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ABSTRACT

Purpose: To report radiographic, clinical, and
patient-based functional outcomes following con-
temporary operative treatment of patients who
sustained an open distal radius fracture and com-
pare them to a similar group of patients treated
operatively for closed distal radius fractures.

Methods: Over five years, 601 patients with a
distal radius fracture presented to our academic
medical center, including one Level 1 trauma hos-
pital, and were prospectively enrolled in an upper
extremity trauma database. Patients with open
distal radius fractures underwent irrigation, de-
bridement, and operative fixation within 24 hours
of presentation. Closed distal radius fractures
requiring operative fixation were treated electively.
Retrospective review of the database identified
eighteen open fractures of the distal radius (11
type I, 6 type II, 1 type IIla). The open fracture
patients were individually matched with eighteen
closed distal radius fracture patients who under-
went surgical fixation based on age, sex, injury to
dominant extremity, fracture pattern, and method
of fracture fixation. Clinical, radiographic, patient-
based functional outcomes, and complications were
recorded at routine postoperative intervals.

Results: Follow-up was greater than 77% in both
groups at all time points. The open and closed
groups were similar in regards to age, gender,
BMI, race, tobacco use, income, employment sta-
tus, hand dominance, injury to dominant extrem-
ity, mechanism of injury, fracture classification,
method of fracture fixation, and presence of con-
comitant injury. Postoperative complications and
reoperation rates were similar between the open
and closed groups. Union rates and radiographic
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alignment one year postoperatively were similar
between the open and closed fracture groups. At
final follow-up, range of motion parameters, grip
strengths, DASH indices, and subjective pain
scores were similar between both groups.

Discussion: Open distal radius fractures treated
with early debridement and fixation achieved simi-
lar outcomes to surgically treated closed fractures
of the distal radius when followed for a year or
more postoperatively.

INTRODUCTION

Open fractures are high-energy injuries that present
with a spectrum of soft tissue and bony injury!. These
injuries can be complicated by infection, nonunion, and
need for soft tissue coverage!. While there is robust
research on open long bone fractures®?, there is little
outcome data on open distal radius fractures. Numerous
studies have addressed clinical, radiographic, and func-
tional outcomes after treatment of closed fractures of the
distal radius®?. A better understanding of outcomes after
treatment of open distal radius fractures may facilitate
improvements in patient care and counseling regarding
postinjury expectations.

The purpose of this study is to report radiographic,
clinical, and patient-based functional outcomes follow-
ing contemporary operative treatment of patients who
sustained an open distal radius fracture and compare
them to a similar group of patients treated operatively
for closed distal radius fractures.

PATIENTS AND METHODS

Over a period of five years, six hundred and one
patients presented to our academic medical center, in-
cluding one Level 1 trauma hospital, with a distal radius
fracture (OTA type 23)%, and consented to prospective
enrollment in an upper extremity trauma database. Our
Institutional Review Board approved retrospective review
of the database to evaluate outcomes following surgical
treatment of open distal radius fractures. Eighteen of
these patients sustained an open fracture of the distal
radius (ODRF) (Gustilo and Anderson type I, n=11; type
II, n=6, type Illa, n=1)®. The open fracture patients were
individually matched with eighteen closed distal radius
fracture patients who underwent surgical fixation (CDRF)



