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Abstract

Introduction The objective of this study was to compare the articular reduction in two groups of patients with a distal
articular radius fracture who underwent surgery with versus without arthroscopic assistance. The initial hypothesis of this
study is that arthroscopic assistance does not improve reduction in distal articular radius fractures.

Methods The study was retrospective (1/04/2014-01/04/2017) and included 41 patients: 23 had arthroscopically assisted
osteosynthesis, and 18 had not. All patients included had CT before and 3 months after surgery. All radiographic and CT
measurements were retrospectively taken by an independent radiologist who did not know which operative technique was
performed. Secondary judgement criteria were clinical analysis at 1-year follow-up and tourniquet time. We also reported
all soft tissue injuries diagnosed and repaired and postoperative complications.

Results At the third month, articular step was 0.91 +1.25 mm (arthroscopy) and 1.41 & 1.68 mm (no arthroscopy), with-
out statistical difference (p =0.3756). No difference was found for articular gap between the two groups [arthroscopy
(0.55 £+ 1.04 mm), (no arthroscopy (0.82 + 1.54 mm)] (p =0.8574). Except for the tourniquet time, clinical results at 1-year
follow-up were not different. One patient of each group had a scapholunate pinning, and 6 patients of the arthroscopy group
had a TFCC 1B injury, which was repaired.

Conclusion This study did not demonstrate that arthroscopic assistance improves step and gap reduction of articular distal
radius fracture, confirming initial hypothesis and recent literature data.

Level of evidence Retrospective, I1I.

Keywords Wrist fracture - Computed tomography - Wrist arthroscopy - Articular step - Articular gap

Introduction

In the past two decades, publications about arthroscopic
assistance in the surgery of wrist injuries increased.

Many publications were about two facets of wrist arthros-
copy: assisted reduction in distal articular and extra articular
radius fractures [1-8] and treatment of acute intra-carpal
ligamentous injuries [9-13].

Benefits of arthroscopic assistance in the treatment of
ligamentous injuries of the wrist seem to find a positive
consensus [10, 11]. However, its contribution in improv-
ing articular gap and step in articular distal radius fracture
remains controversial [5]. Besides, many publications are
cohort studies, and few are controlled randomized trials [2,
5]. These cohort studies cannot bring out an improvement of
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radiologic parameters after arthroscopic assisted surgery in
comparison with conventional surgery [1, 4, 14]. The main
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limit of evaluating the quality of reduction is inherent in
radiographic measurements that come under inter- and intra-
observer variability and the difficulty to precisely measure
parameters like articular gap and step. Indeed, a good reduc-
tion is defined by a step <1 mm [15]. To our knowledge,
two studies used preoperative and postoperative CT to com-
pare the quality of reduction after surgery of articular distal
radius fracture with versus without arthroscopic assistance
[16, 17]. Burnier et al. [16] assessed arthroscopic assistance
by comparing reduction of the carpal surface and the sig-
moid notch of the radius. Their study found an improvement
in the step reduction of the carpal surface for the arthroscop-
ically assisted reduction group (20 patients) and not for the
fluoroscopic group of their study (20 patients). Christiaens
et al. [17] compared step and gap reduction in distal articular
radius fractures, between two groups of 20 patients using CT
measurement. They found a significant improvement in step
and gap reduction in the arthroscopic group of their study.
No studies in the literature have used blind assessment of
articular gap and step, emphasizing the interest of this study.

The main purpose of this study was to compare with a
CT measurement the quality of articular step reduction and
articular gap, 3 months after surgery between two groups
of patients with an articular distal radius fracture treated by
osteosynthesis. One group had an arthroscopically assisted
reduction, and the other group only had fluoroscopic control
of the reduction. The main judgement criteria were quanti-
tative and millimetric. Secondary judgement criteria were
clinical assessment at 1-year follow-up, tourniquet time and
immobilization time. We also reported all soft tissue injuries
diagnosed and repaired and all complications that occurred
during or immediately after surgery. The hypothesis of this
study was that there was no difference in the quality of the
reduction between the two groups.

