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1. Introduction

In the ever-evolving landscape of medical science, few fields have witnessed as pro-
found a transformation as oral and maxillofacial surgery. With each passing year, the inte-
gration of cutting-edge technology, innovative techniques, and personalized approaches
is redefining the boundaries of what is possible in the realm of maxillofacial and head
and neck reconstruction. The advent of digital imaging, precision planning, and mini-
mally invasive procedures has ushered in a new era of patient-centered care and enhanced
treatment outcomes.

The Special Issue titled “New Updates in Oral and Maxillofacial Surgery” serves as
a guide to the dynamic nature of this discipline. By delving into the latest developments
and future trends, it encapsulates the spirit of progress that defines oral and maxillofacial
surgery today.

At the forefront of this paradigm shift is the emphasis on personalized treatment
modalities. From digital impressions to intricate sterolithographic modeling, the ability to
tailor interventions to the unique anatomical and physiological characteristics of each pa-
tient has become paramount. This personalized approach not only enhances precision, but
also minimizes the risk of complications, ensuring optimal results and patient satisfaction.

The advent of Al can completely change the paradigms of medicine. Chat-Based
Generative Pre-trained Transformer (ChatGPT) is an advanced artificial intelligence (AI)
language model developed by Open Artificial Intelligence. With regard to head and neck
disciplines, Vaira et al. [1] demonstrated Al’s ability to resolve complex clinical scenarios,
but it still falls short of being considered a reliable support for the decision-making process
of specialists in head-neck surgery.

Central to the digital revolution is the emergence of digital impressions and 3D
modeling. Traditionally, the process of obtaining dental impressions was laborious and
uncomfortable for patients. However, with the advent of intraoral scanners [2], we now
offer our patients a more comfortable and efficient alternative. These digital impressions
not only streamline the treatment process, but also enable us to achieve unprecedented
accuracy in the fabrication of prosthetic restorations and orthognathic surgical planning.

Moreover, 3D planning has emerged as a cornerstone of contemporary oral and
maxillofacial surgery. Through sophisticated software algorithms and computer-aided
design (CAD) technologies [3-5], we can meticulously plan complex procedures, such
as orthognathic surgery and implant placement, with precision and predictability. This
level of preoperative planning not only optimizes surgical outcomes, but also minimizes
intraoperative complications and reduces patient morbidity.

As discussed by Tian et al. [6] in their review, 3D printing is often used for digital imaging
in surgical planning, custom surgical devices, and patient-physician communication.

In parallel, minimally invasive surgery has gained prominence as a preferred ap-
proach in the management of craniofacial pathologies. Endoscopic and functional surgery
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techniques have revolutionized our ability to access and treat complex anatomical regions
with minimal disruption to surrounding tissues. These approaches not only result in faster
recovery times and reduced postoperative pain, but also preserve aesthetic and functional
outcomes for our patients. As demonstrated by Bartholomew et al. [7], the combinations
between 3D endoscopy and surgical navigation has the potential to improve surgical
efficiency, economy of motion, and safety for the patient.

As we navigate the landscape of oral and maxillofacial surgery, we remain steadfast
in our commitment to addressing a diverse array of pathologies, including head and neck
surgery, oral cancer, and reconstructive surgery. Augmented reality represents the most
innovative approach to translate virtual planning for real patients, as it merges the digital
world with the surgical field in real time. Surgeons can access patient-specific data directly
within their field of view, through dedicated visors. In head and neck surgical oncology,
augmented reality systems overlay critical anatomical information onto the surgeon’s
visual field [8,9].

In particular, the management of oral cancer poses a significant clinical challenge,
demanding a multidisciplinary approach and innovative diagnostic and therapeutic strate-
gies [10,11]. Through collaborative efforts and cutting-edge research, we strive to improve
early detection, enhance treatment efficacy, and optimize long-term outcomes for patients
afflicted by this devastating disease.

Furthermore, reconstructive surgery continues to play a pivotal role in restoring
form and function following trauma, congenital anomalies, or oncologic resections. As
discussed by Garajei et al., the virtual surgical planning technique resulted in better facial
symmetry and superior esthetic outcomes compared with the conventional technique [12].
Advances in biomaterials, tissue engineering, and microsurgical techniques have expanded
the repertoire of reconstructive options available to us, enabling us to achieve remarkable
outcomes and improve quality of life for our patients.