Table 1la: Patient Characteristics

Case Control Study of Open Distal Radius Fractures

Table 1b: Patient Characteristics

Fracture Standard
Type Mean Deviation P Value Open Closed P Value
e [0, %2 L0 o e P
B (kg may g'ﬁﬂd iiigg 3:3: 070 P [ 77.8% 54.1% 43
Left 22.2% 5.9% -
based on age, sex, injury to dominant extremity, fracture White 50.0% 44.4%
pattern, and method of fracture fixation. Iy gi:“a"'p‘m”“a" ;;';: iii: 0l5
At the time of database enrollment, baseline informa- = . '
tion including: age, gender, height, weight, ethnicity, Current Tobaco |Yes 27.8% 5.6% e
tobacco use, employment status, income level, hand Use No 72.3% 54.4%
dominance, mechanism of injury, occurrence of injury to T s T
the dominant hand, OTA fracture classification, Gustilo lotneme 25,50k 18.8% 3139 070
and Anderson classification of the soft tissue injury, and >$50K 18.8% 18.8%
presence of concomitant bony, neurologic, and vascular
injury was recorded®-!. Standard radiographs (antero- :s ':’_f_éﬂ;{’ 651_ él-;?
posterior, lateral, and oblique views) of the injured and E"‘::“"""'“ Student 5.6% 0.0% 0.75
contralateral wrists were obtained during initial evalua- e Disabled 5.6% 11.1%
tion. Contralateral wrist films were used as a reference siilic ALA% 222%

to determine radiographic articular parameters in the
coronal and sagittal plane on the uninjured side for
each patient and to assess adequacy of reduction. Ad-
ditional radiographs of the injured wrist were obtained
following closed reduction and splinting. Direction of
displacement, volar tilt, radial inclination, radial height,
articular step-off, ulnar variance, and osteoarthritis grad-
ing as described by Knirk and Jupiter® were recorded by
trained researchers under the supervision of the treating
attending physician using initial injury and post-reduction
radiographs.

Patients who sustained an open fracture received teta-
nus, intravenous antibiotics, reduction, sterile dressing
application, and splinting in the emergency department.
All open fractures underwent irrigation, debridement,
and operative fixation within twenty-four hours of pre-
sentation (average time 8.1 hours, range 3-22 hours).
Fixation in the CDRF group was performed electively for
unstable fractures. Standard implants (external fixation,
K-wires, volar locked plates, dorsal plates) were used
for both the ODRF and CDRF groups, and the selection
of the fixation construct was at the discretion of the
treating surgeon (three fellowship-trained orthopaedic
traumatologists, one fellowship-trained orthopaedic hand
surgeon). The surgical approach (volar, dorsal, percu-
taneous, or combined) utilized and the performance of
concurrent carpal tunnel release was recorded.

Patients were evaluated in the outpatient setting at rou-
tine postoperative intervals. At all follow-up visits, range
of wrist and finger motion (flexion/extension, supination/
pronation, and ulnar/radial deviation) was measured
with a goniometer and grip strength was measured [in
pounds (Ibs)] with a dynamometer by a dedicated mus-

culoskeletal researcher blinded to the objective of the
study. Serial postoperative radiographs were obtained
to assess restoration of articular parameters and frac-
ture healing. In addition, time to radiographic union,
defined as the absence or consolidation of fracture lines
on wrist radiographs, was recorded. A standard Visual
Analogue Scale (VAS; 0, no pain; 10, severe pain) and the
DASH questionnaire®?* were used to quantify functional
outcomes based upon patients’ perceived disability. Post-
operative complications and secondary surgeries were
also recorded.

Descriptive statistics were compiled for all data points.
Chi-square analyses were used to compare categorical
variables. Independent samples students T-tests were
used to compare continuous variables between two
groups.

RESULTS

Patient characteristics including: age, gender, BMI,
ethnicity, tobacco use, employment status, income level,
and handedness of the patients in the ODRF and CDRF
groups were compared and found to be similar between
the two (Tables 1a, 1b).

Injury and treatment characteristics including: occur-
rence of injury to dominant hand, mechanism of injury,
OTA fracture classification, presence of concomitant
injury, treating surgeon, surgical approach, fracture
fixation method, use of supplemental Kirschner wire
fixation, acute carpal tunnel release, and occurrence of
intraoperative complication were similar between the
ODRF and CDREF groups (Table 2).
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Open Closed Open Closed P Value

Yes 11 10 61.1% 55.6%

Injury to Dominant Hand No 7 8 28.0% 24.4% 1.00
Fall 14 16 77.8% 88.9%
- - Sports Injury 1 1 S.6% 5.6%

YA I\Actor Viehicle Acxident 2 1 11.1% 5.6% e
Pedestrian Struck 1 0 S.6% 0.0%
A 9 ) 50.0% 50.0%

