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INTRODUCTION

Distal radius fracture (DRF) is one of the most
common injuries not only for hand surgeons but
also for general orthopedic or trauma surgeons.
Although manual reduction and cast immobiliza-
tion had been the main treatment traditionally,
surgical intervention is often needed for irreduc-
ible fractures or uncontrolled fracture reduction.
Numerous surgical procedures have been
described for these fractures; however, the latest
development of a palmar locking plate (PLP) fixa-
tion markedly changed the treatment of DRF.1–3

PLP fixation creates a more rigid mechanical
construct and allows early mobilization with the
goal of an improved functional outcome. The
functional outcome of DRF is considered to be
affected by the extra-articular alignment,
anatomic reduction of the articular surface, intra-
articular soft tissue injuries, and postoperative

complications.4–12 Wrist arthroscopy is currently
recognized as an important adjunctive procedure
in the management of DRF, because arthroscopi-
cally assisted reduction provides excellent visual-
ization of the articular condition not only with
regard to anatomic restoration of articular frag-
ments but also to evaluate and treat intra-
articular soft tissue injuries.13–15 It would be easier
if used in conjunction with percutaneous pinning
and external fixation. However, wrist arthroscopy
becomes troublesome when PLP fixation is per-
formed because vertical traction has to be both
applied and released during the surgery. There-
fore, the authors have developed a plate preset-
ting arthroscopic reduction technique (PART)
using a PLP that can simplify the combination of
plating and arthroscopy.16–18 This article de-
scribes the procedure of PART and its effective-
ness for the treatment of DRF.
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! Wrist arthroscopy is an efficient adjunct for intra-articular distal radius fracture fixation. However,
performing wrist arthroscopy during the plate fixation is troublesome with the vertical traction
applied and released.

! To facilitate the procedure, the authors developed a surgical technique, plate presetting arthro-
scopic reduction technique (PART), using a palmar locking plate. Since July 2005, they have per-
formed PART for 248 intra-articular distal radius fractures with good and excellent results.

! Arthroscopic-assisted reduction of intra-articular fragments is superior to fluoroscopic assisted.
PART also allows detection of intra-articular migration of fracture fragments, screw protrusion,
and associated soft tissue injuries.
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Second, during arthroscopy, the authors iden-
tified fracture fragments that could not be seen
on preoperative radiographs and CT scan
(Fig. 9). In 248 intra-articular fractures, they
arthroscopically could visualize free fracture
fragments, including small cancellous bone
chips in 23 wrists (9.3%). If these fragments
were not removed, they might produce wrist
pain because of impingement.

Third, a PLP produces maximal mechanical
support when the distal screws are inserted into
the subchondral zone of the distal radius. If the
plate placement is too distal, screws may protrude
into the joint surface. Wrist arthroscopy is able to
monitor any screw protrusion into the joint
(Fig. 10).

Finally, investigating the intra-articular soft tis-
sue situation, using wrist arthroscopy is one great

Fig. 7. (A) An 18-year-old man suffered a C3 fracture of the right radius and a C1 fracture on the left radius. (B)
There was associated complete TFCC foveal tear as shown in DRUJ arthroscopy. (C) The fracture was reduced and
fixed with PART. (D) In addition, the TFCC foveal tear was arthroscopically repaired. Function of the wrist was
returned to almost normal 3 months after the surgery. (E) TFCC healing was confirmed with DRUJ arthroscopy
at the time of plate removal 6 months after the initial surgery.

Box 1
The advantage of wrist arthroscopy in the
surgical treatment of distal radius fracture

1. Accurate reduction of intra-articular frag-
ments is possible compared with fluoro-
scopic reduction.

2. Intra-articular fragments (free body) unde-
tected with radiograph and CT can be
recognized.

3. Screw protrusion into joint surface can be
monitored.

4. Intra-articular soft tissue injury associated
with fracture can be evaluated and treated.
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advantage. In 248 intra-articular fractures, SLIL
injury was recognized in 81 wrists (32.7%). Of
these, grade III or IV instability according to the
Geissler classification was recognized in 19 wrists,
and pinning or primarily repair was performed in 5
wrists. Traumatic TFCC tear was recognized in
102 wrists (41.1%). The TFCC foveal tear was
repaired primarily in 3 wrists.

Outcomes

Two hundred four wrists of 199 patients with intra-
articular DRF treated with PART were followed up
for more than 1 year. The follow-up period ranged
from 12 to 70 months (average 15 months). The
age of the 51 men and 148 women ranged from
17 to 85 years old (average age, 62 years old).
The fractures consisted of 7 B3, 92 C1, 15 C2,

Fig. 8. (A) Remaining step-off after fluoroscopic reduction can (B) be easily reduced by arthroscopic reduction.

Fig. 9. A huge chondral fragment was not recognized in the (A) radiograph and (B) CT preoperatively, but was
identified (C) arthroscopically.
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started from the second day with the therapist.
Forearm rotation exercises are prohibited in pa-
tients who have ulnar side injuries, such as unfixed
distal ulna fracture, ulnar styloid fracture, and
TFCC repairs, until 3 weeks after surgery.

Complications

The authors have never experienced severe
complications from arthroscopic reduction pro-
cedures, such as tendon rupture, major neurovas-
cular injury, or compartment syndrome, in more
than 450 cases. There were several complaints of
numbness at the dorsal wrist after the surgery.
However, the symptoms improved in 3 to 6months.

The Advantages of Wrist Arthroscopy

From July 2005 to August 2016, PART was per-
formed in 248 wrists of 242 consecutive intra-
articular DRF patients. The 61 men and 181
women ranged in age from 17 to 86 year old

(average age, 62.7 years old). The authors clas-
sified all the fractures using the AO/ASIF (Asso-
ciation for Osteosynthesis/Association for the
Study of Internal Fixation) classification system.
The fractures consisted of 8 B3, 113 C1, 18 C2,
and 109 C3 fractures. From these experiences,
the authors recognized several advantages of
arthroscopic surgery for DRF (Box 1). First, dur-
ing PART, anatomic reduction of the articular
surface is initially achieved under fluoroscopy,
and reduction is reconfirmed by arthroscopy.
In this process, the authors could recognize
the difference between fluoroscopic and arthro-
scopic reduction (Fig. 8). They hypothesized
that after fluoroscopic reduction there will be
no remaining gap and step-off of 2 mm or
more in 231 intra-articular fractures. However,
under arthroscopy, the authors recognized
more than 2-mm residual displacement in 49
wrists (21.2%). The residual displacement in
the coronal plane was frequently observed.

