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INTRODUCTION:

Within the last years, navigation systems became more and more common in
craniomaxillofacial surgery. These systems offer some features like three-dimensional
visualisation of the skull on a screen and virtual planing of instrumentation that can be used
for education and training (Cutting 1992; Cutting et al. 1995; Hassfeld et al. 1995; Hassfeld et
al. 1997a; Hassfeld et al. 1997b; Marmulla and Niederdellmann 1998, Watzinger et al. 1999;
Schramm 2000, Marmulla et al. 2003).

The need for navigated procedures stems from the demand of higher accuracy. An important
factor for this accuracy is the method of registration between the image data and the tracking
of the patient and the tool. The correlation between the surgical site and the corresponding
image data set in the operating room is the most time-consuming non-operative process for
the surgeon (Hassfeld and Muehling 2001).

Recent innovations in laser scanning technology provide a potentially useful tool for three-
dimensional surface registration in image-guided surgery (Bucholz et al. 2000).

Brain Lab, a company producing navigation systems, has been offering a commercial
handheld scanner called z-touch which utilizes surface matching of a preoperative scan and
computed tomography images (Saborowski 2001). The z-touch registers about 200 surface
points on the patient’s face. The precicion of the z-touch is reported to range between 1 and
10 mm, which seems to be insufficient for cranio-maxillofacial indications (Raabe et al.
2002). The reason for the large deviation in accuracy of the z-touch has not yet been
discussed. Moreover it is not known whether a shift of the patient’s skin surface of different
tension in muscles of expression when performing computed tomography and during
preoperative surface scanning , may lead to an invalid data set correlation for computer

assisted navigation. No phantom or cadaveric study will show the soft tissue shift and elicit



whether these shifts cause a significant alteration of the patient’s facial geometry and reduce
the accuracy in data set correlations. Therefore it was decided to investigate the difference in
accuracy in a clinical compared to a experimental setting.

Furthermore the purpose of this study is to evaluate the clinical reliability of three different
registration methods. The laser technique using Z-touch from the BrainLAB system was
compared with two conventional (paired-point) registration tools like headset and skin
markers in clinical craniomaxillofacial procedures as well as in an experimental skull model

using image-guided navigation.

METHODS:

Surface registration and infrared-based navigation have been performed with the z-touch
Brain LAB system. Z-touch performs an automatic data set correlation based on the patients
surface pattern using the periorbital and nasal area. The patients surface pattern is generated
from the patients native computer tomography (CT) data set. Data set correlation is done with
just one click on the command button in the BrainLAB system (fig. 1 and 2).

In contrast to this new laser technique the conventional registration methods, for example
using a head-set or skin markers, require a preoperative CT scan with prefabricated and
locally determined markers in order to correlate the CT data intraoperatively.

In an experimental setting, a stable anthropomorphic skull model with prelabeled markers was
scanned and registered with laser surface scanning (z-touch, BrainLAB) as well as external
marker-based algorithms (skin markers and head-set). The registration protocol was then
repeated 60 times (fig 3).

Registration error as well as accuracy were then calculated.

In a clinical setting, totally seventy-two patients with different indications for oral and
craniomaxillofacial surgery were planned for image-guided surgery using the same passive
infrared surgical navigation system (VectorVision, BrainLAB) and marker based algorithms
(skin-markers or head-set).

The best measure to assess the quality of registration and the true application accuracy is the
target localizing error, where target represents the surgical field (Maurer et al. 1993, West et
al. 2001). In detail application accuracy was assessed by placing the tip of the pointer on the
landmark showed in the CT image and compare the position of the tip with the position in

reality.



RESULTS:

In the experimental protocol registration with head-set shows the most reliable results with
deviation less than 1 mm in 74% versus the skin markers in 42% and the laser scanning (z-
touch) in 40%. Within 2 mm deviation rate a accuracy of 94% with the head-set, 92 % with
the skin-markers and 86% with the z-touch scanning could be achieved. (Table 1)

During various clinical procedures involving oral and craniomaxillofacial surgery, the best
results were shown when registrations were taken with the headset. The headset showed a
deviation of less than 2mm in 94%, versus skin markers in 80% and laser-scanner (z-touch) in
68%. (Table 2)

Furthermore when using the head-set for registration it was technical much easier and faster.
In other words we seldom saw a breakdown of the computer and much less software failures
in order to complete the registration with the BrainLAB software. Although the preoperative
planning require more time, using the head-set device. We see a tremendous save of
intraoperative time when using the head-set compared to laser scanning with z-touch in the

registration process with the BrainLAB system.

Discussion:

The most commonly used method of registration is the paired-point method with artificial
fiducials. A series of fiducial-based corresponding points is identified in both image space and
physical space, and the computer determines the transformation between the image and the
physical space. Although bone-anchored fiducial markers (screws) provide the most reliable
and accurate method for surgical registration, adhesive-mounted skin markers (skin-marker or
headset) are the method of choice because they do not require an invasive procedure. With
this method, an average application accuracy of 2 to 7 mm can be attained (Alp et al. 1998,
Golfinos et al. 1995, Hirschberg and Kirkeby 1996, Maurer et al. 1997, Sipos et al. 1996). In
most comparative studies, paired-point skin fiducial registration was more accurate than
paired-point landmark registration or surface registration. However, this method os associated
with additional cost and requires time and resources (Bucholz 1995).