OTA Fracture Classification |8 1 1 S.6% 5.6% 1.00
C 8 8 44.4% 44 4%
. Yes 14 4 53.8% 66.7%

7

s No 12 2 46.2% 32.3% o7
Volar 12 11 66.7% 61.1%
ical A Dorsal 0 2 0.0% 5.6%

s / = Percutancous (Ex-Fx) S 3 27.8% 22.2% His
Combined (Open/Ex-Fux) 1 1 5.6% 11.1%
Locking Plate 12 13 66.7% 66.7%

Fracture Fixation External Fixation S 4 27.8% 22.2% 0.80
Combened (Locking Plate/Ex-Fux) 1 1 S.6% 11.1%
Percutancous 4 a4 36.4% 26.7%

Kirchner Wire Fixation Internal 1 0 9.1% 0.0% 0.25
None 6 11 54.5% 73.3%
1 7 6 41.2% 33.3%
2 4 6 235% 333%

S a 6 5 35.3% 27.8% o8
4 0 1 0.0% 5.6%
- Yes 0 18 0.0% 0.0%

e s 100 0 18 100.0%  100.0% -
Yes 3 0 16.7% 0.0%

Acute Carpal Tunnel Release No 15 18 83.3% 100.0% 0.23

Table 2: Injury and Treatment Data: In the ODRF group, associated injuries included: eight ulnar styloid
fractures, three ulnar neck fractures, one DRUJ dislocation, three median nerve neuropraxias, five ad-
ditional extremity injuries (phalangeal fracture, ulnar collateral ligament rupture, thumb interphalangeal
dislocation, great toe fracture), and one non-orthopaedic injury (facial fracture). There were nine ulnar
styloid fractures, one scapholunate ligament tear, three additional extremity injuries (proximal humerus
fracture, calcaneus fracture, patella fracture), and one non-orthopaedic injury (eye contusion) in the

CDREF group.

Follow-up data is presented for the ODRF and CDRF
groups at three and twelve months postoperatively.
There was no difference in rate of follow-up between
the two groups at either time point and it was greater
than 77.8% for both groups at each time point (Table 3).

Radiographically, there was no difference in union
rates between the ODRF and CDRF groups at three
and twelve months with all fractures healed by one year
postoperatively (Tables 4a, 4b). Volar tilt was decreased
in the ODRF group as compared to CDRF group at three
months, but any coronal and sagittal plane radiographic
parameter differences were diminished in both groups
one year postoperatively and found to be independent
of wound status at the time of injury (Tables 4a, 4b).
Articular step-off and osteoarthritis grading was similar
between the two groups at all follow-up time points
(Tables 4a, 4b).
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Range of motion, grip strength, VAS pain scores,
and DASH scores were compared between the ODRF
and CDRF groups (Tables 5, 6). The ODRF group had
decreased supination as compared to the CDRF group
three months postoperatively, but all range of motion
parameters were similar at one year follow-up. There
was no difference in grip strength, VAS pain scores, or
DASH scores at any follow-up time point.

The ODRF and CDRF groups experienced a similar
rate of postoperative complications (Table 7). There was
one pin tract infection in each group, both successfully
treated with oral antibiotics. In the ODRF group, three
patients had postoperative neuropraxias. Two of these
patients presented to the emergency room with symp-
toms of carpal tunnel syndrome and had acute carpal
tunnel releases at time of irrigation, debridement, and
fracture fixation. Both of these patients had continued



Table 3: Postoperative Follow-Up

Open Closed P Value
Yos 83.3% 100.0%
Follow-up 3 months No 16.7% 0.0% 0.23
Yes T7.8% 83.3%
Follow-up 1 year No 33 7%, 16.7% 1.00