2. An Overview of Published Articles

In Andreas Sakkas’s paper [13], the author explores the prevalence of challenging
airway situations and urgent tracheostomy procedures in individuals with orofacial in-
fections arising from the mandible, as well as methods for identifying factors that may
predict difficult intubation. The frequency of challenging airway situations related to
breathing, visualizing the larynx, and inserting a breathing tube was studied using de-
scriptive methods. The relationships between possible factors that could affect difficult
intubation were investigated through multivariable analysis. The highest occurrence of
challenging intubation occurred in patients with infections in the masseteric-mandibular
space (42.6%), then in infections of the floor of the mouth (40%), and, finally, in infections in
the pterygomandibular space (23.5%). Breathing difficulties and noisy breathing were not
linked to the site of infection. The researchers concluded that there was a high prevalence of
difficult airway situations in patients with orofacial infections originating in the mandible.
Advanced age, restricted mouth opening, a higher Mallampati classification, and a higher
Cormack-Lehane grade were identified as dependable indicators of challenging intubation.

The study conducted by Gonzalez-Perez and colleagues [14] examines the use of total
joint replacement for immediate reconstruction following ablative surgery for primary
tumors affecting the temporo-mandibular joint. In their case series, the researchers empha-
sized the effectiveness of surgically placing TM] prostheses in significantly reducing pain
levels and TM] dysfunction resulting from tumor-related TMJ pathology. This retrospective
analysis primarily targeted cases where the TMJ was extensively damaged due to various
tumors. Compared to alternative reconstructive procedures like costochondral or stern-
oclavicular grafts, utilizing a TMJ prosthesis can shorten surgery duration and hospital stay
while offering immediate functionality without donor site morbidity. TM] replacement
is typically viewed as a final option in the surgical management of TM] disorder and is
considered the preferred approach for immediate reconstruction post-ablative surgery for
primary TMJ tumors.
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The third article by Boschetti et al. [15] examines the effectiveness of using fat grafts
in parotidectomy surgeries. The patients in the study all underwent partial or complete
parotidectomy with autologous en bloc dermal fat graft reconstruction. Pre- and post-
operative contrast-enhanced MRI scans were performed on all patients. Positive feedback
from patients on the cosmetic results, along with validation from the radiology team, sup-
ports fat grafting as a successful and safe surgical procedure, even in cases with malignant
lesions. The authors conclude that fat grafting is highly successful in terms of aesthetics,
procedure duration, and safety during oncological follow-up, consolidating the role of a
key technique in craniofacial reconstructive surgery.

The fourth article in this Special Issue, authored by Ho et al. [16], presents a prelimi-
nary examination of the impact of surgical precision in maxillomandibular advancement
(MMA) on obstructive sleep apnea (OSA) patients. The study specifically looks at how
advancements in the maxilla and mandible, as well as counter-clockwise rotation, relate
to the reduction in the relative apnea hypopnea index (AHI). This research highlights
the significance of recognizing surgical inaccuracies in MMA procedures for OSA pa-
tients and emphasizes the importance of increased awareness among surgeons and future
research efforts.

The article by Antunez-Conde Hidalgo [17] compared the conventional technique and
the customized guided surgery for genioplasty. Genioplasty is a common surgical proce-
dure in the field of maxillofacial surgery. Improvements in facial reconstructive surgery
have led to lower risk and more consistent outcomes. This study compares traditional
genioplasty with a new surgical technique based on virtual surgical planning, CAD-CAM
cutting guides, and custom-made plates for patients.

Serree and colleagues [18] conducted a study to evaluate the precision of a novel MD
(PirifixTM) for assisting surgeons in positioning the upper dental arch (UDA) during Le
Fort I osteotomies (LFIOs). The PirifixTM, developed by Ennoia in Besangon, France, is
a bone-supported device designed to conform to the lower part of the piriform orifice’s
anatomy. It serves as an alternative to existing methods for UDA positioning in LFIO
procedures. This initial investigation was performed on a 3D-printed model without soft
tissue to demonstrate the efficacy of the PirifixTM. However, further research, incorporating
facial soft tissue and input from other surgeons, is necessary to validate its effectiveness.
PirifixTM could potentially have a significant impact on the performance of complex
movements that involve multiple rotations and translations. Further investigation into the
use of PirifixTM for complex movements is warranted to fully understand its potential
benefits and applications.

Lee’s research [19] delves into the nasal dimension using Cone-Beam Computed
Tomography. The morphology of the nasal cavity is crucial not only in clinical settings, but
also in forensic science. However, previous studies have mainly focused on comparing
sexes, so it is important to explore how nasal dimensions correspond to facial and nose
dimensions. The authors want to determine whether nasal cavity size varies based on
sex, facial index (FI), and nasal index (NI). Lee and colleagues examined CBCT data from
100 patients at Dankook University’s dental hospital. Their results indicated that nasal
cavity sizes did indeed differ according to sex, FI, and NI. These findings have implications
for personalized surgeries in clinical practice and future studies on nasal cavity anatomy:.

