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Purpose: Distal radius fractures (DRFs) are often observed in simple trauma in older
women with osteoporosis, and severe trauma caused by traffic or fall accidents. In this
study, we aim to classify the DRFs according to injury mechanism, and statistically
compare epidemiologic factors, radiological characteristics, and functional scores.
Methods: From 2013 to 2018, 112 cases of trauma in 104 patients (70 monotraumas
and 42 severe traumas) diagnosed with DRFs were included. Patients were divided into
the low-energy monotrauma (ML), high-energy monotrauma (MH), and severe trauma
groups and analyzed for differences in sex, Injury Severity Score (ISS), accompanying ipsi-
lateral injuries, radiologic indices, AO/OTA classification, and functional outcome scores
(disabilities of the arm, shoulder, and hand [DASH] and Modified Mayo Wrist Score).
Results: Significant differences were observed in sex, age, ISS, and accompanying ipsi-
lateral injury among three group (p<0.001). Distribution of AO/OTA classification was
not significantly different among the groups. Especially, sex, age, and accompanying
ipsilateral injury were significantly different between the ML and MH groups
(p<0.001). Postoperative DASH and MMWS were significantly different between the
monotrauma and severe trauma groups (p<0.001).

Conclusion: Severe trauma with DRFs was observed at a lower age and more fre-
quently accompanied by ipsilateral injury and high ISS. Additionally, the functional
outcomes were lower after severe trauma than after monotrauma. Therefore, for DRF
patients with severe trauma, attention should be paid to the pattern of fracture as
well as the accompanying injury and postoperative management and rehabilitation
associated with it.
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INTRODUCTION

Distal radius fractures (DRFs) are the most common frac-
tures of the upper extremity, and various treatments for DRFs
have been reported; however, options for DRFs due to trauma
energy are seldom reported. DRFs may be sustained due to
three types of trauma energy. First, it is often the result of a
low-energy trauma, which is a simple injury encountered when
a person lands on his/her wrist extended; in particular, elderly
women with reduced bone density will have complex fractures
even with simple trauma caused by lower-energy injuries [1-3].
Second, high-energy injuries occur only in the upper extremity
due to events such as car accidents; this is simple trauma that is
not accompanied by any severe trauma (ST) in other areas;
however, DRFs can occur as complex fractures due to their
high-energy trauma [2,4]. Third, DRFs can occur after ST,
which is accompanied by multiple organ injuries due to
high-energy trauma. In this case, depending on the degree of
high-energy injury affecting the upper extremity, both simple
and complex fractures can occur. This ST is accompanied by
damages to the brain, lung, liver, and intestines, which are re-
lated to life support, or by open, pelvic, and multiple fractures
that are related to orthopedically severe damage to soft tissues.
In particular, if these patients with ST miss appropriate surgery
time or are unconscious, it may affect their future rehabilita-
tion. In South Korea, trauma centers have been established to
provide specialized treatment only to such ST patients.

This study aimed to evaluate and compare the epidemiologic
features of ST patients with those of monotrauma patients with
DRE We categorized DRF patients according to the types of
trauma. Subsequently, we compared the radiological features
and functional results between the ST group and the mono-

trauma group.

MATERIALS AND METHODS

Emergency medical centers in South Korea are subdivided
into the regional emergency center, local emergency medical
centers, and local emergency medical institutions. The regional
trauma center is dedicated to ST. This study focused on patients
who visited the Pusan National University Hospital, designated
as a regional medical center and a regional trauma center. The
study was approved by the Institutional Review Board of Pusan
National University Hospital (No. H-1906-030-080).

Patients who visited the emergency center of Pusan National
University Hospital from December 2013 to July 2018, were
aged 220 years, were diagnosed with DRF and underwent sur-
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gical treatment were initially included. Of the 109 enrolled pa-
tients (119 cases), five patients (7 cases) were lost to follow-up.
Finally, 104 patients (112 cases) were included. Among the 104
patients, the evaluation of the disabilities of the arm, shoulder,
and hand (DASH) score was not performed in five patients (5
cases) and a telephone survey was performed in five patients (5
cases).

