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Abstract

Background: Volar locking plating remains a popular method for the surgical manage of distal radius fractures.
Dorsal metaphyseal comminution (DMC) is a common fracture pattern which ns thejstability during fracture

fixation. In this study, we aimed to compare the radiographic and function the intra- and extra-articular
distal radius fractures with DMC following single volar locking plate fixation.

Materials and methods: Patients suffered from a distal radius fracture Clnere reviewed in the clinical
database of the authors’ institution between Jan 2016 and Jan 2020. Th d patients were classified into the
extra-articular (A3) group or the intra-articular (C2 and C3) group according to the AO/OTA system. The radiological
parameters, wrist range of motion, and functional outcom aluated following open reduction and volar
locking plate fixation.

Results: A total of 130 patients were included in thi

parivig to the A3 fractures. Most of the patients achieved an
y wrist score. Four patients with C3 fractures resulted in a fair
tilt during follow-up.

outcomes in the intra-articular distal radius fractures with a simple
»se in the extra-articular fractures. Considering the intra-articular fractures with
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Introduction

Distal radial fractures are common orthopedic injuries
comprising 15% of all extremity fractures [1]. Though
The K-wire pinning and minimally invasive system [2],
external fixation [3] and dorsal plating [4] are considered
as reasonable fixation options for the distal radial frac-
tures, volar plating remains the most popular fixation
techniques because of the safe and straightforward surgi-
cal approach, the low rate of complication, and the rapid
return to function recovery [5]. Dorsal metaphyseal
comminution (DMC) is the most common fracture pat-
tern observed in 60% of the distal radius fractures [6]. It
is well-recognized that DMC weakens the stability of the
distal radius and leads to higher rates of secondary dis-
placement when managed conservatively [6—9]. Despite
the improved strength characteristics compared with the
traditional nonlocking plates, the stability provided by
single volar fixed-angled locking plating has also been
questioned in this fracture pattern. In vitro, biomechan-
ical studies have testified the stability of volar locking
plate in extra-articular distal radius fracture models with
DMC, and an equivalent [10] or slightly less stability [4,
11] can be provide compared with dorsal plating. How-
ever, the efficacy of single volar locking plating in the
intra-articular distal radius fracture with DMC has no
yet been adequately analyzed in biomechanical or
ical studies. The purpose of the present study
analyze the radiographic and functional outc
intra- and extra-articular distal radius f
DMC treated with single volar locking platihg.

Materials and methods
We retrospectively reviewed the pati
dius fractures who received op

distal ra-
uction and internal

were: open fractures, delayed fractures, neurovascular in-
juries, additional ipsilateral upper extremity fractures, or
the fractures fixed with additional dorsal or radial plates.
The included patients were classified into the extra-
articular (A3) group or the intra-articular (C2 and C3)
group according to the AO/OTA system [13].

All patients were operated on by two senior attending
surgeons (JX and HFS). During operation, the fracture
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was accessed through the modified volar Henry ap-
proach. Briefly, the skin was incised along the course of
the flexor carpi radialis (FCR) tendon. The sheath of the
FCR was opened and the FCR tendon and the flexor pol-
licis longus tendon were retracted ulnarly. The radial ar-
tery was carefully protected. The pronator quadratus

duced firstly to provide referen
and radial inclination. Dorsal ul nts were then

volar tilt. The

ed percutaneously, an add-
ediately ulnar to the Lister tu-

ird and the fourth extensor compartment
. The dorsal fracture fragment was then re-
nder direct visualization. After temporary K-wire
n, a satisfactory reduction of the extra- and intra-
riicular fracture was checked using intraoperative C-
rm according to the radiographic guidelines described
in literature [15]. The fracture was then fixed with the
24 mm volar locking plate system (Depuy-Synthes,
Oberdorf, Switzerland). The distal edge of the plate was
carefully positioned proximal to the watershed line to
avoid prominence in this area [16]. Multiple fluoroscopic
views were checked to avoid intraarticular screw pene-
tration and dorsal screw prominence [17]. The stability
of the distal radioulnar joint (DRUJ) was routinely
checked and compared with the contralateral side. Cast
immobilization, radioulnar pinning, or ulnar styloid
ORIF was performed based on the instability of DRUJ
according to the established protocol [18, 19]. Clinical
and radiological assessments were performed at 6 weeks,
3 months, 6 months, and 12 months postoperatively ac-
cording to our routine follow-up regime [19].

