in patients with a mean age of
78 years of age at nearly 3 years of follow-up, which is
slightly poorer than previously published literature in
younger populations [39, 42]. We also found a weak
correlation between age and functional outcome, further
supporting that with increasing age patients with distal
radius fractures have worse outcome.

Prior studies have examined the correlation of radio-
graphs to functional outcome scores in older patient
populations. Jaremko et al. found in a cohort of 74 patients
who suffered distal radius fractures with a mean age of
68.5 years that standard radiographic parameters had no
effect on DASH or SF-12 scores [20]. Most recently, Synn
et al. found no correlation of radiographic fracture pattern
to functional outcome in a group of patients older than age
55 years [39]. Our study found similar results although the
two studies cannot be compared as Synn et al.’s group of 53
patients had an average age of 69 years and our study group
of 58 patients had an average of 78 years, a full 9-year
difference in age, which is likely to affect outcome data.

Elderly patients with distal radius fractures remain a
controversial group in terms of treatment, and previous
literature has demonstrated since the year 2000 an increas-
ing trend to treat distal radius fractures in the elderly with
open reduction and internal fixation, despite a lack of a
significant body of evidence supporting superior outcomes
with internal fixation over closed treatment [7, 10]. Our
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results demonstrate that there was no difference in functional
outcomes between patients treated nonoperatively versus
patients treated operatively. This study confirms recent studies
that have shown operatively treated distal radius fractures in
elderly patients have no better functional outcomes than
nonoperatively treated patients [9].

We did not find the fracture severity based on the AO
classification to correlate with final functional outcome
either. Again, prior studies have shown this to be the case in
elderly populations. However, of the 14 type C fractures
initially treated with closed reduction and splinting, 28.6%
(four of 14) of these were revised because of fracture collapse
to either closed reduction and percutaneous pinning or open
reduction and internal fixation. Other authors have found that
there is a higher rate of secondary displacement of distal
radius fractures treated with closed reduction as patients’ age
and have recommended considering early operative treatment
to prevent this [28]. Our findings support this consideration
in the case of type C fractures.

We found that the DASH and SF-8 inversely correlated
with each other, which to our knowledge has not been
shown before. This suggests that elderly patients who
sustain distal radius fractures not only suffer upper
extremity dysfunction but also have worse global health
related quality of life.

The female patients who had functional outcome scores
did worse in terms of the DASH scores than their male
counterparts. The results suggest that elderly males have
perhaps better healing potential or have differences in the
perception of outcome and disability and may be able to
compensate better for their injuries than elderly women.
That being said, there was no difference in SF-8 scores
between males and females, suggesting that there was no
difference in overall health related quality of life between
males and females.

Among the radiographic parameters we tested, the only
factor we found that had any effect on functional outcome
in this group of patients was the presence of an ulnar
styloid fracture. Patients who sustained an associated ulnar
styloid fracture did functionally worse on their DASH
scores than patients without an ulnar styloid fracture. There
are many recent studies which have shown that ulnar styoid
fractures do not have an effect on functional outcome as
long as the distal radius fracture is treated with internal
fixation [22, 36, 38, 44]. The results of our study suggest
that in elderly patients the presence of an ulnar styloid
fracture prognosticates poorer functional outcome contrary
to the data for younger patients. However, those patients
with an associated ulnar styloid fracture who received
operative treatment fared no better functionally than those
treated nonoperatively.

There were several limitations to this study. It was a
retrospective review and lacked complete radiographic or

survey follow-up on all patients. Nonetheless, there may
have been a selection bias in that patients who did worse
were either deceased or otherwise excluded from the study.
While our follow-up rate of 66.7% is considered low, given
the fact that this was an elderly patient population, many of
the patients lost to follow-up may in fact be deceased or
incapable of answering questionnaires. Furthermore, multi-
ple surgeons treated these injuries with each one employing
his particular treatment algorithm, which introduced treat-
ment bias. While we did find a significant difference in
DASH scores in patients with and without an ulnar styloid
fracture and between males and females, we did not detect a
significant difference in DASH or SF-8 scores in those
patients with articular stepoff greater than 2 mm, dorsal tilt
greater than 20°, or open versus closed injuries. Our a priori
power analysis indicated that these particular subgroups
were above our threshold for standard deviation, thus
underpowering these specific analyses.

Another limitation to this study is that we used only
initial injury radiographs to measure radiographic parame-
ters and did not use post-treatment or final radiographic
follow-up films for measurements of radiographic outcome.
The goal of surgery was to restore the anatomy to an
acceptable level. In all operatively treated cases, the
patients’ fractures were restored to at least 10° of neutral
alignment and 2 mm of ulnar positive variance. In most
cases, the alignment was restored to neutral or even volar
alignment. The reason for not adding the ultimate follow-up
radiographs to the analysis was that the length of
radiographic follow-up varied widely in this study, and
some patients had subsequent care at an outside institution
as they lived a great distance from our hospital. The true
collapse, therefore, is not known.

Based on this study, a few statements can be made with
reasonable certainty. The goal of treatment is to restore an
upper extremity with both acceptable mobility and durabil-
ity. An important initial determination should be the
patient’s physiologic age and level of functioning. One
may surmise that as patients age they tend to place fewer
demands on their upper extremities and are, therefore, in
lesser need of full restoration of their pre-injury anatomy.
Although activities will eventually decrease with advancing
age, today’s elderly patients are increasingly remaining
more active and minimizing bone loss through medical
intervention [14]. The elderly patients’ physiologic and
actual age may vary greatly and be perhaps even unrelated
to their perceived youth. This potential separation between
actual, physiologic, and perceived age needs to be
considered when managing distal radius fractures in the
elderly. Lending objective findings through the use of the
“Physical Activity Scale of the Elderly” may be of value
[41]. If they are perhaps lower demand and sedentary,
nonoperative management with avoidance of finger stiff-
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ness is appropriate. The realization that outcomes are quite
good in lower functioning patients makes cost effective
nonoperative management worthwhile. If nonoperative
treatment is chosen, cast disease, namely atrophy and joint
stiffness must be avoided. The acceptance of significant
fracture malalignment may not benefit the elderly patient
who is more active and places greater functional demands
on their upper extremity. One may suggest that in this
group radiographic appearance such as articular stepoff and
radial shortening do play a significant role in determining
the patient’s functional outcome.

For patients that fall between lower and higher function-
ing groups, a decision based on surgeon philosophy, skill
set, and patient expectations can be made. The realization
that functional outcomes are, at best, poorly associated with
fracture alignment should comfort the surgeon if nonoper-
ative management is chosen. Although multiple studies
have aimed to shed light on this subject, the surgeon still
faces a dilemma when deciding between operative and
nonoperative treatment. Although traditionally immobilized
with a cast, this management is being revisited as patients
are living longer and more active lives.
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