In their study, Onica et al. [20] share their clinical findings regarding a subperiosteal
jaw implant as an alternative for patients with insufficient bone height, who cannot un-
dergo traditional endosseous implants without extensive bone grafting or augmentation
procedures. The success of these implants largely depends on the biotype of the gingiva,
which influences the quality and quantity of the surrounding soft tissues. The objective of
this research is to discuss a newly designed subperiosteal jaw implant through their 6-year
clinical experience.

The findings reveal that subperiosteal implant-supported hybrid prostheses, created
using digital planning and guided surgery, have yielded disappointing outcomes with only
a 25% success rate after 6 years.
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3. Conclusions

This collection of articles dedicated to the new updates in oral and maxillofacial
surgery demonstrate the richness of the research field. Ranging from retrospective studies
to case series and technical notes, several study methods have been used to analyze the use
of new technologies in our field of interest.

Our Special Issue provides a platform to explore the latest advancements and future
trends in these critical areas of our specialty.

In conclusion, the field of oral and maxillofacial surgery stands at the cusp of a new
era—an era defined by digitalization, personalized care, and innovation.

This Special Issue serves as a guide to the ingenuity and dedication of the global
maxillofacial surgery community, as we strive to push the boundaries of knowledge and
redefine the standards of patient care. As we embark on this journey of discovery and
advancement, let us remain steadfast in our commitment to excellence and compassion,
guided by the principle of putting our patients” needs first. Together, we will continue
to shape the future of oral and maxillofacial surgery, ensuring brighter tomorrows for
generations to come.
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authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.

10.

11.

12.

Vaira, L.A.; Lechien, J.R.; Abbate, V.; Allevi, F.; Audino, G.; Beltramini, G.A.; Bergonzani, M.; Bolzoni, A.; Committeri, U.;
Crimi, S.; et al. Accuracy of ChatGPT-Generated Information on Head and Neck and Oromaxillofacial Surgery: A Multicenter
Collaborative Analysis. Otolaryngol. Head Neck Surg. 2023, 170, 1492-1503. [CrossRef] [PubMed]

Esposito, R.; Masedu, E; Ciccit, M.; Tepedino, M.; Denaro, M.; Ciavarella, D. Reliabilty of recording occlusal contacts by using
intraoral scanner and articulating paper—A prospective study. J. Dent. 2024, 142, 104872. [CrossRef] [PubMed]

Maglitto, E.; Orabona, G.D.; Committeri, U.; Salzano, G.; De Fazio, G.R.; Vaira, L.A.; Abbate, V.; Bonavolonta, P.; Piombino, P.;
Califano, L. Virtual Surgical Planning and the “In-House” Rapid Prototyping Technique in Maxillofacial Surgery: The Current
Situation and Future Perspectives. Appl. Sci. 2021, 11, 1009. [CrossRef]

Cocozza, S.; Russo, C.; Pontillo, G.; Ugga, L.; Macera, A.; Cervo, A.; De Liso, M.; Di Paolo, N.; Ginocchio, M.L; Giordano, E; et al.
Is advanced neuroimaging for neuroradiologists? A systematic review of the scientific literature of the last decade. Neuroradiology
2016, 58, 1233-1239. [CrossRef] [PubMed ]

Jones, E.A.; Huang, A.T. Virtual Surgical Planning in Head and Neck Reconstruction. Otolaryngol. Clin. N. Am. 2023, 56, 813-822.
[CrossRef] [PubMed]

Tian, Y.; Chen, C.; Xu, X.; Wang, J.; Hou, X,; Li, K.; Lu, X,; Shi, H.; Lee, E.S.; Jiang, H.B. A Review of 3D Printing in Dentistry:
Technologies, Affecting Factors, and Applications. Scanning 2021, 2021, 9950131. [CrossRef] [PubMed]

Bartholomew, R.A.; Zhou, H.; Boreel, M.; Suresh, K.; Gupta, S.; Mitchell, M.B.; Hong, C.; Lee, S.E.; Smith, T.R.; Guenette, ]J.P.; et al.
Surgical Navigation in the Anterior Skull Base Using 3-Dimensional Endoscopy and Surface Reconstruction. JAMA Otolaryngol.
Head Neck Surg. 2024, 150, 318-326. [CrossRef] [PubMed]

