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Abstract
Backgrounds: The aim of this study was to assess the e�cacy of a modi�ed intrafocal pinning technique
with three-dimensional (3D) planning to facilitate volar plating in dorsally comminuted intra-articular
distal radius fractures.

Methods: In total 35 AO/OTA type C2 and C3 fractures were �nally included. The 3D digital model of the
fracture was reconstructed based on preoperative computed tomographic (CT) images, with the
displacement of the comminuted dorsal fragment and the intra-articular fragment analyzed for
preoperative planning. During operation, a modi�ed intrafocal pinning technique was applied
percutaneously from the dorsal aspect of the radius to reduce the collapsed intra-articular fragment
following volar plating. Adequate reduction was con�rmed in all of patients considering radial height,
radial inclination and volar tilt in postoperative radiographs.

Results: No signi�cant fracture re-displacement was observed in most of the cases during a mean follow-
up period of 17.4 months, except for two patients with the C3 fracture. All of the patients achieved
adequate clinical ROMs at 12 months postoperatively, with a mean DASH score of 12.0. Most of the
patients achieved an excellent (n = 21) or good (n = 12) Gartland and Werley wrist score.

Conclusions: Our modi�ed intrafocal pinning technique with 3D planning contributes to a satisfactory
clinical and radiological outcome in dorsally comminuted intra-articular distal radius fractures �xed with
a volar locking plate.

Trial registration: Not applicable because the design of the study is retrospective.

Introduction
Distal radius fracture is the second most common fracture in the elderly. Dorsal comminution occurs in
about 60% of the distal radius fractures, which leads to a reduced stability of fracture �xation, and an
increased probability of fracture re-displacement[1]. Volar plating remains the most popular �xation
techniques for the distal radial fractures because of the safe and straightforward surgical approach[2].
For dorsally comminuted distal radius fractures, especially those with dorsal articular compression,
dorsal approach and plating were recommended to directly visualize the fracture fragment and to provide
su�cient dorsal buttress[3]. However, a higher incidence of complications was reported to be associated
with dorsal plating, which called for a less invasive method to facilitate fracture reduction and �xation for
dorsally comminuted distal radius fractures[4–6].

The intrafocal pinning technique, described by Kapandji in 1987, was de�ned as the insertion of pins into
the fracture site to lever the displaced fracture fragment into position[7]. Previously, the technique was
commonly indicated for extra-articular fracture of distal radius with minimal dorsal and volar
comminution[8]. Recent studies con�rmed the feasibility of the intrafocal pinning technique as a
reduction tool for unstable intra-articular fracture of distal radius �xed with volar locking plate[3, 9, 10]. In
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these studies, the dorsal cortex was considered crucial for the successful buttress effect provided by the
intrafocal K-wires. The application of the intrafocal pinning technique in dorsally comminuted intra-
articular distal radius fractures has never been investigated. In this study, we present a modi�ed
intrafocal pinning technique with three-dimensional (3D) planning to facilitate the reduction and �xation
of dorsally comminuted intra-articular distal radius fractures.

Methods
From January 2017 to Dec 2018, 41 consecutive patients with dorsally comminuted intraarticular distal
radius fractures were enrolled according to the inclusion criteria of (1) age between 18 to 70 years, (2)
AO/OTA type C2 and C3 fractures, (3) with dorsal metaphyseal comminution, and (4) meeting the
indications for open reduction and internal �xation (ORIF) recommended on the American Association of
Orthopaedic Surgeons (AAOS) standard[11]. Patients with delayed fractures, open fractures,
neurovascular injuries, or additional ipsilateral upper extremity fractures were excluded. The study
protocol was approved by our institution's Medical Ethics Committee and the informed consent was
obtained. All methods were carried out in accordance with relevant guidelines and regulations.

Preoperative posteroanterior (PA) and lateral radiographs, as well as computed tomographic (CT) images
were evaluated to classify the fractures according to AO/OTA system. CT scan (GE Revolution CT,
America) were performed using the following parameters: 130 kV, 21.6mAs, and 0.625 mm layer
thickness. The CT images were exported from the Picture Archiving and Communication System (PACS)
as Digital Imaging and Communications in Medicine (DICOM) �les and imported to the Mimics 15.0
software (Materialise, Leuven, Belgium). The bony structure around the wrist joint was revealed by
adjusting the threshold. The fractured distal radius was separated by applying the Region Growing
function during segmentation. The 3D digital model of the fracture was then reconstructed and analyzed
(Fig. 1a and b). The displacement of the dorsal fragment and the articular incongruency (step or gap)
were identi�ed and assigned different colors in Magics 21.0 software (Materialise, Leuven, Belgium)
(Fig. 1c and d). The 3D model exported as a binary stereolithography (STL) �le was then sent to the 3D
printer (Flashforge Guider 2S, USA) for 3D printing. The 3D printed model was used for further evaluation
of the features of the fracture (Fig. 2).

