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SCIENTIFIC ARTICLE

Arthroscopic Resection Arthroplasty for Malunited

Intra-Articular Distal Radius Fractures

Francisco del Piñal, MD, PhD, Melissa Klausmeyer, MD, Carlos Thams, MD, Eduardo Moraleda, MD,
Carlos Galindo, MD

Purpose Cartilage damage of the carpals is a contraindication for corrective osteotomy of the
malunited intra-articular distal radius fracture and typically is treated in the symptomatic
patient with a salvage procedure. Here, we present our experience and early results with
arthroscopic resection arthroplasty of the radiocarpal joint.

Methods We treated 10 patients (age, 17–68 y; average, 53 y) who had intra-articular
malunion of the distal radius with mirror erosion on the carpals. The original fracture
occurred 4 to 36 months (average, 9 mo) before our intervention. We performed arthroscopic
arthrolysis and resected the offending portion of the radial malunited fragment, eliminating
the stepoff and creating a smoother joint surface. Range of motion was started immediately
after the operation, except in 2 patients.

Results The locations of the malunions were evenly distributed between the scaphoid fossa,
the lunate fossa, or both. Stepoffs varied from 2 to 6 mm. We resected up to 60% of the entire
radial articular surface to obtain a smooth surface (average, 28%; range, 20% to 60%). All
patients reported immediate relief of pain and improvement in motion (particularly exten-
sion). At the latest follow-up (average, 28 mo; range, 13–42 mo), average extension
improved from 24° to 54°, average grip strength improved from 47% to 89% of the
contralateral wrist, average Disabilities of the Arm, Shoulder, and Hand score improved from
74 to 18, and average Patient-Rated Wrist Hand Evaluation score improved from 79 to 15.

Conclusions The aim of the operation was to relieve patients’ pain by providing a smooth,
although fibrocartilaginous, surface for the carpus to glide on the radius. The follow-up was
short and the results may be short-lived. However, for the younger patient, it may provide a
temporary alternative to partial wrist arthrodesis with minimal morbidity, and for the less
demanding patients, it may be a definitive procedure. (J Hand Surg 2012;37A:2447–2455.
Copyright © 2012 by the American Society for Surgery of the Hand. All rights reserved.)

Type of study/level of evidence Therapeutic IV.
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MALUNITED INTRA-ARTICULAR DISTAL radius
fractures have a natural progression to os-
teoarthritis,1–4 particularly when a large in-

ra-articular stepoff is present.4–6 Not all wrists with
esultant arthritis will be symptomatic7,8; however,
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some patients with posttraumatic arthritis present
with pain and restricted range of motion. Good results
have been reported with corrective osteotomy of the mal-
united fragment(s) and anatomical reduction, performed
either open or arthroscopically.9,10 A prerequisite for this
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2448 ARTHROSCOPIC RESECTION ARTHROPLASTY
procedure is the presence of healthy cartilage on
both the distal radius and the opposing carpals. Ero-
sion of the cartilage, either on the opposing carpal or on
both the radius and the carpus (ie, mirror lesions),
historically obliged the surgeon to select a salvage pro-
cedure: wrist denervation,11,12 partial or total wrist ar-
throdesis,13–15 or arthroplasty.

The purpose of this study was to present the early
results of arthroscopic resection arthroplasty of the radio-
carpal joint. This procedure removes the articular portion
of the radius fragment at the site of the arthritis (the
stepoff), while preserving the remaining radiocarpal joint
and intact articular cartilage (Fig. 1). Our early results are
presented here.

MATERIALS AND METHODS
From June 2007 to December 2010, 10 patients (6
females and 4 males) presented to the senior author
(F.P.) with painful wrists and malunited intra-articular
distal radius fractures. Patient ages ranged from 17 to 68
years (average, 53 y). Eight fractures were of the dom-
inant wrist and 2 were of the nondominant wrist. Six
patients had C31 fractures according to the AO grading
system, 3 had C12 fractures, and 1 had a B33 fracture.
The patients presented between 4 and 36 months after
the initial injury (average, 9 mo) (Table 1). Table 1
summarizes the initial fracture management and addi-
tional surgery for pain control before referral.

