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ABSTRACT

Objective: The aim of this study was to compare the outcomes of dorsal plating versus volar plating with limited dorsal open
reduction in the management of AO type C3 distal radius fractures with impacted articular fragments.

Methods: Thirty patients who underwent dorsal plating (Group A) (14 females, 16 males; mean age = 56.8 + 10.1 years) and 28
who underwent volar plating with limited dorsal open reduction (Group B) (12 females, 16 males; mean age = 55.6 + 17.7 years)
for type C3 distal radius fractures with impacted articular fragments between 2006 and 2019 were retrospectively analyzed. The
mean follow-up was 14.5 + 3.2 months in group A and 13.2 + 2.4 months in group B. The articular step-off, articular gap and joint
penetration by screws on the computed tomography scans were used for radiologic evaluation. The functional outcomes were
evaluated with range of motion, grip power, Quick Disabilities of the Arm, Shoulder, and Hand (DASH) score, and Mayo wrist
score.

Results: No significant difference was found in the step-off distance at 1 year after surgery between the two groups (P <0.05). The
ranges of extension, rotation, and radial and ulnar deviations did not differ between the groups. However, group B had a
significantly higher range of flexion in the wrist joint than Group A (P = 0.010). The grip power, DASH score, and Mayo wrist
score did not also differ between the groups. Implant removal owing to any discomfort at the operative site was performed in 15

patients (63%) in Group A and 7 patients (28%) in Group B.

Conclusion: Similar clinical results can be obtained by both dorsal plating and volar plating with limited dorsal open reduction in
treating type C3 distal radius fractures with impacted articular fragments. However, volar plating with limited dorsal open
reduction can provide better wrist flexion with a low incidence of complications associated with implantation.

Level of Evidence: Level III, Therapeutic Study

Introduction

Most AO type C3 distal radius fractures (AO 23-C3) can
be treated with anatomical reduction and stable fixation
using a volar plate.”® However, in high-energy trauma,
displaced impacted articular fragments caused by an
axial force, which cannot be reduced, can often be ob-
served in clinical settings. In cases of AO type C3 distal
radius fractures with impacted articular fragments that
have not been reduced, the impacted articular fragments
can be reduced using tools, such as a freer; however,
reduction is challenging because the operator cannot
directly see the radiocarpal joint.** Furthermore, joint
congruence cannot be ensured when reducing a fracture
without directly looking at the joint owing to the poor
resolution of intraoperative fluoroscopy.

It is essential to look at the articular surface using
arthroscopy’ or arthrotomy® to ensure joint congruence
and prevent secondary complications.® The arthroscopic
reduction technique requires long learning and opera-
tion times and is technically difficult. Although a dorsal
approach and dorsal plating allow the operator to di-
rectly look at the joint, these methods may irritate the

extensor tendons, requiring the removal of the internal
fixation device.”*® To overcome the technical difficulty
of arthroscopic reduction and the complications of dor-
sal plating, we performed volar plating following frac-
ture reduction using a limited dorsal approach in
patients with AO type C3 distal radius fractures with
impacted articular fragments.

The purpose of this study was to compare the functional
outcomes and complications between dorsal plating
with a dorsal approach and volar plating with a limited
dorsal approach for the treatment of AO type C3 distal
radius fractures with impacted articular fragments.

Materials and Methods

Study design

This retrospective study was approved by our Institu-
tional Review Board. A total of 1,050 patients who
underwent open reduction and internal fixation for
distal radius fractures between 2006 and 2019 were
retrospectively investigated. All operations were per-
formed by a single-hand surgeon. Patients were in-
cluded if they had AO type C3 fractures with
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impacted articular fragments observed on CT after closed reduction
and =2 mm articular fragment depressions. Patients were excluded if
they (1) had an open fracture, (2) had ipsilateral upper extremity
fractures, (3) underwent surgeries with combined fixation strategies,
(4) were followed up for less than 12 months, and (5) had a distal
radius fracture on the same wrist in the past.