Fig. 6. A 47-year-old man had a C2 fracture associated with grade III SLIL tear confirmed by midcarpal arthroscopy
(A: preoperative radiograph; B: SLIL was torn from the lunate attachment through viewing from the radiocarpal
arthroscopy; C: scapholunate gap was recognized through the midcarpal arthroscopy). The fracture was reduced
and fixed with a PLP. (D) Simultaneously, the scapholunate joint was transfixed with 2 K-wires. The K-wires were
removed 12 weeks after surgery. (E) Six months after surgery, at the time of plate removal, SLIL was confirmed to
be completely healed. S, scaphoid; L, lunate.
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Technique chirurgicale
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• Réduction open : 
plaque +/- broches +/- fixateur externe
• Contrôle fluoroscopique
• Arthroscopie : 
- Nettoyage articulaire au shaver
• Bilan arthroscopique : 
- nb fragment, réduction, lésions associées
• Réduction sous contrôle arthro
• Complément d’ostéosynthèse
• Traitement des lésions associées

which are too small to fix, are removed. After
reduction of the fragments is achieved, temporary
K-wire fixation is performed again. These K-wires
are removed after inserting locking screws through
the distal plate holes.

After reduction of the intra-articular fragments
arthroscopically, associated soft tissue injuries
should be evaluated and treated. The necessity
of initial treatment of soft tissue injury is still
controversial. The authors’ principles are, if an
SLIL injury is recognized, midcarpal arthroscopy
is performed to evaluate scapholunate stability
with a probe (Fig. 6). Similarly, if distal radioulnar
joint (DRUJ) instability is suspected, DRUJ
arthroscopy should be performed to confirm a
foveal tear of the triangular fibrocartilage complex
(TFCC). Their strategy for the treatment of an SLIL
injury is percutaneous pinning for grade III insta-
bility, repair of the dorsal part of SLIL, and
augmentation using a dorsal intercarpal ligament
for grade IV instability according to Geissler classi-
fication.7 For foveal tear of TFCC,22 the authors

perform the primary repair arthroscopically
(Fig. 7). These procedures are basically indicated
for younger and active patients. As soon as intra-
articular fragments and soft tissue injuries are
treated, vertical traction is removed, and the PLP
is subsequently and securely fixed to the distal
radius (see Fig. 4B, i, j). Since the introduction of
the PLP, the authors rarely perform bone grafting
for dorsal bone defects. However, artificial bone
graft would facilitate bone union in the severely
comminuted fracture at the metaphysis, or
severely osteoporotic bone. The wound is irri-
gated; a drain is inserted, and the overlying skin
is closed.

Postoperative Care

Early rehabilitation can be allowed because PLP
provides rigid fixation. A dorsal splint is applied
just after surgery; the splint is removed, and active
wrist motion is started on the first day after sur-
gery. Passive motion and grasping exercises are

Fig. 5. (A) The step-off of the fragments is reduced by joystick maneuver. (B) Fragments, which are separated
from each other, are reduced by tenaculum clamping technique. (C) The central depression is reduced by pushing
up from the intramedullary. (Adapted from Abe Y. How to perform wrist arthroscopy with volar locking plate
fixation for distal radius fracture. MB Orthop 2014;27(1):81; with permission.)
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Abstract
The management of distal radius fractures needs to be adapted to the increasingly complex traumas in patients with greater 
functional requirements. The goal remains to restore normal anatomy in order to preserve function. A pre-operative assess-
ment using x-rays and thin-slice CT scans with three-dimensional reconstructions enables the best possible understanding 
of the fracture prior to surgery and planning of the pre-operative strategy. Arthroscopy is a technique that allows visualisa-
tion of the bone fragments and their displacement, as well as their reduction. It is the only tool that allows diagnostic and 
prognostic assessment of the associated injuries. Arthroscopy is the gold standard for identifying and grading scapholunate 
injuries. It allows treatment of the lesions where necessary and a dynamic appreciation of the stability of the osteosynthesis. 
Recognition of articular fragmentation patterns and instability features can therefore aid treatment choice to prevent poor 
outcomes due to malunion and degenerative arthritis. We recommend arthroscopic-assisted internal fixation for articular 
fractures for any active patient, not only for young adults, displaced or a gap by more than 2 mm, potential scapholunate 
ligament injuries, and fractures of the ulnar styloid. A strong initial learning and a minimal experience are recommended to 
avoid the complications of this invaluable procedure.
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Introduction

Fractures of the radius affect the epiphyseal and metaphyseal 
area comprising the bone, the radio-carpal and distal radi-
oulnar joints, and the capsule and ligaments. The clinical 
result will depend on whether there is any shortening of the 
radius or intra-articular malunion and on the treatment of 
associated injuries [1, 2]. The reduction tolerance allowed 

for fractures of the distal radius, between 1 and 2 mm, was 
shown to be a prognostic factor by Knirk and Jupiter [3].

Goals of the treatment are: anatomical reduction, stable 
fixation, loose body removal, and minimal invasiveness. 
Open procedures are the actual compromise, but unfor-
tunately, it is not always possible to perfectly meet every 
treatment goal, associated lesions could pass unnoticed or 
delayed in treatment, and even in a best-case scenario, there 
could be several complications developing in the long term.

In the last decades, arthroscopic joint surgery underwent 
an exponential evolution, expanding its application also 
in the trauma field with the development of arthroscopic 
and arthroscopically ARIF (arthroscopic-assisted internal 
fixation) techniques [4, 5]. Main advantages are an accu-
rate diagnosis of fracture and associated soft tissue involve-
ment, the potential for concomitant treatments, anatomical 
reduction, and minimal invasiveness [4, 5]. The benefit of 
arthroscopic control has been recognised fist for tibial pla-
teau fractures since the 1980s [6]. ARIF techniques have 
been applied to treat fractures affecting several joints: shoul-
der, elbow, wrist, hip, knee, and ankle [4, 5]. By enabling 
visualisation of the bone fragments and their displacement, 
as well as assessment of the associated ligament injuries, it 
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Traumatic TFCC tears which are frequently seen together 
with distal radius fractures do not affect the long-term func-
tional results. Therefore, further diagnostic tests and treat-
ment of TFCC tears in patients with stable distal radius 
fractures may be unnecessary. However, it should be borne 
in mind as a reason for continuing wrist pain and instability 
after distal radius fractures despite proper radiologic recov-
ery [40].

Complications

The main complication remains the failure of the procedure 
followed by nerve injuries and tendon lacerations but is 
minimal in reported cases [28]. Other potential complica-
tions include settling of fracture fragments resulting in loss 
of reduction, pin infection, and loosening [28].

Discussion

Analysis of the literature reveals that the population affected 
by distal radius fractures is changing: it involves patients that 
are functionally more demanding with increasingly complex 
injuries.

