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Abstract
Background
The goal of treatment for zygomaticomaxillary (ZM) complex (ZMC) fractures is to achieve stability and restore aesthetic appearance through three-dimensional reduction and rigid fixation. The purpose of this study was to evaluate the stability and aesthetic appearance outcomes of one-point fixation using a three-dimensional photogrammetric analysis.

Methods
From March 2014 to December 2014, 34 patients with ZMC fractures were treated by one-point fixation in the ZM buttress using unsintered hydroxyapatite (u-HA)/poly-L-lactide (PLLA) plates. Differences in soft tissue inter-malar height between the fractured side and unfractured sides were evaluated using photogrammetric analysis with a three-dimensional camera (Morphius®) at the preoperative and 1 week, 1 and 3 months after surgery. The differences in bony inter-malar height between the fractured and unfractured sides were evaluated using computer tomography at the pre-operative and 6 months after surgery. The paired t-test was used to compare differences in malar height.

Results
Six months after surgery, 34 patients achieved satisfactory bony stability and symmetric malar appearances. Comparisons of differences in soft-tissue inter-malar height revealed statistically significant differences between the pre-operative period and 1 week and 1 month after surgery (p < .01). There was no statistically significant difference between 1 and 3 months after surgery. Comparison of differences in bony inter-malar height revealed a statistically significant difference between before and 6 months after surgery (p < .01).

Conclusions
When we conducted a three-dimensional photogrammetric analysis, although it has restricted surgical indications, one-point fixation of the ZM buttress using an u-HA / PLLA plate yielded reliable, satisfactory, and safe clinical results in patients with ZMC fractures.

Clinical question / level of evidence
Therapeutic, III.
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Introduction
Zygomaticomaxillary (ZM) complex (ZMC) fractures are common facial fractures [1, 2]. The ZMC is an important structure, serving as a major buttress of the middle third of the face. The ZMC also projects anterolaterally to form the malar eminence and establishes the midfacial width and contour of the orbital rim; thus, it plays an important role in terms of aesthetic appearance [3].
The goal of treating ZMC fractures is to achieve stability and restore aesthetic appearance through three-dimensional reduction and rigid fixation. After adequate reduction of the fracture has been achieved, it is important to maintain stability and rigid fixation to prevent functional impairment and aesthetic sequelae. Open reduction and internal fixation has been used as the standard method for treating ZMC fractures [4].
For the reduction of ZMC fractures, various surgical techniques including one-, two-, and three-point fixation have been introduced; these are based on the severity and extent of the fracture [5–9]. Some authors have argued that the three-point fixation method is essential to avoid facial asymmetry caused by delayed displacement [10]. However, some authors have also argued that the one-point fixation method provides sufficient stability of the ZMC fracture when the ZMC fracture is not comminuted [6–8, 11]. At this time, it remains unclear which treatment, one-point fixation, two-point fixation, or three-point fixation, is best [6, 10–12]. As interest in minimally invasive procedures and concerns about scarring have increased, many surgeons have come to prefer to treat ZMC fractures using one-point fixation. In particular, one-point fixation of the ZM buttress through a gingivobuccal incision has advantages in that it does not leave an external scar.
Unsintered hydroxyapatite (u-HA) particles and poly-L-lactic (PLLA) composites (OSTEOTRANS MX®; Takiron Co., Ltd., Japan) are new-generation absorbable devices. They are bioactive and totally resorbable osteosynthetic bone fixation devices consisting of a composite material with bioactive, bioresorbable u-HA and carbonated ion containing fine particles combined with PLLA [13, 14]. Some authors have reported that u-HA/PLLA composite may be appropriate for total replacement with bone [15].
We performed one-point fixation of a ZM buttress in the treatment of selected cases of ZMC fractures through a gingivobuccal incision using u-HA/PLLA composite devices. The purpose of this study was to evaluate the outcomes of our surgical procedure using three-dimensional photogrammetric analysis in terms of stability and aesthetic appearance.

