The Journal of Craniofacial Surgery * Volume 32, Number 8, November/December 2021

Brief Clinical Studies

39. Hochuli-Vieira E, Ha TKL, Pereira-Filho VA, et al. Use of rectangular
grid miniplates for fracture fixation at the mandibular angle. J Oral
Maxillofac Surg 2011;69:1436-1441

40. Hofer SH, Ha L, Ballon A, et al. Treatment of mandibular angle
fractures - linea obliqua plate versus grid plate. J Craniomaxillofac
Surg 2012;40:807-811

41. Chhabaria G, Halli R, Chandan S, et al. Evaluation of 2.0-mm titanium
three-dimensional curved angle strut plate in the fixation of mandibular
angle fractures-A prospective clinical and radiological Analysis.
Craniomaxillofac Trauma Reconstr 2014;7:119-125

42. Moore E, Bayrak S, Moody M, et al. Hardware removal rates for
mandibular angle fractures: comparing the 8-hole strut and champy
plates. J Craniofac Surg 2013;24:163-165

43. Wolfswinkel EM, Kelley BP, Chike-Obi CJ, et al. Treatment of
mandibular angle fractures with a matrix strut miniplate. J Craniofac
Surg 2013;24:e149-152

44. Pal US, Singh RK, Dhasmana S, et al. Use of 3-d plate in displaced angle
fracture of mandible. Craniomaxillofac Trauma Reconstr 2013;6:25-30

45. Pandey V, Bhutia O, Nagori SA, et al. Management of mandibular angle
fractures using a 1.7 mm 3-dimensional strut plate. J Oral Biol
Craniofac Res 2016;6:35-40

46. Sawatari Y, Marwan H, Alotaibi F, et al. The use of three-dimensional
strut plates for the management of mandibular angle fractures: a
retrospective analysis of 222 patients. Int J Oral Maxillofac Surg
2016;45:1410-1417

47. Chaudhary M, Pant H, Singh M, et al. Evaluation of trapezoidal-shaped
3-D plates for internal fixation of mandibular subcondylar fractures in
adults. J Oral Biol Craniofac Res 2015;5:134-139

48. Sikora M, Olszowski T, Sielski M, et al. The use of the transparotid
approach for surgical treatment of condylar fractures - Own experience.
J Craniomaxillofac Surg 2015;43:1961-1965

49. Sikora M, Sielski M, Stapor A, et al. Use of the Delta plate for surgical
treatment of patients with condylar fractures. J Craniomaxillofac Surg
2016;44:770-774

50. Goyal M, Marya K, Chawla S, et al. Mandibular osteosynthesis: a
comparative evaluation of two different fixation systems using 2.0 mm
titanium miniplates and 3-D locking plates. J Maxillofac Oral Surg
2011;10:32-37

51. Prasad R, Thangavelu K, John R. The role of 3D plating system in
mandibular fractures: a prospective study. J Pharm Bioallied Sci
2013;5(Suppl 1):S10-13

52. Gupte SH, Chaddva S, Jethwani Y, et al. Evaluation of efficacy of three-
dimensional stainless steel mini-plates in the treatment of fractures of
the mandible: a prospective study. J Orthop Case Rep 2016;6:35-40

53. Champy M, Loddé JP, Schmitt R, et al. Mandibular osteosynthesis by
miniature screwed plates via a buccal approach. J Maxillofac Surg
1978;6:14-21

54. Michelet FX, Deymes J, Dessus B. Osteosynthesis with miniaturized
screwed plates in maxillo-facial surgery. J Maxillofac Surg 1973;1:79—
84

55. Ponvel K, Panneerselvam E, Balasubramanian S, et al. Evaluation of
labial versus labio-inferior lines of osteosynthesis using 3D miniplate
for fractures of anterior mandible: a finite element analysis with a pilot
clinical trial. Chin J Traumatol 2019;22:261-269

56. Meyer C, Martin E, Kahn J-L, et al. Development and biomechanical
testing of a new osteosynthesis plate (TCP) designed to stabilize
mandibular condyle fractures. J Craniomaxillofac Surg 2007;35:
84-90

57. Al-Moraissi EA, Ellis E. Surgical management of anterior mandibular
fractures: a systematic review and meta-analysis. J Oral Maxillofac
Surg 2014;72:2507.e1-2507.e11

58. Hammer B, Schier P, Prein J. Osteosynthesis of condylar neck fractures:
a review of 30 patients. Br J Oral Maxillofac Surg\ 1997;35:288-291