Table 4a: Radiographic Outcomes

Fracture Standard
Type Mean  Deviation P Value
Volar Tilt Postop (degrees) g‘;zz g :?é :;3 0.53
Radial Inclination Postop (degrees) g‘:s 4 Ei; 190_'15: 0.64
Radial Length Postop {millimeters) g‘:: . ;?g i:gi 057
Articular Step-Off Postop (millimetars) g‘;‘zz . 0_01 s 0_‘; 5 0.16
Volar Tilt 3 months (degrees) g‘;‘z: 4 ;i? i_‘i‘; 0.05
Radial Inclination 3 months (degrees) g‘zz i i; i’é 150 ';52 0.38
Radial Length 3 months (millimeters) g‘;zz y 3:2:31 g:: 0.85
Articular Step-0ff 3 months (millimeters ?.F;E: ’ g;z g::; 071
Ulnar Variance 3 months (millimeters) ?ll;i:d gg: ggi 0.82
Volar Tilt 1 year (degrees) g‘;zz q ‘;;; ;_:3 0.93
Radial Inclination 1 year (degrees) g‘;‘zz . i:;: 111 ('11 0.43
Radial Length 1 year (millimeters) g‘:: 5 ;gi i::i 057
Articular Step-0ff 1 year [millimeters) ?IF:Z:! 1035 ggi 0.08
Ulnar Variance 1 year (millimeters) ?Ir::Zd g:; ;:: 0.75

median nerve dysfunction postoperatively which resolved
without further surgical intervention. One ODRF patient
had a postoperative ulnar nerve neuropraxia that resolved
without surgical intervention. One ODRF patient had
loosening of their ulnar Kirschner wire. Seven patients
required return trips to the operating room after their
index surgery (three ODRF patients: one Kirschner wire
removal, one external fixator removal, one distal ulna
resection for ulnar impaction; four CDRF patients: one
Kirschner wire removal, two external fixator removals,
one external fixator removal with concomitant locked
plating). During follow-up, there were four patients that
developed carpal tunnel syndrome (three ODRF patients,
one CDRF patient).

DISCUSSION
In this study, open fractures of the distal radius with
lower grade soft tissue injuries treated with expedient
debridement and definitive fixation were found to do
as well clinically, radiographically, and functionally as
closed distal radius fractures requiring open reduction
and internal fixation. There is currently no other study

Case Control Study of Open Distal Radius Fractures

Table 4b: Radiographic Outcomes

Open Closed P Value
Yalar 81.8% 80.0%
2;’:::;:5:::" Dorsal 9.1% 13.3% 0.50
Neutral 9.1% 6.7%
4] 94.4% 83.3%
Ostecarthritis Grading 1 5.6% 16.7% 0.60
Postoperatively 2 0.0% 0.0% '
3 0.0% 0.0%
Wolar 53.8% 87.5%
Distal Radial Tilt 3 months Dorsal 15.4% 12.5% 0.06
Neutral 30.8% 0.0%
a 83.3% 88.9%
Osteoarthritis Grading 3 1 11.1% 11.1% 0.60
maonths 2 5.6% 0.0% ’
3 0.0% 0.0%
Yes 100.0% 93.3%
Fracture Healed? 3 th 0.14
racture Heale months No 0.0% 6.7%
Volar 61.5% 66.7%
Distal Radial Tilt 1 year Dorsal 231% 13.3% 0.7
Neutral 15.4% 20.0%
[1} T2.3% 61.1%
1 22.2% 38.9%
Osteoarthritis Grading 1 0.37
e | 5.6% 0.0%
3 0.0% 0.0%
Yis 100.0% 100.0%
Fracture Healed? 1 year No 0.0% 0.0% 1.00
Ostecarthritis Grading as per Knirk and Jupiter Classification
Table 5: Range of Motion
Standard
Fracture Type Mean Deviation P Value
- i o Open 3539 25.54
e 3monthe{deereest || crased 43.94 18.23 0-26
Open 30.89 22.26
Wrist Flexion 3 months (degrees) Closad 811 19.00 0.30
Open 39.11 3381
Supination 3 months (degrees) Closed 65.83 2551 0.01
Open 57.06 36.79
Pronation 3 months (degrees) Closed 20.44 28.36 0.23
Open 15.78 14.78
Ulnar Deviation 3 months (degrees) Closed 1761 1548 0.72
Open 411 2.68
Radial Deviation 3 months (degrees) Cosad 10.80 902 0.57
Open 18.22 27.92
Grip Strength 3 months (pounds) Closed 3293 24.49 0.65
Open 37.72 26.87
Wrist Extension 1 year (degrees) Closed 1956 2188 0.82
Open 35.17 235
Wrist Flexion 1 year (degrees) Closad 606 2185 0.91
Open 53.22 35.86
Supination 1 year (degrees) Closed 615 5.7 0.4
Open 60.56 35.03
Pronation 1 year (degrees) Closed 69 28 3313 0.48
Open 19.56 15.87
Ulnar Deviation 1 year (degrees) Closed 3156 1838 0.73
Open 10.94 10.53
Radial Deviation 1 year (degrees) Closad 158 1341 0.27
Open 33.06 37.21
Grip Strength 1 year (pounds) Closad 235 6253 0.55

