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ABSTRACT

Malunion after distal radial fractures with intra-articular and extra-
articular deformities is difficult to treat. We report two cases of
simultaneous intra-articular and extra-articular corrective osteotomies
for malunion after distal radius fractures using a patient-matched
surgical guide and plate (patient-matched instruments [PMIs]) created
based on a preoperative computer simulation. Both patients
experienced pain and limited range of motion in the wrist and forearm.
Three-dimensional models were created using CT to simulate
corrective osteotomy. Two types of PMIs were created to correct the
extra-articular deformity and intra-articular step-off. Intra-articular and
extra-articular corrective osteotomies were simultaneously performed
using the PMIs. In postoperative imaging evaluations, the average
step-offs were reduced from 4.5 to O mm and extra-articular
deformities were anatomically corrected. The average visual analog
scale score decreased from 55/100 to 12/100 mm, indicating
substantial pain relief. In addition, there was a notable improvement in
range of motion: flexion increased from 42.5° to 62.5°, extension from
57.5° to 75°, pronation from 67.5° to 85°, and supination from 47.5°
to 82.5°. Simultaneous intra-articular and extra-articular corrective
osteotomy using a patient-matched surgical guide and plate is a
valuable technique for correcting complex deformities and ensuring
precise osteotomy.

alunion is a common complication of distal radius fractures.! Wrist
dysfunction, including limited range of motion (ROM), pain,
decreased grip strength, and delayed onset of median nerve
neuropathy, occurs because of persistent deformity.>* Corrective osteotomy
resolves these complications by attaining normal wrist alignment.>~”
Recently, reports have shown favorable outcomes of corrective osteotomy
for either intra-articular or extra-articular deformities using patient-matched
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Intra-articular and Extra-articular Corrective Osteotomies

surgical guides.’® However, there are few reports on the
simultaneous correction of intra-articular and extra-
articular deformities.?3

For corrective osteotomy in our institution, patient-
matched plates and surgical guides (patient-matched in-
struments [PMIs]) are used to achieve accurate correction
and sufficient fixation.” To our knowledge, no studies
have reported the use of PMIs for corrective osteotomy
in patients with malunion after distal radial fractures
with intra-articular and extra-articular deformities. In
this article, we report two cases of the application of
PMIs in simultaneous corrective osteotomy for intra-
articular and extra-articular radius malunions.

Case Report

Case 1

A 64-year-old woman had a left distal radial fracture
(AO type C1). Initial conservative splint treatment re-
sulted in malunion. She was referred to our hospital
because of wrist pain and restricted ROM. Grip strength
was reduced to 12 kg on the affected side (50% of the
unaffected side). Radiography revealed a volar tilt (VT)
of 38°, radial inclination (RI) of 12°, and ulnar variance
(UV) of +5 mm. CT showed an intra-articular step-off
of up to § mm and volar dislocation of the carpal bones
(Figure 1).

Case 2

A 78-year-old woman presented with a left distal radial
fracture (AO type C1). Initial conservative treatment
was a cast, which resulted in malunion. Subsequently, she
reported of wrist pain and restricted ROM and was
referred to our institution for malunion treatment. Her
grip strength had reduced to 5 kg on the affected side
(30% of the unaffected side). Radiography revealeda VT
of —30°, RI of 18°, and UV of +5 mm. CT revealed an
intra-articular irregularity characterized by a 4-mm
step-off and a 7-mm gap at the sigmoid notch (Figure 2).

Simulation and Surgery

For deformity evaluation and corrective osteotomy
planning, three-dimensional (3D) bone models were
created from CT images using software (BoneSimulator;

Teijin Nakashima Medical). In Case 1, the extra-
articular deformity, evaluated against a mirrored image
of the unaffected side, showed radial flexion, 0.5°; pal-
mar flexion, 19.2°; pronation, 8.9°; and intra-articular
step-off, 5 mm (Figure 3). Corrective simulation was
performed based on the mirrored image (Figure 4, A). A
patient-matched plate (Accurio deformity correction
system; Teijin Nakashima Medical) was designed to fit
the volar bone surface after correction and provide
sufficient fixation strength for the insertion of multiple
screws, including into the intra-articular bone fragment.
The extra-articular surgical guide was shaped to fit the
bone surface and had an osteotomy slit and predrilled
screw holes. The intra-articular surgical guide had
multiple drilling sleeves to divide the malunited frag-
ment using an extra-articular approach, thus eliminat-
ing intra-articular step-offs. To precisely define the
placement of the guide, it was designed to fit both the
volar bone surface and the osteotomy plane (Figure 4,
B-D).