The operation was performed within 2 weeks after injury. All patients were operated on by one senior
attending surgeon. During operation, the arm was placed on a radiolucent side table with a tourniquet
applied to the upper arm. The modi�ed volar Henry approach was used with the longitudinal skin incision
performed in line with the �exor carpi radialis (FCR) tendon. With the FCR tendon and the �exor pollicis
longus (FPL) retracted ulnarly, the pronator quadratus was exposed and released from the radius with an
inverted L-shaped incision. With longitudinal traction maneuver, the fracture was provisionally reduced.
According to the integrity of the metaphyseal cortex, either the radial column or the palmoulnar fragment
could be reduced �rst to provide reference for the radial height and radial inclination. The volar fragments
were then reduced and temporarily �xed with K-wires. A 2.4-mm volar distal radial locking plate (Depuy-
Synthes, Oberdorf, Switzerland) was applied with the proximal end of the plate �xed to the proximal
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radial fragment (Fig. 3). Intrafocal pinning technique was applied percutaneously from the dorsal aspect
of the radius based on preoperative 3D planning. Namely, a K-wire (1.5 mm or 2 mm diameter) was
inserted through the fractured dorsal cortex to reduce the collapsed intra-articular fragment under
�uoroscopic guidance (Fig. 4). The fracture gap in the coronal plane could be reduced using
percutaneously applied pointed reduction forceps. Multiple subchondral pins were then inserted
percutaneously from the dorsal aspect to �x the reduced intra-articular fragment and the dorsal fragment.
To restore the volar tilt, the subchondral pins could be used to lever the distal fragment (Fig. 5 and Fig. 6).
The distal locking screws were then inserted through the volar plate to secure the intra-articular and
dorsal fragment (Fig. 7). Reduction and �xation were veri�ed using intraoperative C-arm. The stability of
the distal radioulnar joint (DRUJ) was routinely checked and compared with the contralateral side. Cast
immobilization, radioulnar pinning, or ulnar styloid ORIF was performed based on the instability of DRUJ
according to the established protocol[12, 13].

 

 

 

 

Postoperative radiographs and CT were routinely checked to evaluate the quality of fracture reduction
and �xation. Clinical and radiological assessments were performed at 6 weeks, 3 months, 6 months, and
12 months postoperatively according to our routine follow-up regime[12]. Radiological parameters
including radial inclination, volar tilt, and radial height were measured on the PACS according to the
protocols described in literature[14]. Differences in the radiological parameters between the postoperative
values and those taken at the 12-month follow-up were compared using paired-samples t test. Clinical
assessment and complications of included patients were recorded during follow-up. Patient wrist range
of motion (ROMs), pain, and functional outcomes were evaluated according to the Disabilities of the Arm,
Shoulder and Hand (DASH) score and the Gartland and Werley score at 12 months postoperatively. For
the statistical tests, P < 0.05 was considered statistically signi�cant. Statistical Product and Service
Solutions (SPSS) software (SPSS version 18.0, SPSS, IBM Inc., Armonk, NY, USA) was used for all
statistical analyses.

Results
Among the 41 patients enrolled during the study period, 35 were eligible for the �nal analysis. The other 6
patients were excluded because of a follow-up period less than 12 months. Patients' demographics were
shown in Table 1. There were 21 AO/OTA type C2 and 14 AO/OTA type C3 fractures. The mean age was
62.2 (29 to 83) years. The average follow-up time was 17.4 (12–24) months.
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Table 1
Demographic data of the patients

  Number

Age (years)  

Mean (min, max) 62.2 (29 to 83)

Gender  

Male 12 (34.28%)

Female 23 (65.71%)

AO/OTA classi�cation  

C2 21 (60%)

C3 14 (40%)

follow-up time (months)  

Mean (min, max) 17.4 (12 to 24)

 

Bone healing was achieved in all patients during follow-up. The union of bone was observed at 6 weeks
postoperatively in 27 patients, and at 3 months in the other 8 patients. One patient had a super�cial
wound infection postoperatively. The incision healed smoothly after dressing changes and antibiotic
treatment. No serious complication, such as nerve injury, tendon rupture, or implant failure was recorded
during follow-up.

