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ABSTRACT 

Objective: Severe craniomaxillofacial injuries and craniomaxillofacial tumors can lead to craniomaxillofacial bone 
defects and deformities. Seriously affect the patients’ appearance and quality of life. So one-stage repair and reconstruc- 
tion of craniomaxillofacial bone defects is of great significance. The current study summarizes the clinical experience of 
one-stage repair and reconstruction of craniomaxillofacial bone defects. Material and Methods: Data in one-stage re- 
pair and reconstruction of craniomaxillofacial bone defects performed on 13 patients were retrospectively analyzed out 
of 34 patients with craniomaxillofacial injuries or tumors who received treatment at the outpatient department between 
January 2002 and March 2011. Surgical indications and approaches were explored after two typical cases were detected. 
Results: One-stage repair and reconstruction of bone defects was suitable for patients with craniomaxillofacial injuries 
and excised craniomaxillofacial benign tumors. Adjacent autogenous bones and artificial materials (such as titanium 
plates, titanium mesh, and so on) work well for the repair of the craniomaxillofacial bone frame and restoration of facial 
features. Conclusions: Surgical indications should be strictly selected in one-stage repair and reconstruction of cranio- 
maxillofacial bone defects and deformities. Furthermore, the adoption of autogenous bones and artificial materials is a 
good choice in restoring the craniofacial features. 
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1. Introduction 

Severe craniomaxillofacial injuries and craniomaxillofa- 
cial tumors can lead to craniomaxillofacial bone defects 
and deformities. Considering bone defects and deformi- 
ties caused by injuries or tumor resection have potential 
risks and the greatly influence the life quality of life of 
patients, the repair and reconstruction of defects during 
the early stages after the injury or soon after the surgery 
is of great significance [1,2]. However, craniomaxillofa- 
cial complex itself has a very complicated anatomic 
structure, which involves multiple anatomic regions, im- 
portant structures, and organs (such as carotid arteries, 
veins, cranial nerves, and so on). Furthermore, during 
treatment, defects in the cerebral dura mater and soft 
tissues of the craniomaxillofacial complex, as well as the 
craniofacial frame and facial contour need to be repaired 
and reconstructed to prevent surgical complications. 
Meanwhile, the maxillofacial functions are protected or 
restored [3,4]. Thus, craniomaxillofacial surgery is a dif- 
ficult and dangerous procedure with great clinical chal- 

lenges, and requires interdisciplinary cooperation, includ- 
ing neurosurgery, oral and maxillofacial surgery, and so 
on [5,6]. Though immediate one-stage repair of cranio- 
maxillofacial defects after injuries has great significance, 
the risks and the possible radiotherapy after resection of 
malignant craniomaxillofacial tumors forces surgeons to 
take into full consideration the indications for immediate 
postoperative one-stage repair [1,5], as well as the appli- 
cability of defect-repairing materials [7-9]. The current 
study summarizes 13 cases of one-stage repair and re- 
construction of craniomaxillofacial bone defects. 

2. Data and Methods 

Between January 2002 and March 2011, 34 patients with 
craniomaxillofacial injuries or tumors received treatment 
at Xinqiao Hospital, Third Military Medical University, 
China, 23 of which were with bone injuries or benign 
tumors, of which 13 have accepted one-stage repair and 
reconstruction of craniomaxillofacial bone defects. Ten 
males and three females (aged 19 to 67 years old) were 
involved in the current study. Among them, 10 suffered 
from traffic accident injuries and 3 from ossifying fi-  
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broma of craniofacial bones. All 10 patients having ex- 
ternal injuries were diagnosed with frontal, temporal, 
jugal, zygomatic arch, and supramaxillary bone fractures. 
Considering the different degrees of combined cranio- 
cerebral injuries, treatments were given to the patients at 
the department of neurosurgery of local hospitals (no 
craniocerebral operation was done). After craniocerebral 
injury has stabilized, the patients were transferred into 
our department. Apart from routine examinations of the 
nervous system and the oromaxillofacial region, the pa- 
tients were also subjected to craniofacial X-rays, com- 
puted tomography (CT), and three-dimensional (3D)-CT. 
ECT detection was carried out for patients with cerebro- 
spinal leaks. Operations were performed under general 
anesthesia upon determination of the scope of craniofa- 
cial bone defects. All operations were performed using a 
trans-scalp coronal incision approach. For patients with 
external injuries, an extra incision through the vestibule 
of the oral cavity or at the infraorbital rim was made ac- 
cording to the site of maxillofacial fractures to expose the 
craniofacial injured region sufficiently. Reposition and 
fixation of the segments of maxillofacial fractures were 
performed, followed by craniotomy at the cranial fracture 
or diseased site. For patients with bone fractures, the 
fractured bones were repositioned and fixed, and for pa- 
tients with bone defects, extra shape correction of the 
supraorbital rim was performed using titanic microplates. 
For one case of ossifying fibroma, the fragments from 
the cranial and supraorbital regions were corrected after 
tumor mass resection, repositioned after being boiled for 
30 min, and then fixed internally using titanium mi- 
cro-plates. For the two cases of ossifying fibroma, the 
frontal and supraorbital defects were repaired with tita- 
nium mesh after tumor mass resection. Moreover, for 
cases with cerebrospinal rhinorrhea, the injured cerebral 
dura mater was repaired concurrently during the opera- 
tion.  

