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Abstract

Establishing symmetry in cranial prosthesis is important for better esthetics. This article
presents an extremely simple and inexpensive technique for obtaining symmetry with the help
of simple geometrical instruments. As a prosthodontist, it is required that maximum corrections
be made at the wax up stage. Hence, major corrections are not needed in the final prosthesis

after curing with clear heat-polymerizing acrylic.
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Abbreviations
HA- hydroxyapatite, PMMA- polymethyl methacrylate, PEEK- polyether ether ketone.
Introduction

Craniectomy is performed in cases of brain swellings, complex skull fractures, intra-cranial infec-
tions, tumors, traumas, congenital deformities, etc. all of which jeopardize the functional and psy-
chological status of the patient [1, 2]. Autologous bone should always be preserved and used later,
but in many circumstances it is not possible because of comminuted fractures, tumor invasion, and
various other factors [3]. The alloplastic materials that have been used for cranial reconstructions are
hydroxyapatite (HA), polymethyl methacrylate (PMMA), titanium, and polyether ether ketone (PEEK)
[4-6]. The use of PMMA dates back to World War II. Light weight, low radio-opacity, strong resilience
to functional stresses, easy handling, and good biocompatibility and aesthetic results have made it
the material of choice over a period of time [7, 8]. It has been proved by various studies that well con-
toured cranial implants require less surgical time, fewer screws to fix the prosthesis, and provide bet-

ter aesthetics, which increases the social performance of the patient [9]. The present article describes
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a simple and cost effective technique to accurately obtain symmetry in cranial implants. It requires simple geometrical instruments

like a clinometer, calibrated compass, a leveler, graph paper, a graphite marker, and a permanent marker.
Materials and Methods

1. Ona graph paper, mark the center and draw two lines at crossing at 90° each. Divide each quadrant into 6 equal parts by drawing
lines at 15° each (Fig. 1).

2. Putthe 3-D printed polylactic acid model (PLA) on the paper. With the help of thread and marker, draw lines in the sagittal plane
from the mid of the frontal region to the mid of the occipital region. In the coronal plane, draw lines from a chosen landmark
(near the temporal region) to the same landmark on the contralateral side. (Fig. 2 & Fig. 3).

3. With the help of a calibrated compass, which has a metal pin at one end and a graphite marker at the other, draw concentric lines
of radius 1cm, 2cm, 3cm, and so on. Keep a leveler on the calibrated compass to ensure that the level remains parallel to the floor
as there is no cant on the defect side (as it will not allow the circles to be concentric). Highlight the lines made with graphite with
the permanent marker. Hence, at the end, we have intersections of three lines (Fig. 4, 5 & 6).

4. Put an aluminum foil on the defect side (to avoid wax from sticking to the PLA model) and do an arbitrary wax up.

5. Keep the calibrated compass along with the leveler on the non- defect side. With the same level maintained on the leveler, turn
the compass on the defect side and add wax till the level of the needle point of the calibrated compass (Fig. 7 & 8).

6. Now, at the intersection of the three lines, keep the clinometer at its 90° mark and measure the angle (the red pointer) first on
the non- defect side and then on the defect side. (Fig. 9 & 10).

7. If the angle is less on the defect, then add wax till the angle matches and we get a similar inclination value, hence, an improved
contour. In case of more inclination reduce the amount of wax added.

8. Finish and polish the wax pattern properly to obtain a smooth surface. Carefully remove the wax pattern and flask the pattern in

way similar to dentures.

Figure 1: Graph paper.
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Figure 2: Coronal and sagittal lines.

Figure 3: Lines from the center (at 15° angle between them).
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Figure 4: Concentric lines.
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Figure 5: Concentric circles highlighted.
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Figure 6: Intersection of all the three lines.
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Figure 7: Leveler-use on non-defect site.

Figure 8: Leveler - use on defect site.
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Figure 9: Clinometer- checking angle at non-defect site.
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Figure 10: Clinometer- matching angle on the defect site.

Results and Discussion

This technique offers three-dimensional symmetry with the help of simple geometrical instruments. The benefits of this technique
include enhanced aesthetics, better fit, fewer adjustments needed during surgery, which decreases the average surgical time. The wax
pattern on the 3D printed model is more accurate as compared to the impression of a shaved scalp because the impression is obtained
at the tissue level rather than bone level. There are several techniques that involve manual shaping of the polymethylmethacrylate(PM-
MA) using the cranial borders of the defect as the guide [10]. However, the cosmetic results are not satisfactory [11] and exothermic re-
actions during polymerization can cause damage to the soft tissue [12]. 3-D printed customized molds have been developed to obtain
symmetry of cranial implants, however the cost of the mold approaches the prosthesis [13]. Their fabrication also requires commercial
and industrial 3D printers, which are not in the affordable range in middle and low income countries [14]. The present technique
would lead to a better fit of the cranial implant, requires less time for fabrication, and is an economical alternative with similar aesthet-
ic and functional results. Also, this technique can be used for large cranial defects crossing the midline. Hence, the present technique

can be used in any kind of defect- large or small, crossing or not crossing the midline, and even deep and depressed cranial defects.
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Conclusion

The present technique is a very simple, novel, and innovative way to obtain symmetry. It offers an advantage over other techniques

that are too expensive to be in the affordable range for all patients. It can also be used for all kinds of defects, irrespective of the size

and depth of the cranial defect. At the same time this technique can also be used for obtaining symmetry in other craniofacial defect.
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