Adequate reduction was achieved in all patients considering radial height, radial inclination and volar tilt
immediately postoperatively (Fig. 8). The immediate postoperative radial height was 10.4 ± 3.3 mm, the
radial inclination was 20.6 ± 4.2 degrees, and volar tilt was 6.6 ± 4.6 degrees. Comparing the �nal follow-
up radiographs with those taken immediate postoperatively, no statistically-signi�cant change in volar tilt
(P = 0.539), radial inclination (P = 0.142) or radial height (P = 0.275) was observed (Table 2). Most of the
patients maintained good reduction during follow-up, except for two patients with C3 fracture who
presented signi�cant re-displacement of the dorsal fragment with the change of the volar tilt measured to
be 12° and 15° respectively.
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Table 2
Radiographic evaluation during follow-up (Mean ± SD)

Variables   P value*

Postoperative Final follow-up

Radial inclination (°) 20.6 ± 4.2 20.2 ± 3.7 0.382

Volar tilt (°) 6.6 ± 4.6 6.2 ± 4.4 0.539

Radial height (mm) 10.4 ± 3.3 10.2 ± 3.5 0.275

* Comparison of Postoperative and Final follow-up parameters. Paired t test.

 

At 12 months postoperatively the mean ROMs in the injured side were measured to be: extension 71.3 ± 
6.7 degrees, �exion 70.2 ± 4.6 degrees, pronation 82.4 ± 4.9 degrees, and supination 85.7 ± 5.1 degrees.
No signi�cant difference was observed compared with the contralateral normal wrist in pronation and
supination, while statistically signi�cant differences were observed in extension and �exion (Table 3). All
of the patients achieved adequate clinical ROMs according to Ryu’s standard [15].

Table 3
Comparison of the range of motion between the Injured and the

Contralateral normal wrist at 12 months postoperatively (Mean ± 
SD)

Variables   P value*

Injured Side Contralateral Side

Extension (°) 71.3 ± 6.7 82.6 ± 7.2 0.016

Flexion (°) 70.2 ± 4.6 87.1 ± 5.4 < 0.01

Pronation (°) 82.4 ± 4.9 82.9 ± 4.5 0.520

Supination (°) 85.7 ± 5.1 86.1 ± 5.5 0.383

* Paired t test.

 

The mean DASH score was 12.0 (0–57) at 12 months follow-up. Considering different fracture types, the
DASH scores were 10.2 and 13.4 in AO/OTA C2 and C3 patients respectively. Most of the patients
achieved an excellent (n = 21) or good (n = 12) Gartland and Werley wrist score (Fig. 9), except for the two
patients presented signi�cant loss of volar tilt who resulted in a fair functional outcome. 

Discussion
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In this study, a modi�ed intrafocal pinning technique with 3D planning was used to facilitate the
reduction and �xation of dorsally comminuted intra-articular distal radius fractures following volar
plating. Postoperative radiographic and clinical assessment showed a satisfactory reduction and good to
excellent outcomes in most of the patients.

The original intrafocal pinning technique described by Kapandji was used with the pins maintained
throughout the fracture healing period[16]. This technique was proven to provide su�cient buttress
against dorsal extra-articular fractures of distal radius[16]. On the other hand, the limitations of this
pinning technique did exist. Some studies found that elderly patients with osteoporosis did not achieve
good functional outcome using the original intrafocal pinning technique[8, 17]. Besides, this technique
was not recommended for intra-articular distal radius fracture with dorsal or volar comminution[16]. The
integrity of the dorsal and volar metaphyseal cortex was considered crucial. Compared with the original
Kapandji technique, we used intrafocal pins through the fractured dorsal cortex to reduce the collapsed
intra-articular fragment. The prepositioned volar locking plate served as a buttress during this procedure,
which eliminated the need for a relatively intact volar metaphyseal cortex. Besides, in our technique,
multiple percutaneous subchondral pins from the dorsal aspect were applied to lever the articular surface
and hence to restore the volar tilt. An extra dorsal approach or dorsal plating was not required in this case
series.

Different modi�cations to the original Kapandji technique were reported in recent studies[3, 9, 10]. Huang
et al. reported a modi�ed sandwich method, in which the intrafocal K-wires were inserted from the dorsal
and radial site to reduce the dorsal and radial fracture displacement. The anatomic palmar plate was
then applied to build a sandwich structure for fracture �xation. The results showed that the sandwich
method could achieve similar radial height, radial inclination, volar tilt, and ulnar variance comparing with
the contralateral non-injured side[9]. Compared with our study, either the reduction of intra-articular
depression or the situation of dorsal comminution was not speci�ed in Huang’s report. Jirangkul et al.
also reported the application of the additional volar locking plate following Kapandji intrafocal K-wire
pinning[3]. A total of 57 cases of intra-articular fractures of the distal radius were treated, and most of
cases achieved good to excellent clinical outcomes[3]. Compared with our study, the intra-articular
fracture fragment was not reduced using intrafocal pinning technique in Jirangkul’s study. Besides, the
situation of dorsal comminution was not addressed in this study.