Materials and methods
Study

It was a retrospective comparative single-center study. The
institution gave its approval for this study. To perform this
study, all data related to patients admitted in the emergency
unit for intra-articular radius fracture from January 1 of 2014
to April 1 of 2017 were collected.

Inclusion criteria were patients aged between 18 and
65 years admitted to emergency unit for wrist trauma and
with a diagnostic of distal articular radius fracture who gave
oral and written consent for surgery. A CT scan should be
made before and 3 months after surgery.

Exclusion criteria were patient aged below 18 and above
65 years or if they were unable to give oral and written con-
sent for surgery. Polytraumatized patients and patient with
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another homolateral fracture of the upper limb or neurovas-
cular deficit were not included. Also, patients under tutor-
ship and pregnant women were not included.

Patients

According to the inclusion and exclusion criteria, 41 patients
were included in this study and two groups of patients were
individualized: the “no-arthroscopy” group who had a
fluoroscopically assisted osteosynthesis (N=23) and the
“arthroscopy” group who had an arthroscopically assisted
osteosynthesis (N=18). The mean age in the “no-arthros-
copy” group was 47.5 (+15) years and 41 (+16) years
in the “arthroscopy” group. The “no-arthroscopy” group
included 12 men and 11 women, and the “arthroscopy”
group included 11 men and 7 women.

Prior to surgery, preoperative CT was made in order to
assess all articular fragments and to evaluate comminution
of the fracture. All fractures were AO type-C fractures [18].

Operative techniques

All patients had osteosynthesis with a Variax® (Stryker™,
Michigan, USA) anterior locking plate with a standard Hen-
ry’s approach.

In the “arthroscopy” group, all surgeries were made by a
senior orthopedic surgeon, experienced in wrist arthroscopy.

In the “no-arthroscopy” group, all surgeries were made
by a senior orthopedic surgeon.

For the «arthroscopy » group, the reduction in the fracture
was assessed with a 2.7-mm arthroscope inclined at 30° and
with a probe of 1.5 mm diameter. The probe was used to
search and assess interfragmentary gap and step.

Before arthroscopic time, the anterior plate was placed
and fixed with one cortical screw.

A standard arthroscopic approach was made, using a
3—4 portal for the arthroscope and a 6R portal for the probe
[19]. After removing hemarthrosis, radiocarpal exploration
allowed the study of the articular surface of the radius and
then visualized articular fracture lines and evaluated inter-
fragmentary step and gap. Also, scapholunate ligament and
TFCC injuries were searched.

Then, the reduction in the fracture was performed. The
probe held fragments in place, and epiphyseal locking
screws were positioned (Fig. 1). The arthroscope allowed
a direct visibility on the reduction. If necessary, additional
pinning was made in order to help in the reduction in the
fragments before positioning epiphyseal screws. Pins could
be left in place to stabilize osteosynthesis.

When a scapholunate injury was diagnosed, it was classed
according to Geissler’s classification [15] and a scapholunate
pinning was made for grade 3 or 4. All pins were removed
at the sixth week.
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Fig. 1 Arthroscopically assisted 3 fragment fractures (view from 6R
portal). a View of the fracture before reduction (asterisks for each
fragment). b The probe in 3—4 portal is used to align the 2 dorsal
fragments and reduce the step, and osteosynthesis is then made with

When a TFCC injury was diagnosed, it was classed
according to Palmer’s classification [20]. Peripheral 1B
lesions were repaired by direct inside-out suture [21].

An anteroposterior and lateral fluoroscopic control was
made after final proximal cortical fixation.

For the «no-arthroscopy » group, osteosynthesis tech-
nique only differed by the articular reduction of the fracture
that was only controlled fluoroscopically. With standard
anteroposterior and lateral views, we searched for any step
and gap higher than 1 mm on the articular surface of the
radius. If so, osteosynthesis was modified to improve reduc-
tion. Scapholunate ligament disruption was then searched by
performing radial and ulnar inclination after osteosynthesis.
An additional scapholunate pinning was made if radiological
signs of scapholunate dissociation were found (i.e., DISI,
ring sign, scapholunate diastasis, step in Gilula’s arcs).

Judgement criteria

The main judgement criteria were the comparison of inter-
fragmentary step and gap on the carpal surface of the radius
between the two groups of patients with CT measurement
(in millimeters), 3 months after surgery.