We measured four radiological parameters: radial in-
clination, volar tilt, radial height, and ulnar variance on
the Picture Archiving and Communication System
(PACS) according as described previously [20]. The frac-
ture re-displacement (FRD), defined as the absolute
value of the difference between the postoperative param-
eters and those taken at the 12-month follow-up. The
values were calculated by three different observers, and
the final value reported was the mean among the three
values reported. Clinical assessment and complications
of included patients were recorded during follow-up.

J,
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Patient wrist range of motion (ROMs), pain, and func-
tional outcomes were evaluated according to the Disabil-
ities of the Arm, Shoulder and Hand (DASH) score and
the Gartland and Werley score at 12 months
postoperatively.

The primary outcome is the maintenance of radio-
logical reduction. The secondary outcome is the reach-
ing of the ROMs recovery (compared with the
contralateral side). ROMs on the affected side was calcu-
lated in percentage compared with the contralateral side.
The fracture healing rate and the presence of complica-
tion were also assessed.

SPSS software (SPSS version 18.0, SPSS, IBM Inc.,
Armonk, NY, USA) was used for all statistical analyses.
Data were reported as percentage and frequency for cat-
egorical variables. The population normality is checked
by K-S test and S-W test. When the variables obey a
normal distribution, they were reported as mean +
standard deviation (SD). Differences in the radiological
parameters between the postoperative values and those
taken at the 12-month follow-up were compared using
paired-samples t test. FRD was calculated and compared
between the intra- and extra-articular distal radius frac-
tures using independent t test. Pearson's chi-squared test
was used for nonparametric data. For all statistical tests
P<0.05 was considered statistically significant.

Results

A total of 173 distal radius fracture patients tre ith
volar locking plating between Jan 6 and Jan 2020
were eligible for inclusion in this study All patients were

-three pa-

operated within 48h from the trau

(58 males, 72 femals
cording to the A
fied into A3

fractures.

th of follow-up was 17.2 (12-

ea

r))graphics in different groups

/OTAA3 AO/OTAC2 AO/OTAC3 P
(n = 41) (n=56)  (n=33  Vvale
585+123 602+ 118  631+126 0487
Gender
Female 22 32 18 0519°
Male 19 24 15
Side
Dominant 21 29 19 0.144°
Nondominant 20 27 14

?One-way ANOVA test.
PPearson's chi-squared test
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24) months. The demographics of the patients were
summarized in Table 1.

Fracture healing was achieved in all patients during
follow-up. The union of bone was observed at 6 weeks
postoperatively in 97 patients, and at 3 months in the
other 33 patients. Three patients had a superficial

smoothly after dressing changes and anti
ment. No serious complication, such as nervi
tendon rupture, or implant failure w: cord
follow-up.

The measured radiological par,

in the)C3 fracture group comparing
ive measurements with the 12-
month follow-u

calculate e C3'ractures to the A3 ones, a significant
decrease o ar tilt was observed in C3 fractures than
in A3 (P =\0.003) fractures (Table 3). The difference be-

the and A3 fractures, however, did not achieve
al significance (P = 0.540). Considering the radial
, the ulnar variance, and the radial inclination, no
ignificant difference of FRD was observed between the
ntra-articular and the extra-articular fractures (Table 3).

Table 2 Radiological parameters measured in different groups
(Mean + SD)

Postoperatively At 12 months P valuet

AO/OTA A3 fractures

RI () 20.52 + 408 20.16 + 414 0.548
VT () 506 + 3.36 483 £ 337 0455
UV (mm) 019+ 032 022 + 027 0.231
RH (mm) 9.54 + 418 9.97 + 5.08 0461
AO/OTA C2 fractures

RI(°) 19.70 + 4.19 1933 + 431 0.122
VT () 321 + 446 372 £ 404 0.260
UV (mm) 0.19 £ 029 0.21 £ 033 0441
RH (mm) 9.50 = 4.17 991 £ 537 0.304
AO/QTA (3 fractures

RI () 19.24 + 434 19.73 £ 477 0.302
VT () 332+ 542 2.06 = 648 0.037*
UV (mm) 0.21 £ 037 0.25 + 040 0.185
RH (mm) 9.15 + 526 951 £ 575 0.237

RH radial height, Rl radial inclination, VT volar tilt, UV ulnar variance
1 Paired samples t test
*P <0.05
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Table 3 Fracture re-displacement (FRD) calculated in different
fracture groups (Mean + SD)

FRD A3 2 P valuet C3 P valuet
RI() 036+ 041 037+£039 0525 041 +£033 0571

VT () 023 +£016 021 £061 0540 0.16 + 090 0.003*
UV (mm) 003+032 004+027 0868 004 +£031 0892

RH (mm) 0.5 7+ 041 059 +049 0832 064 £ 047 0496

1 independent-samples t test, comparison between the A3 and C2 groups
F independent-samples t test, comparison between the A3 and C3 groups
* P < 0.05.