3. Typical Case Report 

3.1. Case 1  

A 36-year-old male patient was admitted to our hospital 
for treatment of right-sided craniomaxillofacial deformity, 
occlusal disturbance, and limitation of mouth opening 
after an external injury two months prior. The right side 
of the head and face were injured in a fall caused by a 
motorcycle accident, and stayed in a coma for more than 
10 hours. The patient received treatment at a local hospi- 
tal after emergency treatment, and the facial wounds 
were sutured after debridement. Upon admission to our 
hospital, the patient was conscious but with facial de- 
formity (Figure 1(a)). Several soft tissue wound scars 
were present in his frontal, orbital, and zygomatic re- 
gions, and an orificium fistula formed in the supraorbital  

region with a drainage strip placed inside. The right or- 
bital and zygomatic regions sunk and the eyeball shifted 
downward. The right eyeball was atrophied without light 
perception. CSF rhinorrhea was found and clear liquids 
exuded from the nasal cavity at intervals. His mouth 
opening was limited with the maximum opening of 1.0 
cm, and occlusal disturbance was found. Craniofacial X- 
ray films, CT, and 3D-CT reconstruction displayed com- 
minuted fractures, transposition of the fractured segments, 
and some bone loss at the right frontal, nasal, zygomatic, 
and supramaxillary bones (Figure 1(b)). ECT detection 
confirmed CSF rhinorrhea at the anterior cranial base 
(Figure 1(c)). The operation was performed after the 
absence of operative contraindications was confirmed 
through a whole-body examination. A combined ap- 
proach of a trans-scalp coronal incision, an incision 
through the supramaxillary vestibule in the oral cavity, 
and an incision at the infraorbital rim was adopted to 
expose the fractured craniofacial segments (Figure 1(d)). 
The fractured zygomatic and supramaxillary segments 
were repositioned, and fixed internally using titanium 
microplates. Titanium micro-plates were molded accord- 
ing to the shape of the right supraorbital rim and fixed to 
reconstruct the contour of the orbit (Figure 1(e)). Crani- 
otomy was performed at region parietalis of the right 
frontal bone. The bone flaps were turned open, the ante- 
rior skull base was isolated outside the dura mater, and 
the site of cerebrospinal rhinorrhea was repaired with 
fascia musculares. The frontal fragments and bone flaps 
were repositioned and fixed internally using titanium 
micro-plates (Figure 1(f)). After the operation, the cere- 
brospinal rhinorrhea disappeared, the maximum mouth 
opening and occlusion basically returned to normal, and 
the recovery of the patient’s facial features was satisfac- 
tory (the patient refused to replace the atrophied eyeball 
with an artificial one) (Figures 1(g) and (h)).  

