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A Novel Method for Measuring and Monitoring Monobloc Distraction Osteogenesis Using Three-Dimensional Computed Tomography Rendered Images With the ‘Biporion-Dorsum Sellae’ Plane. Part I: Precision and Reproducibility Yong-Chen Por, MD, Carlos Raul Barcelo, MD, Karen Sng, MD, David G. Genecov, MD, Kenneth E. Salyer, MD Dallas, Texas



Abstract: The results of craniofacial and orthognathic surgery have traditionally been monitored using lateral cephalometry. In the age of computed tomography (CT) and magnetic resonance imaging (MRI), newer methods of measuring surgical outcome have arisen. This has been further enhanced by the use of computer software to render CT images in a three-dimensional format. The authors present a novel method of measuring the outcome of monobloc distraction osteogenesis advancement using the biporion-dorsum sellae plane. The perpendicular distance of eight facial skeletal points to this plane were made automatically using the Vworks 4.0 program. A total of 10 measurements were made against six planes of reference. Planes 1, 2, 3, 1 + 2 degrees, and 1 – 2 degrees were constructed, and measurements were made by observer 1. Plane 6 was constructed and measurements were made by observer 2. Plane 1 was used as the denominator on which calculations were made. The results revealed a mean intra- and interobserver percentage difference from plane 1 of less than 5%. In addition, the overall mean intraobserver variance of all eight points from observer 1 was 0.91%, and the mean interobserver variance between observer 1 and 2 was 0.73%. In summary, based on the authors’ method, repeated measurements made from the biporion-dorsum sellae plane have proven precision and reproducibility.
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T



he monobloc advancement advocated by OrtizMonasterio1 had not been widely used till the advent of distraction osteogenesis. Using gradual distraction, the retrofrontal dead space is minimized and results in a reduction of surgical complications.
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This has made it a safer surgical procedure for the reconstruction of craniofacial dysostosis. With the resurgence in cases of monobloc distraction osteogenesis, the authors had noted an increase in the rate of relapse to 20% of cases, on removal of distraction devices after a consolidation period of 2 months (unpublished data, Salyer KE). The lack of an objective method for measuring the surgical outcome compounded the difficulty that the authors had in monitoring and assessing this relapse. The sentiment was that the monobloc advancement had relapsed by a certain amount, and the immediate postoperative improvement had been diluted to an extent that was not immediately measurable. In addition, the forward advancement of the entire width and height of the upper and midfacial complex made it essential to make measurements not only in the midline sagittal plane, but also in the lateral facial halves. MATERIALS



AND



METHODS



This is a study using the postoperative computed tomography (CT) data of a patient treated with monobloc distraction osteogenesis at the International Craniofacial Institute in Dallas, Texas. The CT scan used was in the Digital Imaging and Communications in Medicine (DICOM) format. The data were obtained from axial CT scans obtained at 1.25-mm slices. The software program used in this study was the Vworks 4.0 program from Cybermed, Inc. (Seoul, Korea). There are three main functions of this program. First, the volume-rendering image enables the user to sculpt the three-dimensional structure to display the area of interest. Second, the selection on demand (SOD) function enables the user to perform segmentation to reconstruct and edit three-dimensional images. In segmentation, the desired density range is selected to create the desired three-dimensional image. Third, once that is done, a three-dimensional object model can be created and displayed in the surface shaded display (SSD) mode. This will enable the user to make measurements of distances and angles and to perform virtual surgery with virtual osteotomies and shifting of objects. For the authors’ purpose, the three-dimensional image of the skull was first displayed in volume rendering mode, and a coronal section was removed posterior to the external auditory canal to expose the dorsum sellae. An SOD image was then made and transferred to the SSD mode. The creation of the plane of interest and the measurements were made here. The plane selected had to fulfill the following criteria: it had to be composed from three easily
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identifiable landmarks posterior to the plane of monobloc osteotomy; it had to be approximately in the coronal plane; and it had to be as perpendicular to the vector of distraction as possible. Thus, the selection of a plane constructed from both porions and the midpoint of the posterior tip of the dorsum sellae was constructed and named the biporion-dorsum sellae plane (plane 1) (Figs 1, 2, 3). Once the plane was fixed, the measurement was made by clicking on the surface of the model to obtain a perpendicular distance to the plane (Fig 4). The anterior facial landmarks of interest were the nasion (Na) and anterior nasal spine (ANS) in the midline, and lateral to this, the infraorbital foramen (IoF), the inferolateral orbit transition (IoT), and the zygomaticofrontal suture (ZfS) (Table 1, Fig 5).2 Using the same three-dimensional image at the same magnification, 10 measurements were made from each of these eight facial landmarks with one observer (observer 1) using the first plane (plane 1). With observer 1, plane 1 was removed, and a separate biporion-dorsum sellae plane was constructed (plane 2). A similar set of 10 measurements was then made from each anterior facial landmark. This process was repeated for plane 3. Next, using plane 1, another two different planes were constructed from the biporion axis but at