59. Feledy J, Caterson EJ, Steger S, et al. Treatment of mandibular angle
fractures with a matrix miniplate: a preliminary report. Plast Reconstr
Surg 2004;114:1711-1716discussion 1717-1718

60. de Melo WM, Antunes AA, Sonoda CK, et al. Mandibular angle fracture
treated with new three-dimensional grid miniplate. J Craniofac Surg
2012;23:e416-417

61. Alkan A, Celebi N, Ozden B, et al. Biomechanical comparison of
different plating techniques in repair of mandibular angle fractures. Oral
Surg Oral Med Oral Pathol Oral Radiol Endod 2007;104:752-756

© 2021 The Author(s). Published by Wolters Kluwer Health, Inc. on behalf of Mutaz B. Habal, MD

Proposal for the Fusion of
Ultrasound and Computed
Tomography Images for
Image Shift Correction in
Craniomaxillofacial Soft
Tissue Surgery
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Abstract: Surgical navigation has greatly improved the accuracy of
craniomaxillofacial bone surgery and is widely used in the clinic.
However, during surgery, craniomaxillofacial soft tissue is
always deformed due to traction and compression, which leads
to intraoperative image drift. This, in turn, impacts navigation
accuracy. In order to improve navigation accuracy, this technical
note presents a preliminary proposal for fusion imaging tech-
nology, which combines ultrasound and computed tomography to
address navigational image drift in craniomaxillofacial soft tissue

surgery.
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raniomaxillofacial surgery is anatomically complex and used

for special therapeutic purposes.' A major goal for surgeons
is to complete surgical procedures safely and accurately, and with
minimal invasion. Due to the inflexibility of bone tissue, which is
similar to a rigid body, modern digital technologies, such as virtual
surgery and surgical navigation, have greatly improved the
accuracy of craniomaxillofacial bone surgery. These technologies
have wide clinical applications, including in surgeries for cranio-
maxillofacial fracture, temporomandibular joint arthroplasty, bone
tumor resection, and contour trimming.’>~® However, during
surgery, craniomaxillofacial soft tissues can easily deform and
cause image drift. Thus, the preoperative image may not reflect
the actual and real-time intraoperative soft tissue morphology, and
this prevents lesions and soft-tissue deformations from being
measured intraoperatively in real-time. These complications may
casily lead to substantial navigation and positioning errors that limit
the utility of surgical navigation technologies for use in soft tissue
surgery. Current approaches to address this problem include intrao-
perative computed tomography (CT)/magnetic resonance imaging
examinations and ultrasound image but have limited efficacy for
time-consuming, radiation exposure, and low image quality.

This technical note presents a proposed method for the fusion of
ultrasound and CT images for image shift correction in craniomax-
illofacial soft tissue surgery and serves as a proposal for the
treatment of foreign body and tumor in the craniomaxillofacial
deep space.

MATERIALS AND METHODS

Experimental Equipment

A Mindray M7 Series portable color Doppler ultrasound system
(Shenzhen Mindray Bio-Medical Electronics Co., Ltd., Shenzhen,
China) was used to acquire two-dimensional (2D) ultrasound
images. A Polaris optical positioning system (Northern Digital
Incorporated, Waterloo, Ontario, Canada) was used to acquire
position and orientation data from the 2D ultrasound images. A
64-slice CT scanner (Phillips Inc, Amsterdam, the Netherlands) was
used to acquire CT images.

Data Acquisition

Freestyle scanning with an ultrasound probe guided by a Polaris
optical positioning system (Northern Digital Incorporated) was
used to acquire 2D sequential ultrasound images containing spatial
positional information. The CT scan range was from the calvarium
to the level of the hyoid bone, with a layer thickness of 1.25 mm; the
data were stored in DICOM format.

Image Registration and Fusion

First, the CT and ultrasound image data were imported into a
self-developed image fusion algorithm, called mi-local binary
pattern. Then, image co-registration was completed using pattern
recognition to obtain a fusion display of the ultrasound and CT
images, thereby achieving the integration of multimodal
imaging information.

Clinical Application

To verify the feasibility of the method and system, CT and
freestyle ultrasound scanning under optical positioning were per-
formed in patients with a foreign body in their face (Fig. 1A-B) and
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FIGURE 1. (A) The original CT scan image of a foreign body (indicated by purple
arrow) in the face. (B) The location of the foreign body (yellow arrow) in the
ultrasound image. (C) An enhanced CT of a left parotid mass (white arrow).
(D) An ultrasound image of the parotid mass (black arrow). CT, computed
tomography.

a parotid mass (Fig. 1C-D). After integration, the system was able to
operate normally under the on-site supervision of oral and max-
illofacial surgeons, sonologists, and engineers. This allowed for an
ultrasound image of patient lesion areas to be obtained.