We assessed patients both clinically and radiographi-

FIGURE 1: Schematic representation of the operative principle
down below the level of the healthy cartilaginous surface. B A
is the goal of the operation.
cally preoperatively and at the latest follow-up (average,
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28 mo; range, 13–42 mo). Clinical evaluation included
measurements of range of motion, grip strength made with
a standard Jamar dynamometer (Jamar, Clifton, NJ), Pa-
tient-Rated Wrist-Hand Evaluation (PRWHE) Score, Dis-
abilities of the Arm, Shoulder and Hand (DASH) Score,
and modified Green and O’Brien Score. Radiographic
assessment included standard posteroanterior and lateral
radiographs as well as preoperative computed tomography
(CT) scans of the involved wrist. The CT scan was fun-
damental to assess the arthrosis, and for planning purposes
(Fig. 2). Our institution does not require institutional re-
view board approval; nevertheless, all patients were cog-
nizant of the treatment aims and understood the risks and
possible benefits. Furthermore, we obtained informed con-
sent for this operation, as well as osteotomy, vascularized
osteochondral graft, or arthrodesis, because the final deci-
sion could vary depending on the intraoperative findings.

Statistical analysis

We statistically compared preoperative and postopera-
tive data for wrist range of motion, grip strength,
DASH, and PRWHE using 2-tailed matched-pair (de-
pendent) Student’s t-test.

Operative technique

We performed arthroscopy of the wrist using the
dry technique, as previously described,16,17 in
which the optic cavity within the wrist is main-

he offending fragment, which has eroded the carpal, is burred
oured articular surface, slightly depressed in the denuded area,
. A T
cont
tained by distraction of the hand, and fluid is used
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only to clear the joint of debris by flushing the
joint intermittently with saline.

We performed all procedures with regional anesthe-
sia. We performed a diagnostic arthroscopy after estab-
lishing the 3�4, 6R, and radial midcarpal and ulnar
midcarpal portals. Once other pathology at the midcar-
pal joint was excluded, the camera was usually intro-
duced through the 3�4 portal and the shaver through
the 6R portal. The joint was debrided of loose syno-
vium and intra-articular adherences with a 2.9-mm
shaver until a working space was obtained. We saw
typical findings of a stiff wrist joint: widespread scar-
ring and thickening of the capsule and ligaments with
concomitant loss of their compliance. Restrictive adhe-
sions and synechiae at the site of malunion and the
corresponding denuded carpal were present in all cases
in varying degrees. A primary goal of the debridement
step of this procedure was to create a space for intro-
ducing instruments by removing these restricting adher-
ences and recreating the natural dorsal sulcus between
the capsule and the proximal carpal row.

Once we created the working space, we noted the
degree of stepoff and chondral loss of the carpals. In
each case, the incongruous radial joint surface corre-
sponded with a mirror cartilage defect of the carpal(s).
At this stage, the operative plan was determined by the
arthroscopic findings. If no carpal erosion or wide-
spread damage was present, we performed an alterna-
tive procedure, and depending on the location and the
amount of damaged cartilage, either an arthroscopic

TABLE 1. Demographics

Case Age Sex Dominance
Fracture

AO Delay (mo)

1 17 M D C12 5

2 60 F D C12 4

3 39 F D C31 9

4 63 F D C31 36

5 60 F D C31 8

6 68 F D C31 10

7 63 M No D C31 5

8 52 F D C12 5

9 57 M No D B33 4

10 47 V D C31 4

D, dominant; No D, nondominant; VLP, volar locking plate.
guided osteotomy18 or other alternative including an
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arthrodesis would be necessary. In each case presented
here, we noted carpal cartilage erosion and performed
the index operation. With the camera in the most fa-
vorable portal, we used a 2.9-mm burr to resect the
portion of the radius fragment causing the intra-articular
stepoff (Fig. 3). The aim was to produce a smooth
cancellous surface that was slightly more depressed (0.5
mm) than the healthy cartilaginous surface. During the
resection process, we took great care to preserve the
volar rim of the radius, so as not to disturb the origin of
the important volar ligaments.

We debrided the margin of the opposing carpal that
was denuded of cartilage with the shaver. At the end of
the arthroscopy, we copiously irrigated the joint to
remove debris and visually calculated a rough estimate
of the amount of joint surface resected. For the purpose
of this study, each fossa (scaphoid and lunate) surface
was assigned to be 50% of the total articular surface,
and the defect on each fossa devoid of cartilage was
added to give the total percentage in Table 2.