that has compared this injury pattern with its closed
counterpart using prospectively collected data.

Nyquist and Stern reviewed ten open radiocarpal dis-
locations treated with combinations of debridement, open
reduction, casting, internal fixation, and external fixa-
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Table 6: Subjective Outcome

Standard
Fracture Type Mean Deviation P Value
oAt G mont) |02 i am  Ue
VAS (3 month) gﬂizd ;ii 13; 088
osH(tyean |7 A
VAS (1 year) ) i ras s

DASH=The Disabilities of the Arm, Shoulder, and Hand Score
VAS=Visual Analog Pain Score

tion®. Soft tissue injury and contamination were not spe-
cifically addressed. At variable follow-up (~15 months),
they found high rates of neurologic deficit, wrist pain,
and limited motion®. Rozental et. al. published on eigh-
teen patients with open distal radius fractures (Gustilo
and Anderson type I, n=9; type II, n=3; type Illa, n=6)¢.
Wound severity (Gustilo and Anderson classification) was
directly correlated with number of surgical procedures,
number of postoperative complications, and functional
deficit®. They stated that there is no similarity between
open and closed distal radius fractures other than the
location of injury®. Yang et. al. found no postoperative
infection in twelve Gustilo and Anderson grade I open
distal radius fractures debrided greater than twelve hours
after injury, suggesting that timing of debridement is not
related to incidence of postoperative infection in fractures
with minimal soft tissue injury. Glueck et. al. presented
forty-two open distal radius fractures (Gustilo and An-
derson type I, n=24; type II, n=12; type III, n=8) followed
for approximately fifteen months*. Contamination and
number of debridements, but not Gustilo and Anderson
classification of soft tissue injury, time to debridement, or
type of fixation, were found to be predictive of subsequent
infection®, Kurylo et. al. retrospectively reviewed thirty-
two open distal radius fractures (Gustilo and Anderson
type I, n=19; type II, n=11; type Illa, n=2)*. There were
no postoperative infections in their series, leading to the
conclusion that timing of debridement (< 6 hours after
hospital admission vs > 6 hours after hospital admission)
and initial type of fracture fixation (external fixation,
locked plating, external fixation with planned conversion
to locked plating) have no influence on occurrence of
postoperative infection in Gustilo and Anderson type I
and II open distal radius fractures®. They found a higher
rate of postoperative complication and reoperation in
those patients treated with external fixation and planned
conversion to locked plating as compared to those open
fractures treated solely with external fixation or locked
plating®. Furthermore, they concluded that treatment of
Gustilo and Anderson grade I and II open distal radius

16  The Iowa Orthopaedic Journal

Table 7: Postoperative Complications

Open Closed P Value

Yes 5.6% 5.6%

It No 94.4% 94.4% S
Yes 0.0% 0.0%

Loss of Reduction No 100008 1000.0% 1.00

Complex Regional Pain Yes 0.0% 0.0% 1aa

Syndrome Mo 100.0% 100.0% J

Yes 16.7% 5.6%

Carpal T | Synd 0.60
rpal Tunnel Syndrome No 83.3% 94.4%
Yes 16.7% 0.0%

Nerve Deficit No 83.3% 100.0% 0.23
Yes 5.6% 0.0%

Hardware Failure No 54,45 100.0% 1.00
Yes 16.7% 22.2%

Return to OR No 83.3% 77 8% 1.00
Yes 0.0% 0.0%

Tendon Rupture No 101005 100.0% 1.00

fractures leads to more postoperative complications than
treatment of similar closed injuries®.