At 12 months postoperatively, the mean ROMs of the
wrist were shown in Table 4. All of the patients achieved
more than 75% recovery of extension/flexion and more
than 95% recovery of pronation/supination in the in-
jured wrist compared to the contralateral normal wrist.
All of the patients achieved adequate functional ROMs
according to Ryu’s standard [21]. Considering the prona-
tion/supination ROM, no significant difference was ob-
served between the intra-articular (either C2 or C3)
fractures and the extra-articular (A3) fractures. However,
the C3 fracture group presented significantly decreased
extension/flexion ROMs compared with the A3 fracture
group. The mean DASH score was 9.8 (0-40) at 1
months follow-up. Most patients in our study achj
an excellent (n = 75) or good (n = 51) Gartl

Table 4. Comparison of the range of mo

(2021) 16:530
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Werley wrist score. Four patients with C3 fractures re-
sulted in a fair functional outcome due to a significant
loss of volar tilt during follow-up (Figs. 1, 2, 3 and 4).

Discussion
Whether the single volar locking plate fixation could

articular fracture models have confir
volar locking plating could provi

tal radius fractures with DMC
studies, Guillou reported

radius fracture fixed
A4%) of the patients
t secondary displacement
22]. Considering the intra-
MC, no straightforward bio-

dorsally inthct (DI) distal radius fractures [23]. The vast
[ ity of ‘the cases included in Khamaisy’s study were
T'A type C fractures, and a satisfied fracture re-

abn was preserved in the DC fractures compared to

DI ones with no significant difference observed in

betwegn the Injured and the Contralateral normal wrist at 12 months postoperatively

(Mean = SD)
Variables w Contralateral Side % of P valuet
contralateral wrist

AQ/OTA A3 fractures (°) ’

Extension 1£971 89.22 £ 990 91.7

Flexion 80.97 + 9.79 88.78 + 9.65 91.2

Pronation 8220+ 732 8346 + 693 984

Supination 8237 £ 548 83.51 £ 556 98.7

AO/OTA (
7548 + 11.40 89.39 + 9.51 844 0.095
7341 +£10.20 8834+ 936 83.1 0.179
81.03 £ 6.44 8323 £ 722 97.3 0.560
81.56 + 527 8397 +6.13 97.1 0.567

AO/OTA C3 fractures (°)

Extension 7251 £17.39 8836 + 751 79.8 0.044*

Flexion 69.57 £ 19.89 8897 + 735 782 0.035%

Pronation 79.84 + 875 8249 + 656 9.7 0.311

Supination 80.69 £ 5.96 83.18 = 5.64 96.9 0.560

1 Pearson's chi-squared test, compared with the A3 fracture group
* P <0.05
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Fig. 1 Case 1. A 69-year-old woman presented with an AO/OTA (3 distal radius fracture with dorsal metaphyseal commf \ition. A, BjPréoperative
anteroposterior and lateral view radiographs. C, Three-dimensional computed tomographic image shows the dorsaléne minution. D, E:
Two-dimensional computed tomographic images confirm the multi-fragmentary articular components .