After the arthroscopic procedure was completed, we
performed concomitant surgery in 7 patients, including
volar plate removal in 3 patients. In patient 1, we
inserted a volar plate after an extra-articular radius
osteotomy to restore the anatomic relationships at the
distal radioulnar joint. In patient 6, who had iatrogenic
division of the median nerve during an open carpal
tunnel release, we microsurgically repaired the nerve at
the same time as the arthroscopy. In the last patient
(number 10), who had a complex forearm and hand

Initial Treatment
Additional

Treatment (Before Referral)

ires None

t None

None

Carpal tunnel release � Hardware
removal � de Quervain � distal
radioulnar joint stabilization

None

ire � external fixation Carpal tunnel release (median nerve
laceration)

rnal fixation None

� K-wire None

t None

rnal fixation None
K-w

Cas

VLP

VLP

VLP

K-w

Exte

VLP

Cas

Exte
injury, we performed an ulnar osteotomy for a mal-
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united ulnar shaft fracture and a free tissue transfer for
soft tissue coverage concomitantly.

Postoperatively, we encouraged the patients to begin
range of motion exercises immediately, except for the
patient whose nerve was repaired (number 6), as well as
the patient with the free flap to the forearm (number
10). These patients were immobilized for 3 and 2
weeks, respectively. The average follow-up was 28
months (range, 13–42 mo).

RESULTS

Arthroscopic findings

Considerable fibrosis existed in all cases and had to be
resected before further surgery could be performed. We

FIGURE 2: Preoperative x-rays A, B and CT scan C, D of pati
bone spike) is evident in C.
confirmed stepoff measurements arthroscopically, and
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they ranged from 2 to 6 mm. Table 2 lists the locations
of the incongruent area and the areas resected. In 9
patients, 20% to 40% of the articular surface was re-
sected during the arthroscopic procedure. In 1 patient
(number 6), more than 50% of the distal radius joint
surface was removed (100% of the scaphoid fossa and
20% of the lunate fossa).

Clinical findings

We compared the final outcome with the preoperative
status (Tables 3, 4). All patients reported immediate
relief of pain and improvement in range of motion
(particularly extension). Extension improved on aver-
age 30° (from 24° to 54°; P � .003), and grip strength
improved from 47% to 90% of the contralateral side.

. The damage on the lunate by the severe radius incongruity (a
ent 1
We did not include the grip strength for patient 10 in the
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calculation because the extent of the upper extremity
injury did not permit him to close all fingers at the time
of this study. The average PRWHE score improved
from 79 to 15 (P � .001). The average DASH score
improved from 75 preoperatively to 18 postoperatively
(P � .001). We determined the Modified Green and
O’Brien scores postoperatively; they ranged from fair
to excellent (Table 4). All parameters measured reached
statistical significance except pronation and supination.
The worst subjective result corresponded to the patient
whose median nerve was repaired and to the patient
with the severe forearm and hand injury (numbers 6 and
10). All patients except patient 10 returned to work or

FIGURE 3: A A protruding volar-ulnar fragment (asterisk) has
contouring the offending fragment. C At the end of the operati
2.9-mm shaver on the far volar-ulnar corner of the radius
fibrocartilage.
resumed their previous activities. We noticed no decay
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in clinical results for the patients with the longest fol-
low-up.

Radiographic findings

As expected, radiographic changes occurred in areas
where the radius was resected. We interpreted this as
having occurred because of a combination of the sur-
gical debridement and remodeling as a result of new
load distribution of the radiocarpal joint (Fig. 4). We
saw no signs of osteoarthritic changes such as subchon-
dral cysts, joint narrowing, or sclerosis.

We observed no carpal collapse or radiocarpal dis-
location except in patient 3. This patient was a profes-

ed a major cartilage defect on the lunate. B A 2.9-mm burr is
bout 50% of the anterior lunate fossa has been removed. (The
ps to approximate the size of the defect). TFC, triangular
caus
on, a

hel
sional dancer who had an ulnar translocation noted
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preoperatively that did not progress at the latest (3-y)
follow-up.

Complications

We noted no complications and performed no further
procedures to address the radiocarpal joint thus far.
Patient 10 has had several subsequent procedures, how-
ever, including reduction of a fourth to fifth carpometa-
carpal dislocation and a free flap for reconstructing a
first web contracture.

DISCUSSION
Not all malunited intra-articular fractures will be symp-
tomatic even in the presence of severe posttraumatic
osteoarthritis.7,8 By the same token, others (such as the
patients of this study) will seek treatment because of
pain and restricted motion despite seemingly minor
deformities on x-ray.