Methods
Of the patients who underwent open reduction and rigid fixation for ZMC fractures using u-HA/PLLA composites between March 2014 to December 2014, 34 who could be observed and followed for longer than 6 months were enrolled in this study. The inclusion criteria were type III, IV, and V ZMC fractures according to the Knight and North classification. Patients who had bilateral ZMC fractures, comminuted ZMC fractures, a previous history of craniofacial surgery, or a history of congenital facial asymmetry were excluded from this study. The study conformed to the Declaration of Helsinki, and written consent was obtained from each patient for both the surgery and the publication of the photographs of the results. The study was reviewed and approved by the Institutional Review Board for human subjects’ research (IRB no. SCHBC 2016–10–023-02).
Surgical procedure
One surgeon treated all patients with ZMC fractures. Keen’s approach was used for reducing the fractures. All procedures were performed under general anesthesia with oroendotracheal intubation. A gingivobuccal incision was made 1 cm above the attached gingiva and then deepened through the buccinator straight to the anterior maxillary wall until the periosteum was identified. After the mucoperiosteal flap was elevated, fracture sites were identified. A Digman zygoma arch elevator could also have been placed accurately and applied to reduce bone fragments and correct the anatomical position. We performed one-point fixation at the ZM buttress region using u-HA/PLLA composites (Fig. 1). The buttress region was fixed with a four-holed L-type plate (1.4 mm thickness, 4.5 mm width, 22 × 10 mm) and 8 mm screws. After rigidity of the fixation was confirmed, the wound was copiously irrigated. Hemostasis was achieved, and watertight closure was obtained.[image: A40463_2019_359_Fig1_HTML.png]
Fig. 1One-point fixation of the zygomaticomaxillary buttress region using unsintered hydroxyapatite particles/poly-L-lactide composites. The fracture site was fixed with a four-holed, 1.4-mm thick L-type plate and 8 mm screws




We recommended the maintenance of a soft diet for 1 month after surgery and a malar splint for the protection of the malar eminence for 1 week after surgery. All patients were administered prophylactic intravenous antibiotics (Oxacephem, 2000 mg/day) for 7 days after the operation.

Clinical examination
All patients underwent a preoperative physical examination and were investigated using Water’s skull view and the zygomatic arch view. Differences in the soft-tissue malar height between the fractured and unfractured sides were evaluated with photogrammetric analysis using the three-dimensional (3D) camera (Morphius®, Morpheus3D Co., Ltd., Korea). For measurement of soft-tissue inter-malar height, we used an arbitrary reference line parallel to the intercanthal line. We turned up the 3D photography until the nasal tip was parallel to the eyebrow levels and measured the distances from the arbitrary reference line to the points at the height of the most prominent malar region (Fig. 2). Distance from the reference line to the points was defined as the soft tissue inter-malar heights and measured before and after surgery. Differences in the bony inter-malar heights between the fractured and unfractured sides were evaluated using 3D computed tomography (3D CT). The postoperative soft-tissue inter-malar height assessment was conducted with a 3D camera 1 week, 1 month, and 3 months after surgery. At 6 months after the operation, bony inter-malar height was evaluated using 3D CT. During the follow-up period after surgery, all patients underwent clinical and radiological assessment by independent observers.[image: A40463_2019_359_Fig2_HTML.png]
Fig. 2Differences in soft-tissue malar height between the fractured and unfractured sides were evaluated with photogrammetric analysis using a three-dimensional camera (Morpheus3D scanner)





Statistical analysis
All variables are expressed as means ± standard deviation (SD) and obtained a 95% confidence interval. Statistical analyses were performed using SPSS software (version 18.0; SPSS Inc., Chicago, IL, USA). The paired t-test was used to compare differences in malar height, and p-values < .05 were considered significant.


Results
Of the 34 patients, 26 were male and 8 were female. The mean age of the patients was 39.5 years (range 17–74 years). A total of 10 patients had an isolated ZMC fracture, and 24 had combined other facial bone fractures, such as orbital wall and nasal bone fractures (Table 1).Table 1Demographic characteristics of patients


	Variable
	Value

	Sample size
	34

	Sex

	 Male
	26

	Associated facial bone fracture

	 None
	10

	 Nasal bone fracture
	8

	 Orbital wall fracture
	19

	 Finger fracture
	1

	Age (year)
	39.47 ± 3.04




The mean follow-up period was 7 months (range 6–9 months). During the hospitalization and follow-up periods, there were no major complications, such as wound infection, plate exposure or fracture, bony non-union, or infection-related foreign body reaction. All 34 patients achieved satisfactory symmetric soft tissue malar appearance 3 months after surgery (Fig. 3) and bony stability and symmetric bony malar appearance 6 months after surgery (Fig. 4).[image: A40463_2019_359_Fig3_HTML.png]
Fig. 3A 23-year-old female with a left zygomaticomaxillary complex fracture was treated with one-point fixation using unsintered hydroxyapatite particles/poly-L-lactide composites. The difference in soft-tissue malar height was evaluated with photogrammetric analysis using a three-dimensional camera (Morpheus3D scanner). a Preoperative photogrammetric analysis. b Photogrammetric analysis finding 1 week after surgery. c Photogrammetric analysis finding 1 month after surgery. d Photogrammetric analysis finding 3 months after surgery