Arthroscopy seems superior to fluoroscopy in terms of 
articular reduction, management of intra-articular injuries, 
and assessment of associated injuries [36]. There is a signifi-
cant association between articular fractures of the radius and 
ligament injuries [17]. Severity of the distal radius fractures 
is not associated with scapholunate dissociation [41]. Intra-
articular fractures were associated with significant increase 
in the prevalence of scapholunate dissociation [41]. In some 
cases, scapholunate dissociation may appear after reduction 
in distal radius. Most cases with SLD are symptomatic, and 
this may be the reason of poor cases following distal radius 

Fig. 7  Articular radius fracture with free articular fragments: a Articular assessment. b Hyperreduction under arthroscopy. b, c Impaction of the 
free fragment on the screws with a spatula. d Final result

Fig. 6 Reduction in articular radius fracture under arthroscopy using a 3-mm probe or a spatula via a metaphyseal approach
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fracture. [41]. Arthroscopic assistance for radial fractures is 
then essential to check the scapholunate ligament but also 
TFCC injuries. Lindau et al. [17] performed a prospective 
study on 51 patients with displaced distal radius fractures. 
Arthroscopy showed complete or partial tears in 43 patients, 
and at 1-year follow-up, 10 patients with complete peripheral 
tears and 7 with partial or no peripheral tears had DRUJ 
instability. All the peripheral TFCC tears were repaired, and 
at final follow-up, all the patients have excellent or good 
results according to the Mayo modified wrist score. But are 
we sure that the arthroscopy is the key to the successful 
outcome?

So far, there is no scientific evidence that arthroscopy 
has the capacity to improve functional outcome [41], which 
remains the most important goal. It can even be risky, involv-
ing a steep learning curve and with failure of the procedure 
being its principal complication [28]. Training provided by 
learned societies (SFCM, EWAS, SFA) and centres of excel-
lence is the best way of addressing these risks.

In these circumstances, the routine use of arthroscopy for 
articular fractures of the radius remains questionable even 
if it used in post-traumatic wrist sub-acute and chronic dis-
orders [42].

However, it does provide an understanding of injury 
mechanisms as well as more reliable reduction in simple 

Fig. 8  Arthroscopic reduction 
in and fixation of distal radius 
fracture with “upside-down” 
articular fragments: a, b, c 
Radiographs and CT scan of 
the fracture of the radius. d, e 
Radio-carpal view of displaced 
dorsal articular fragments with 
a rotation of 180°. f, g Reduc-
tion in the fragments. e The 
fragments are reduced into an 
anatomical position. h Radio-
graph of the volar locked-plate 
fixation
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functional requirements. The goal remains to restore normal anatomy in order to preserve function. A pre-operative assess-
ment using x-rays and thin-slice CT scans with three-dimensional reconstructions enables the best possible understanding 
of the fracture prior to surgery and planning of the pre-operative strategy. Arthroscopy is a technique that allows visualisa-
tion of the bone fragments and their displacement, as well as their reduction. It is the only tool that allows diagnostic and 
prognostic assessment of the associated injuries. Arthroscopy is the gold standard for identifying and grading scapholunate 
injuries. It allows treatment of the lesions where necessary and a dynamic appreciation of the stability of the osteosynthesis. 
Recognition of articular fragmentation patterns and instability features can therefore aid treatment choice to prevent poor 
outcomes due to malunion and degenerative arthritis. We recommend arthroscopic-assisted internal fixation for articular 
fractures for any active patient, not only for young adults, displaced or a gap by more than 2 mm, potential scapholunate 
ligament injuries, and fractures of the ulnar styloid. A strong initial learning and a minimal experience are recommended to 
avoid the complications of this invaluable procedure.
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Introduction

Fractures of the radius affect the epiphyseal and metaphyseal 
area comprising the bone, the radio-carpal and distal radi-
oulnar joints, and the capsule and ligaments. The clinical 
result will depend on whether there is any shortening of the 
radius or intra-articular malunion and on the treatment of 
associated injuries [1, 2]. The reduction tolerance allowed 

for fractures of the distal radius, between 1 and 2 mm, was 
shown to be a prognostic factor by Knirk and Jupiter [3].

Goals of the treatment are: anatomical reduction, stable 
fixation, loose body removal, and minimal invasiveness. 
Open procedures are the actual compromise, but unfor-
tunately, it is not always possible to perfectly meet every 
treatment goal, associated lesions could pass unnoticed or 
delayed in treatment, and even in a best-case scenario, there 
could be several complications developing in the long term.

In the last decades, arthroscopic joint surgery underwent 
an exponential evolution, expanding its application also 
in the trauma field with the development of arthroscopic 
and arthroscopically ARIF (arthroscopic-assisted internal 
fixation) techniques [4, 5]. Main advantages are an accu-
rate diagnosis of fracture and associated soft tissue involve-
ment, the potential for concomitant treatments, anatomical 
reduction, and minimal invasiveness [4, 5]. The benefit of 
arthroscopic control has been recognised fist for tibial pla-
teau fractures since the 1980s [6]. ARIF techniques have 
been applied to treat fractures affecting several joints: shoul-
der, elbow, wrist, hip, knee, and ankle [4, 5]. By enabling 
visualisation of the bone fragments and their displacement, 
as well as assessment of the associated ligament injuries, it 
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fracture. [41]. Arthroscopic assistance for radial fractures is 
then essential to check the scapholunate ligament but also 
TFCC injuries. Lindau et al. [17] performed a prospective 
study on 51 patients with displaced distal radius fractures. 
Arthroscopy showed complete or partial tears in 43 patients, 
and at 1-year follow-up, 10 patients with complete peripheral 
tears and 7 with partial or no peripheral tears had DRUJ 
instability. All the peripheral TFCC tears were repaired, and 
at final follow-up, all the patients have excellent or good 
results according to the Mayo modified wrist score. But are 
we sure that the arthroscopy is the key to the successful 
outcome?

So far, there is no scientific evidence that arthroscopy 
has the capacity to improve functional outcome [41], which 
remains the most important goal. It can even be risky, involv-
ing a steep learning curve and with failure of the procedure 
being its principal complication [28]. Training provided by 
learned societies (SFCM, EWAS, SFA) and centres of excel-
lence is the best way of addressing these risks.

In these circumstances, the routine use of arthroscopy for 
articular fractures of the radius remains questionable even 
if it used in post-traumatic wrist sub-acute and chronic dis-
orders [42].