A total of 65 patients had an AO type C3 distal radius fracture with an
articular fragment impacted by =2 mm on CT performed after closed
reduction. Of these patients, 35 underwent dorsal plating (Group A)
between 2006 and 2016, and 30 underwent volar plating with limited
dorsal open reduction (Group B) between 2017 and 2019. Two patients
with an open fracture and three other patients followed up for less than
12 months in Group A. Additionally, one patient with an open fracture
and one other patient followed up for less than 12 months in Group
B were excluded from the study. Finally, 30 patients in Group A and 28
patients in Group B satisfied the inclusion and exclusion criteria
(Table 1).

Surgical Technique

Dorsal plating

A dorsal approach with a longitudinal incision, measuring 7 cm in
length, was used. The fracture fragment was reduced using a freer or
1.4 mm K-wire while looking at the articular surface. Following the
reduction, the reduced fracture was temporarily fixed using a 0.9 mm
K-wire. The joint was then fixed using two dorsal plates. The joint
capsule was sutured using 4-0 vicryl sutures. The periosteum was
sutured as much as possible, and the EPL was rerouted. One extensor
retinaculum flap was used to cover the distal area of the plate, thereby
reducing irritation of the extensor tendon. The remaining flap was

Table 1. Comparison of the demographics and preoperative radiographic parameters
(after reduction) between the groups

Group A (n = 30) Group B¥ (n = 28) P
Age (year) 56.8 £ 10.1 55.6 £ 17.7 0.781
Sex (female/male) 14/16 12/16 0.482
Dominant hand (n) 16 14 0.862
Fracture classification (n) C3.1(13),C3.2(17) C3.1(10), C3.2 (18) 0.872
Radial inclination (mm) 20.28 + 3.29 18.62 + 7.85 0.292
Radial length (mm) 8.16 + 3.08 7.05 +6.71 0.415
Palmar tilt (°) 3.21+5.97 -1.13 + 11.69 0.078
Ulnar variance (mm) 2.35 +2.58 3.29 +2.89 0.193
Follow-up period (months) 14.5+3.2 13.2+24 0.842

Values are presented as means and standard deviations.

*Group A, patients who underwent dorsal plating.

*Group B, patients who underwent volar plating with limited dorsal open reduction.
P of <0.05 is considered statistically significant.

Both dorsal plating and volar plating with limited dorsal open reduction
are recommended for the treatment of AO type C3 distal radius fractures
with impacted articular fragments.

Volar plating with limited dorsal open reduction yielded better results in
terms of wrist flexion than dorsal plating for the treatment of AO type C3
distal radius fractures with impacted articular fragments.

Volar plating with limited dorsal open reduction has lower rates of
complications associated with postoperative internal fixation device
removal for the treatment of AO type C3 distal radius fractures with
impacted articular fragments.
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used to cover the extensor tendon to prevent bowstring injuries of the
extensor tendon (Figure 1).

Volar plating with limited dorsal open reduction

A volar plate was appropriately positioned under fluoroscopic gui-
dance, and a cortical screw was inserted into the elongation hole.
Next, a distal locking screw was inserted into a large fragment ob-
served on CT. After confirmation of reduction using fluoroscopy,
a dorsal approach with a longitudinal incision measuring 4-5 cm in
length was applied. The impacted intra-articular fragment was re-
duced while directly looking at the articular surface by longitudinal
traction of the wrist joint, and temporary fixation was performed
using a 0.7 mm or 0.9 mm K-wire. Using the volar approach, the
remaining distal screws of the volar plate were inserted under fluoro-
scopic guidance. In cases where there was a fragment that could be
fixed during removal of the inserted K-wire after screw fixation,
screws were used to fix the fracture fragment. Suturing was first
performed on the dorsal side and then on the volar side (Figure 2).

Postoperative protocol

A short-arm splint was applied for 2 weeks after surgery. A removable
short arm splint was applied, and intermittent range of motion ex-
ercises were initiated 2 weeks after surgery. The patients were en-
couraged to actively engage in passive and active exercises and return
to normal life without a splint at 6 weeks after surgery. They volunta-
rily participated in rehabilitative therapy without the help of a hand
therapist. The internal fixation devices were removed when the pa-
tients complained of discomfort at the operative site.