The corrective osteotomy was conducted 7 months
after the initial injury. Extra-articular osteotomy was
conducted first by setting the extra-articular surgical
guide on the radius, predrilling screw holes for the
patient-matched plate, and then cutting the bone using a
slit (Figure 5, A). Subsequently, intra-articular oste-
otomy was conducted. An intra-articular surgical guide
was fitted to the distal bone fragments, both the volar
bone surface and the osteotomy plane. Multiple drill
holes were made through the drill sleeves using a 1.2-
mm diameter Kirschner wire, and the fragment was
divided along the drill holes (Figure 5, B). The separated
fragments were realigned using fluoroscopy and fixed
with two double-threaded headless screws (Double
Threaded Screw; MEIRA) to correct the intra-articular
deformity. Finally, a patient-matched plate was placed
by inserting screws into the predrilled holes, automati-
cally completing the correction and fixation of the extra-
articular deformity (Figure 5, C). The defect was grafted
with an iliac bone and an artificial bone.

Postoperative radiography showed that the extra-
articular deformity was corrected to a VT of 14°, RI of
25°, and UV of 0 mm (Figure 6, A and B). On post-
operative CT, the intra-articular step-off was reduced
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Figure 1
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Preoperative plain radiographs of case 1: (A) anterior-posterior view; (B) lateral view. (C) CT in the sagittal plane reveals an intra-articular

step-off and volar dislocation of the carpal bones (arrowhead).

from 5 to 0 mm, with correction of the volar displace-
ment of the carpal bones (Figure 6, C). Bone fusion was
confirmed without corrective loss 4 months postoper-
atively. At the latest follow-up, 1 year postoperatively,
ROM had improved from 60° to 75° for flexion, 40° to
70° for extension, 80° to 90° for pronation, and 40° to
80° for supination (Figure 7). Activity-related pain was
reduced from a visual analog scale score of 30/100 to
14/100 mm, and grip strength was increased to 80% of
the unaffected side strength. The patient resumed nor-
mal activities without impairment.

The same procedures were performed for Case 2. A
3D CT scan revealed an extra-articular deformity with
26° of radial flexion, 49° of dorsal flexion, and 14° of
pronation and an intra-articular deformity with a 4-mm

Figure 2

step-off and a 7-mm gap (Figure 8). Given the dorsal
location of the intra-articular deformity, an intra-
articular osteotomy guide was specifically designed for
dorsal application. Corrective osteotomy was conducted
6 months after the initial injury. An approach from the
volar side was first used to perform the extra-articular
osteotomy. Subsequently, extra-articular reduction was
performed using a patient-matched plate, and iliac and
artificial bone were grafted at the defect. The dorsal side
was exposed, and osteotomy was performed using an
intra-articular cutting guide. The bone fragment was
reduced with pressure against the articular surface and
fixed using double-threaded headless screws.
Postoperative radiography showed a VT of 18°, RI of
20°, and UV of +1 mm, indicating improvement (Figure 9,

Preoperative plain radiographs of case 2: (A) anterior-posterior view; (B) lateral view. (C) CT in the axial plane reveals a step-off at a

sigmoid notch (arrowhead).
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Figure 3

Three-dimensional CT scan using a mirrored overlay of the unaffected side to assess deformities. (A) Extra-articular deformities include
palmar flexion and pronation. (B) Intra-articular deformity showing a bone fragment with a step-off on the volar side of the lunate fossa

(dotted lines represent the fracture lines).

A and B). The intra-articular deformity was reduced
from a 4-mm step-off and 7-mm gap to 0 mm for both
(Figure 9, C). Bone fusion was confirmed without
corrective loss 6 months postoperatively. The ROM
improved from 25° to 60° for flexion, 75° to 80° for
extension, 55° to 80° for pronation, and 55° to 85° for
supination. Activity-related pain reduced from a visual
analog scale score of 80/100 to 10/100 mm, and grip

Figure 4

strength increased to 75% of the unaffected side
strength.

Discussion

Malunion after distal radial fractures is a notable com-
plication in approximately 5.3% of cases.'® The mal-
union rate after conservative treatment is particularly

Scan demonstrating (A) corrective simulation performed using the mirrored image of the unaffected side as a reference; (B) a plate
designed to fit the surface of the bone after reduction and allow the insertion of multiple screws into the intra-articular bone fragment;
(C) an extra-articular osteotomy guide featuring sleeves for creating screw holes and cutting slits; and (D and E) an intra-articular

osteotomy guide designed to fit both the original bone surface and the osteotomy plane (arrowhead), enabling multiple perforations for

osteotomy using an extra-articular approach.
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Figure 5
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Image demonstrating (A) screw hole creation and extra-articular osteotomy, (B) intra-articular osteotomy, and (C) plate placement.

high (15.6% to 37.5%).1%-12 Malunion has a substantial
effect on clinical outcomes, with extra-articular de-
formities of >10° dorsal tilt and shortening of >3 mm,
contributing to wrist dysfunction.'3 Intra-articular de-
formities with a step-off >2 mm contribute to osteo-

arthritic changes.’> For symptomatic malunion,
corrective osteotomy is performed to restore normal
anatomy.>14

