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INFO ARTICLE ABSTRACT

Historique d? l’qrticle: Background. - The watershed line is widely accepted as the distal limit of the volar locking plate (VLP);

Recu le 13 février 2022 however, the VLP placement could vary depending on the plate contour and morphology of the distal

Accepté le 6 juin 2022 radius. The aim of this study was to investigate the morphology of the distal radius and VLP fitting using
3D images.

Hypothesis. - We hypothesized that attachment of the VLP would affect the contour of the volar promi-
nence of the distal radius.
Patients and methods. - Variable-angle LCP two-column volar distal radius Plate 2.4 and 16 formalin-fixed
cadavers were studied. The plate and forearm were scanned using a computed tomography scanner. The
plate was fixed to the radial shaft in the most distal position without flexor pollicis longus tendon contact.
Postero-antero and lateral radiographs were obtained using fluoroscopy. Postero-antero radiographs
were superimposed on a 3D image of the distal radius. The virtual plate was attached to the distal radius
in the computer simulations and the plate was adjusted in the sagittal plane. In the postero-antero
radiographs, the distance between the plate and distal end of the radius (DPR) was measured. In the
sagittal plane, the height of the volar lunate facet (VLF) and the plate-to-bone distance of each locking
screw hole was measured. The volar cortical angle (VCA) was measured as the angle formed by a line
drawn along the volar surface and a line drawn on the radial shaft on the sagittal plane at each locking
screw plane.
Results. - A significant correlation was observed between the height of the VLF and the DPR and between
the height of the VLF and the VCA. The plate-to-bone distance at the ulnar screw hole was significantly
smaller than that of the other screw holes.
Discussion. — Our study revealed that the higher the VLF, the more proximal is the VLP. The plate fits on
the bone surface at the ulnar side, whereas the radial side has more space between the plate and bone.
Level of Evidence. - 111, diagnostic Level.

© 2022 Les Auteurs. Publié par Elsevier Masson SAS. Cet article est publié en Open Access sous licence

CC BY (http://creativecommons.org/licenses/by/4.0/).

Abbreviations 1. Introduction

The volar locking plate (VLP) is one of the preferred treatments
for patients with unstable distal radius fractures [1-3]. Previous

VLP volar locking plate studies have attempted to clarify the morphology of the distal
VLF volar lunate facet radius with reference to VLP surgery [4,5]. The volar ridge of the
DPR distance between plate and distal end of the radius distal radius, known as the watershed line, was first described by
VCA volar cortical angle Orbey et al. [2]. The watershed line is widely accepted as the distal
FPL flexor pollicis longus limit of the VLP; however, the VLP placement could vary depending

on the plate contour and morphology of the distal radius. Buzzell
et al. reported plate and bone contact using a pressure-sensitive
film. The average values for plates ranged from 3% to 6%, and all
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The volar cortical angle (VCA) was reported as the angle formed
by a line drawn along the volar surface of the distal radius and a line
drawn on the radial shaft [7-9]. Although a previous report used
VCAtoinvestigate plate-to-bone fit, the 3D morphology of the distal
radius would contain more complexity. Clinical studies using 3D
images provide useful information and computerized anatomical
evaluations can be performed accurately with a less invasive 3D
investigation [8-13].

The aim of this study was to investigate the morphology of the
distal radius and VLP fitting using 3D images. We placed VLPs on
the cadaver wrist in the most distal position without flexor pollicis
longus (FPL) tendon contact. We hypothesized that attachment of
the VLP would affect the contour of the volar prominence of the
distal radius.

2. Materials and methods

The ethics committee of our institution approved the study
(MH2020-127). We studied variable-angle LCP two-column volar
distal radius Plate 2.4 (VALCP; Depuy Synthes, West Chester, PA).
This plate is currently widely used and has an anatomically precon-
toured design. We used extra-small or small plates depending on
the fitting to the patients. These sizes are commonly used in Japan.
A convenience sample of 16 formalin-fixed left upper limbs (10
males and 6 females; age 72-92 years) without traumatic changes
was used. These specimens were donated to our institute for edu-
cational and research purposes. The mean width of the distal radius
was 30.5 mm (range 27-34). The flexor muscle was exposed by dis-
section of the skin and subcutaneous tissue on the forearm. We
maintained the origin of the FPL muscle in its anatomical posi-
tion, whereas the pronator quadratus was removed. Prior to plate
placement, the forearm and plate were scanned using a 16-row
multislice computed tomography scanner (ECLOS; Hitachi Medical
Corporation, Tokyo, Japan).