A senior radiologist was asked to retrospectively meas-
ure postoperative interfragmentary gap and step on CT. To
do so, he had to evaluate the most displaced fragments one
frontal and sagittal line on postoperative CT and measure
interfragmentary step and gap.

Measurement was taken by drawing a tangent line at each
edge of the most displaced fragments and by measuring the
difference in step (Fig. 2) and gap (Fig. 3) between these
lines.

To allow a blinded analysis, CT measurements were real-
ized by the same senior radiologist who did not know which
surgical technique was used (arthroscopic assistance or not).

Secondary judgement criteria were the comparison
of clinical results at 1-year follow-up. All patients are

direct visualization of the reduction. ¢ To reduce the third anterior
fragment, the same technique is used with the probe pushing on the
fragment to align it with the 2 others, allowing osteosynthesis of the
well-positioned fragment. d Final view of the reduction

Fig.2 Step measurement

reviewed after distal radius fracture 1-year after surgery,
which is a common practice in our institution. For this
study, we collected all data concerning wrist motion
measured with a goniometer: flexion—extension, prona-
tion—supination, and pain measured with visual analog
scale and Mayo Clinic score [22] and QuickDASH score
[23].

We collected all data concerning complications that
occurred during or immediately after surgery and all intra-
articular soft tissue injuries diagnosed and repaired and
tourniquet time (in min) in the two groups.
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Fig. 3 Gap measurement

Lastly, we collected data from the third-month CT con-
cerning diagnostic of non-union and the presence of articular
hardware in the two groups.

Statistical analysis

Qualitative parameters are expressed in frequencies and per-
centage. Quantitative parameters are expressed in terms of
mean and standard deviation (+). Normality of distributions
was checked graphically and using the Shapiro—Wilk test.
Qualitative parameters were compared between the two
groups by Chi-squared test. Quantitative parameters were

compared by Student’s ¢ test or Mann—Whitney U test
according to the distribution.

For the main judgment criteria, a Mann—Whitney U test
was used to compare interfragmentary step and gap between
the two groups.

Statistical analysis was done at the two-tailed alpha risk
level of 0.05, and data were analyzed using the SAS software
package, release 9.3 (SAS Institute, Cary, NC).

There was no statistical difference between the two
groups of this study in terms of patients’ characteristics,
fracture type and gravity. Radiographic (radial inclination,
palmar tilt and ulnar variance) and preoperative CT step,
gap and number of fragments were not different between
the two groups.

The radiologist took all preoperative CT measurements
using the same technique as postoperative measurement
(Table 1).

Results

At the third-month CT, mean interfragmentary step was
lower than 1 mm for the « arthroscopy » group, whereas
it was higher than 1 mm in the « no-arthroscopy » group.
However, there was no statistical difference between the
two groups.

The mean interfragmentary gap was not statistically dif-
ferent between the two groups (Table 2).

Secondary judgement criteria

All patients came to the 1-year consultation.

At 1-year follow-up, there was no statistical difference
between the two groups in regard to mean VAS, wrist motion
and functional scores (Table 3).

Table 1 Comparison between

Criteria No arthroscopy (n=23 Arthroscopy (n=18 P
the two groups patients) patients)

Age (years) 47.5 (=15) 41 (= 16) 0.1919

Gender Men 12 (52%) Men 11 (61%) 0.0934
Women 11 (48%) Women 7 (39%)

Side of wrist fracture Right 8 35%) Right 22 (58%) 0.3136
Left 15 (65%) Left 16 (42%)

AO type fracture C 23 (100%) C 18 (100%) 1

Preoperative radial inclination (°) 16.8° (£7.3°) 19.1° (£6.5°) 0.3098

Preoperative radial palmar tilt (°) —7.43° (£21.4°) —8°(x17.5° 0.9282

Ulnar variance (mm) 1.4 (£2.8) 0.4 (£2) 0.2924

Preoperative CT step (mm) 2.15(x1.79) 1.96 (=1.71) 0.7907

Preoperative CT gap (mm) 3.12 (x1.82) 3.74 (+1.60) 0.2989

CT number of fragments 5.30 (= 1.84) 5.22 (£ 1.48) 0.946

@ Springer



European Journal of Orthopaedic Surgery & Traumatology (2019) 29:405-411

409

Table 2 Main criteria comparison

Group No arthroscopy ~ Arthroscopy p
Step at 3-month CT (mm) 1.41 (+1.68) 091 (£1.25) 0.3756
Gap at 3-month CT (mm) 0.82 (+1.84) 0.55 (+=1.04) 0.8574