Conservative options (ie, splinting and steroid injec-
tions) are unlikely to be sufficient in this symptomatic

TABLE 2. Findings

Case Stepoffs (Fossa)
Articular Surface

Resected

1 3 mm lunate Anterior lunate

2 2 mm lunate Central lunate

3 6 mm scaphoid Central scaphoid/p
lunate

4 3 mm lunate and scaphoid Posterior lunate an
scaphoid

5 2 mm lunate and scaphoid Lunate

6 3 mm scaphoid Central scaphoid/d
lunate

7 3 mm sagittal crest, 2 mm
dorsal fragment

Lunate

8 3 mm scaphoid Anterior third of lu
scaphoid

9 3 mm scaphoid Anterior third of s

10 3 mm lunate Dorsal lunate

Only chondral defects larger than 5 mm are considered.
group, and salvage procedures are often required.13
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Salvage procedures include wrist denervation, partial
wrist arthrodesis, total wrist arthrodesis, and arthro-
plasty. Each of these procedures has noteworthy down-
sides: Wrist denervation is inconsistent and the results
deteriorate with time,19,20 and wrist replacement is
rarely used in the posttraumatic setting.14,21 Moreover,
partial wrist arthrodesis alters the remaining carpal joint
mechanics and can result in progressive midcarpal ar-
thritis in up to 50% of patients19,22; both partial and
total wrist arthrodesis sacrifice wrist movement for a
decrease in pain but can be complicated by nonunion.19

As opposed to the traditional salvage alternatives, the
procedure we propose improved function and decreased
pain without interfering with the proprioception of the
ligaments of the wrist or having the risk of overloading
the healthy midcarpal joint. Our early results compare
favorably with reports of both arthrodesis procedures,
and future arthrodesis remains an option.

Conceptually, the operation we propose may be con-
sidered destructive for the wrist because we remove a

ssa)

Estimated
Articular

Surface of
Radius

Removed Concomitant Procedures

25% Extra-articular osteotomy

20% None

ior 25% Volar plate removal

30% None

25% Volar plate removal, ulnar styloid
nonunion excision,
carpometacarpal arthroplasty

ulnar 60% Median nerve repair

25% Carpal tunnel release,
arthroscopic ulnar wafer
excision

and 25% Volar plate removal, triangular
fibrocartilage complex tear (IA)
debridement

id 20% None

25% Free flap coverage forearm

Ulnar shaft malunion osteotomy
and fixation
(Fo

oster

d

orso

nate

capho
part of the radius articular surface, and the remaining
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surface may be overloaded. Nevertheless, the rationale
is the same as other motion-preserving operations such
as 4-corner arthrodesis or proximal row carpectomy

TABLE 3. Range of Motion and Grip Strength

Case

Flexion Extension
Radial

Deviation
U

Dev

Pre Post Pre Post Pre Post Pre

1 75 75 �5 55 28 22 �5

2 70 78 48 70 15 25 22

3 45 70 0 64 12 25 20

4 65 70 50 65 15 20 25

5 48 55 55 65 18 27 30

6 50 50 15 32 �5 10 24

7 30 40 25 50 15 15 35

8 30 42 15 64 20 20 30

9 40 54 40 52 20 24 20

10 20 30 �5 20 0 5 0

Average 47 56 24 54 14 19 20

SD 18 16 23 16 10 7 13

P value .003 .001 .025 .0

*The grip strength of patient 10 was not included because of extensiv

TABLE 4. Clinical Findings

Case Follow-Up (mo)

PRWH

Pre

1 42 72

2 41 58

3 38 74

4 33 84

5 31 72

6 24 94

7 23 74

8 20 100

9 17 69

10 13 95

Average 28 79

SD 14

P value � .00

*The score was not included because of extensive upper extremity tra
(PRC), in which we remove the offending portion and
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allow healthy areas to bear the load. Proximal row
carpectomy is on the far end of the spectrum of increas-
ing load concentration to have good-quality cartilage

n Pronation Supination
Grip Strength

(% Contralateral Side)

st Pre Post Pre Post Pre Post

0 80 85 70 90 23 78

5 90 87 90 90 55 114

5 80 80 70 70 47 90

4 65 85 80 90 37 106

8 70 90 90 90 87 90

5 80 80 60 75 42 84

5 60 85 80 90 40 81

5 80 80 90 90 37 76

2 90 90 90 90 57 87

5 20 68 30 75 *

0 72 83 75 85 47 90

6 20 7 19 8 18 13

.055 .055 � .001

er extremity trauma. Pre, preoperative; Post, postoperative.