Fig 1 True lateral of the facial skeleton with the biporiondorsum sellae plane demonstrating a close alignment with the plane of monobloc osteotomy.



Fig 2 Left posterior oblique view of the skull with posterior cranium removed demonstrating the biporion-dorsum sellae plane passing through the midpoint of the posterior tip of the dorsum sellae.



Fig 3 Posterior view of the skull with posterior cranium removed demonstrating the biporion-dorsum sellae plane passing through the midpoint of the posterior tip of the dorsum sellae.
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Fig 4 Left facial skeleton removed to demonstrate the ability of the Vworks 4.0 program to automatically make a perpendicular measurement to the plane. The bold black line represents the perpendicular distance from the nasion to the biporion-dorsum sellae plane.



Fig 5 Frontal view of the facial skeleton showing the anterior facial landmarks used for measurement.



2 degrees deviation superior (plane 1 + 2 degrees) and inferior (plane 1  2 degrees) to plane 1 (Fig 6). Another set of measurements was made and compared against those obtained from plane 1. This would give the authors an estimate as to the amount of error that 2 degrees of deviation would have. The reason for this was that the authors felt that the main error in constructing the plane would be for the point along the dorsum sellae because the porions were more easily identifiable as an exact point. An independent observer (observer 2) was then instructed to construct a separate biporion-dorsum Table 1 Osseus Landmarks Abbreviation



Landmark



Description



Na



Nasion



Intersection of the internasal suture



ANS



Anterior nasal spine



with the nasofrontal suture Tip of the anterior nasal spine



IoF



Infraorbital foramen



Midpoint of the superior margin of the infraorbital foramen



IoT



Inferolateral orbit transition



Point of transition from the inferior to the lateral orbital rim



ZfS



Zygomaticofrontal suture



Junction of the zygomaticofrontal suture and the lateral orbital rim
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Fig 6 Lateral view of the skull showing plane 1 and the addition and subtraction of 2 degrees at the biporion axis.
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sellae plane (plane 6) and make 10 sets of measurements from each anterior facial landmark. The statistical analysis was performed using SPSS v11.5.0 (Chicago, Illinois). All calculations were made with plane 1 measurements as the denominator. RESULTS The precision of the measurements was expressed as percentage errors of the measurements obtained from plane 1.3 The measurements are tabulated in Table 2.



Observer 1 made measurements from planes 1, 2, 3, 1 + 2 degrees, and 1  2 degrees; whereas observer 2 made measurements from plane 6. When the mean measurements of plane 1 were compared with that of planes 2, 3, 1 + 2 degrees, 1  2 degrees, and 6, the percentage difference was 0.27%, 0.43%, 3.11%, 1.73%, and 1.86%, respectively (Table 3). For observer 1, only one value, the right zygomaticofrontal suture in plane 1 + 2 degrees, fell outside the 5% significant mark, with a 5.52% difference with plane 1. For observer 2, the right



Table 2 Means (mm), Standard Deviations (mm), Variances (%), and 95% Conﬁdence Intervals (mm) of the Anterior facial landmarks Plane 1