2.1. Plate placement and radiography

All plate fixations were performed by the first author under
direct vision. The plates were attached in the most distal position
without FPL tendon contact and with the best fit in the radioul-
nar position according to Kikuchi et al. [14]. The plate was fixed to
the radial shaft using a cortical screw. Another orthopedic surgeon
confirmed that the plate was not in contact with the FPL tendon
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Fig. 1. Aline is drawn perpendicular to the radial shaft over the plate end and distal
radius. An arrow indicates distance between plate-to-distal end of the radius (DPR).

with a wrist extension of 30°. Postero-antero (PA) and lateral radio-
graphs were obtained using fluoroscopy.

2.2. Measurement of the PA radiographs

In the PA radiographs, a line was drawn perpendicular to the
radial shaft over the plate end and distal radius (Fig. 1). The dis-
tance between the lines indicates the distance between the plate
and distal end of the radius (DPR). Radiographic parameters were
measured using a PACS imaging system (FUJITSU, Tokyo, Japan).

Fig. 2. Plate positioning methods in the computer simulation. A. Postero-antero radiographs. B. 3D bone model is superimposed on postero-antero radiograph. C. 3D plate
model is superimposed on the images. D. On the sagittal view, the plate is adjusted without plate-bone intersections. E. Fitting is confirmed in reference to lateral radiographs.
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Table 1
Measurement results of the height of the VLF, DPR, VCA, and the plate-to-bone
distance.

Mean SD
The height of the VLF (mm) 10 1.5
DPR (mm) 24 13
VCA (mm)
H1 28.6 43
H2 30.1 4.8
H3 355 6.2
H4 41.1 5.7
The plate-to-bone distance (mm)
H1 13 0.5
H2 1.2 0.4
H3 1.1 0.4
H4 0.5 0.3

VLF: volar lunate facet; DPR: distance between plate and distal end of the radius;
VCA: volar cortical angle.

2.3. Methods for plate positioning in the computer simulation

All imaging data were transferred to a dedicated software pro-
gram to create 3D images of the forearm and plate (Mimics version
24 and 3-matic version 16; Materialise N.V., Leuven, Belgium). PA
radiographs were superimposed on a 3D image of the distal radius
(Fig. 2). As a reference, the plate position on the PA radiograph
was attached to the distal radius in the computer simulations. On
the sagittal plane, the plate was adjusted to obtain an optimal fit
without plate-bone intersections.

2.4. Measurement of the 3D images

We marked the apex of the volar lunate facet (VLF) and the flat
surface of the distal radius. In the sagittal view, we defined the
height from the flat surface to the apex of the volar lunate facet
as the height of the VLF (Fig. 3). In the bone and plate images, we
defined each locking screw hole in the distal row as H1, H2, H3 and
H4 (Fig. 4). We created images of the sagittal section at the center
of the screw hole (Fig. 4). In each image of the sagittal section, we
measured the distance from the plate to the farthest point of the
volar surface. We defined this value as the plate-to-bone distance
inH1,H2, H3 and H4 (Fig. 5a). In the same image, the VCA was mea-
sured as the angle formed by a line drawn along the volar surface
and a line drawn on the radial shaft in H1, H2, H3, and H4 (Fig. 5b).
The first author measured all parameters twice and used the mean
of the measurements as the final value.

2.5. Outcome setting and statistical analysis

The heights of the VLF, DPR, VCA, and plate-to-bone distances
were measured. We examined the correlation between the DPR
and the height of the VLF and between the VCA and the height of
the VLF. We compared the plate-to-bone distances and the VCA
between H1, H2, H3, and H4.

Pearson’s test was used for correlations between DPR and the
height of the VLF and between VCA and the height of the VLF. One-
way analysis of variance with the Tukey test was used to evaluate
the plate-to-bone distance between H1, H2, H3, and H4. Statistical
significance was set at p <0.05. Data analyses were conducted using
Stat Mate 4 software (Tokyo, Japan).

3. Results

The heights of the VLF, DPR, VCA and plate-to-bone distances are
shown in Table 1. The VCA at H4 was significantly larger than that
atH1(p<0.001),H2 (p<0.001)and H3 (p <0.05). The plate-to-bone
distance at H4 was significantly smaller than that at H1 (p <0.001),
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Fig. 3. Methods of measurement in the computer simulation. Height from the cor-
tical screw hole to the apex of the volar lunate facet is defined as the height of the
volar lunate facet (VLF).

H2 (p<0.001)and H3 (p <0.01). A significant correlation was obser-
ved between the height of the VLF and DPR (p< 0.01,r=0.67) (Fig. 6)
and between the height of the VLF and VCA in H4 (p= 0.02, r=0.56)
(Fig. 7).