3.2. Case 2 

A 19-year-old male patient who suffered from left-sided 
facial deformity for more than ten years was hospitalized 
for treatment. On admission, the examinations showed 
that his left frontal and temporal regions bulged. The 
volume was 10 cm × 8 cm × 4 cm with an obscure 
boundary. His left eyeball protruded and shifted down- 
ward, but his vision and extraocular movements were 
normal (Figures 2(a) and (b)). X-ray films, CT, and 3D- 
CT reconstruction showed expanded changes in the left 
frontal, temporal, and sphenoid bones, the frontal bone 
clearly protruded, and irregular cystic lesions were found 
in the mass (Figure 2(c)). Digital subtraction angiogra- 
phy showed that the left craniofacial blood vessels ran 
normally and no abnormal blood flow change was found. 
Based on the above results, he was diagnosed with left  
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(a)                         (b)                          (c)                          (d) 

       
(e)                         (f)                            (g)                            (h) 

Figure 1. Case 1. The facial deformity before operation and detection by three-dimensional CT ((a) and (b)), and CSF rhi-
norrhea at the anterior cranial base detection by ECT (c). Operation process: expose the fracture and bone defect, repair the 
lesion area ((d)-(f)). The facial shape after operation and facial structure detection by three-dimensional CT ((g) and (h)). 
 

       
(a)                          (b)                          (c)                            (d) 

       
(e)                           (f)                        (g)                           (h) 

Figure 2. Case 2. The The craniofacial deformity before operation and detection by three-dimensional CT ((a)-(c)). Operation 
process: expose the tumor, tumor resection, repair the lesion area ((d)-(f)). The facial shape normal after operation ((g) and 
(h)). 
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craniofacial ossifying fibroma. After confirmation of the 
absence of operative contraindications using whole-body 
examinations, the operation was performed under general 
anesthesia. A trans-scalp coronal incision approach was 
adopted to expose the frontal, temporal, and left supraor- 
bital regions (Figure 2(d)). Osteotomy was performed 
around the mass after craniotomy. The fragments of the 
expanded frontal and supraorbital bones were taken out 
(Figure 2(e)), corrected according to morphologies of 
the contralateral frontal and supraorbital bones, boiled 
for 30 min, repositioned, and fixed using titanium mi- 
croplates (Figure 2(f)). After the operation, the patient 
had good wound healing and his facial features notably 
improved (Figures 2(g) and (h)). Examinations at two 
months after the operation showed satisfactory recovery 
of his facial features. 

4. Discussion 

The aims of craniomaxillofacial repair and reconstruction 
are to prevent the incidence of postoperative complica- 
tions and to restore the craniofacial features and function 
[1,2,10], in which the restoration of features and func- 
tions is the higher standard. Theoretically, all patients 
with deformities caused by craniomaxillofacial injury 
can undergo repair and reconstruction. Thus, craniomax- 
illofacial injuries can be considered as an operative indi- 
cation for craniomaxillofacial bone repair and recon- 
struction. However, for patients with craniomaxillofacial 
tumors, one stage repair and reconstruction should be 
determined according to the nature of the tumor, its range, 
operative risks, and so on. The craniomaxillofacial com- 
plex has a very complicated anatomic structure wherein 
skull base tumors growing towards the maxillofacial 
complex or maxillofacial tumors invading the skull base 
can damage multiple anatomic regions and invade multi- 
ple important structures and organs. Complications are 
more likely with malignant tumors. Although theoreti- 
cally, a malignant tumor can also be excised wholly 
around the normal tissues, achieving clinical radical ex- 
cision when the tumor impinges or approaches important 
structures, such as the cavernous sinus, carotid arteries, 
optic nerves, and so on, is difficult. Under such condi- 
tions, performing one stage repair and reconstruction will 
be of no significance. On the contrary, such a procedure 
will likely increase operative risks and injuries. The bet- 
ter solution is to perform elective or postponed repair and 
reconstruction. However, whether an elective or post- 
poned operation can be performed or not depends on the 
progression of the tumor based on the successive com- 
bined treatment such as radiotherapy, chemotherapy, and 
so on [11,12]. Although some studies have reported 
one-stage repair and reconstruction after malignant tumor 
resection, most have focused on either wound surface  

repair at the skull base with adjacent soft tissues or dis- 
tant skin flaps, or repair of the cerebral dura mater to 
prevent cerebrospinal leakage [3,4,13]. Meanwhile, to 
prevent the incidence of postoperative complications in 
these operations, the connection between the cranial cav- 
ity and the nasal cavity is cut off. Thus, one stage repair 
is not considered suitable for bone defects after cranio- 
maxillofacial malignant tumor resection. In the current 
study, five patients with craniomaxillofacial injuries and 
two with benign tumors were given concurrent one-stage 
repair and reconstruction of craniomaxillofacial bone 
defects during operation. Of the 14 patients with malign- 
nant tumors, 8 received operative treatment, during 
which one stage repair was only restricted to repair of the 
defects of the cerebral dura mater and the skull base soft 
tissues.  