Plane 2



60.08 0.15



60.12 0.14



0.022 59.98–60.19



0.019 60.02–60.22



77.25 0.16



77.30 0.09



0.026 77.14–77.37



0.009 77.23–77.37



63.42



63.47



Plane 3



Plane 1 + 2



Plane 1 – 2



Plane 6



62.23 0.09



58.24 0.15



59.59 0.32



0.008 62.16–62.29



0.024 58.13–58.35



0.103 59.36–59.81



78.70 0.07



77.01 0.08



77.02 0.15



0.005 78.65–78.75



0.006 76.96–77.07



0.022 76.91–77.13



64.62



62.98



63.48



Na Mean SD Variance 95% CI



60.02 0.10 0.011 59.94–60.10



ANS Mean SD Variance 95% CI IoF-R Mean SD Variance 95% CI IoT-R Mean SD Variance 95% Cl ZfS-R Mean SD Variance 95% Cl IoF-L Mean SD Variance 95% CI IoT-L Mean SD Variance 95% CI ZfS-L Mean SD Variance 95% CI



77.35 0.07 0.005 77.30–77.41 63.54



0.05 0.003



0.07 0.004



0.004 0.00002



0.12 0.015



0.10 0.010



0.05 0.002



63.38–63.45



63.42–63.51



63.53–63.54



64.54–64.71



62.91–63.05



63.44–63.51



58.98 0.30



59.41 0.24



61.33 0.11



59.42 0.26



57.52 0.62



0.091 58.77–59.20



0.060 59.24–59.59



0.012 61.25–61.41



0.067 59.23–59.60



0.380 57.08–57.96



48.88



49.05



51.58



47.57



45.05



59.64 0.23 0.055 59.47–59.81 49.16



0.22 0.049



0.19 0.378



0.25 0.063



0.12 0.013



0.18 0.032



0.43 0.18



48.72–49.04



48.91–49.19



48.98–49.34



51.50–51.66



47.44–47.69



44.74–45.35



61.78 0.20



61.60 0.09



62.65 0.07



60.83 0.11



61.72 0.31



0.038 61.63–61.92



0.008 61.54–61.67



0.005 62.59–62.70



0.012 60.75–60.91



0.098 61.50–61.94



57.43



57.63



58.92



56.88



55.78



61.61 0.005 0.00003 61.60–61.61 57.68



0.30 0.088



0.21 0.042



0.27 0.073



0.25 0.060



0.28 0.078



0.21 0.044



57.22–57.65



57.48–57.77



57.49–57.88



58.75–59.10



56.68–57.08



55.63–55.93



49.07 0.04



48.97 0.09



51.07 0.06



47.16 0.07



49.25 0.23



48.77 0.12



0.001



0.008



0.015



0.004



0.005



0.055



49.05–49.10



48.90–49.03



48.68–48.86



51.03–51.12



47.11–47.21



49.08–49.42
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THE JOURNAL OF CRANIOFACIAL SURGERY / VOLUME 16, NUMBER 3 May 2005 Table 3 Percentage difference of the measurements of anterior facial landmarks from other planes to measurements made from plane 1 (%) Plane 2



Plane 3



Plane 1 + 2



Plane 1  2



Plane 6



Na



0.0666



0.1



3.5786



3.063



0.816



ANS IoF-R



0.065 0.079



0.129 0.189



1.877 1.892



0.31 0.69



0.3 0.095



IoT-R ZfS-R



0.729 0.348



1.119 0.573



3.984 5.524



0.746 2.68



2.48 7.84



IoF-L IoT-L



0.29 0.348



0.28 0.435



1.408 2.594



1.54 0.96



0.1 2.87



ZfS-L Mean



0.2 0.2657



0.61 0.42938



4.076 3.1167



3.89 1.73488



0.367 1.8585



zygomaticofrontal suture also fell outside the 5% significant mark with a 7.84% difference. The results obtained from observer 1 showed an overall mean variance of 0.91% (range, 0.31%–1.76%; Table 4). The mean variance of measurements made from planes 1, 2, and 3 was 0.045% (range, 0.005– 0.140%). The mean variance of measurements made from plane 6 was 0.725% (range, 0.002%–0.380%). The variance represents the reproducibility of the results; the lower the variance is, the more reproducible the results are. The anterior facial landmarks with the highest and lowest mean variance were the right zygomaticofrontal suture (ZfS-R) and the right infraorbital foramen (IoF-R), respectively. In general, anterior facial landmarks with specific bony points, such as the infraorbital foramen and the anterior nasal spine, had a lower variance than the others. DISCUSSION The use of CT data in the DICOM format has enabled computer software to recreate and recombine the data in the personal computer. This enables the surgeon to Table 4 Comparison of intra- and Interobserver variances (%) Intraobserver Variance (All 5 Planes)