[image: A40463_2019_359_Fig4_HTML.png]
Fig. 4A 37-year-old male with a right zygomaticomaxillary complex fracture was treated with one-point fixation using unsintered hydroxyapatite particles/poly-L-lactide composites. Preoperative computed tomography (CT) image show lateral rotation of zygoma and depression of the zygomatic arch (left), and postoperative CT image show the reduction state 6 months after surgery (right)




The average postoperative difference in soft-tissue inter-malar height between the fractured and unfractured sides was − 6.59 ± 1.74 mm (means ± standard deviation): it was 1.56 ± 1.48 mm at 1 week, − 1.47 ± 0.33 mm at 1 month, and − 1.48 ± 0.34 mm at 3 months (Fig. 5). The difference in the soft-tissue inter-malar heights before and 1 week after surgery was statistically significant (p < .01). The difference in the soft-tissue inter-malar heights 1 week and 1 month after surgery was statistically significant (p < .01). There was no statistically significant difference between these values at 1 and 3 months after surgery.[image: A40463_2019_359_Fig5_HTML.png]
Fig. 5Preoperative differences in soft-tissue malar height between the fractured and unfractured sides were measured as − 6.59 ± 1.74 mm. It was 1.56 ± 1.48 mm at 1 week, − 1.47 ± 0.33 mm at 1 month, and − 1.48 ± 0.34 mm at 3 months after surgery. There were statistically significant differences between the preoperative and 1-week and 1-month postoperative figures (p < .01). There were no statistically significant differences between postoperative 1 month and postoperative 3 months (p = .08). †There is the significant difference compared with the previous time (p < .01). p-value by paired t-test. POD = postoperative day




The differences in bony inter-malar height were − 5.78 ± 1.25 mm before and 0.17 ± 0.03 mm 6 months after surgery, which reflect a significant difference (p < .01) (Fig. 6).[image: A40463_2019_359_Fig6_HTML.png]
Fig. 6Differences in bony malar height were − 5.78 ± 1.25 mm before surgery and 0.17 ± 0.03 mm at 6 months after surgery, and there was a statistically significant difference between before and 6 months after surgery (p < .01). †There is the significant difference compared with the previous time (p < .01). p-value by paired t-test. POD = postoperative day