There is no published data on radiographic outcomes
after surgical fixation of open distal radius fractures. Our
study showed no difference between the dorsal tilt, radial
inclination, radial height, and ulnar variance of the ODRF
and CDRF groups at one-year follow-up. Furthermore,
the ODRF mean values for these radiographic parameters
are similar to those reported in recent literature for surgi-
cal fixation of closed distal radius fractures™?.

By objective and subjective functional measures, the
ODREF patients in this study did as well as the opera-
tively treated closed distal radius patients in numerous
other studies and achieved sufficient range of motion to
complete activities of daily living*?%44!, This finding is
in contrast to the existing literature. Nyquist and Stern
reported decreased range of motion and wrist pain with
activity for all of their patients with open fractures at
final follow-up®. Rozental et. al. found decreased range
of motion (avg. flexion, extension, supination, and prona-
tion: 37°, 40°, 47°, and 57°, respectively), decreased grip
strength (50.6 1bs), and high levels of perceived disability
(avg. DASH score 33) in their study patients twenty-four
months post-injury®. The improved performance of our
open fracture patients is likely attributable to the pre-
dominance of low-grade soft tissue injuries that did not
require complex or multiple reconstructive procedures.

Postoperative complications were similar in the ODRF
and CDRF groups. This is not consistent with the current
literature®-638, Rozental et. al. reported an overall compli-
cation rate of 66% and an infection rate of 44%%*. Glueck
et. al. noted a 7.1% infection rate in their series®. Kurylo



et. al. concluded that treatment of Gustilo and Anderson
grade I and II open distal radius fractures leads to more
postoperative complications than treatment of similar
closed injuries®. The improved outcomes of the open
fractures in our series is likely related to lower grade
soft tissue injuries in the current study in combination
with our institution’s policy of thorough initial debride-
ment and attempts to minimize further injury to the soft
tissue with repeat manipulations/surgeries and multiple
percutaneous implants.

The results should be appreciated in the context of
the study’s limitations. The ODRF patients were closely
matched with CDRF patients based on age, sex, injury
to dominant extremity, fracture pattern, and method of
fracture fixation. Baseline patient demographic and in-
jury/treatment data was statistically compared to further
validate the similarity of the groups being compared. Yet,
there is still the possibility that these two groups are dis-
similar with regards to some other variable that may have
confounded the results, thereby introducing selection
bias. Furthermore, the study is unable to comment on
the treatment outcomes of Gustilo and Anderson type III
injuries as only one Gustilo and Anderson type IIla open
fracture was included for analysis. Yet, our data suggests
that these high-grade soft tissue injuries represent a very
small percentage of an already uncommon injury pattern.

In conclusion, this study suggests that Gustilo and
Anderson type I and II open distal radius fractures
treated with early debridement and definitive bony fixa-
tion achieve similar outcomes to surgically treated closed
distal radius fractures. This information helps guide
treatment of an injury pattern that could be seen by any
practicing orthopaedic surgeon and provides information
necessary for counseling patients and families in the
perioperative period.

The authors would like to thank Dr. David Ruchels-
man, Dr. Rachel Goldstein, and Mr. Raj Karia, MPH for
their assistance in preparing this manuscript.

REFERENCES

1. Zalavaras, C. and M. Patzakis, Open fractures;
evaluation and management. ] Am Acad Orthop Surg.
11: p. 212-219.

2. Spencer, J., A. Smith, and D. Woods, The effect
of time delay on infection in open long-bone fractures:
a b-year prospective audit from a district general hos-
pital. Ann R Coll Surg Engl, 2004. 86(2): p. 108-12.