However, it does provide an understanding of injury 
mechanisms as well as more reliable reduction in simple 

Fig. 8  Arthroscopic reduction 
in and fixation of distal radius 
fracture with “upside-down” 
articular fragments: a, b, c 
Radiographs and CT scan of 
the fracture of the radius. d, e 
Radio-carpal view of displaced 
dorsal articular fragments with 
a rotation of 180°. f, g Reduc-
tion in the fragments. e The 
fragments are reduced into an 
anatomical position. h Radio-
graph of the volar locked-plate 
fixation
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part of the operation is to have most of the articular
reduction done and the fragments stabilized by the
Kirschner wires. Radial length, volar tilt, and inclina-
tion should be corrected by the plate; arthroscopy can-
not expect to correct extra-articular malalignment.

The hand is suspended from a bow, the fingers
pointing to the ceiling, with a custom-made system that
allows easy connection and disconnection from the bow
without losing sterility.17 Countertraction is usually 7 to
10 kg but can be more in tight wrists. No adverse effects
have been noticed, perhaps because the traction is
evenly distributed to all fingers. This system has the
advantage of its availability and price (€8 for each
karabiner). Furthermore, it is easy to fasten and unfas-
ten to check using fluoroscopy (Fig. 5).

I use the 2.7-mm/30° angle scope for most cases. In
tight wrists, I seldom use a 1.9-mm/30° angle because
the field of vision is reduced. Because of swelling,
portals after fractures are slightly more difficult to es-
tablish than in a standard arthroscopy case. By deeply
pressing hard with the surgeon’s thumb, the surgeon
can feel the Lister tubercle and a void (the radiocarpal
joint) distal to it, which corresponds to the 3–4 portal
location. I prefer small transverse incisions to create the
portals as they heal with minimal scarring, and which
do not require suturing at the end of the operation. The
entrance of the portal is enlarged with a mosquito; the
scope is introduced and directed ulnarly to establish
another portal for triangulation. I always use 6R as my
ulnar portal to avoid interference with the reduction of

the dorsoulnar radius (see below), which will occur if
the 4–5 portal is used. This portal is established by
recognizing the proximal rounded surface of the tri-
quetrum, with the surgeon’s thumb. The mosquito
glides on this surface to enter the radiocarpal joint as
distal as possible. By doing so, one will skip the trian-
gular fibrocartilage that, when detached from the dorsal
capsule or the fovea, acts as a trapdoor, blocking the
entrance into the radiocarpal joint.

A 2.9-mm shaver is inserted into 6R to aspirate
blood and debris, and the joint is washed with saline by
connecting a 10-mL syringe to the valve of the scope, as
explained above. Once the elements that need to be
mobilized are identified from the 3–4 view, the scope is
swapped to 6R, where it will stay until the entire fixa-
tion is done. In this position, on top of the ulnar head,
the scope will have a steady point to rest upon and will
not impede reduction or displace reduced fragments
(Fig. 6, left). If the scope is left in the 3–4 (or 4–5)
portal, it will rest on an unstable point, will create space
conflict during the reduction, and will tend to displace
the reduced fragments (Fig. 6, right). Although useful
for assessing the dorsal rim fractures, the volar-radial
portal5,14 can be supplanted by the 6R portal. The scope
is advanced volarly; from there, the lens is turned dor-
sally, providing an acceptable view of the dorsal rim.
Doing so avoids the need to change portals and the risk
of redisplacing reduced (but not yet rigidly fixed) volar
fragments.

Except in the most complex cases, only 1 or 2

FIGURE 6: A If the scope is placed in 6R, it will rest on top of the ulnar head, providing a stable platform from which to work,
thus avoiding conflict with the reduction. B Instability of the scope and conflict of space during the reduction (yellow and red
arrows) are inevitable when the scope is placed in any other portal. (Copyright © 2011 by Dr. Piñal.)
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Technical Tips for (Dry) Arthroscopic Reduction and
Internal Fixation of Distal Radius Fractures

Francisco del Piñal, MD, Dr Med

Contrary to general belief, arthroscopic assisted reduction in distal radius fractures can be
done in an expeditious manner and with minimal consumption of operating room resources.
This article presents the steps for a pleasant arthroscopic experience in detail. The technique
proposed combines the benefits of rigid fixation with volar locking plates (for the extra-
articular component) and arthroscopic control of the reduction (for the articular component).
It is important that the operation be carried out using the dry arthroscopic technique.
However, arthroscopy is just an addition to conventional methods. Thorough knowledge of
and facility with classic techniques of distal radius fracture treatment is essential for a good
result. (J Hand Surg 2011;36A:1694–1705. Copyright © 2011 by the American Society for
Surgery of the Hand. All rights reserved.)
Key words Wrist arthroscopy, distal radius fracture, intra-articular fracture, volar locking plate.

RESTORING THE JOINT ANATOMY is the main goal
after an articular distal radius fracture, and
fluoroscopy has some inherent inaccuracy.1–4

On the other hand, the arthroscope allows us to see inside
the joint with light and magnification. Nevertheless, de-
spite well-performed comparative published studies2,5,6

that support the use of the arthroscope when dealing with
articular distal radius fractures, there is general resistance
to use the arthroscope.7 This is sometimes justified as
resulting from a small risk of compartment syn-
drome, or the fact that it is time- and resource-
consuming. The unvoiced reason, however, lies in
the technical difficulties and cumbersomeness of
combining the classic (wet) wrist arthroscopy with
the open reduction and internal fixation part itself.
On the one hand, massive tissue infiltration makes the
latter extremely awkward; on the other hand, water

running out through the incisions and portals obliges us
to combine the less effective Kirschner-wire and exter-
nal fixation methods,2,5,6,8–10 limiting the use of the
more stable volar-locking plate11,12 when arthroscopy
is used.

Arthroscopy without distending the joint with water
(so-called “dry” arthroscopy)13 has many advantages
over the wet (classic) technique but is practiced by few
surgeons.14,15 This is understandable because, as a
principle, one avoids changing an efficient and familiar
technique for another that seems to add no benefit. Yet,
there is no other single field in wrist arthroscopy where
the dry technique can make such a huge difference and
ease the procedure, compared with the wet technique,
as when dealing with articular fractures of the wrist.
Dry arthroscopy permits an unimpeded combination
between the open fixation part and the possibility of
watching the cartilaginous reduction and any associated
soft tissue injury.

The purpose of this article is to present technical
tips for using the arthroscope when dealing with
distal radius fractures. Because it is important to
be acquainted with the dry technique, the first part
of this report is devoted to familiarizing the reader
with its intricacies, and the second part to the
fracture treatment itself.
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At the end of the arthroscopy, thorough flushing of
the joint is carried out. The pronator quadratus is su-
tured radially to its remnants or to the brachioradialis
tendon with 2 or 3 resorbable stitches, if available. The
volar skin is closed in a single layer with subcuticular
3-0 nylon. The portals do not need to be sutured be-
cause they will heal with a minimal scar. A protective
splint is provided and is removed 1 or 2 days later.
Self-directed active and assisted exercises are encour-
aged at that time. A removable plastic splint is fabri-
cated, to be worn only when at risk of further trauma.
After 4 or 5 weeks, any limitation of arc of motion is
addressed by assisted exercises under the supervision of
a physiotherapist. Exceptions are made in the cases of

additional fixation required for dorsal rim fixation
where 3 weeks of extension blocking is required. Con-
comitant soft tissue injuries also modify the aftercare.