Intraobserver Variance (Plane 1, 2, and 3)



Interobserver Variance Between Plane 1 and Plane 6



Mean



Na ANS



1.646 0.377



0.018 0.014



0.124 0.037



0.596 0.143



IoF-R IoT-R



0.309 0.733



0.005 0.140



0.004 0.786



0.106 0.553



ZfS-R IoF-L



1.762 0.353



0.061 0.021



3.968 0.065



1.930 0.146



IoT-L ZfS-L



0.518 1.585



0.075 0.024



0.781 0.035



0.458 0.548



Mean



0.910



0.045



0.725
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visualize the underlying three-dimensional craniofacial skeleton on which he would operate, to do surgery in virtual reality, and to make simple measurements of distances or angles. The previous standard in craniofacial and orthognathic surgical planning and monitoring using the lateral cephalogram is still popular and has been sustained by its ease of reproducibility and low cost. However, the disadvantages are that it allows measurements mainly in the midline sagittal plane and it is reproducible only if the baseline sella-nasion line is not affected by the operation, as in the Le Fort I osteotomy. With surgical advances in monobloc distraction osteogenesis where the upper and midface is advanced forward and downward along with lateral cephalometric landmarks such as the nasion, the ability of the lateral cephalogram to provide a baseline for measurement of advancement has been hampered. Thus, the use of landmarks posterior to the osteotomy may be the key to obtaining a baseline from which to make postoperative measurements. Our use of the plane formed by the three points, namely both porions and the midposterior tip of the dorsum sellae, was selected: first, because of its location behind the monobloc osteotomy, making it a stable baseline that was unaffected by the surgery. Second, it formed an almost coronal plane to the facial plane and was in a good relation to the vector of distraction of the monobloc advancement distraction osteogenesis. It must be mentioned that the vector of distraction was difficult to measure because the placements of the internal distractors were not in the same plane with each other, and there was a variable advancement when the distraction was performed because the upper distractors may move by a greater length because of the increased soft tissue resistance from the lower facial tissues, such as the mandibular muscles. Third, this article has investigated and proven the relative ease of reproducibility of the measurements. Fourth, any point on the facial skeleton could be measured to the plane, making monitoring of the three-dimensional surface of the facial skeleton possible. The disadvantages of the biporion-dorsum sellae plane were: first, it did not lie perpendicular to the vector of distraction. Second, it could only measure the sagittal advancement of each point and did not take into account the movements in the coronal or axial planes. Third, the measurements may vary if the three points, namely both porions and the dorsum sellae, were not correctly identified. Fourth, the identification of the individual points on the facial skeleton was variable and made more difficult if
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no obvious landmarks were identified. Fifth, there may be variability in the acquisition of CT data. Making measurements on recreated threedimensional images has been found to be accurate and reproducible. Matteson et al4 found that measurements performed on three-dimensional CT scans obtained at a 1.5-mm collimation were accurate to 0.28% when compared with direct manual measurements on skulls. Kitaura et al3 reported that the accuracy for length measurements was less than 3% of standard error of means with a slice thickness of 1 or 3 mm for 28 of the 29 length measurements recorded. Cavalcanti et al5 studied the measurement accuracy of three-dimensional volumetric images from spiral CT versus the actual specimen and found that the mean differences were less than 1 mm for 19 of 20 measurements. The use of the Vworks program to construct the biporion-dorsum sellae plane from which to make measurements had an intraobserver (observer 1) percentage difference of 0.27% to 0.43% (planes 2 and 3) in this experiment. Even when the plane was tilted deliberately superiorly or inferiorly by 2 degrees, the percentage difference was only a maximum of 3.11% (plane 1 + 2 degrees). Waitzman et al6 found that if head tilt was not more than 4 degrees from the baseline (0 degrees), the accuracy of axial CT measurements was within clinically acceptable limits (less than 5%). When an independent observer (observer 2) made a separate plane and additional measurements, the mean percentage difference was 1.86%. In addition, the mean intraobserver (observer 1) and interobserver (observer 1 and 2) variance of 0.91% and 0.73% supports the reproducibility of the measurements. The authors hope that the use of this method will enable the surgeon to monitor the postoperative results of monobloc distraction osteogenesis not only in the midline, but also laterally in the right and left facial halves. REFERENCES 1. Ortiz-Monasterio F, Fuente del Campo A, Carrillo A. Advancement of the orbits and the midface in one piece, combined with frontal repositioning, for the correction of Crouzon’s deformities. Plast Reconstr Surg 1978;61(4):507–516 2. Chang PS, Parker TH, Patrick CW Jr, Miller MJ. The accuracy of stereolithography in planning craniofacial bone replacement. J Craniofacial Surg 2003;14(2):164–170 3. Kitaura H, Yonetsu K, Kitamori H, et al. Standardization of 3-D CT measurements for length and angles by matrix transformation in the 3-D coordinate system. Cleft Palate Craniofacial J 2000;37(4):349–356 4. Matteson SR, Bechtold W, Phillips C, Staab EV. A method for three-dimensional image reformation for quantitative cephalometric analysis. J Oral Maxillofac Surg 1989;47:1053–1061