We first classified patients into two groups according to the
Injury Severity Score (ISS). The ISS is an established medical
score that assesses trauma severity and used to define the term
major trauma. It correlates with mortality, morbidity, and hos-
pitalization time after trauma [5]. Multiple injuries are scored
using the Abbreviated Injury Scale (AIS) according to six body
regions. The ISS score is the sum of squares of the highest AIS
grades in each of the three most severely injured body regions
(Table 1).

ST patients were defined as those with DRFs and an ISS of
>16. Of the 112 cases, 42 cases were of ST. Monotrauma pa-
tients were defined as those with isolated DRFs or those with
DRFs and fractures at other body parts and with an ISS of <16.
These patients were further categorized into low-energy mono-
trauma (ML) and high-energy monotrauma (MH) according
to the definition of MH [6]. The criteria for high-energy trau-
ma are as follows [6]: a fall from >3 m, a car accident velocity
of >60 km/hr, a motorcycle accident velocity of >30 km/hr,
vehicle shortening of >50 cm, vehicle depression of the passen-
ger side of >30 cm, vehicle rollover of passenger thrown from
the vehicle, fatality in the same vehicle, and car or motorcycle
versus pedestrian or bicyclist velocity of >10 km/hr. Addition-
ally, it was classified as MH due to compression and crushing
injury caused by a machine (Fig. 1).

Only one surgeon performed surgical treatment for all pa-
tients. Surgical techniques used with a volar plate or Kirschner
wire (K-wire) fixation with/without bone graft. K-wire fixation

was used for simple and extra-articular fractures and bone graft

Table 1. Injury Severity Score

Body region AIS Injury
Head, neck, C-spine 1 Minor

Face including nose, mouth, eyes, ears 2 Moderate
Thorax, thoracic spine, diaphragm 3 Serious
Abdomen and lumbar spine 4 Severe
Extremities including pelvis 5 Critical
External soft tissue injury 6 Unsurvivable

Calculated AlS for the most severely injured body part in each region.
Injury Severity Score is calculated as a sum of the square of AlS for each
body region.

AIS, Abbreviated Injury Score.

https://doi.org/10.12790/ahm.20.0030
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Enrolled patients with distal radius fractures who visited
the emergency center of Pusan National University Hospital

from December 2013 to July 2018 (n=112)

ISS<16
Isolated distal radius fractures

K Fall >3 m or higher \

- Car accident >60 km/hr

- Motorcycle accident >30 km/ hr

- Vehicle shortening >50 cm

- Vehicle depression passenger side >30 cm

- Vehicle rollover

- Passenger thrown from vehicle

- Fatality in same vehicle

- Car or motorcycle vs pedestrian or bicyclist >10
km/hr

stationary object

ML group (n=51) MH group (n=19)

was used for severe fragmented intra-articular fractures.

All patients were evaluated for differences in sex, ISS, accom-
panying ipsilateral injury, and surgical method according to the
medical chart. We assessed the radiological indices and AO/
OTA classification using radiological images at initial trauma
and immediately after surgery. Radiologic indices included vo-
lar tilt angle, radial inclination, and ulnar variance using the
project-a-line technique. The ipsilateral injury was defined as
the existence of a fracture at the ipsilateral extremity. To evalu-
ate the functional results, we accessed the DASH questionnaire
and calculated the Modified Mayo Wrist Score (MMWS) at 1
year after surgery.

For statistical analysis of radiological indices and functional
outcomes, one-way analysis of variance and Pearson chi-
squared test were used. The post-hoc test using the Bonferroni
method was used to evaluate significant differences between
the groups. The statistical significance level was set at p <0.05.

RESULTS

Of the total of 104 patients (112 cases) included in this study,

https://doi.org/10.12790/ahm.20.0030

- Motorcycle or bicycle vs motorcycle or bicycle or

ST group (n=42)

Fig. 1. Enroliment of patients with distal radius fractures. ML, low-energy monotrauma; MH, high-energy monotrauma; ST, severe
trauma.