CASE EXAMPLE
A 31-year-old, right-handed man sustained a commi-
nuted metaphyseal articular fracture (C32 of the AO
classification) while working. I applied a volar locking
plate, taking care to restore metaphyseal length. Ar-
throscopic fine-tuning of the lunate fossa was followed
by insertion of locking screws, to have an ulnar plat-
form for the scaphoid fossa reduction and avoid intra-
operative axial collapse (Fig. 16). I addressed the scaph-
oid fossa fragment and inserted a locking screw into the

FIGURE 16: Achieving ulnar stabilization first (Fig. 15) is important in cases of metaphyseal comminution, to have a stable
platform for the scope to sit on, and for carrying out the rest of the reduction. A, B Preoperative computed tomography scan. C To
have a clear view of the unreduced scaphoid fossa (S), the scope (inserted in 6R) has been advanced into the joint and sits on top
of the stable lunate fossa. (DL, dorsal lunate fragment; VL, volar lunate fragment.) D Leveling of scaphoid fossa to the rest of the
radius will be followed first by Kirschner wires and later by inserting critical pegs under arthroscopic control. E Radius surface
from the 3-4 portal after fixation. Assessment of the ulnar side of the joint can now proceed safely on top of the stable radius
without risking loss of reduction. F, G Immediate postoperative radiograms. H–K Range of motion at 8 weeks postoperatively.
(Copyright © 2011 by Dr. Piñal.) (See the Video, available on the Journal’s Web site, at www.jhandsurg.org.)
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Bilan des lésions associées

1. TFCC
2. Lésions SL
3. Lésions LT
4. Lésions chondrales

Arthroscopic Evaluation
of Associated Soft Tissue
Injuries in Distal Radius
Fractures
Tommy Lindau, MD, PhD (Hand Surgery)

INTRODUCTION

The outcome of distal radius fracture treatment
can still not be fully predicted. There is no scientific
evidence for anything that is done in the manage-
ment of distal radius fractures.1

Arthroscopic evaluation is superior in assess-
ing the intra-articular step-off as well as the rota-
tion of articular fracture fragments. It is also
possible to identify and evaluate chondral and

ligament injuries (Table 1).2–4 There is a high inci-
dence of soft tissue injuries associated with
distal radius fractures, which are frequently
missed when the fracture is managed by
conventional methods of treatment (see Ta-
ble 1).2,3 These injuries are to be expected
because the radius is involved in the greater
arch mechanism described by Mayfield and col-
leagues5 in perilunate dislocations (Fig. 1). This
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Pulvertaft Hand Centre, University of Derby, Uttoxeter Road, Derby DE22 3SN, UK
E-mail address: tommylindau@hotmail.com
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! Arthroscopy ! Chondral ! DRU joint ! Lunotriquetral ligament ! Scapholunate ligament ! TFCC

KEY POINTS

! A fall onto an outstretched hand may cause a wide spectrum of injuries, such as a simple sprain,
radial styloid fracture in isolation, or a radial styloid fracture as part of a greater arch injury, thereby
forming part of a complete or incomplete perilunate dislocation mechanism.

! Displaced radius fractures in nonosteoporotic patients have a high incidence of associated soft tis-
sue injuries. Associated injuries affect the long-term outcome, and arthroscopic evaluation is para-
mount to establish a correct and complete diagnosis and facilitate early treatment.

! After falls, arthroscopy can diagnose triangular fibrocartilage complex injuries, inter-carpal scapho-
lunate and lunotriquetral ligament tears and chondral lesions. Once evaluated and graded, the
appropriate surgical treatment of these lesions can be added to the fracture fixation.

! Undetected associated injuries may explain the absence of improved outcome in studies
comparing volar locking plate fixation and early mobilization versus external fixation. Possibly,
further improved outcome may follow if arthroscopy is used in conjunction with volar locking plate
fixation.

! Arthroscopy as an adjunct in the management of distal radius fractures has been available for more
than 20 years, but still requires experience andmanagement in expert centers. Successful manage-
ment of this simple but complex fracture requires:

" Thorough understanding of the anatomy.

" Understanding the relevance of individual fracture fragments.

" Awareness of associated soft tissue injuries.

Hand Clin 33 (2017) 651–658
http://dx.doi.org/10.1016/j.hcl.2017.07.015
0749-0712/17/Crown Copyright ! 2017 Published by Elsevier Inc. All rights reserved. ha
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condition is particularly noted in nonosteoporotic
patients who more often present with intra-
articular fractures caused by a severe, high-
energy trauma, whereas such associated injuries
are uncommon in osteoporotic patients, in
whom most fractures are extraarticular and
caused by low-energy trauma. Hence, arthros-
copy should be considered in younger patients
with high-energy trauma, in particular radial
styloid fractures, in order to detect these
injuries in addition to improving intra-articular
congruency by arthroscopically fine-tuned
reduction and fixation of these fragments (see
Fig. 1).

INDICATIONS FOR ARTHROSCOPY IN DISTAL
RADIUS FRACTURES

! The main indication for arthroscopy in the
management of distal radius fractures is an

intra-articular step-off of more than 1mm after
an attempted closed reduction.
! Second, radius fractures with associated
scaphoid fractures and/or obvious ligament
injuries benefit from arthroscopic evaluation.
Radiological signs may suggest associated
soft tissue injuries, such as widening of inter-
carpal joint spaces and/or radiographic
disruption of the carpal arches of the Gilula
lines; the 3 arches that can be drawn
along the proximal and distal carpal rows
(see Fig. 1).
! Third, a radiological widening of the distal ra-
dioulnar (DRU) joint may be another sign of a
ligament injury to the triangular fibrocartilage
complex (TFCC) that may need arthroscopic
evaluation.
! Simple radial styloid fractures are most often
2-part fractures and may be part of an incom-
plete greater arch injury according to the

Table 1
Soft tissue injuries associated with distal radius fractures

Study, Year
Number and Type
of Injury TFCC Injury (%) SL Injury (%) LT Injury (%)

Geissler et al,2 1996 60, intra-articular 49 32 15

Lindau et al,3 1997 50, intra-articular
and extraarticular

78 54 16

Richards,17 1997 118, intra-articular
and extraarticular

35 (intra-articular) 21 (intra-articular) 7 (intra-articular)
53 (extraarticular) 7 (extraarticular) 13 (extraarticular)

Mehta,18 2000 3, intra-articular 58 85 61

Hanker,19 2001 173, intra-articular 61 8 12

Abbreviations: LT, lunotriquetral; SL, scapholunate; TFCC, triangular fibrocartilage complex.