The data from each ultrasound modality and CT image were
imported into the image processing software Medical Image Pro-
cessing, Analysis, and Visualization (Bethesda, Maryland, USA).
Each image was preprocessed according to the characteristics of the
respective data. Finally, the registration was completed with mi-
local binary pattern to obtain a fusion display of the ultrasound and
CT images, thus achieving the integration of multimodal imaging
information.

RESULTS

The connected and assembled system operated properly, and the
time required for the entire operation (including installation and
initial settings) was less than 15 minutes. These parameters met the
basic requirements for clinical use under physician supervision.
Furthermore, the preliminary implementation of ultrasound and CT
image fusion of craniofacial soft tissue was successful. The errors of
image fusion for facial foreign body and parotid mass were 1.43 mm
and 2.23 mm, respectively, as determined by measuring the corre-
sponding point, which is shown in Figure 2A and B.

DISCUSSION

In recent years, a crucial objective in maxillofacial surgery is the
evaluation and the estimation of the soft tissues. Soft-tissue contour
deficiencies depend on various origins including esthetics, con-
genital and post-trauma asymmetries, post-tumor defects, and
chronic wound sequelae. Reconstructions or repairs are still a
challenge today for a satisfactory aesthetic result should be obtained
with the harmony of skeleton and soft tissue cover.” *

Recent methods for surgical navigation have greatly improved
the accuracy of craniomaxillofacial bone surgeries, including bone
fracture, temporomandibular joint arthroplasty, bone tumor resec-
tion, and contour trirnming.3’6 For craniomaxillofacial soft tissue,
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FIGURE 2. A display of the CT and ultrasound fusion image. (A) A CT and
ultrasound fusion image of a foreign body; the blue arrow indicates the
superimposed display area of the 2 images. (B) A CT and ultrasound fusion
image of a parotid mass; the green arrow shows the superimposed display area
for the parotid mass. CT, computed tomography.

deformation may easily occur and can cause image drift during
navigation procedures. These complications may easily result in
large navigation and positioning errors that limit the application of
surgical navigation technology towards soft tissue surgery.

In recent years, real-time ultrasound image fusion techniques
have improved and are currently widely available. These techniques
offer several advantages, including the acquisition of real-time
images without exposing patients to radiation.'’'? The presented
procedure used an algorithm to fuse ultrasound and CT images
based on an optical positioning system. This algorithm can identify
deformations in real-time and therein use the spatial positional
information of the soft tissue to compensate for the registration error
caused by deformations. This, in turn, can substantially improve
navigation accuracy. Compared to the recently proposed special-
ized methods, it can be observed that our procedure achieves
the best accuracy of 1.43 mm, which shows that it significantly
outperforms the other methods.'*'*

Although the present study achieved some preliminary clinical
results, some limitations remain. First, oral and craniomaxillofacial
soft tissues lack relatively fixed and clear anatomical markers,
especially when registering masses in craniomaxillofacial soft
tissue images. Consequently, it is difficult to find common land-
marks at the same level between ultrasound and CT, which may
increase registration error. Second, the manual freestyle scanning
method used to acquire the ultrasound data may lead to inconsistent
thickness intervals for the obtained 2D ultrasound data, and therein
reduce the quality of the reconstructed image. Finally, reconstruct-
ing the three-dimensional position from the 2D ultrasound image is
a relatively lengthy process. Future research is needed to address
these limitations and to evaluate the system accuracy and reprodu-
cibility of image fusion from this proposed procedure.

In conclusion, this procedure represents an interesting approach
to navigate intraoperatively through a patient without the need for
additional radiation exposure. The preliminary implementation of
ultrasound and CT image fusion indicates that it is capable of
guiding the self-developed navigation system in oral and cranio-
maxillofacial soft tissue surgery. However, for this technique to be
accepted as a viable alternative, there remains a need for larger trials
that evaluate objective metrics of accuracy and efficacy. Con-
sequently, we plan to expand upon this technical note in a future
study to rigorously test the efficacy and generalizability of our
approach, and promote the use of ultrasound and CT image fusion to
improve clinical outcomes for soft tissue surgery, especially in the
CMF deep space surgery.
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Suture in a Patient With
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Abstract: A 3-month-old patient presented for evaluation by plastic
surgery with marked trigonocephaly and was subsequently
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