53 and 51 were females and males, respectively. The mode of
injury was car accidents in 25 cases, fall accidents in 39 cases,
and slip accidents in 45 cases. Furthermore, there was one case
each of crush damage, rope wrapped accident during work, and
stab wounds (Fig. 2).

Of the 112 cases, 51 were in the ML group, 19 in the MH
group, and 42 in the ST group. By sex, males accounted for
29.4%, 84.2%, and 66.7% of all patients in the ML, MH, and ST
groups, respectively (Table 2). The mean patient age was 64, 47,
and 51 years in the ML, MH, and ST groups, respectively. Both
sex and age were not significantly different between the MH
and ST groups which included patients with injuries due to
MH trauma (p=0.052, p=0.979), but they were significantly
different between the ML and MH groups and between the ML
and ST groups (p<0.001) (Table 3).

The ISS was 5.08+2.01, 7.74+3.66, and 26.79+9.8 in the
ML, MH, and ST groups, respectively (Table 2). The difference
in trauma energy between the monotrauma and ST groups was
significant (p <0.0001), whereas within the monotrauma
groups was not significant (p=0.365) (Table 3).

The time from injury to surgery was 8.9, 7.9, and 12.1 days in
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Fig. 2. Distribution of patients in the three groups according to the AO/OTA classification. (A) Low-energy monotrauma group (n=51). (B)
High-energy monotrauma group (n=19). (C) Severe trauma group (n=42). TA, traffic accident.

Table 2. Comparison of sex, age, ISS, AO/OTA classification, ipsilateral injury, and surgical methods among the study groups

Variable Group p-value
ML (h=51) MH (n=19) ST (n=42)
Sex <0.001
Male 15 (29.4) 16 (84.2) 28 (66.7)
Female 36 (70.6) 3(15.8) 14 (33.3)
Age (yr) 64.61+12.74 47.37+18.75 51.33+14.35 <0.001
ISS 5.08+2.01 7.74+3.66 26.79+£9.80 <0.001
Time from injury to surgery (day) 8.88 7.89 12.14 0.130
AO/OTA classification 0.250
A 13 (25.5) 3(15.8) 6(14.3)
B 20(39.2) 5(26.3) 2 (4.8)
C 18 (35.3) 11 (57.9) 34 (81.0)
Surgical methods
Plate 50 (98.0) 16 (84.2) 41 (97.6) 0.032
Kirschner wire 5(9.8) 4(21.1) 6(14.3) 0.515
Bone graft 1(2.0) 2 (10.5) 5(11.9) 0.114
Ipsilateral injury 0(0) 8 (42.1) 27 (64.3) <0.001

ISS, Injury Severity Score; ML, low-energy monotrauma; MH, high-energy monotrauma; ST, severe trauma.

p<0.05 indicates statistical significance.

the ML, MH, and ST groups, respectively. The difference in the
time from injury to surgery among the three groups was not
significant (p=0.130).

Two patients in the ST group required revision surgery be-
cause reduction loss was observed owing to patient incorpora-
tion. One patient had a brain injury and another had a psycho-
logical problem. All patients underwent bone union at the final

follow-up.

1. Surgical methods

Patients who underwent only volar plate fixation after injury
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accounted for 98.0%, 84.2%, and 97.6% in the ML, MH, and ST
groups, respectively (Table 2), showing a significant difference
(p=0.032) between the ML and ST groups (p=0.009), and be-
tween the ML and MH groups (p=0.02) (Table 3). Whether
using K-wire fixation or bone graft, the difference was not sig-
nificant in the three groups (p=0.05).

2. Ipsilateral combined injury

The incidence of ipsilateral injury was 5.9%, 42.1%, and
64.3% in the ML, MH, and ST groups, respectively. The post-
hoc test revealed a significant difference between the ML and

https://doi.org/10.12790/ahm.20.0030
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MH groups and between the ML and ST groups (p <0.0001),
but not between the MH and ST groups, which included pa-
tients with injuries due to MH (p=0.105).