Fig. 1. (A) Radius fracture with associated scapholunate (SL) ligament injury diagnosed with the ring sign of the
scaphoid. (B) Arthroscopic view of the fracture affecting the ridge between the lunate (left in image) and
scaphoid facets of the radius.

Lindau652

Grade IV Scapholunate Injuries

Radiographic SL dissociation and long-term SLAC
wrist is more likely with these injuries if untreated,
and consequently early treatment is important.16

Grade IV complete intercarpal injuries can be
treated with arthroscopic reduction and percuta-
neous Kirschner wire (K-wire) pinning provided
there are no radiological signs of dissociation
because this implies that the secondary stabilizers
have been injured as well (Fig. 5). While protecting
the sensory branches of the radial nerve, a skin
incision is made slightly palmar to the anatomic
snuffbox. K-wires into the scaphoid are used as
a joystick to achieve arthroscopic reduction, which

can be assessed from the midcarpal joint. Once
reduction is achieved, the K-wire is advanced
into the lunate. An additional K-wire should be
inserted into the scaphocapitate joint (see Fig. 5).
Pins can be removed at 6 weeks.16

More importantly, if grade IV complete SL in-
juries are found with radiologically visible dissoci-
ation already on the trauma film, then the
treatment rationale should most likely be with an
open repair.16 Open direct repair is followed by
protective K-wires as described earlier. During
closure, a dorsal intercarpal capsulodesis can be
added to augment the repair.

LUNOTRIQUETRAL LIGAMENT INJURIES

The incidence of LT ligament injuries is about 1 in 6
(see Table 1). So far, there is no evidence that LT
tears lead to long-term problems when associated
with distal radius fractures.13,14

Stable LT incomplete injuries (grades I–III) may
benefit from immobilization if the fracture mobiliza-
tion protocol needs to be reconsidered.
Grade IV complete injuries may need arthro-

scopic debridement of the tear and percutaneous
pinning of the joint. K-wires are introduced from a
dorsoulnar approach. The LT dissociation is
reduced with a joystick maneuver and 2 or 3
K-wires are advanced across the joint. Wires are
kept for 6 weeks.

CHONDRAL LESIONS

Acute chondral lesions3 can be seen as:

! Subchondral hematomas (with or without
cartilage cracks)
! Avulsed cartilage flakes
! Complete avulsions of the cartilage

Table 3
Arthroscopic classification of scapholunate ligament tears according to Geissler and colleagues2

Grade Radiocarpal Joint Midcarpal Instability Step-off

1 Hemorrhage of inter-carpal
ligament, no attenuation

None None

2 Incomplete partial or full tear,
no attenuation

Slight gap (<3 mm) Midcarpal only

3 Ligament attenuation;
incomplete partial or small full
tear

Probe can be passed between
carpal bones

Midcarpal and radiocarpal

4 Complete tear Gross instability; 2.7-mm scope
can be passed through
(drive-through sign)

Midcarpal and radiocarpal

From Geissler WB, Freeland AE, Savoie FH, et al. Intracarpal soft-tissue lesions associated with an intra-articular fracture of
the distal end of the radius. J Bone Joint Surg Am 1996;78(3):357–65; with permission.

Table 4
The Lindau classification system for intercarpal
scapholunate and lunotriquetral ligament
injuries and mobility of the joints

Grade

Radiocarpal
Arthroscopy
Ligament
Appearance

Midcarpal
Arthroscopy
Appearance

Diastasis
(mm)

Step-off
(mm)

1 Hematoma
or distension

0 0

2 As above
and/or
partial tear

0–1 <2

3 Partial or
total tear

1–2 <2

4 Total tear >2 >2

From Lindau T, Arner M, Hagberg L. Intra-articular lesions
in distal fractures of the radius in young adults. A descrip-
tive arthroscopic study in 50 patients. J Hand Surg Br
1997;22(5):639; with permission.

Lindau656
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Abstract
Introduction: Fractures of the distal radius account for 15% of all fractures.
The use of arthroscopy is increasingly popular in the last years, with the
goal to achieve a better anatomical reduction of the articular fragments.

Sources of data: We searched the literature on Medline (PubMed), Web of
Science and Scopus databases using the combined keywords ‘wrist’, ‘distal
radial fracture’, ‘distal radius fracture’ and ‘arthroscopy’. Twenty-eight stud-
ies were identified. The quality of the studies was assessed using the
Coleman Methodological Score.

Areas of agreement: Arthroscopy allows to detect intra-articular, ligament-
ous and triangular fibrocartilage complex injuries in an acute setting with a
better prognosis. Arthroscopy increases the quality of the intra-articular
reduction compared to fluoroscopy.

Areas of controversy: The main limitation of the selected studies is the
short follow-up: the average follow-up in 20 studies was 12 months, a peri-
od long enough to assess functional outcomes, but not to assess the occur-
rence of post-traumatic degenerative changes and their impact on function.
Better stratification of the fracture population is needed.

Growing points: The shorter recovery time and the low incidence of
adverse effects are the main advantages of this new technology.

© The Author 2016. Published by Oxford University Press. All rights reserved. For permissions, please e-mail: journals.permissions@oup.com
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2015; the total number of patients was 1294, 36%
(357) were males and 64% (642) females; gender
data were not available in six studies.9–14 The age
of the patients averaged 48.16 years.

Quality assessment

The selected articles and the relevant CMS scores
are shown in Table 1. Articles on cost analysis with-
out any clinical variable were excluded from the
CMS. A Coleman score >85 is considered excellent,
70–84 good, 50–69 moderate and <50 poor. The
mean CMS was 53.28 (range 25–78) indicating a
moderate methodological quality. Quality scores
were good in six studies.

Stratification of the population by age

Only three studies stratified patients according to
the age.13,23,32 Hardy13 and Zemirline32 considered
a population younger than 50 years, Hattori23

instead included just patients over 70 years.

Fracture’s classification

The Association for Osteosynthesis/Association for the
Study of Internal Fixation (AO-ASIF) classification sys-
tem5,14,15,17,20–27,29–32,35 was the most used, followed

by Frykman’s classification.5,13,17,23 Several authors
preferred to use a descriptive classifica-
tion.9,10,16,18,34 Other classifications are used just in
one paper each (Table 2). Table 2 shows that just
few studies have homogeneous fracture subgroups:
four studies included just AO fracture type C frac-
tures,21,23,24,35 Wolfe et al.15 included just AO type
C3 fractures, Kamano et al.22 included C3.2 fractures,
Levy et al.27 included articular fractures with posterior
displacements and Pinal et al.34 included articular
fractures with diaphyseal-metaphyseal comminution.