Table 3 Clinical results at 1-year follow-up

Group No arthroscopy Arthroscopy P

VAS 1.05 (x1.4) 0.6 (1.9 0.1324
Flexion (°)* 70 (£11°) 74 (£5°) 0.3975
Extension (°)* 74 (+9°) 80 (+6°) 0.1311
Pronation (°)* 86 (+7°) 86 (x£6°) 0.9803
Supination (°)? 83 (+10°) 83 (x£9°) 0.9282
Mayo Clinic 90 (+9) 86 (x16) 0.8227
QuickDASH 3.6 (£4.75) 9.7 (£22.04) 0.9288

*Values in degrees rounded to the nearest integer

Tourniquet time was longer (p <0.0001) for the « arthros-
copy » group (91 +£25 min) than for the «no-arthros-
copy » group (54 20 min).

No complications during or immediately after surgery
were reported.

All fractures had been consolidated at the third-month
CT assessment, and no intra-articular material has been
diagnosed.

Three patients from the « no-arthroscopy » group and
seven from the « arthroscopy » group had an additional
pinning.

One patient from the no-arthroscopy group had a
scapholunate diastasis more than 4 mm with a ring sign
during testing, and one from the arthroscopy group had
a Geissler’s grade 3 scapholunate disruption. Both had
scapholunate pinning. All pins were removed at the sixth
week after surgery.

Six patients had a TFCC-1B injury, and an inside-out
suture was made.

Discussion

The objective of this study was to compare the quality of
reduction in articular radius fracture with or without using
arthroscopic assistance and with a blind CT assessment.
This study did not bring to light any statistical difference
in terms of quality of step and gap reduction between the
two groups, confirming the initial hypothesis of this study.
Our study has some limitations. The study population was
low, but this was inherent to inclusion criteria (CT before
and 3 months after surgery). So, the study could not find
statistical difference between the two groups due to a lack of

power. Moreover, the number of patients included does not
differ from studies using CT assessment to compare reduc-
tion in distal radius fracture with or without arthroscopic
assistance [16, 17].

Besides, it was a non-randomized retrospective study,
exposing it to selection bias. However, the two groups were
similar in all comparative criteria searched in this study,
and notably all preoperative radiographic and CT measure-
ments were not statistically different. Lastly, the follow-up
time was short, but this duration was sufficient to assess the
main judgement criteria and is in line with follow-up time
of studies in the literature [1, 4, 5].

In the literature, two studies used CT measurement to
compare quality of reduction in distal articular radius frac-
tures [16, 17].

Burnier et al. [16] found an improvement in the step
reduction of the carpal surface for the arthroscopically
assisted reduction group and not for the fluoroscopic group
of their study. This difference between Burnier et al.’s results
and ours can be explained by the design of Burnier et al.
study. In their study, the difference between step was com-
pared before and after surgery in the same group, whereas
our study compared the arthroscopy group versus the no-
arthroscopy group. Considering that there was a significative
difference in measurements for their arthroscopic group and
not for their fluoroscopic group, they concluded that arthro-
scopic assistance is useful to improve reduction in distal
articular radius fracture. Christiaens et al. [17] compared
step and gap reduction between two groups of 20 patients
using CT measurement. They found a significant improve-
ment in step and gap reduction in the arthroscopic group of
their study although, unlike this study, they did not use a
blind CT assessment which could have led to measurement
bias.