3. Radiologic indices

The results of the radiological examination conducted before
and after surgery showed no significant differences, except the
fracture site gap that was significantly different between the
monotrauma and ST groups (p<0.001), but not between the
ML and MH groups (p>0.999).

All patients underwent bone union at the last follow-up.

None of the patients required revision surgery.

4. Functional outcomes
The results of DASH and MMWS to evaluate functional out-

Table 3. Results of the post-hoc test for evaluating significant
differences among the study groups

Variable ML vs. MH ML vs. ST MH vs. ST
Sex <0.001 <0.001 0.052
Age <0.001 <0.001 0.979
ISS 0.382 <0.001 <0.001
Time from injury to surgery ~ >0.999 0.259 0.276
Plate 0.020 0.333 0.009
Ipsilateral injury <0.001 <0.001 0.054
DASH score 0.546 <0.001 <0.001
MMWS 0.066 <0.001 <0.001

ML, low-energy monotrauma; MH, high-energy monotrauma; ST, severe
trauma; ISS, Injury Severity Score; DASH, disabilities of the arm, shoulder,
and hand; MMWS, Modified Mayo Wrist Score.

Bonferroni correction method was used, and p<0.05 indicates statistical
significance.

comes showed significant differences in all groups (p <0.001).
As the energy of the mechanism of injury increased, functional
outcomes worsened (Tables 3, 4). The distribution of AO/OTA
Classification did not show significant differences (p=0.25),
but the predominance of type C was identified in the MH and
ST groups (Table 2).

DISCUSSION

There are several classification systems for DRFs, but it is dif-
ficult to classify fractures according to trauma energy [6]. Few
papers have compared and analyzed the results by classifying
DREFs according to the degree of trauma energy [2,4,6]. We can
expect easily that patients with high-energy trauma will have a
higher rate of complex fractures than those with low-energy
trauma, which subsequently results in worse functional out-
comes. However, previous studies have reported no correlation
between the extent of trauma and AO/OTA classification [7].
This is due to the involvement of various factors, including os-
teoporosis, concomitant injuries, the degree of external trauma,
and the mechanism [1-3]. Therefore, we classified the clinical
characteristics of each group by dividing them into three
groups based on the injury mechanism. Subsequently, we ana-
lyzed the radiological findings, types of fractures, and function-
al outcomes in patients after surgery.

The ST and MH groups mostly included young and male pa-
tients among the three groups. According to the injury mecha-
nism, high-energy trauma such as fall or traffic accidents was
the main injury mechanism in the ST and MH groups (Fig. 2).
Relatively, slip down is the most common injury mechanism,
and most of the patients included in the ML group were post-

Table 4. Statistical analysis results of radiological indices and functional outcomes

Variable Group p-value
ML (n=51) MH (n=19) ST (n=42)
Volar tilt
Preoperative 1.28+14.48 -3.95+15.16 1.29+£18.67 0.447
Postoperativer 7.64+7.41 447+7.28 6.48+8.23 0.311
Radial inclination
Preoperative 16.24+6.21 19.89+7.32 16.76+7.98 0.158
Postoperativer 20.08+5.79 20.37+7.00 20.95+4.27 0.749
Ulnar variance
Preoperative 401+13.50 2.26+£4.43 3.17+£4.87 0.788
Postoperative -0.10+2.43 -1.11+£2.54 -0.12+£2.35 0.094
Functional outcome
DASH score 13.44+7.49 17.96+13.87 30.30+16.10 <0.001
MMWS 87.20+8.34 81.05+12.54 63.81+15.69 <0.001

ML, low-energy monotrauma; MH, high-energy monotrauma; ST, severe trauma; DASH, disabilities of the arm, shoulder, and hand; MMWS, Modified