Fixation method

In 12 studies, all published from 1995 to 2008, a
combination of Kirschner wires and external fix-
ation5,9–13,15–18,21,24 was used. Volar locking plate
was implanted in nine studies22,25,26,28,30–32,34,35

published from 2005 to 2015. Plating, external fix-
ation and Kirschner wiring were used on the basis
of the pattern of fracture in four studies.19,23,29,33

Two studies used only Kirschner wiring.14,27

Outcomes measure

Several outcome measures were utilized (Table 1).

Fluoroscopy versus arthroscopy accuracy

Seven articles11,18,25–28,30 studied arthroscopically
the accuracy of fluoroscopic reduction.

Soft tissue-associated injuries

Associated soft tissue injuries were reported in 21
studies (Table 2). The percentage of scapho-lunate
lesions varies from 2.7% (1/37 patients)35 to
88.4% (23/26),5 the percentage of luno-triqueteral
injury varies from 0%13–16,20,27,30–32,35 to 61.5%
(16/26).5 Lesions of the triangular fibrocartilage
complex occurred in a percentage between 0% (0/
7)15 and 63.2% (98/155).30

Post-traumatic arthritis

The occurrence of degenerative changes over time
was assessed in four studies, all using Kirk and
Jupiter’s criteria3 (Table 3). Three studies were case
series; the study by Doi et al.17 was a case-control

Fig. 1 PRISMA flow diagram.
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Résultats de la littérature
• Réduction articulaire : 

supériorité arthro + fluoro > fluoro seule

• Pas de supériorité démontrée sur les résultats cliniques

• Peu de résultats sur le risque d’arthrose à long terme : 

- Persistance d’un step off, 

- Elargissement antéro-postérieur, 
- Augmentation de la profondeur de la glène 

lead to ulnar sided wrist pain [5–7]. However, intra-artic-

ular malunion with step off and gap formation is claimed to
be crucial for radiocarpal degeneration [1, 3, 8, 9]. In

addition to well-defined intraarticular malunion, the shape

of the distal radius is important for unaffected wrist func-
tion. In typical intra-articular fracture patterns with a dor-

soulnar and palmar ulnar fragment, alterations of the shape

of the articular surface, in a kind of a cavity, without
obvious step off can be observed. The aim of the present

study is to determine the residual articular deformity fol-
lowing intra-articular radius fractures and to analyze their

impact on the final clinical and radiological outcome. Parts

of the material included in this paper have been published
previously in a German article [10]. This study includes

more patients with a longer follow-up time and additional

radiographic parameters.

Methods

Patients

Between 1986 and 1996, 103 patients with unstable intra-

articular Colles fractures were treated with volar plate

fixation and dorsal bone grafting in our department.
Criteria for surgery were defined as redislocation following

closed reduction with loss of palmar tilt of more than 5!,

radial shortening of 3 mm or more and articular step of
2 mm. In total, 23 patients met the inclusion criteria

because of an average loss of palmar tilt of 10!, 21 patients

had an average radial shortening of 4 mm, 23 patients were
included because of an average intra-articular step of 3 mm

and 36 patients had a loss of palmar tilt and an articular

step. 81 patients were available for follow-up at a mean of
9 years after surgery (6–18). Fifty-seven men and 24

women with a mean age of 37.8 years (17–60) were

included. According the AO classification system, the
study group contained 10 C1, 46 C2 and 25 C3 fractures.

The remaining 22 patients were lost for follow up,

including 14 men and 8 women (mean age 39.7 years;
18–60). Fracture distributions were as follows: seven C1

and C2 fractures and eight C3 fractures.

Fracture management

All fractures were reduced under local anaesthesia and fixed
with a forearm plaster cast. After precise preoperative

planning with either tomography or a CT scan, surgery was

performed using a T-plate (Distal Radius Plate, Stryker,
Germany). The articular fragments were reduced indirectly

without capsulotomy and checked by fluoroscopy. The

dorsal metaphyseal compression void was supported with a
corticocancelous bone graft from the iliac crest [1, 11]. For

postoperative aftercare, a forearm plaster cast was worn for

3 weeks. Active digital range of motion (ROM) was started
immediately. A therapy program after cast removal

including active-assisted motion of the wrist and grip

strengthening was started at 3 weeks.

Follow-up examination

At final follow up, a standard anteroposterior (wrist in

neutral position; forearm in neutral rotation, elbow flexed
90!; and shoulder abducted 90!) and a 10! true lateral

(projecting the lunate fossa) radiograph of both wrists were

performed [12]. Radiological evaluations included palmar
tilt, radial inclination, ulnar variance and the measurement

of the anteroposterior distance (distance between the apices

of the dorsal and the volar rim of the lunate fossa) of the
radial joint surface [12] (Fig. 1). For measurement of the

articular cavity depth, a line from the dorsal to the palmar

edge of the articular surface was drawn (Fig. 2). The dis-
tance of a perpendicular line towards the deepest point of

the articular surface indicates the articular cavity depth

[13]. Radiological angles and ulnar variances were mea-
sured postoperatively and at final follow up. The articular

Fig. 1 Measurement of radial inclination (A) and ulnar variance (B)

Fig. 2 Measurement of articular cavity (C), palmar tilt (D) and
anteroposterior distance (E)
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Abstract
Introduction Intra-articular malunion with step off and

gap formation is claimed to be crucial for radiocarpal

degeneration. In addition to well-defined intraarticular
malunion, the shape of the distal radius is important for

unaffected wrist function. In typical intra-articular fracture

patterns with a dorsoulnar and palmar ulnar fragment,
alterations of the shape of the articular surface, in a kind of

a cavity, without obvious step off can be observed. The aim

of the present study is to determine the residual articular
deformity following intra-articular radius fractures and to

analyze their impact on the final clinical and radiological

outcome.
Materials and methods Eighty one patients with dorsally

displaced distal intraarticular radius fractures were fol-

lowed up for a mean period of 9 years. Surgical treatment
of all patients included open reduction, plate fixation and

corticocancellous bone grafting. Radiological measure-

ments included palmar tilt, radial inclination and radial
shortening as defined by ulnar variance, intra-articular

Stepps and the measurement of the anteroposterior distance
of the radial joint surface. Clinical assessment included

active range of motion (ARM) of the wrist, pain according

to a visual analogue scale (VAS), grip power, working
ability, Disability of Arm, Shoulder and Hand Score

(DASH Score).