Radiographic evaluation

The fractures were classified using the Miiller OTA/AO classification™*
of fractures and were examined for any step-offs or articular gaps on
the initial anteroposterior and lateral radiographs obtained after the
trauma and on the radiographs and CT scans obtained after closed
reduction. Radial inclination, radial length, palmar tilt, and ulnar var-
iance were measured on radiographs obtained at 2 weeks after surgery.
The articular surfaces were examined for step-offs, articular gaps, and
joint penetration by screws on the CT scans obtained at 2 weeks after
surgery. The radiographs obtained 1 year after surgery were examined
for any loss of fragment reduction or traumatic arthritis. Measure-
ments from radiographs and CT scans were performed using an IN-
FINITT Picture Archiving and Communication System (PACS). Two
hand fellowship-trained, board-certified orthopedic surgeons indepen-
dently performed measurements three times at 2-week intervals. The
average of the measurements was then analyzed.

Clinical evaluation

The range of motion of the wrist joint, grip strength, Quick Disabil-
ities of the Arm, Shoulder, and Hand (Quick DASH) score, and Mayo
wrist score recorded on medical records were compared between the
two groups. The range of motion for wrist flexion, extension, prona-
tion-supination, and radial deviation-ulnar deviation were assessed.
Grip strength was measured using the Jamar® dynamometer and
compared with the grip strength of the contralateral side. Complica-
tions, including plate-induced irritation, carpal tunnel syndrome,
tendon rupture, neurological symptoms, traumatic arthritis, and in-
fection, were investigated using medical records. The reason for the
removal of internal fixation devices was investigated in patients who
had their internal fixation devices removed.

Statistical analysis
A posteriori power analysis of the study and effect size was performed
in relation to the mean flexion motion of the wrist between the two
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Figure 1. a-e. Dorsal plating. Preoperative coronal (a) and sagittal (b) sections of the computed tomography (CT) images of distal radius fracture obtained after closed reduction
showing the impacted intra-articular fracture fragments (white arrows) in a 59 year-old male patient. Following the reduction, the fracture fragments were fixed using two
dorsal plates (c). Postoperative coronal (d) and sagittal (e) sections of the CT images obtained at 2 weeks after surgery showing successful reduction of the impacted intra-

articular fragments.

groups at the last follow-up. An effect size of d = 1.02, a power of 0.97,
and an alpha of 5% were obtained, which were considered adequate to
discriminate between differences. Statistical analyses were conducted
using IBM SPSS version 21.0. Unpaired Student’s t-test or the nonpara-
metric Mann-Whitney test was used for continuous variables and the
chi-square test for categorical variables. The intra- and interobserver
reliabilities of all measurements were assessed using intraclass correla-
tion coefficients. In this study, intraclass correlation coefficient values
of all measurements were greater than 0.8 for both intra- and interob-
server reliabilities. The statistical significance level was set at P < 0.05.
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Results

Radiographic outcomes

No significant differences were found in the radial inclination, radial
length, palmar tilt, and ulnar variance at 1 year after surgery between
the two groups (Table 2). No significant difference was found in the
step-off distance at 1 year after surgery between the two groups
(Table 3). One patient in each group showed mild traumatic arthritis
on the radiographs obtained at 1 year after surgery. In a comparison
of the radiographs obtained at 2 weeks after surgery and at 1 year
after surgery, one patient in Group B showed signs of reduction loss.
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Figure 2. a-g. Volar plating with limited dorsal open reduction. Preoperative coronal (a) and sagittal (b) sections CT images obtained after closed reduction showing displaced
intra-articular fracture fragments (white arrows). A volar plate was positioned under fluoroscopic guidance, and a cortical screw was inserted to the elongation hole. Next,
a distal locking screw was inserted to a large fragment observed on CT (c). Temporary fixation following reduction of the intra-articular fragments was performed using
a K-wire through limited dorsal approach (d, white arrow). The remaining distal screws of the volar plate were inserted (e). Postoperative coronal (f) and sagittal (g) CT images
obtained at 2 weeks after surgery showing successful reduction of the impacted intra-articular fracture fragments.

Table 2. Comparison of the postoperative radiographic outcomes between the groups
at postoperative 1 year

Group A' (n = 30) Group B* (n = 28) P
Radial inclination (mm) 21.6 + 3.64 21.3 +2.37 0.714
Radial length (mm) 8.8 +2.87 9.4 +2.53 0.413
Palmar tilt (°) 5.0 £5.67 5.0 £5.44 0.990
Ulnar variance (mm) 1.5 +2.32 1.4+ 1.75 0.956

Values are presented as means and standard deviations.