Tel, A.; Zeppieri, M.; Robiony, M.; Sembronio, S.; Vinayahalingam, S.; Pontoriero, A.; Pergolizzi, S.; Angileri, EF.; Spadea,
L.; Ius, T. Exploring Deep Cervical Compartments in Head and Neck Surgical Oncology through Augmented Reality Vision: A
Proof of Concept. J. Clin. Med. 2023, 12, 6650. [CrossRef] [PubMed]

Rose, A.S.; Kim, H.; Fuchs, H.; Frahm, ].M. Development of augmented-reality applications in otolaryngology-head and neck
surgery. Laryngoscope 2019, 129 (Suppl. S3), S1-S11. [CrossRef] [PubMed]

Salzano, G.; Dell’Aversana Orabona, G.; Abbate, V.; Vaira, L.A.; Committeri, U.; Bonavolonta, P.; Piombino, P.; Maglitto, F; Russo,
C.; Russo, D.; et al. The prognostic role of the pre-treatment neutrophil to lymphocyte ratio (NLR) and tumor depth of invasion
(DOI) in early-stage squamous cell carcinomas of the oral tongue. Oral Maxillofac. Surg. 2022, 26, 21-32. [CrossRef] [PubMed]
Taberna, M.; Gil Moncayo, E; Jané-Salas, E.; Antonio, M.; Arribas, L.; Vilajosana, E.; Peralvez Torres, E.; Mesia, R. The
Multidisciplinary Team (MDT) Approach and Quality of Care. Front. Oncol. 2020, 10, 85. [CrossRef] [PubMed]

Garajei, A.; Modarresi, A.; Arabkheradmand, A.; Shirkhoda, M. Functional and esthetic outcomes of virtual surgical planning
versus the conventional technique in mandibular reconstruction with a free fibula flap: A retrospective study of 24 cases.
J. Craniomaxillofac. Surg. 2024, 52, 454-463. [CrossRef] [PubMed]



J. Pers. Med. 2024, 14, 705

13.

14.

15.

16.

17.

18.

19.

20.

Sakkas, A.; Weif3, C.; Zink, W.; Rodriguez, C.A.; Scheurer, M.; Pietzka, S.; Wilde, F.; Thiele, O.C.; Mischkowski, R.A.; Ebeling, M.
Airway Management of Orofacial Infections Originating in the Mandible. J. Pers. Med. 2023, 13, 950. [CrossRef] [PubMed]
Gonzalez-Perez, L.-M.; Montes-Carmona, J.-F.; Torres-Carranza, E.; Infante-Cossio, P. Total Joint Replacement for Immediate
Reconstruction following Ablative Surgery for Primary Tumors of the Temporo-Mandibular Joint. J. Pers. Med. 2023, 13, 1021.
[CrossRef] [PubMed]

Boschetti, C.E.; Vitagliano, R.; Cornacchini, N.; Santagata, M.; Caliendo, V.; Belfiore, M.P.; Colella, G.; Tartaro, G.; Cappabianca, S.
Safety and Aesthetics of Autologous Dermis-Fat Graft after Parotidectomy: A Multidisciplinary Retrospective Study. J. Pers. Med.
2023, 13, 1200. [CrossRef] [PubMed]

Ho, ]J.-P.T.F; Zhou, N.; van Riet, T.C.T.; Schreurs, R.; Becking, A.G.; de Lange, ]. Assessment of Surgical Accuracy in Maxillo-
mandibular Advancement Surgery for Obstructive Sleep Apnea: A Preliminary Analysis. J. Pers. Med. 2023, 13, 1517. [CrossRef]
[PubMed]

Antinez-Conde Hidalgo, R.; Silva Canal, J.L.; Navarro Cuéllar, C.; Sanchez Gallego-Albertos, C.; Arias Gallo, J.;
Navarro Cuéllar, I.; Lopez Davis, A.; Demaria Martinez, G.; Naranjo Aspas, N.; Zamorano Ledn, J.; et al. Guided Ge-
nioplasty: Comparison between Conventional Technique and Customized Guided Surgery. J. Pers. Med. 2023, 13, 1702. [CrossRef]
[PubMed]

Serree, P-E.; Bertin, E.; Coussens, C.; Brumpt, E.; Devoti, J.-F; Louvrier, A. Assessment of a New Medical Device (PirifixTM) for
Positioning and Maintaining the Upper Dental Arch during Le Fort I Osteotomy. J. Pers. Med. 2024, 14, 324. [CrossRef] [PubMed]
Lee, J.-H.; Kim, H.-S.; Park, J.-T. Comparison of Nasal Dimensions According to the Facial and Nasal Indices Using Cone-Beam
Computed Tomography. J. Pers. Med. 2024, 14, 415. [CrossRef] [PubMed]

Onica, N.; Budala, D.G.; Baciu, E.-R.; Onica, C.A.; Geletu, G.L.; Murariu, A.; Balan, M.; Pertea, M.; Stelea, C. Long-Term Clinical
Outcomes of 3D-Printed Subperiosteal Titanium Implants: A 6-Year Follow-Up. J. Pers. Med. 2024, 14, 541. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.