In our study, 3D digital models of the distal radius fractures were reconstructed preoperatively to analyze
the collapsed articular surface. The feasibility of CT-based virtual preoperative planning has been
investigated in previous studies[18–21]. Compared with the traditional preoperative planning techniques
using handwriting hardcopy radiographs along with tracing paper or simple measurements in the PACS,
the CT-based 3D preoperative planning was proven to provide better understanding of fracture shape and
displacement, especially in intra-articular fractures[22, 23]. In our case series, the collapsed intra-articular
fragment as well as the characteristics of the comminuted dorsal cortex were carefully analyzed
preoperatively in the 3D digital model, which provided guidance for the entry point and orientation of
intrafocal pinning.
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Most of the patients (94.3%) achieved excellent or good functional recovery in our study, probably due to
the adequate fracture reduction including the recovery of radial inclination, volar tilt, and radial height,
which were proven crucial for a satisfactory outcome [24, 25]. Considering different fracture types, all of
the AO type C2 fractures resulted in good or excellent functional outcome. Compared with Chou’s study, in
which an excellent or good outcome was achieved in 86.4% (19/22) of the patients with C3 dorsally-
comminuted distal radial fractures treated with dorsal plating, our study showed similar results in C3
fractures with 85.7% (12/14) of the patients resulted in good or excellent functional recovery[26]. This
indicated that our modi�ed intrafocal pinning technique could facilitate volar plating and lead to similar
clinical outcome as dorsal plating, even in dorsally comminuted C3 distal radius fractures.

This study had several limitations. First, the study included limited numbers of patients, partly because it
was a single-surgeon study. Besides, some patients were excluded due to inadequate follow-up period of
less than 12 months. Nevertheless, only the patients operated by one senior attending surgeon were
includes, which prevented bias owing to the difference of surgeons’ experience and preference. Another
limitation was the lack of comparison with other reduction techniques. Future studies with a larger
sample size or with other technique as control group are needed to evaluate the clinical results.

Conclusions
The modi�ed intrafocal pinning technique with preoperative 3D planning in this study contributes to a
satisfactory clinical and radiological outcome in dorsally comminuted intra-articular distal radius
fractures with volar locking plate �xation.

List Of Abbreviations
3D Three dimensional

CT Computed Tomography

ORIF: Open reduction and internal �xation

AAOS: The American Association of Orthopaedic Surgeons

PA: Posteroanterior

PACS: Picture Archiving and Communication System

DICOM: Digital Imaging and Communications in Medicine

STL: Stereolithography

FCR: Flexor carpi radialis

FPL: Flexor pollicis longus
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Figures

Figure 1

The 3D digital model was reconstructed to analyze the feature of the fracture. The dorsal view (a) and the
top view (b) of the distal radius were shown in Mimics software to identify the displacement of the dorsal
fragment and the articular step. In Magics software, the dorsal fragment (orange) and the intra-articular
fragment (green) were identi�ed and assigned different colors (c and d).



Page 14/19

Figure 2

The dorsal view (a) and the top view (b) of the 3D printed model was shown to evaluation of the features
of the fracture. VF = volar fragment; IF = intra-articular fragment; RF = radial column fragment; DF =
dorsal fragment.

Figure 3

The dorsal view (a) and the top view (b) of the 3D printed model was shown to evaluation of the features
of the fracture. VF = volar fragment; IF = intra-articular fragment; RF = radial column fragment; DF =
dorsal fragment.
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Figure 4

A series of the intraoperative C-arm images showing the insertion of the K-wire through the fractured
dorsal cortex (a) to elevate intra-articular impaction (b and c).
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Figure 5

A series of the intraoperative C-arm images showing the levering maneuver using multiple subchondral
pins to recover the volar tilt.

Figure 6

Percutaneous clamping technique to reduce the fracture gap in coronal plane. a) The C-arm images
showing percutaneous clamping; b) Percutaneous clamping and the levering maneuver described in
Figure 5.
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Figure 7

A series of the intraoperative C-arm images showing the �xation of intra-articular fragment and the dorsal
fragment with distal locking screws inserted through the volar plate.
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Figure 8

Pre- and post-operative sagittal view CT images showing the reduction and �xation of the articular
fragment. a) Pre-operative CT image showed the articular step and gap, as well as the dorsal
comminution of the fractured distal radius; b) Post-operative CT image showed the articular step and gap
were well reduced.
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Figure 9

The Range of motion of a 55 years old female patient with AO23-C2 fracture on her right extremity. The
�exion (a), extension (b), supination (c) and pronation (d) of the wrist recovered well in 12 months after
surgery.