*Group A, patients who underwent dorsal plating.

*Group B, patients who underwent volar plating with limited dorsal open reduction.
P of <0.05 is considered statistically significant.

Table 3. Comparison of the pre- and postoperative step offs of the impacted intraar-
ticular fragments on the CT scans at postoperative 2 weeks

Group A' (n = 30) Group B* (n = 28) P
Preoperative step-off (mm) 3.65 + 1.19 4.21+1.79 0.197
Postoperative step-off (mm) 0.66 + 0.43 0.51+0.39 0.217

Values are presented as means and standard deviations.

*Group A, patients who underwent dorsal plating.

*Group B, patients who underwent volar plating with limited dorsal open reduction.
P of <0.05 is considered statistically significant.
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Clinical outcomes

Regarding the range of motion of the wrist joint, no significant differ-
ences in extension, supination, pronation, radial deviation, and ulnar
deviation were found between the two groups at the last follow-up.
However, Group A had significantly less flexion than Group
B (P = 0.010) (Table 4). There were no significant differences in the
grip power between the two groups. DASH score was 9.90 + 9.50
(range, 0 to 31.67) in Group A and 10.90 + 10.40 (range, 0 to 37.50) in
Group B. Mayo wrist score was 72.24 + 16.20 (range, 60 to 80) in
Group A and 73.68 + 18.30 (range, 60 to 85) in Group B. VAS score
was 0.53 + 0.82 (range, 0 to 3) in Group A and 0.50 + 0.84 (range, 0
to 3) in Group B. No significant differences were found in the DASH,
Mayo wrist scores, and VAS score between the two groups (Table 4).
A significantly higher number of patients reported plate-induced
irritation such as tendon irritation and discomfort at the operative
site in Group A than in Group B (13 vs 6) (P= 0.041). A significantly
higher number of patients also had their internal fixation devices
removed in Group A than in Group B (15 vs 8) (P = 0.047). Thirteen
patients in Group A and six patients in Group B underwent plate
removal due to tendon irritation and discomfort at the operative site
at median 7.15 months (range, 5-9 months) and at 7.80 months
(range, 6-11 months), respectively. There was no loss of reduction



Lee et al. / Acta Orthop Traumatol Turc

Table 4. Comparison of the clinical outcomes between the groups at postoperativel

year
Group A’ (n = 30) Group B* (n = 28) P

Range of motion (°, % of

contralateral wrist)
Flexion 51.66 + 8.90 (68.8%) 58.75 + 5.90 (78.3%) 0.010
Extension 69.29 + 10.04 (84.5%)  76.37 + 6.02 (89.9%)  0.090
Supination 78.60 + 10.20 (98.3%)  76.80 + 12.10 (96.0%)  0.720
Pronation 78.00 + 8.40 (91.7%) 79.20 + 8.80 (93.2%)  0.882
Ulnar deviation 36.00 + 7.40 (92.2%) 38.00 + 5.80 (92.4%)  0.750
Radial deviation 16.00 + 2.40 (80.0%) 17.00 + 3.20 (85.2%)  0.672

Grip power (% of 85.35 + 24.24 83.68 + 28.41 0.522

contralateral side)

DASH score 9.90 +£9.50 10.90 + 10.40 0.761

MAYO wrist score 72.24 £ 16.20 73.68 +18.30 0.824

VAS score 0.53 £0.82 0.50 +0.84 0.879

Values are presented as means and standard deviations.

*Group A, patients who underwent dorsal plating.

*Group B, patients who underwent volar plating with limited dorsal open reduction.
P of <0.05 is considered statistically significant.

after plate removal in either group (Figure 3). Two patients in each
group requested plate removal. No other complications, such as
complex regional pain syndrome or infection at the operative site,
occurred.

Discussion

The aim of this study was to compare the outcomes and complica-
tions between dorsal and volar plating with dorsal open reduction for
the treatment of AO type C3 distal radius fractures with impacted
articular fragments. We encountered a case of plate irritation when
dorsal plating was performed for such fractures. To overcome this
complication, we performed volar plating after dorsal open reduc-
tion. In this study, we found that the volar plating group had better
functional outcomes, such as a greater flexion angle of the wrist and
less plate-induced irritation, than the dorsal plating group, despite
having no differences in radiographic outcomes between the two
groups.