Mayo Wrist Score.
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menopausal women with decreasing bone density. Moreover,
there might be a selection bias because our study was conduct-
ed in a tertiary university hospital where patients with simple
fractures do not usually visit. In this study, although the statisti-
cal significance of simple trauma was not high, there were sev-
eral cases of complex fractures in simple trauma. This is con-
sidered a feature of the ML group that comprised several elder-
ly patients with osteoporosis. In previous studies assessing
DRFs in patients with high-energy trauma [6,8], there were
several complex articular fracture types and high ipsilateral
damages in the high-energy group. In this study, the same re-
sult was observed, that is the accompanying ipsilateral injury
was high, but there was no statistical significance for the type of
fracture. Additionally, the accompanying rate of hand injuries
among ST patients was 3.6%, and the concomitant injury was a
significant factor affecting the functional outcomes after treat-
ment. This result is probably due to the high-energy injury in
the ST group, which likely causes other injuries to the affected
area.

We expected that the MH and ST groups would have poor
results in terms of radiological indices than the ML group;
however, the actual statistical analysis results showed no signif-
icant difference. The preoperative and postoperative radiologi-
cal indices did not show any difference between the three
groups. Most of the patients in the MH and ST groups are
young men; thus, performing union in the fracture site is con-
sidered advantageous in these young patients, which might af-
fect statistical results. Additionally, due to the recent develop-
ment of surgical techniques and tools and equipment, types of
fracture do not seem to affect radiological parameters [9].
There was no significant difference in the preoperative radio-
logical parameters among the three groups. This indicates that
simple slip down might cause a complex fracture because sev-
eral elderly women were likely to have osteoporosis in the ML
group.

In a previous study that compared patients with isolated frac-
tures and those with polytrauma, there were no significant dif-
ferences between the groups in terms of union, but the overall
results were significantly lower in patients with polytrauma
than in patients with isolated fractures in terms of functional
outcomes [4,10]. Although no statistical difference in radiolog-
ical indices was observed among the groups, poor functional
outcomes were observed in the MH and ST groups. We hy-
pothesized that this is due to the high ISS and accompanying
injuries. In our experience, patients in the ST group have poor
cooperation due to polytrauma, which lead to difficulty in di-
agnosing and treating these patients. In this study, the time
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from injury to surgery was longer in the ST group than that in
the ML group. In the ML group, 90.2% of patients underwent
surgery within 10 days from injury. Moreover, 36.8% and
45.2% of patients in the MH and ST groups, respectively, un-
derwent surgery after > 10 days from the injury date. In partic-
ular, all four patients in the ML group who underwent surgery
after 3 weeks were all operated due to reduction loss during
conservative treatment. In ST patients with accompanying pol-
ytrauma, surgery related to vital signs, such as thoracic surgery,
general surgery, or neurosurgery, is prioritized, except in the
case of vascular injury. Therefore, orthopedic problems are
usually low in surgical priority. Accordingly, it is difficult to
perform orthopedic surgery at the appropriate time, and sur-
gery is often delayed. Furthermore, ST patients have difficulties
in managing soft tissue damage or swelling, and rehabilitation
may not be performed or delayed due to unconsciousness or
damage to other areas, which in turn affects functional out-
comes after surgery.

This study has the following limitations. First, the sample size
was small. Second, the study included only patients who visited
the emergency center after trauma. In our hospital where the
study was conducted, DRF patients are not allowed to visit
through the outpatient hospital unless a medical problem or
trauma to the other body areas is observed. Therefore, the
number of patients with ML trauma to whom ambulatory care
can be easily provided would be relatively lower. Third, the ST
group had an ISS of >16, but this did not mean that whether
their high-energy trauma had directly affected the fracture
could be distinguished.

CONCLUSION

DRFs accompanying high-energy trauma were observed
more frequently in younger age patients and male than DRFs
accompanying simple trauma. We found that fracture severity
and radiological indices after surgery based on the AO/OTA
classification were not different between patients who visited
the emergency center with high-energy. Furthermore, patients
with high-energy DRFs showed worse functional outcomes af-
ter surgery and required extra care considering the type of frac-
tures, damages to soft tissues, and condition of the patient’s
whole body as well so that they could receive appropriate post-
operative management and rehabilitation after fracture treat-
ment.

https://doi.org/10.12790/ahm.20.0030
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