Journal of
Personalized

Medicine

Article

Characterization of Tissue Immunity Defense Factors of the Lip
in Primary Dentition Children with Bilateral Cleft Lip Palate

Laura Ozola * and Mara Pilmane

1,2,%

Institute of Anatomy and Anthropology, Riga Stradins University, Kronvalda Boulevard 9,
LV-1010 Riga, Latvia

2 Children’s Clinical University Hospital, Vienibas Gatve 45, LV-1004 Riga, Latvia
Correspondence: laura.ozola@rsu.lv (L.O.); mara.pilmane@rsu.lv (M.P))

Abstract: Background: Bilateral cleft lip palate is a severe congenital birth defect of the mouth and
face. Immunity factors modulate immune response, inflammation, and healing; therefore, they are
vital in the assessment of the immunological status of the patient. The aim of this study is to assess the
distribution of Gal-10, CD-163, IL-4, IL-6, IL-10, HBD-2, HBD-3, and HBD-4 in tissue of the bilateral
cleft lip palate in primary dentition children. Methods: Five patients underwent cheiloplasty surgery,
where five tissue samples of lip were obtained. Immunohistochemical staining, semi-quantitative
evaluation, and non-parametric statistical analysis were used. Results: A statistically significant
increase in HBD-2, HBD-3, and HBD-4 was found in skin and mucosal epithelium, hair follicles, and
blood vessels. A notable increase was also noted in IL-4, IL-6, and IL-10 in the mucosal epithelium
and CD163 in blood vessels. The connective tissue of patients presented with a statistically significant
decrease in Gal-10, IL-10, and HBD-3. Spearman’s rank correlation revealed multiple significant
positive and negative correlations between the factors. Conclusions: Upregulation of CD163 points
to increased angiogenesis but the increase in IL-4 and IL-10 as well as the decrease in Gal-10 points to
suppression of excessive inflammatory damage. Decreased connective tissue healing and excessive
scarring are suggested by the decrease in HBD-3 and IL-10 and the increase in IL-6.

Keywords: cleft lip and palate; tissue defense factors; primary dentition; HBD; IL; Gal-10; CD-163

1. Introduction

Cleft lip is a type of orofacial cleft defect that affects the upper lip and occasionally the
nasal region. It can be unilateral, bilateral, or midline and complete or incomplete [1]. It is
two times more common in males than in females and most often affects the left side of the
face [1]. Clinically, children with cleft lip have impaired functions of speech, nutrition, and
breathing, which significantly decreases the quality of life for the child and for the parents
as well as creates a necessity for regular speech therapy, orthodontist, otolaryngology, and
nutritionist appointments.

In order to regain symmetry, normal function, and physiological homeostasis of
the lip and nasal region, children aged 3 to 4 months undergo surgical correction of the
defect [1]. The surgical correction operation is called cheiloplasty, and it is the first of many
plastic surgeries that these patients have to undergo in the following years [2]. The first
operation focuses on lip repair, and sometimes may include nasoalveolar molding and
lip adhesion [2]. Afterward, the surgical correction is followed by definitive cheiloplasty,
primary rhinoplasty, palatoplasty, and even orthognathic surgery, all performed when the
patient reaches the appropriate age and indications [2].

Afterward, the children are prescribed a strict diet plan in order to limit excessive
scarring and possible injury or infection to the site of the operation as well as not to disrupt
the remodeling of the tissue [1]; however, due to the constant growth and evolving of the
child’s orofacial region during this age, asymmetries often occur and a follow-up surgery
is necessary to correct the asymmetry [1].

J. Pers. Med. 2024, 14, 965. https://doi.org/10.3390/jpm14090965 6 https:/ /www.mdpi.com/journal /jpm
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It is also well-known that all orofacial defects have the characteristic feature of chronic
inflammation and decreased tissue healing and remodeling potential [3]. However, the fact
that cleft lip has a straight connection between the inner and outer environment predisposes
the idea that the inflammatory and immune processes in the cleft lip should be much more
prominent than in the cleft palate, especially if the cleft lip is bilateral.