5. Cavalcanti MG, Haller JW, Vannier MW. Three-dimensional computed tomography landmark measurement in craniofacial surgical planning: experimental validation in vitro. J Oral Maxillofac Surg 1999;57(6):690–694 6. Waitzman AA, Posnick JC, Armstrong DC, Pron GE. Craniofacial skeletal measurements based on computed tomography: Part I. Accuracy and reproducibility. Cleft Palate Craniofacial J 1992;29(2):112–117



Concordant Contralateral Lambdoidal Synostosis in Dizygotic Twins Gary F. Rogers, MD, Paul D. Edwards, MD, Carolyn D. Robson, MD, John B. Mulliken, MD Boston, Massachusetts



Abstract: Twin studies have been widely used to investigate genetic versus environmental causality of malformations. While there are numerous reports of concordant sutural fusions in syndromic twins, there are few cases in siblings with nonsyndromic single suture synostosis. Lambdoidal synostosis has no clear genetic etiology. Discordant synostosis has been reported in one monozygotic twin; there is also an unsubstantiated report of concordance in dizygotic twins. We describe dizygotic twins concordant for contralateral lambdoidal synostosis. Mutational analysis for FGFR 1,2,3 was negative. Given the low incidence, absence of reported inheritability, and lack of documented concordance in monozygotic twins, the pathogenesis of isolated lambdoidal fusion can only be ascribed to stochastic influences.



I



solated lambdoidal fusion is the least common single sutural synostosis, accounting for less than 3% of all types of craniosynostosis.1,2 Reports of a 20% incidence are falsely inflated, the result of including patients with deformational posterior plagiocephaly.3–9 The incidence of lambdoidal synostosis has been estimated to be less than 30 per 1 million live births (0.03%).2 In contrast, deformational posterior plagiocephaly has a reported incidence as high as 48%, depending on diagnostic criteria.10–12 Discordance for craniosynostosis in monozygotic and dizygotic twins has been observed,13–15 From the Craniofacial Center, Division of Plastic Surgery and Department of Radiology, Children’s Hospital, Harvard Medical School, Boston, Massachusetts. Presented at the 59th annual meeting of the American Cleft Palate-Craniofacial Association, Seattle, Washington, April 29, 2002. Address correspondence and reprint requests to Dr. John Mulliken, Craniofacial Centre, Division of Plastic Surgery and Department of Radiology, Children’s Hospital, Boston, MA 02115. E-mail: [email protected]
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