4. Discussion

In this study, the VCA on the ulnar side was larger than that at
the radial side. Evans et al. measured the VCA at the midpoint of
the scaphoid fossa, at the lateral edge of the lunate fossa, and at the
medial edge of the lunate fossa [15]. They reported that the VCA at
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H1
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H3 H4

Fig. 4. The locking screw hole of the distal row indicates H1, H2, H3, and H4. Each line indicates the sagittal section in H1, H2, H3, and H4. Figure shows sagittal section of

each screw hole.

a

Fig. 5. A. Sagittal section in H4. Asterisk indicates the plate-to-bone distance. B.
Sagittal section in H3. Black arrow head indicates volar cortical angle (VCA).

the midpoint of the scaphoid fossa was significantly smaller than
that at the lunate fossa. Our results are similar to those of Evans
etal.

The plate-to-bone distance at H1 was significantly larger than
that at H4. This result indicates that the plate fits most of the bone
surface at the ulnar side, whereas the radial side has more space
between the plate and bone. This result supports previous reports
that plates make point contact with the bone [6,16]. Kwak et al.
reported the VCA of commercially available VLPs [8]. They reported
that the VCA of the VLP used in this study was 21° in the radial
column and 27° in the intermedial column [8]. We speculated that
the compatibility of the plate would increase if the plate changed
its form to lower VCA angles at the radial column. Further studies
are necessary to establish a consensus on this issue.

Yoneda et al. studied the plate-to-bone fit using radiographic
parameters [16]. They measured the teardrop inclination angle
(TIA), which is the angle formed by the volar lunate facet and
radial shaft. The study concluded that a low TIA showed better

The height of the VLF
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Fig. 6. The height of the VLF was positively correlated with DPR.
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Fig. 7. The height of the VLF was positively correlated with VCA.

compatibility than a high TIA. The current study revealed that the
higher the VLF, the more proximal is the VLP. The height of the
VLF affects plate compatibility. In addition, the height of the VLF
correlated with VCA. Surgeons can predict whether a plate can be
placed distally or proximally from lateral radiographs of the unin-
jured side. These topics would be useful for treating patients with
distal radial fractures. However, further investigations on related
factors forming volar ridge, including the type of distal radioulnar
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joint, shape of the carpal bone, and deformity due to osteoarthritis,
are necessary.

Our data were obtained using a 3D computer model and we did
not directly measure the plate-to-bone distance. Gehweier et al.
studied the screw length of the VLP using both a 3D printed bone
model and a scanned 3D computer model [11]. They reported a
high correlation between the two methods and concluded that the
computer model was less invasive and reliable. The strength of this
study is its 3D simulation using superimposed data. Superimposi-
tion with radiographs and 3D images can accurately recreate plate
placement in the PA direction. In the sagittal view, the flat surface
of both the radial shaft and VLP was advantageous for confirming
fitting without plate-bone intersections. This method can evaluate
plate and bone relations in detail without image artifacts.

This study has several limitations. First, the sample size was
small. Second, the plate was placed without FPL tendon contact.
This technique involved subjective decisions and could have
affected the VLP placement. To handle this error, two surgeons
confirmed VLP placement. Our procedures would be more in line
with clinical practice than previous studies that did not consider
tendon irritation [8,9,11,16-19]. It would be useful if surgeons can
predict the distal setting of VLPs without FPL irritation. Third, we
used formalin-fixed cadavers, which may alter soft tissues and
muscles. Matityahu et al. studied the contact pressure between the
FPL and VLP using fresh-frozen cadavers. In this study, the pres-
sure showed a 7% increase in wrist extension from 25° to 60° [20].
A study using fresh cadavers may increase the reliability of mea-
surements. Fourth, we used Japanese specimens with plates from
Western countries. A previous study described that the VCA was lar-
ger in Caucasians than in Koreans [21]. The use of specimens from
Western countries may have led to different results. Fifth, although
we attached the plate with the best fit in the radial-ulnar position,
the plate might not be attached accurately. This may have affected
the measurements. Finally, we used only a one-plate design. Cur-
rently, various plates are used, depending on the fracture pattern
[5,13,14,22]. Further studies, including other plate designs, would
provide useful information.

5. Conclusion

Our study revealed that the higher the VLF, the more proximal
is the VLP. The height of the VLF was correlated with the VCA. The
plate fits on the bone surface at the ulnar side, whereas the radial
side has more space between the plate and bone. Our data could
provide surgeons with anatomical features of the distal radius with
reference to volar locking plate surgery.
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