radial inclination, volar tilt, and radial length. These re-  variance was found 1a th racture group during the
sults implied that volar locking plating could provide 12 months’ fol . Our Jindings provided extra clin-
sufficient stability for the intra-articular fractures despite ical evidenc ication of volar locking fixation
of the occurrence of DMC. However, the authors didn’t  in the extra-arti istal radius fractures with DMC.
compare the outcome among different sub-types of For in icular” fractures with DMC, volar locking
intra-articular fractures due to limited sample size. plating wa d to preserve fracture reduction in the
In this study, we analyzed the efficacy of volar locking  C2 fractures, but not in the C3 fractures in this study.
plating in the distal radius fractures with DMC. Com- esults ‘were in contrast to Chou’s study, wherein 41
pared with the A3 fractures, no significant fracture re s with AO/OTA C3 dorsally comminuted distal
displacement or reduced wrist ROMs was observ ol fractures were treated using either dorsal (n = 22)
the intra-articular distal radius fractures with olar (n = 19) locking plate [17]. In both groups, no
articular component (C2 fractures). However ignificant re-displacement was observed in terms of ra-
dial inclination, volar tilt, and ulnar variance. Compared
flexion ROMs were observed in the int i with Chou’s study, a larger number of cases were in-
cluded in our study, and the significant loss of volar tilt
fracture) during follow-up. in the C3 fractures in our study was possibly caused by a
For extra-articular fractures with observed  compromised subchondral support of the thin and dis-
similar radiological results Co ied with Guillou’s re-  placed dorsal fragment provided by the distal row of
port [22],wherein no significant osraphic change in  screws with inadequate length (Fig. 3) [24—26]. The sub-
volar tilt, radial inclj Q , ragial height, or ulnar sequent loss of fracture reduction was also observed by

Fig. 2 Case 1. Significant loss of volar tilt was observed at 12-months’ follow-up. A, B: Postoperative posteroanterior and lateral radiographs. C, D:
Posteroanterior and lateral radiographs at 12-months’ follow-up
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Fig. 3 Case 1. Postoperative computed tomographic e
by the distal row of locking screws. A, Sagittal vie%o the ©

confirmegd an inadequate support of the thin and displaced dorsal fracture provided
mage. B, Cross-sectional CT images

mminited distal
plate and
Totally three cases
present a dorsal

Gogna’s study, wherein 33 dorsally
radius fractures were fixed with vola
followed for over a year [17, 2
of C3 fractures (18.7%) were rep

ere reported in literature. An appropri-
e distal row of locking screws was proven
for the single volar plating construct [26]. How-
ever, tie risk of extensor tendon irritation would in-
crease with longer distal radius screws [29]. Multi-row
of volar locking screws was considered more stable than
the single row screw construct. However, little evidence
was provided to support the use of two rows of distal
screws over one row in the fixation of distal radius frac-
tures [29]. Besides, the combined usage of volar and dor-
sal plating was recommended to provide extra buttress
for the dorsal fragment [4, 30, 31].

Dorsal plating was considered as another fixation op-
tion to treat distal radial fractures with DMC. Cadaveric
reports showed that dorsal plating provided better sup-
port than volar plating, and served as a buttress against
dorsal comminution [32]. Similar results were confirmed
in a dorsally-comminuted sawbone model, in which dor-
sal pi-plate fixation presented better resistance to frac-
ture gap motion than four different types of volar plate
fixation [11]. In clinical studies investigating AO type C3
distal radial fractures, radiological analysis showed a sig-
nificant difference in comparison with the contralateral
side in terms of volar tilt for patients treated with volar
plating, whereas there were no significant differences in
patients receiving dorsal plating [33]. However, our
study found no significant redisplacement in the A3 or
C2 fractures when comparing postoperative and 12-
month follow-up measurements, indicating that volar
locking plates provided sufficient stability in the intra-
articular distal radius fractures with a simple articular
component.

With regard to the recovery of wrist function, Chou
reported a progressive improvement of wrist range of
motion following volar plating of C3 dorsally
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Fig. 4 Case 1. Wrist range of motion at 12-months’ follow-up. A, B: A 95% recovery of o@v
D: A 78% recovery of extension/flexion was achieved in the injured wrist

Upination was achieved in the injured wrist. C,

comminuted distal radius fractures [17]. After one-yeaf
follow-up, the patients showed an 89% recove
flexion-extension and a 97% recovery of supj

supination-pronation range of motio
relatively lower percentage of flexio

volar tilt in radiological finding

(87.9%) of the patients with C3 ?"

the follow-up in our study was reported to be sufficient
for the conclusion of radiological and functional out-
come, but relatively short for the record of long-term
complications [36].

In conclusion, the volar locking plate fixation provided
sufficient stability for distal radius fractures with DMC,
and resulted in similar radiological and functional out-
comes in all of the C2 fractures as those in the extra-

: subsequent loss of volar tilt, the majority of the
aents achieved good to excellent wrist function fol-
owing volar locking plating. Attention should be paid to
the C3 fractures with thin and displaced dorsal fragment,
for which the dorsal plating might be an option.
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