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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 IIIa).  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 

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 injury1. These 
injuries can be complicated by infection, nonunion, and 
need for soft tissue coverage1. While there is robust 
research on open long bone fractures2-8, 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 radius9-28. A better understanding of outcomes after 
treatment of open distal radius fractures may facilitate 
improvements in patient care and counseling regarding 
post-injury 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)29, 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 IIIa, n=1)3. The open fracture patients were 
individually matched with eighteen closed distal radius 
fracture patients who underwent surgical fixation (CDRF) 
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based on age, sex, injury to dominant extremity, fracture 
pattern, and method of fracture fixation.

At the time of database enrollment, baseline informa-
tion including: age, gender, height, weight, ethnicity, 
tobacco use, employment status, income level, hand 
dominance, mechanism of injury, occurrence of injury to 
the dominant hand, OTA fracture classification, Gustilo 
and Anderson classification of the soft tissue injury, and 
presence of concomitant bony, neurologic, and vascular 
injury was recorded30-31.  Standard radiographs (antero-
posterior, lateral, and oblique views) of the injured and 
contralateral wrists were obtained during initial evalua-
tion.  Contralateral wrist films were used as a reference 
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 Jupiter32 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 (lbs)] 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 questionnaire33-34 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 CDRF groups (Table 2).  

table 1a: Patient characteristics table 1b: Patient characteristics
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AFollow-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).

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 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 
cDrF group.
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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 

table 3: Postoperative Follow-Up

table 4a: radiographic Outcomes

table 4b: radiographic Outcomes

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-

table 5: range of Motion
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tion35. 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 motion35. 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 IIIa, n=6)36. 
Wound severity (Gustilo and Anderson classification) was 
directly correlated with number of surgical procedures, 
number of postoperative complications, and functional 
deficit36. They stated that there is no similarity between 
open and closed distal radius fractures other than the 
location of injury36. 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 months38. 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 
infection38. Kurylo et. al. retrospectively reviewed thirty-
two open distal radius fractures (Gustilo and Anderson 
type I, n=19; type II, n=11; type IIIa, n=2)39. 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 fractures39. 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 
plating39. Furthermore, they 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 injuries39.

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 fractures9-28.

By objective and subjective functional measures, the 
ODRF 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 living9-28,40,41. 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-up35. 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 lbs), and high levels of perceived disability 
(avg. DASH score 33) in their study patients twenty-four 
months post-injury36. 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 
literature35,36,38. Rozental et. al. reported an overall compli-
cation rate of 66% and an infection rate of 44%36. Glueck 
et. al. noted a 7.1% infection rate in their series38. Kurylo 

table 6: subjective Outcome table 7: Postoperative complications



Volume 33  17

Case Control Study of Open Distal Radius Fractures

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 injuries39. 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 IIIa 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.
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