3. Gustilo, R. and J. Anderson, Prevention of infec-
tion in the treatment of one thousand and twenty-five
open fractures of long bones: retrospective and pro-
spective analyses. ] Bone Joint Surg Am, 1976. 58 (4):
p. 453-8.

10.

11.

12.

13.

14.

15.

16.

17.

Case Control Study of Open Distal Radius Fractures

Noumi, T., et al., Intramedullary nailing for open
fractures of the femoral shaft: evaluation of contrib-
uting factors on deep infection and nonunion using
multivariate analysis. Injury, 2005. 36(9): p. 1085-93.
Bhandari, M., et al., Treatment of open fractures
of the shaft of the tibia. ] Bone Joint Surg Br, 2001.
83(1): p. 62-8.

Moed, B.R., et al., Immediate internal fixation of
open fractures of the diaphysis of the forearm. J Bone
Joint Surg Am, 1986. 68(7): p. 1008-17.

Duncan, R., et al., Immediate internal fixation
of open fractures of the diaphysis of the forearm. J
Orthop Trauma, 1992. 6(1): p. 25-31.

Giannoudis, P.V., C. Papakostidis, and C. Rob-
erts, A review of the management of open fractures
of the tibia and femur. J Bone Joint Surg Br, 2006.
88(3): p. 281-9.

Kapoor, H., A. Agarwal, and B. Dhaon, Displaced
intra-articular fractures of distal radius: a compara-
tive evaluation of results following closed reduction,
external fixation and open reduction with internal
fixation. Injury, 2000. 31(2): p. 75-9.

Rozental, T., et al., Functional outcomes for
unstable distal radial fractures treated with open
reduction and internal fixation or closed reduction
and percutaneous fixation. A prospective randomized
trial. ] Bone Joint Surg Am, 2009. 91(8): p. 1837-46.
Chung, K. and A. Haas, Relationship between
patient satisfaction and objective functional outcome
after surgical treatment for distal radius fractures. J
Hand Ther. 22(4): p. 302-7; quiz 308.

Figl, M., et al., Volar fixed-angle plate osteosyn-
thesis of unstable distal radius fractures: 12 months
results. Arch Orthop Trauma Surg, 2009. 129(5): p.
661-9.

Rozental, T. and P. Blazar, Functional outcome
and complications after volar plating for dorsally
displaced, unstable fractures of the distal radius. J
Hand Surg Am, 2006. 31(3): p. 359-65.

Gruber, G., et al., Surgical treatment of distal ra-
dius fractures with an angle fixed bar palmar plating
system: a single center study of 102 patients over
a 2-year period. Arch Orthop Trauma Surg, 2006.
126(10): p. 680-5.

Simic, P., et al., Treatment of distal radius fractures
with a low-profile dorsal plating system: an outcomes
assessment. J] Hand Surg Am, 2006. 31(3): p. 382-6.
Chung, K.C., S.V. Kotsis, and H.M. Kim, Predic-
tors of functional outcomes after surgical treatment of
distal radius fractures. ] Hand Surg Am, 2007. 32(1):
p. 76-83.

Osada, D., et al., Prospective study of distal radius
fractures treated with a volar locking plate system. J
Hand Surg Am. 33(5): p. 691-700.

Volume 33 17



B. J. MacKay, N. Montero, N. Paksima, K. A. Egol

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

18

Szyluk, K., et al., [Distal radius fractures]. Pol
Merkur Lekarski, 2008. 24 (140): p. 158-61.
Westphal, T., et al., Outcome after surgery of distal
radius fractures: no differences between external
fixation and ORIF. Arch Orthop Trauma Surg, 2005.
125(8): p. 507-14.

Wright, T., M. Horodyski, and D. Smith, Func-
tional outcome of unstable distal radius fractures:
ORIF with a volar fixed-angle tine plate versus exter-
nal fixation. ] Hand Surg Am, 2005. 30(2): p. 289-99.
Kreder, H., et al., A randomized, controlled trial of
distal radius fractures with metaphyseal displacement
but without joint incongruity: closed reduction and
casting versus closed reduction, spanning external
fixation, and optional percutaneous K-wires. J Orthop
Trauma, 2006. 20(2): p. 115-21.