In clinical practice, repair and reconstruction of cra- 
niomaxillofacial bone defects is one of the common pro- 
blems for dentofacial surgeons, neurosurgeons, or plastic 
surgeons. A commonly used method involves determina- 
tion of the range and contour of the craniomaxillofacial 
bone injuries and defects through CT detection and 
3D-CT reconstruction [14]. A trans-scalp coronal inci- 
sion approach with facial and oral vestibular incisions 
was adopted to expose the operative region extensively. 
Then, autogenous bone tissues (such as the cranial bone 
plates, the iliac bone, the ribs, and so on) or artificial 
materials (like titanic mesh, titanic plates, Medpor, etc.) 
are applied to repair the frame and configuration of the 
craniomaxillofacial bone defects, and to reconstruct the 
craniofacial features [5,7,15,16]. With the development 
of repair materials, repair methods and surgical tech- 
niques, theories, and methods for craniomaxillofacial 
repair and reconstruction have also rapidly developed 
[17]. Apart from basic experimental studies on the repair 
and regeneration of bone tissues through tissue engi- 
neering and stem cell techniques, clinical research on the 
application of individualized repair of craniomaxillofa- 
cial bones based on rapid prototyping techniques has also 
progressed, and some reports on its clinical application 
have been released. This method includes the following 
procedures: 3D imaging to reconstruct models of the 
craniomaxillofacial deformities or the pathologic changes, 
accurately determine the pathogenic condition and design 
an individualized operative treatment plan; based on 
computer-aided design and manufacture technique, indi- 
vidualized titanium prosthetic replacements for cranio- 
maxillofacial bone defects are made; and then the re- 
placements are surgically implanted into the bone defect 
region [18]. Although individualized craniofacial bone 
repair based on fast prototyping technique has the ad- 
vantages of accurate repair and easy manipulation during 
operation, the cost is high, thus, it is not applied for most 
patients [7,19,20]. In addition, for a wide range of cra-  
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niomaxillofacial bone defects or neoplastic lesions, espe- 
cially lesions involving the cranial base or other compli- 
cated bone structures, mismatches between the prosthetic 
replacement designed in vitro and the actual ongoing 
condition are possible during the operation. When such 
mismatches occur, performing the operation according to 
the preoperative design is not advisable. The solution 
may be to perform proper repair and construction ac- 
cording to the intraoperative conditions combined with 
clinical experience based on preoperative detection, di- 
agnosis, and design. For operations on wide-ranging cra- 
niomaxillofacial bone tumors, carrying out repair and 
reconstruction using autogenous and artificial materials 
based on the resection scope and the ongoing condition 
would be more practical [5,21]. Artificial bone is mainly 
applicable for patients with bone defects in large area, 
morphological recovery is better, but the cost is relatively 
expensive. Autogenous bone is mainly applicable for 
patients with craniofacial benign tumors, and it is easily 
obtained, but is not suitable for patients with bone de- 
fects in large area. In the current study, the craniofacial 
fragments from the patients with craniofacial injuries 
were set aside. These fragments were repositioned and 
fixed, and the defects were repaired using adjacent auto- 
genous bone or artificial materials. For patients with cra- 
niofacial tumors, to maintain intraoperative security, the 
tumor was excised with ample surgical margins and the 
craniofacial frame was reconstructed through shape cor- 
rection of the wide-ranging cranial bone defects after 
physical inactivation of the pathologic fragments, as well 
as repair using artificial materials. Good outcomes were 
achieved in all patients. Wounds in all patients healed 
after the one-stage operation without complications, and 
the recovery of their craniofacial features were satisfac- 
tory.  

In summary, the operative indications should be 
strictly selected for the determination of one-stage repair 
and reconstruction of craniofacial bone defects and de- 
formities before the operation. One-stage repair and re- 
construction is mainly applicable for patients with cra- 
niofacial injuries and benign tumors. Furthermore, the 
use of autogenous bones from the injured region or the 
adjacent regions assisted with artificial materials is safe, 
economical, and practical to for repair and reconstruct- 
tion. 
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