Various cells of the immune system produce different proteins for homeostasis main-
tenance and protection of the tissues, such as anti-inflammatory and regulatory cytokines
(interleukin-4, interleukin-10, and interleukin-6) and tissue protective factors (galectin-
10 and human beta defensin-2, -3, and -4), complemented by anti-inflammatory M2
macrophages (CD163). The functions of these protective molecules are versatile and,
therefore, vital in pathological conditions of the tissues.

Galectin-10 (Gal-10) is a protein that belongs to the prototype class of the galectin
family of proteins and contains a specific amino acid sequence that forms the carbohydrate
recognition domain [4,5]. Galectin-10 is mainly found in human eosinophils where it is one
of the most abundant proteins; however, some traces of it have also been observed in other
immune cells like neutrophils, basophils, macrophages, and T cells [5,6]. The functions
of galectin-10 are determined by their specific location in eosinophils—-immune cells that
mainly carry out immune responses targeted to parasites or allergic substances [5,6]. One
of the most prominent and important functions of galectin-10 in the immune system is
the suppression of T-cell proliferation and receptor activation [7,8]. Therefore, a decrease
in Gal-10 can oftentimes increase the count and functions of different subpopulations of
T-cells [9]. It has also been noted that increased levels of galectin-10 in pregnancy-related
diseases could be connected to the increased development and prolonged maintenance of
chronic inflammation via different mutually correlating cytokines and chemokines [5].

CD163 is a distinct hemoglobin scavenger receptor that is expressed by macrophages
and monocytes [10]. It is characterized as an important marker for M2 anti-inflammatory
macrophages and their activation due to its high specificity to this cell type [11]. Expres-
sion of CD163 is induced by IL-6 and IL-10 but decreased by IL-4, TNF-«, IFN-y, and
LPS [11-13]. The main functions of CD163 and M2 macrophages include the secretion
of IL-10, NO, and IL-6, improved wound healing and angiogenesis, inhibition of T cells,
downregulation of inflammation, and even inhibition of pathogen growth via limited
pathogen access to Hb and Fe [12,14].

Interleukin-4 (IL-4) is an inflammatory cytokine that regulates and promotes different
inflammatory processes [15]. The main IL-4 secreting cells are T-helper-2 cells (Th2) of
the immune system; however, it can also be secreted by basophils, mast cells, T follicular
helper cells (Tfh), invariant natural killer T cells (iNKTs), and by eosinophils during allergic
reactions or parasitic infections [15,16]. In severe inflammatory processes, IL-4 has multiple
functions, mainly focusing on the promotion of tissue repair, reduction in inflammation,
and maintenance of tissue homeostasis [17]. Overall, IL-4 has a protective role in tissues to
prevent excessive damage caused by the organism’s immune response [18].

Interleukin-6 (IL-6) is a pro-inflammatory cytokine that initiates and controls the
immune response, inflammatory processes, hematopoiesis, and tissue homeostasis by regu-
lating cytokine production, acute phase protein (ACP) synthesis, cell development, growth,
differentiation, activation, and adhesion [19-25]. It is mainly secreted by tissue macrophages
and monocytes as a defense mechanism to tissue infections and injuries [23-26]. Excretion
of IL-6 has also been observed when cells like fibroblasts, endotheliocytes, epitheliocytes,
neutrophils, and lymphocytes come into contact with lipopolysaccharides or inflamma-
tory cytokines, especially IL-1 and TNF-« [24-27]. IL-6 demonstrates both pro- and anti-
inflammatory actions and is an important part of the immune response that connects innate
and adaptive immune responses and ensures adequate functions of epithelial and mucosal
barriers [20,25].

Interleukin-10 (IL-10) is one of the IL-10 family cytokines that has an anti-inflammatory
effect and that ensures the suppression of excessive inflammatory responses [28]. It is
secreted by the cells of the immune system—T cells (Th1, Th2, Th9, Th17, and Treg), B
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cells, macrophages, dendritic cells, NK cells, and even CD8+ T cells, eosinophils, and mast
cells [28-33]. The most important producer of IL-10 is CD4+ T cells [34]; however, the ability
to express IL-10 has also been observed in epithelial cells [28]. IL-10 is also fundamental
in the process of healing and wound repair due to the fact that it increases epitheliocyte
proliferation, hyaluronan synthesis, re-vascularization, and re-epithelialization [30,35,36].

Human beta-defensins are positively charged antimicrobial peptides that are charac-
terized by their 3-sheet structure, expression in the epithelial cells (mainly, keratinocytes),
and antimicrobial properties [37-39]. All HBDs except HBD-1 are secreted as a response to
inflammation or infection. The main functions of these molecules are the elimination of
pathogens, improvement of wound healing, the regulation of inflammation—by controlling
cell proliferation, migration, chemotaxis and cytokine production [40-43]. Therefore, they
are categorized as the first line of defense of epithelial tissues that ensure immune responses
and homeostasis [38,39,44].

