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Distal radius orientation is important in evaluating Colles’ fracture. In most
cases, the wrist was protected by a bandage, splint, or cast. Therefore, it was
difficult for the radiology technician to take perfect anteroposterior and
lateral view radiographs. In this study, we build a mathematical model and
calculate the pronation angle needed to produce dorsal tilt, which is a volar
tilt in a perfect lateral view radiograph. The formulas are all incorporated into
Excel to facilitate usage.
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Introduction

Reduction and the indications for the operation of Colles’ fracture usually require the
guidance of x-rays. These x-rays include wrist anteroposterior and lateral views
evaluating volar (palmar) tilt and radial inclination (1-4). These two parameters are
in fact three-dimensional. We see patients with dorsal tilt in some lateral view
radiographs and volar tilt in others frequently.

Figure 1 showed a patient with normal anatomy. However, the lateral view showed
dorsal tilt.
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FIGURE 1
Wrist lateral view of a healthy Normal radius which showed dorsal tilt.

These findings raised some questions:

What is the mathematical model of distal radius?
2. When does the lateral view show dorsal tilt in normal distal
radius?

Methods

The orientation of distal radius cartilage is three-dimensional.
We must have a spatial concept when measuring it. Usually, it is
presented by volar tilt and radial inclination. Using vector
mathematics, we can present its orientation with a normal
vector. First, we assume a 3D coordinate system.

The z-axis is aligned by the axis of the radial shaft and
directed from the elbow toward the distal radius. The x-axis is
directed from the ulnar side toward the radial side. The y-axis
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FIGURE 2
3D coordinate system we used in this study.

is from the dorsal toward the volar side (Figure 2). Volar tilt
is 6. The inclination is y.

Now we can get the distal radius orientation vector by
trigonometric mathematics with the same principle (5).

Distal radius orientation normal vector (unit vector)
=(—cos 0 sin ¢, sin 6 cos ¢, cos 6 cos @)

In clinical practice, we usually take x-rays with some
rotation around the z-axis, either supination or pronation.
Thus, we use the rotation matrix to simulate this situation,

cos(a) —sin(a) 0
Rz(a) = | sin(a) cos(a) O
0 0 1
where “a” = rotation around the z-axis or pronation angle. A
positive value means pronation and negative means supination.
Thus, the normal vector after rotation “a” angle around the
z-axis becomes the multiplication of the two matrixes,

cos(a) —sin(a) 0| | —cos O sin¢
sin(a) cos(a) 0 sin 6 cos ¢
0 0 1 cos 0 cos ¢

And the results after multiplication are

Distal radius orientation normal vector(unit vector) =
(—cos 0 sin ¢ cos a — sin 6 cos ¢ sin a,

—cos 6 sin ¢ sin a + sin 6 cos ¢ cos a, cos 6 cos @)
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The excel program for the mathematical formula. The source code is as follows: "=ATAN((SIN(B2*PI()/180)*COS(A2*PI()/180)*COS(C2*PI()/180)-COS
(B2*P1()/180)*SIN(A2*PI()/180)*SIN(C2*PI1()/180))/(COS(B2*PI()/180)*COS(A2*PI()/180)))*180/PI()". Readers can copy and paste the code directly.

After pronating rotation “a” angle, the volar tilt becomes

« _»

Volar tilt after pronating rotation “a

=tan"' (Y component on normal vector/Z component of the
normal vector)
=tan™" ((—cos Osin @sin a + sin Hcos @cos a) cos Ocos @)).
This formula is incorporated into the Excel file (attachment
file) (Figure 3.)

Because cos 6 cos ¢ > 0,
Thus if (— cos 6 sin ¢ sin a + sin 6 cos ¢ cos a) > 0, it is
volar tilt;
if ((—cos 6 sin ¢ sin a +sin 6 cos ¢ cos a) <0, it is
dorsal tilt.
Then, we get the following:

If tan 6 > tan ¢ tan g, it is volar tilt;
if tan 6 < tan ¢ tan g, it is dorsal tilt.

or

if tan a < tan 6 cot ¢, it is volar tilt;
if tan a > tan 6 cot ¢, it is dorsal tilt.

We then get the result as follows:

If pronation (a) > tan! tan 6 cot ¢), it changed from
volar tilt to dorsal tilt. We incorporated it into excel. The
excel file is attached.

We also incorporated the formula “pronation=tan™"
(tan 6 cot ¢))” the file

material).

into Excel (supplementary

If we input the normal parameters, inclination 24°, and
volar tilt 12°, we get the result. It showed 25.5°, which means
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if the patient pronates its wrist larger than 25.5° the x-ray
will show dorsal tilt.

Results and discussion

We considered the distal radius articular surface a plane and
built a mathematical model of its normal vector. We used this
model and calculated the pronation angle, 25.5°, needed to
have dorsal tilt in normal patients.

Its clinical importance cannot be overlooked. In practice,
Orthopedics
perfect projection. We should always keep in mind that the

doctors can have every radiograph in
radiographs are in fact three-dimensional.

In Figure 1, there are two solid pieces of evidence of
pronation. First, the radial styloid is moved toward the
volar side. Second, the wulna is moved toward the
dorsal side.

In clinical practice, excessive pronation on the lateral
radiograph of the wrist usually happened during the
postoperative examination while excessive bandage (with
splint or cast) confused the radiology technician. The
confusing results also perplexed the surgeon. Our results

can solve this clinical problem.

Conclusions

We build a mathematical model for evaluating distal radius
orientation and we found that the volar tilt will become dorsal
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tilt if the pronation is larger than 25.5°. Further study may be
needed to determine precision.
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