Discussion
The ZMC is commonly injured because of its prominent location and contour. The ZMC has four suture lines and three principle buttresses that give the ZMC an intrinsic strength, and injury typically results in tetrapod or tripod fractures [16]. Functional impairment, such as restricted mouth opening, sensory deficits, enophthalmos, diplopia, or facial asymmetry can arise from inadequate reduction or secondary displacement following initial reduction as a result of masticatory forces [17–19]. Therefore, it is important to achieve stability and restore natural function for ZMC fracture patients.
To overcome physiological stresses and maintain stability at the fracture sites, three-point fixation may provide the best stability [5, 20]. However, previous studies found that two-point fixation [9, 21] and one-point fixation [6–8, 12, 22] are also sufficient to maintain stability and show good results in selected cases. Complications, such as infection, nerve injury, and incision scars, can be avoided by these less invasive procedures. Recently, patients have become increasingly concerned about whether their aesthetic appearance will be restored.
To maintain stability through one-point fixation, it is important that osteosynthetic devices have a high degree of strength. The ideal osteosynthetic device should not only maintain adequate strength throughout bone healing but also be safe for clinical use. Titanium materials have resistance to corrosion, excellent tensile strength, and good handling properties. Although they are commonly used as standard osteonsynthetic devices in the craniofacial region, titanium osteosynthetic devices remain at the fracture site, resulting in complications, such as palpability, pain, cold intolerance, hypersensitivity, and exposure [23–25]. There is no consensus regarding the need for routine removal of asymptomatic titanium materials, but symptomatic titanium materials should be removed when clinically indicated [26–28]. In some cases, loose titanium devices may migrate and become visible or palpable in facial areas where the dermis and subcutaneous tissues are relatively thin [26, 29]. Because of the limited bone growth, titanium osteosynthetic devices should be removed, especially in pediatric patients [30, 31]. These can also produce artifacts on computed tomography or magnetic resonance imaging [32–34].
Various absorbable osteosynthetic devices have been developed to address these problems of titanium materials, and they have been used in the cranofacial regions for trauma and reconstructive procedures. However, conventional absorbable osteosynthetic devices may have some limitations, including mechanical weakness. Several studies have shown that absorbable materials are mechanically insufficient for fracture stabilization, and this can result in impaired bone healing, especially at the infraorbital rim and the ZM buttress [35, 36]. To overcome this drawback, a new-generation bioresorbable osteosynthetic device has been developed. A reinforced composite material, which is composed of noncalcined, u-HA/PLLA and has bioresorbability and osteoconductivity, has shown enhanced strength with rigidity and the ability to remain strong during the bone healing period [18]. Its initial bending strength of up to 270 megapascals is stronger than that of cortical bone, and its initial bending modulus of 12 gigapascals is close to that of cortical bone [37]. The bioresorbable u-HA particles in the device provide osteoconductivity and further improvement in terms of biocompatibility and safety in vitro and in vivo [14, 38, 39]. Compared with studies using other absorbable materials, u-HA/PLLA composites show higher stability in segmental retention [40].
The hydroxyapatite that one of the main components of u-HA/PLLA materials is not a resorbable materials. However, u-HA particles are synthesized by hydrolysis of calcium hydrogenphosphate anhydrate (CaHPO4) in the presence of calcium carbonate (CaCO3) [13]. The average size range of u-HA particles (3–5 μm) is suitable for phagocytosis and incorporation into the PLLA matrix [15, 37]. Biodegradation of the u-HA/PLLA materials is carried out as follows: gradual loss of strength, resorption of PLLA, which has degraded to a low molecular weight, and release of unbound of HA debris and deposition of calcium phosphates [13]. Shikinami et al. [15] reported that the u-HA/PLLA material in the femoral bone of rabbit decreases gradually in sizes as low PLLA molecules and unbound u-HA particles are steadily released over 2.5 years after implantation. However, the postoperative complications related the u-HA/PLLA plate were reported. Landes et al. [38] reported that they experienced two patients had foreign body reactions, with local redness and swelling at 15 and 33 months after operation and their symptoms were resolved by plate removal and curettage. Hayashi et al. [13] reported that they experienced the bone excess on the frontal bone at 6 months after operation and the inflammatory granulation tissue on the frontozygomatic suture site at 2 years after operation. By referring to these articles, we only included patients with mild and moderate displacement who can be treated by one-point fixation in ZM buttress region to avoid complications related u-HA/PLLA plate in our study.
Comparisons of the soft-tissue inter-malar height of the fractured and unfractured sides revealed statistically significant differences between before surgery and 1 week and 1 month after surgery. The difference in soft-tissue inter-malar height 1 week and 1 month after surgery may have been caused not only by the minor decrease in bony malar height due to the masseter muscle action but also by the reduction in postoperative soft-tissue swelling. However, there was no statistically significant difference between 1 and 3 months after surgery. It means that the change of soft tissue inter-malar height mainly occurs within 1 month after surgery. The differences in bony inter-malar height were 0.17 ± 0.03 mm 6 months after surgery. This result suggested that u-HA/PLLA composites may provide a sufficient rigidity of the ZM buttress to maintain bony alignment when one-point fixation methods are used.
Our study has several limitations. First, we included only those ZMC fractures with mild and moderate displacement. ZMC fractures with mild or moderate displacement require less bony stability and can tolerate a weaker osteosynthetic device compared with a severely displaced ZMC fracture. Therefore, the u-HA/PLLA composite osteosynthetic device can be used to treat selected cases of ZMC fracture. Second, our study had a short-term follow-up period and relatively few patients. The effectiveness and complications of u-HA/PLLA composites for ZMC fractures cannot be fully supported based on results obtained during a 6 months postoperative follow-up period. Although further studies with long-term follow-up periods are required, our study suggest that ZMC fractures with mild and moderate displacement can be treated with one-point fixation of the ZM buttress using u-HA/PLLA composites. Third, we evaluated the postoperative results using 3D digital photogrammetric analysis, but it is possible that this approach introduced a bias related to indirect anthropometry owing to its reliance on 3D digital photogrammetric analysis.
Despite these limitations, and although it has restricted surgical indications, one-point-fixation of the ZM buttress using u-HA/PLLA can provide sufficient bony stability without external scars. We suggest that our surgical technique offers an alternative treatment for ZMC fractures with mild and moderate displacement.

Conclusions
This clinical study suggests that one-point fixation of a ZM buttress using u-HA/PLLA composites provides reliable, satisfactory, and safe clinical results in patients with ZMC fractures with mild and moderate displacement.
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