Various reports have described this corrective oste-
otomy method for malunion after distal radial fractures.
Patient-matched surgical guides from preoperative 3D
CT have been introduced to achieve accurate osteotomy
correction. Regarding treatment outcomes, extra-
articular deformities can be corrected with an accuracy
of 1 mm and 1°,” and for intra-articular deformities,
step-offs can be reduced to approximately 1 mm.>%-15

However, when corrective osteotomy is required for
both intra-articular and extra-articular deformities,

Figure 6

treatment becomes challenging. Few studies report the
simultaneous correction of both intra-articular and
extra-articular deformities .82 because the simultaneous
procedure is associated with a risk of necrosis of the
intra-articular bone fragments, particularly with the
addition of osteotomy sites. The use of patient-matched
surgical guides allows osteotomies to be performed from
outside the joint without damaging the joint capsule,
resulting in the preservation of soft tissue attached to the
bone fragments.® Furthermore, the simultaneous fixa-
tion of multiple bone fragments is complex. Meticulous
attention is needed for plate placement and fixation
between bone fragments to secure multiple bone pieces.
The patient-matched surgical guides enable osteotomy
and screw hole creation as planned preoperatively. In
addition, by using a patient-matched plate, screws can
be positioned at any location according to the preop-
erative plan, and the plate can be shaped to fit the bone

Postoperative plain radiographs: (A) anterior-posterior view; (B) lateral view. (C) CT in the sagittal plane reveals the disappearance of the

step-off and reduction of the carpal bones (arrowhead).
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Figure 7

(A) Preoperative and (B) postoperative patient images. An improved range of motion was observed (*affected side).

surface after reduction, thereby simplifying the com-
plexity of the reduction.'® Patient-matched plates
closely fitted to the bone surface also minimize damage
to soft tissues and interference with the flexor tendons.

In our cases, satisfactory correction angles were ach-
ieved for extra-articular deformities and intra-articular
deformities were also reduced to <1 mm. These results
suggest that performing both intra-articular and extra-

Figure 8

articular corrective osteotomies simultaneously using
PMIs may achieve a level of precision comparable with
that achieved with these procedures separately. In addi-
tion, improvements were observed in both postoperative
ROM and pain relief, and bone fusion was achieved
within 6 months postoperatively, without bone fragment
necrosis. Consequently, we believe that simultaneous
corrective osteotomy using PMIs for both intra-articular

Three-dimensional CT scans for deformity assessment: (A) extra-articular deformities included radial flexion, extension, and pronation.
Intra-articular deformity with a bone fragment exhibiting a step-off on the dorsal side of the lunate fossa. (B-D) Similar to case 1, a plate
and osteotomy guide were designed. The intra-articular osteotomy guide was designed to be positioned from the dorsal side of the

radius.

6 Journal of the AAOS Global Research & Reviews® |

March 2025, Vol 9,No3 | © American Academy of Orthopaedic Surgeons



Figure 9
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Postoperative plain radiographs: (A) anterior-posterior view; (B) lateral view. (C) CT in the axial plane reveals the disappearance of the

step-off (arrowhead).

and extra-articular deformities after distal radius frac-
tures is a highly effective treatment method.

This study had some limitations. First, the relatively
short follow-up period limited the assessment of long-term
outcomes. Second, even if an osteotomy is performed from
outside a joint without damaging the joint capsule, multiple
drilling into small bone fragments could lead to osteonec-
rosis, especially in patients with osteoporosis. In cases with
fairly small bone fragments or osteoporosis, it is crucial to
determine the number of screws considering stability and
the risk of osteonecrosis. Furthermore, osteoporotic pa-
tients are at risk of collapse even if they do not develop
osteonecrosis. Therefore, it is essential to design plates that
offer robust support to the volar surface of intra-articular
fragments and provide subchondral support with screws.
Concurrently, the use of anabolic agents, such as teripara-
tide, is recommended for the treatment of osteoporosis.
Moreover, PMI creation requires notable time and cost,
which may not be feasible in clinical settings. Approxi-
mately 2 weeks are needed to manufacture the instruments,
with the patient-matched surgical guide and plate costing
approximately 600 and 2000 USD, respectively.!>1”
However, because corrective osteotomies for both intra-
articular and extra-articular deformities are inherently
complex procedures, our method seems a viable option for
patients with severely impaired wrist function after intra-
articular and extra-articular fractures, who may require
salvage surgery such as arthrodesis. We believe that as this
technology becomes more affordable and widely adopted,
its range of applications will expand markedly.

Journal of the AAOS Global Research & Reviews® |

Conclusion

Simultaneous corrective osteotomy using PMIs was
conducted for intra-articular and extra-articular mal-
unions after distal radial fractures. Both patients ach-
ieved satisfactory outcomes, suggesting that PMIs are
useful surgical options for corrective intra-articular and
extra-articular osteotomy.
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