While several methods can be used, there is currently no clear stan-
dard for the reduction of impacted intra-articular fragments. Several
authors have recommended dorsal plating for impacted intra-
articular fractures.>'*" However, tendinitis or rupture of extensor
tendons can occur if the tendons are in contact with prominent hard-
ware in dorsal plating. De Smet et al.” reviewed patients who under-
went dorsal plating and reported that 13 of the 26 patients needed the
plate removed because of discomfort after an average of 9 months
after surgery. Kumar et al.”* reported tendon-related complications in
3 of the 44 patients who underwent dorsal plating for the treatment of
distal radius fractures. In this study, plate-induced irritation was
observed in 13 of the 30 patients in the dorsal plating group. Our
results are similar to those of De Smet et al., but more than those of
Kumar et al. These results can be explained that De Smet et al. and our
study included discomfort due to the plate while Kumar et al. covered
only tendon adhesion or tendon irritation due to screw backing as
tendon related complications.

In cases where the fragments are not reduced by closed reduction, an
indirect method, in which a freer elevator is inserted to the fracture
site to lift the impacted fragment, can be used.”'® While impacted
fragments may be reduced using a periosteal elevator or freer eleva-
tor, this may not be done precisely owing to the poor resolution of
fluoroscopy during surgery.>'” A method using a dorsal approach and
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Figure 3. a-d. 52 year-old male patient underwent volar plating with limited dorsal
open reduction. Postoperative posteroanterior (a) and lateral (b) radiographs ob-
tained at 6 months after surgery showing the congruity of the articular surface.
Posteroanterior (c) and lateral (d) radiographs at 6 weeks after removal of the
implant demonstrating complete bone union and the congruity of the articular
surface.

arthrotomy to directly observe the articular surface may ensure better
reduction precision than indirect reduction.'®*® Such a method can
reduce the operation time and precisely reduce a fracture with im-
pacted intra-articular fragments, as it allows for the direct observation
of the articular surface.

However, in cases of severe dorsal comminution, dorsal plating often
leads to the displacement of the reduced fragment during the proce-
dure, which makes maintenance difficult. Another disadvantage of
dorsal plating is that it can induce extensor tendon irritation, reduced
range of motion of the wrist joint due to arthrotomy, and fragment
displacement.'®* We performed a reduction using a dorsal approach
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to easily and precisely reduce impacted intra-articular fragments.
Volar plating was also performed to avoid extensor tendon irritation
and increase the range of flexion. In this study, both methods
achieved anatomical reduction with step-off distances of <2 mm.
However, reduction using a dorsal approach followed by volar plat-
ing resulted in less extensor tendon irritation, fewer cases of internal
fixation device removal, and better range of flexion than dorsal
plating.

This study is limited by its retrospective design the fact that the
groups were divided by timing of surgery. A prospective, randomized
controlled study will be necessary to justify the advantages of volar
plating with dorsal open reduction for the treatment of AO type C3
distal radius fractures with impacted articular fragments. A second
limitation is that the cohort size was relatively small. This is because it
is only a limited number of AO type C3 distal radius fractures with
impacted articular fragments after closed reduction at a single hospi-
tal. Future research should include a large multicenter cohort. A third
limitation is that the surgery was performed by a single surgeon,
which indicates that the surgeon’s experience and skills may have
affected the outcomes. A fourth limitation is that the postoperative
radiographic parameters were not compared with those of the con-
tralateral side. However, postoperative radiographic parameters of
both groups were measured as normal values, indicating that anato-
mical reduction was achieved. The last limitation is that distal ulnar
fractures, which may affect the functional outcomes, were not eval-
uated. Although all patients in the study had ulnar fractures, ulnar
fixation was not performed in any of the cases and there were no
cases of distal radioulnar joint instability.

In conclusion, both dorsal plating and volar plating with limited
dorsal open reduction are effective methods for restoring function
and anatomical reduction in the treatment of AO type C3 distal radius
fractures with impacted articular fragments. Volar plating yielded
better outcomes in terms of wrist flexion and resulted in a lower
rate of tendon-related complications associated with plate-induced
irritation; thus, reducing the incidence of internal fixation device
removal.
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