One alternative to paired-point registration, in which corresponding points are matched,
surface-based registration attempts to align the contour of a physical surface wiht the

corresponding image surface. In most studies, surface registration has been shown to be less



accurate and less reliable than fiducial registration (Bucholz et al. 2000, Helm and Eckel
1998, Sipos 1996)

There are two crucial points to successful surface registration with the z-touch method. First,
it is extremely important to avoid any skin movement in the scanning target areas, i.e., around
the eyes, forehead, nasion and zygoma. It is mandatory to remove any adhesive material in
this region before scanning. Furthermore, laser scanning should be confined to areas where
skin is thin and closely follows the bony relief. Second, it is of paramount importance to use
high-quality images. Use of retrospective aquired images is attractive and may be an
important economic consideration. Therefore the images must be high quality, with a high

resolution matrix (256x256), and in thin slices (1-2 mm).

Conclusion:

Although our results show a much better accuracy when using the head-set compare tho the
registration with the Z-touch. Laser scanning a very interesting technique with tremendous
benefits (low radiation load, fast, native images can be used). We think when using better
technical devices, for example advanced laser and better software, surface registration is a

very interesting and useful method for craniomaxillofacial surgery in the future.



Figures and Tables:

Fig.: 1
Target areas of laser surgace scanning
[z-touch BrainLab]

Fig.: 3
Experimental setting, skull modell,
headset and landmarks

Fig.: 2
Intraoperative scanning



Number of patients Deviation < 2mm
80%

Skin marker 24
Head set 24 94%
Z-touch 24 68%
Table 1:

Accuracy in the clinical setting (24 patients per group)

Deviation <Imm 1-2 mm <2mm
Skin marker 60x 42 % 50 % 92 %
Head set 60X 74 % 20 % 94 %

Z-touch 60x 40 % 46 % 86 %

Table 2:
Accuracy in the experimental setting (registration 60x repeated)



References:

1.

10.

11.

12.

13.

14.

Alp MS, Duvovny M, Misra M, Charbel FT, Ausman JI: Head registration techniques
for image-guided surgery. Neurol Res 20:31-37, 1998

Bucholz R, Macneil W, Fewings P, Ravindra A, MC Durmont L, Baumann C:
Automated rejection of contaminated surface measurements for improved surface
registration in image guided neurosurgery. Stud Health Technol Inform 70:39-45,
2000

Cutting C: Diskussion on Fialkov JA et al. A stereotactic system for guiding complex
craniofacial reconstruction. Plast Reconstr Surg 89: 346-348, 1992

Cutting C, Taylor R, Khorramabadi D, Haddad B, Mc Carthy JG: A virtual reality
approach to intraoperative bone fragment positioning during craniofacial surgical
procedures. J Craniofac Surg 6: 33-37, 1995

Golfinos JG, Fitzpatrick BC, Smith LR, Spetzler RJ: Clinical use of a frameless
stereotactic arm: Results of 325 cases. J Neurosurg 83:197-205, 1995

Hassfeld S, Muhling J, Z6ller J: Intraoperative navigation in oral and maxillofacial
surgery. Int J Oral Maxillofac Surg 24: 111-119, 1995

Hassfeld S, Mihling J, Wirtz CR, Knauth M, Lutze T, Schulz HJ: Intraoperative
guidance in maxillofacial and craniofacial surgery. Proc Inst Mech Eng H 211: 277-
283, 1997a

Hassfeld S, Rackowsky J, Bohner P, Hofele C, Holler C, Mihling J, Rembold U:
Robotik in der Mund-, Kiefer- und Gesichtschirurgie. Mdglichkeiten-Chancen-
Risiken. Mund Kiefer GesichtsChir 1: 316-323, 1997b

Helm PA, Eckel TS: Accuracy of registration methods in frameless stereotaxis.
Comput Aided Surg 3:51-56, 1998

Hirschberg H, Kirkeby OJ: Interactive image directed neurosurgery: Patient
registration employing the Laitinen stereo-adapter. Minim Invasive Neurosurg 39:105-
107, 1996

Marmulla R, Niederdellmann H: Computer assisted bone segment navigation. J
Cranio-Maxillofac Surg 26:347-359, 1998

Marmulla R, Hassfeld S, Lith T, Muhling J: Laser-scan-based navigation in cranio-
maxillofacial surgery. J Craniofac Surg 31: 267-277, 2003

Maurer CR Jr, Mc Crory JJ, Fitzpatrick JM: Estimation of accuracy in localizing
externally attached markers in multimodal volume head images, in Loew MH (ed):
Medical Imaging 1993: Image Processing. Bellingham, SPIE Press, 1993, 43-54

Sipos EP, Tebo SA, Zinreich SJ, Long DM, Brem H: In vivo accuracy testing and
clinical experience with the ISG Viewing Wand. Neurosurgery 39:194-202, 1996



15. Schramm A, Gellrich NC, Schimming R, Schmelzeisen R: Rechnergestutzte Insertion
von Zygomaticumimplantaten nach ablativer Tumorchirurgie. Mund Kiefer
GesichtsChir 4: 292-295, 2000

16. Watzinger F, Birkenfeller W, Wanschitz F, Mellesi W, Schopper C, Sinko K, Huber
K, Bergmann H, Ewers R: Positioning of dental implants using computer aided
navigation and an optical tracking system: case report and presentation of a new
method. J Cranio-Maxillofac Surg 27: 77-81, 1999

17. West JB, Fitzpatrick JM, Toms SA, Maurer CR Jr, Maciunas RJ: Fiducial point
placement and the accuracy of point-based, rigid body registration. Neurosurgery
48:810-817, 2001