Arthroscopic assistance to control the reduction in
articular distal radius fracture remains a controversial sub-
ject. Hardy et al. [1] published a study supporting arthro-
scopic assistance. In their population of 18 young adults
with a distal articular radius fracture, 11 had a step below
1 mm. In 2008, the study of Varitimidis et al. [2] also
supported arthroscopic assistance. They published a rand-
omized comparative study of 40 patients, divided into two
groups: A group had osteosynthesis with external fixator
with fluoroscopic control, and the other had a supplemen-
tary arthroscopic assistance. At 12- and 24-month follow-
ups, the reduction in the radiographic step was better in
their « arthroscopy » group. In our study, we also found
a mean step below 1 mm in our « arthroscopy » group,
but without statistical difference with the « no-arthros-
copy » group. In 2016, the study published by Thiart et al.
[6] seems to go along with the fact that arthroscopic assis-
tance did not permit a better reduction, considering that
in their study, reduction is often sufficient in order to limit

@ Springer



410

European Journal of Orthopaedic Surgery & Traumatology (2019) 29:405-411

wrist osteoarthritis. By not finding a better reduction with
arthroscopic assistance, our study is in line with this recent
publication.

The use of CT is a strength of this study, taking its preci-
sion into consideration [24—26]. Moreover, CT assessment
made by an independent radiologist who did not know which
operative technique was used, strengthens the objectivity
and avoids measurement bias.

Arora et al. [24] realized a prospective study on 120
articular distal radius fractures on which preoperative radio-
graphs and CT were made. CT assessment of the articular
fracture led to the adaptation of the osteosynthesis in 23%
of the fractures, underlining the major role of CT analysis
before articular wrist trauma surgery. For Heo et al. [27], CT
was better than radiographs to detect fracture line in the sig-
moid notch, which can lead to DRUJ secondary osteoarthri-
tis. This study included 121 articular distal radius fractures.
Radiographic assessment found a fracture line in the DRUJ
in 81 cases versus 99 for CT assessment.

The secondary objective of this study was clinical com-
parison between two groups at 1-year follow-up, without
statistical difference. Only tourniquet time was statistically
different and was higher in the « arthroscopy » group, show-
ing the high skill level requested for an arthroscopic assis-
tance in this surgery. No complication during or immediately
after surgery was reported.

The literature provided divergent results on clinical out-
comes. Many studies did not exceed 12 months of follow-up
[1, 4-6, 28, 29]. Most of these studies are cohort studies
that reported good follow-up results [1, 6, 14]. However, for
Levy et al. [4], there appeared to be an absence of anatomo-
clinical parallelism between the quality of articular reduc-
tion and functional scores at 1-year follow-up. The series
included 35 patients with a mean age of 78 years treated
with pinning. At 6 weeks at the time of the removal of the
pins, an arthroscopy was performed to assess the quality
of the reduction. Only 2 of 35 patients had a step greater
than 1 mm, and 9 of 35 patients had an interfragmentary
gap greater than 1 mm. They concluded in a practical way
by recommending that joint reduction under arthroscopic
assistance should be limited to young patients.

Yamazaki et al. [S] were not in favor of arthroscopic
assistance. In their study, the technique did not improve nei-
ther joint congruence nor functional scores in articular distal
radius fractures with an anterior plate osteosynthesis. Their
study was a randomized controlled trial between two groups
with a total of 74 patients. One group only had fluoroscopic
assistance, and the other had both fluoroscopic and arthro-
scopic assistance. At six- and 48-week follow-ups, they did
not find any statistical difference in radiographic assessment
(step and gap) and functional scores. We have to underline
that in their study, mean patient age was 64. In a popula-
tion aged higher than 65 years, anatomical reduction of the
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articular surface does not seem to be correlated with better
functional outcome at long time follow-up [30].

Among these studies, some studies concluded that
arthroscopic assistance has the advantage of allowing a less
invasive surgery. The study of Lebailly et al. [31] reported
a mean incision length of 16.1 mm with good functional
scores by using a mini-invasive approach and arthroscopi-
cally assisted reduction in distal radius fracture. Abe et al.
[3] reported a pre-positioning anterior plate technique in
adjunction to arthroscopy for osteosynthesis of distal radius
fractures that could allow a less invasive surgery.

Conclusion

With a blind CT assessment of step and gap reduction per-
formed by an independent radiologist, our study did not con-
firm that arthroscopic assistance improves the reduction in
articular distal radius fracture.
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