Upon release in epithelial tissues, HBD-2 stimulates keratinocyte proliferation and
migration, the chemotaxis of macrophages, attraction of T cells and dendritic cells, as well
as antimicrobial effects [43,45-47]. Stimulation of cell activity and immune response also
ensures wound healing and the epithelial barrier maintenance effects of HBD-2 [43].

The main functions of HBD-3 are the elimination of microbes, stimulation of mast
cell degranulation and NK cell activity, increase in chemotaxis and vascular permeability,
as well as the stimulation of keratinocyte migration, differentiation, proliferation, and
production of IL-6, IL-10, and IFN-y [41,48-50]. HBD-3 functions not only against Gram-
negative bacteria but—unlike other beta-defensins—also against Gram-positive bacteria,
therefore ensuring a full spectrum of antibacterial defense [51]. It has also been noted that
HBD-3 can prevent the formation of biofilms, especially around various types of implants
that have been placed in the body [52]. Overexpression of HBD-3 has been previously
linked to increased wound healing and a decreased prevalence of wound infection [41].

The functions of HBD-4 include the stimulation of IL-6, IL-10, IFN-y, and prostaglandin
D, production as well as mast cell degranulation and chemotaxis [39,40]. When acting
upon bacteria, the antibacterial effect of HBD-4 is carried out by the formation of pores in
the cell membrane of these organisms, which is negatively charged [37].

In summary, the main functions and properties of the described cytokines and factors
are as follows: IL-6 is a regulatory cytokine of other cytokines; IL-4 is a dual anti- and
pro-inflammatory cytokine; IL-10 is the strongest anti-inflammatory cytokine; M2 are
anti-inflammatory macrophages; HBDs are protective molecules of the tissues; and the
role of Gal-10 is still unclear, although its functions are mainly expressed in eosinophilic
inflammation. Little is known about the correlations and links between these molecules in
different pathological states of the tissues.

Due to the fact that local tissue defense factors are crucial mediators of inflammation,
the immune response, tissue healing, and remodeling, they have been previously researched
in various other studies trying to connect them with the pathological characteristics of
certain conditions, including pathologies of the oral and maxillofacial region like nasal
polyps, periodontitis, and various types of clefts.

The aim of this study is to assess the distribution of tissue defense factors and detect
the local tissue defense status in the bilateral cleft lip and palate in children of primary
dentition since prominent features of the BCLP are chronic inflammation and insufficient
healing. The results of this study will continue to be a part of a continuous research cycle
in order to find possible links and causalities between defense factors and characteristics of
clefted tissue.

2. Materials and Methods
2.1. Material Characteristics of Subjects
This research was conducted in accordance with the 1975 Helsinki Declaration (as

revised in 2008). This study was independently reviewed and approved by the Ethical
Committee of the Riga Strading University (22 May 2003; 17 January 2013; Nr. 5/28 June
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2018). All parents of the patients were fully informed about the nature of this study, and
they provided written informed consent for participation in the study and its publication.

2.2. Selection Criteria of Patient Tissue Samples
Samples were selected according to the following inclusion criteria:

Diagnosis of Cheilognathouranoschisis bilateralis;
Age of primary dentition;

No other congenital diseases;

Absence of additional pathologies that are contraindications to cheiloplasty;
No signs of active inflammation

Indications for bilateral cheiloplasty.

The following exclusion criteria were also applied:
Age during primary dentition [53];

Presence of other congenital diseases;
Contraindicative pathologies for plastic surgery;
Signs of active inflammation.

2.3. Characteristics of Selected Patients

Four of the selected patients were male and one was female. One patient’s mother had
refused to take mandatory pregnancy medication during pregnancy and another patient’s
mother had a history of cleft (Table 1). All patients underwent bilateral cheiloplasty surgery.

Table 1. Description of the patients.

Patient Number Age (Months) Sex Remarks
238 4 M
264 4 F
396 4 F Mother dlld not use medication
during pregnancy
395 6 F Mother with a cleft
369 17 F

Abbreviations: M—male; F—female.

In total, 5 patient samples of lip tissue were obtained during cheiloplasty surgery in
the Cleft Lip and Palate Centre of the Institute of Stomatology of Riga Stradins University.
The samples were acquired from children aged 4 to 17 months old that were diagnosed
with bilateral cleft lip (Cheilognathouranoschisis bilateralis).