Goldfarb, C., et al., Fifteen-year outcome of dis-
placed intra-articular fractures of the distal radius. J
Hand Surg Am, 2006. 31(4): p. 633-9.

Arora, R., et al., A prospective randomized trial
comparing nonoperative treatment with volar locking
plate fixation for displaced and unstable distal radial
fractures in patients sixty-five years of age and older.
J Bone Joint Surg Am, 2011. 93(23): p. 2146-53.
Lee, Y.S., et al., A comparative study of Colles’
fractures in patients between fifty and seventy years
of age: percutaneous K-wiring versus volar locking
plating. Int Orthop, 2012. 36(4): p. 789-94.

Wei, D.H., et al., External Fixation versus Internal
Fixation for Unstable Distal Radius Fractures: A Sys-
tematic Review and Meta-Analysis of Comparative
Clinical Trials. J Orthop Trauma, 2011.

Grewal, R., et al., Open reduction internal fixation
versus percutaneous pinning with external fixation
of distal radius fractures: a prospective, randomized
clinical trial. ] Hand Surg Am, 2011. 36(12): p. 1899-
906.

Sadighi, A., et al., Outcomes of percutaneous pin-
ning in treatment of distal radius fractures. Pak J Biol
Sci, 2010. 13(14): p. 706-10.

Jeudy, J., et al., Treatment of complex fractures of
the distal radius: a prospective randomised compari-
son of external fixation ‘versus’ locked volar plating.
Injury, 2012. 43(2): p. 174-9.

The Iowa Orthopaedic Journal

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Orthopaedic Trauma Association Classifica-
tion, D., and Outcomes Committee, 2007 Fracture
and Dislocation Compendium. J Orthop Trauma.
21(Supplement 10): p. S1-S163.

Walsh, M., R.I. Davidovitch, and K.A. Egol,
Ethnic disparities in recovery following distal radial
fracture. ] Bone Joint Surg Am, 2010. 92(5): p. 1082-7.
Tejwani, N.C., et al., Who is lost to followup?: a
study of patients with distal radius fractures. Clin
Orthop Relat Res, 2010. 468(2): p. 599-604.

Knirk, J.L. and J.B. Jupiter, Intra-articular frac-
tures of the distal end of the radius in young adults.
J Bone Joint Surg Am, 1986. 68(5): p. 647-59.
Solway, S., et al., The DASH outcome Measure
User’s Manual, Institute for Work and Health: To-
ronto, Canada.

Beaton, D., et al., Measuring the whole or the
parts? Validity, reliability, and responsiveness of the
Disabilities of the Arm, Shoulder and Hand outcome
measure in different regions of the upper extremity.
J Hand Ther. 14(2): p. 128-46.

Nyquist, S. and P. Stern, Open radiocarpal fracture-
dislocations. ] Hand Surg Am, 1984. 9(5): p. 707-10.
Rozental, T., et al., Open fractures of the distal radius.
J Hand Surg Am, 2002. 27(1): p. 77-85.

Yang, E.C. and J. Eisler, Treatment of isolated type
I open fractures: is emergent operative debridement
necessary? Clin Orthop Relat Res, 2003(410): p. 289-
9.

Glueck, D., C. Charoglu, and J. Lawton, Factors
associated with infection following open distal radius
fractures. Hand (N'Y), 2009. 4(3): p. 330-4.

Kurylo, J.C., et al., Open fractures of the distal
radius: the effects of delayed debridement and im-
mediate internal fixation on infection rates and the
need for secondary procedures. ] Hand Surg Am,
2011. 36(7): p. 1131-4.

Ryu, J.Y., et al., Functional ranges of motion of the
wrist joint. ] Hand Surg Am, 1991. 16(3): p. 409-19.
Brumfield, R.H. and J.A. Champoux, A biome-
chanical study of normal functional wrist motion. Clin
Orthop Relat Res, 1984 (187): p. 23-5.