Results Articular malunion in the form of a cavity in the
sagittal plane measured 4.8 mm, 1.3 mm more than on the

non-injured side. Anteroposterior distance measured

20.6 mm, 2.1 mm more than on the non-injured side.
Articular step-off and gap was noticed in 11 patients. At

the final follow-up examination, there was a significant

difference in articular cavity depth and the anteroposterior
distance between arthritis stage I and II. Arthritis stage was

associated with the range of motion (ROM) in the sagittal

plane, but had no significant influence on the DASH, pain
level, grip strength and ROM in the frontal plane.

Conclusion ORIF leads to predictable results in the res-

toration of length and form of the distal radius. Increasing
the articular cavity depth should be avoided to prevent

degenerative arthritis at the radiocarpal joint at long-term

follow-up visits.

Keywords Distal intra-articular radius fracture !
ORIF ! Arthritis

Introduction

Posttraumatic arthritis is a frequent and, in the end stage,

often disabling sequel of intra-articular fractures. Besides

primary articular damage with cartilage abruption and
ligamentous lesions, progressive degenerative arthritis is

known to be the result of alterations in contact stresses at

the articular surface [1]. Several investigations have dem-
onstrated that anatomic restoration following distal radius

fractures is required for unaffected wrist motion and pre-

vents degenerative long-term effects [2–4].
Extraarticular malunion with radial shortening and/or

alterations in palmar tilt are known to cause limitations of

active range of motion (ARM), decrease grip strength and
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a limited radial deviation and flexion, but not with grip 
strength. Articular incongruence predicted PA. Patient 
reported outcome measures should be investigated more 
thoroughly to be able to understand the value of using these 
instruments in interpreting outcome in follow-up of non-
osteoporotic patients following a distal radius fracture.
Level of evidence Level of evidence 3 (Phillips et al. Lev-
els of Evidence—Oxford Centre for Evidence-based Medi-
cine, 1)

Keywords Wrist · Distal radius · Posttraumatic arthritis · 
Outcome measures

Introduction

Distal radius fractures (DRFs) are common injuries. An 
annual incidence of 9/10,000 men and 37/10,000 women has 
been reported in patients aged 35 years and older [2, 3]. In 
a sample of more than 87 million Americans with an upper 
extremity fracture in 2009, the most common fracture sites 
were the distal radius and ulna [4]. The incidence of DRFs 
is bimodal, with peak incidences in young (predominantly 
male) patients and older (predominantly females) patients. 
[4, 5] In young adults this type of fracture results from a 
high-energy trauma. In older adults, the fracture more often 
results from low-energy trauma [5, 6]. It has been estimated 
that at 50 years of age, a woman has 16.6% remaining life-
time risk of sustaining a DRF, whereas a man has a remain-
ing lifetime risk of just 2.9% [7]. Prevalence of radiologi-
cal posttraumatic arthritis (PA) following DRFs has been 
described to be as high as 65% after 6.7 years of follow-up 
[8]. A recent systematic review describing the development 
of PA suggests that presence of articular steps at the time of 
healing results in a higher prevalence of radiographic signs 

Abstract 
Introduction The objective of this systematic review was to 
analyze (1) prevalence of radiological posttraumatic arthri-
tis (PA), (2) associations of PA with outcome measures and 
(3) predictors of PA following distal radius fractures in non-
osteoporotic patients.
Materials and methods Nineteen studies were included (10 
open source data).
Results In total, 733 patients were described with a 
weighted mean age of 37  years (range 25–54) at the 
time of the injury. Follow-up ranged from 13 months to 
38 years. Overall prevalence of PA was 50% and 37% in 
the open source data. Radial deviation was significantly 
worse in patients with PA (N = 49, mean 14°, SD 6° versus 
N = 55, mean 17°, SD 6°, p = 0.037). No analysis could 
be performed regarding patient reported outcome measures, 
because of limited data. Articular incongruence was a sig-
nificant predictor for PA.
Conclusions A high prevalence of PA was found in non-
osteoporotic patients following a distal radius fracture. 
PA following a distal radial fracture was associated with 
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time risk of sustaining a DRF, whereas a man has a remain-
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Abstract
Introduction Intra-articular malunion with step off and

gap formation is claimed to be crucial for radiocarpal

degeneration. In addition to well-defined intraarticular
malunion, the shape of the distal radius is important for

unaffected wrist function. In typical intra-articular fracture

patterns with a dorsoulnar and palmar ulnar fragment,
alterations of the shape of the articular surface, in a kind of

a cavity, without obvious step off can be observed. The aim

of the present study is to determine the residual articular
deformity following intra-articular radius fractures and to

analyze their impact on the final clinical and radiological

outcome.
Materials and methods Eighty one patients with dorsally

displaced distal intraarticular radius fractures were fol-

lowed up for a mean period of 9 years. Surgical treatment
of all patients included open reduction, plate fixation and

corticocancellous bone grafting. Radiological measure-

ments included palmar tilt, radial inclination and radial
shortening as defined by ulnar variance, intra-articular

Stepps and the measurement of the anteroposterior distance
of the radial joint surface. Clinical assessment included

active range of motion (ARM) of the wrist, pain according

to a visual analogue scale (VAS), grip power, working
ability, Disability of Arm, Shoulder and Hand Score

(DASH Score).

Results Articular malunion in the form of a cavity in the
sagittal plane measured 4.8 mm, 1.3 mm more than on the

non-injured side. Anteroposterior distance measured

20.6 mm, 2.1 mm more than on the non-injured side.
Articular step-off and gap was noticed in 11 patients. At

the final follow-up examination, there was a significant

difference in articular cavity depth and the anteroposterior
distance between arthritis stage I and II. Arthritis stage was

associated with the range of motion (ROM) in the sagittal

plane, but had no significant influence on the DASH, pain
level, grip strength and ROM in the frontal plane.

Conclusion ORIF leads to predictable results in the res-

toration of length and form of the distal radius. Increasing
the articular cavity depth should be avoided to prevent

degenerative arthritis at the radiocarpal joint at long-term

follow-up visits.
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Introduction

Posttraumatic arthritis is a frequent and, in the end stage,

often disabling sequel of intra-articular fractures. Besides

primary articular damage with cartilage abruption and
ligamentous lesions, progressive degenerative arthritis is

known to be the result of alterations in contact stresses at

the articular surface [1]. Several investigations have dem-
onstrated that anatomic restoration following distal radius

fractures is required for unaffected wrist motion and pre-

vents degenerative long-term effects [2–4].
Extraarticular malunion with radial shortening and/or

alterations in palmar tilt are known to cause limitations of

active range of motion (ARM), decrease grip strength and
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