DASH

Modified
Green and
O’Brien

ost Pre Post Post

3 72 11 85 (Good)

0 69 0 100 (Excellent)

0 65 5 85 (Good)

9 89 12 95 (Excellent)

1 81 9 90 (Excellent)

7 61 29 70 (Fair)

5 61 24 80 (Good)

1 100 28 75 (Fair)

9 47 13 75 (Fair)

6 100 48 Not recorded*

5 75 18

0 18 14

� .001

Pre, preoperative; Post, postoperative.
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contact. In the PRC, all the joint forces are transmitted
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through the capitate to the lunate fossa while the contact
area is decreased by 86%.23 The reported increase in
pressure is 3.8 to 6.0 times that of a normal joint.23,24

Despite these significant changes in the joint loading
characteristics, 75% to 96% of patients are happy after
PRC23 and the procedure has good long-term re-
sults.25,26 Therefore, decreasing the joint surface area in
this arthroplasty procedure may not have as deleterious
an effect as initially thought. This is supported by the
lack of progressive arthrosis seen on our short-term
follow-up radiographs. In addition, unlike the PRC, in
this operation the remaining joint surface remains con-
gruous because both the scaphoid and lunate fossa are
available for load bearing; the joint surface available for
contact in most cases was around 70%. A similar strat-
egy of arthroscopic debridement to relieve mechanical
symptoms has been described for advanced Kienböck
disease.27 By removing the necrotic lunate, the authors
demonstrated pain relief and an increased arc of motion
in the midterm follow-up, although progression of os-
teoarthritic changes was observed in some of the cases.

Before performing the arthroscopic resection arthro-
plasty itself, it is necessary to carry out an extensive
arthroscopic arthrolysis,28,29 in order to create a work-
ing space and to remove restricting adherences. The
salutary effect of the arthroscopic arthrolysis in our
patients is undoubted, but in our opinion it is not suf-
ficient without contouring the radius surface as well.

FIGURE 4: A, B Patient 1, 3.5 years after the arthroplasty ope
arrows. Notice the removal of the radius spike in the lateral vie
Despite stepoffs in our patients, our results compare
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favorably with the results others have obtained in a less
involved population, which underscores the importance
of the resection arthroplasty.29 We should warn that in
common with all lysis procedures, range of motion
should be started immediately after the operation. Our
worst results were the 2 patients (numbers 6 and 10)
who could not be mobilized immediately after the index
operation, which emphasizes the error of combining the
arthrolysis and immobilization. The inclusion in the
study of patients 6 and 10, who could be considered
outliers owing to their concomitant injuries, was impor-
tant in our opinion. Their results demonstrate the im-
portance of early mobilization and the negative impact
that not mobilizing early may have on the outcome. It
should be underscored that their associated injuries did
not involve the radiocarpal joint or the musculotendi-
nous units that mobilize their wrists. Their exclusion
would have improved the results reported in this study.
Patient 10 is to be scheduled for another arthrolysis,
followed by immediate mobilization as soon as is fea-
sible.

All of our patients presented with symptoms of wrist
arthritis, including severe pain. It could be argued that
some of them may have improved spontaneously. How-
ever, all of our patients had their initial treatment sev-
eral months before presenting to the first author (aver-
age, 9 mo; range, 4–36 mo) and continued to be
symptomatic despite bony union. It is unlikely that their

n. Remodeling of the lunate fossa is evident and marked with
rrowhead) (patient 1, same as in Figs. 2 and 3).
ratio
condition would have resolved spontaneously, because
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posttraumatic wrist arthritis has been shown to be pro-
gressive8 and the cartilage loss on the carpal, opposite
the malunited distal radius area, was already extensive.
The lack of a control group may be a criticism of this
study, but the patients were symptomatic for a suffi-
ciently long period of time before the surgery was
performed; thus, they served as their own controls. A
possible confounding issue may be the number of con-
comitant procedures the patients had with the index
operation. Although it is unlikely that removing a volar
plate or debriding a triangular fibrocartilage complex
tear had a significant impact on the outcome, it may
have contributed to it. Another weakness of this study is
that the amount of radius cartilaginous surface resected
could not be accurately measured, only estimated. Un-
doubtedly a better method would have been a postop-
erative CT scan or, even better, a second-look arthros-
copy. Both were judged to be unnecessary expenses and
morbidities for the patient. On the other hand, the first
author, who has ample arthroscopic experience, calcu-
lated all intraoperative measurements.

With the small number of patients and relatively
short follow-up period, no definitive conclusions can be
made regarding the long-term efficacy of this proce-
dure. However, even if the effects are short-lived, it
may provide a temporary alternative to partial wrist
arthrodesis with minimal morbidity for active patients
or perhaps a definitive operation for less demanding
patients. This procedure has the undeniable advantage
of minimal morbidity, keeping multiple future treat-
ment options open, allowing immediate range of mo-
tion, and providing pain relief, at least in the short term.
Although speculative, the operation is probably not
indicated when more than 50% of the radius surface is
involved, even if the rest of the joint surface is com-
pletely intact.
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