2.4. Selection Criteria of Control Tissue Samples
The inclusion criteria for the control group were as follows:

e  Absence of craniofacial clefts in patient examination, anamnesis, and /or family his-
tory;

e  Absence of additional pathologies, congenital abnormalities, or damage of oral
cavity tissue.

In total, 5 control tissue samples were obtained from the Institute of Anatomy and
Anthropology of Riga Stradins University during post-mortem necropsies.

One of the selected control samples was male and four were female. The age of the
control group samples varied from newborn to 24 weeks old. Two of the controls were
affected by asphyxia of the umbilical cord, two by sudden death syndrome, and one was
aborted due to the health status of the mother (Table 2).

The approval Nr. 2-PEK-4/595/2022 for the use of control group tissue was issued on
14 December 2022.
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Table 2. Description of the control group.

Control Number Age Sex Cause of Death
la Newborn M Birth asphyxia
2a Newborn F Birth asphyxia
4a 24 weeks old F Abortion due to the maternal indication
5a Newborn F Sudden infant death syndrome
6a Newborn F Sudden infant death syndrome

Abbreviations: M—male; F—female.

2.5. Routine Staining

Firstly, the obtained tissue material was fixated for 24 h using 2% formaldehyde, 0.2%
picric acid, and 0.1 M phosphate buffer (pH 7.2). Secondly, the material was processed
for 12 h using Tyrode’s buffer with 10% saccharose. Thirdly, embedding of the tissues
in paraffin and cutting with microtome into 5-7 um sections was performed. Lastly, the
prepared lip tissue samples were stained with hematoxylin and eosin [54].

2.6. Immunohistochemical (IHC) Analysis

Immunohistochemical detection of the local tissue defense factor quantity in the
selected lip tissue samples was performed using the standard streptavidin and biotin
method [54,55].

Firstly, antibodies were diluted in antibody diluent (code-938B-05, Cell MarqueTM,
Rocklin, CA, USA).

Secondly, tissue samples were prepared for the antibodies: previously cut tissue
sections were deparaffinized, washed in alcohol and water, rinsed with TRIS buffer solution
(code-2017X12508, Diapath S.p.A., Martinengo, Italy) twice for 5 min, placed in a microwave
with boiling EDTA buffer (code-2017X02239, Diapath S.p.A., Martinengo, Italy) for 20 min,
and cooled. Then, the samples were once again washed with TRIS buffer two times for
5 min, blocked with 3% peroxide for 10 min, and washed with TRIS buffer.

Thirdly, the antibody reaction was performed: samples were incubated with primary
antibodjies for 1 h, washed 3 times with TRIS buffer, exposed to HiDef Detection™ reac-
tion amplificator (code 954D-31, Cell MarqueTM, Rocklin, CA, USA) for 10 min at room
temperature, washed with TRIS buffer, incubated with a HiDef DetectionTM HRP Polymer
Detector (code-954D-32, Cell MarqueTM, Rocklin, CA, USA) for 10 min at room temperature,
followed by the last wash with TRIS buffer 3 times for 5 min each.

Lastly, the samples were prepared for sealing: tissue was coated with a DAB+ chro-
mogenic liquid DAB Substrate Kit (code 957D-60, Cell MarqueTM, Rocklin, CA, USA) for
10 min, rinsed with running water, counterstained with hematoxylin (code-05-M06002,
Mayer’s Hematoxylin, Bio Optica Milano S.p.A., Milano, Italy), dehydrated with ethanol
of increasing concentrations (70°-90°), clarified with carboxylic acid and xylol, sealed with
a coverslip, and marked according to the patient number and antibody used.

The information about the antibodies used is summarized in Table 3.

Table 3. Information about the antibodies used in IHC.

Tissue Factor Product Code Working Dilution Company Location
Gal-10 ab157475 1:200 Abcam Cambridge, UK
CD 163 ab87099 1:200 Abcam Cambridge, UK

1IL-4 orb10908 1:100 Biorbyt Cambridge, UK

IL-6 sc-28343 1:100 Santa Cruz Biotechnology Inc. Santa Cruz, CA, USA

1L-10 orb100193 1:600 Biorbyt LLC St Louis, MO, USA
HBD-2 sc-20798 1:100 Santa Cruz Biotechnology Inc. Dallas, TX, USA
HBD-3 orb183268 1:100 Biorbyt LLC St Louis, MO, USA
HBD-4 ab70215 1:100 Abcam Cambridge, UK

10
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2.7. Assessment of Local Tissue Defense Factor Quantity

Light microscopy and the semi-quantitative counting method were used to assess
the relative quantity of Gal-10-, CD-163-, IL-4-, IL-6-, IL-10-, HBD-2-, HBD-3-, and HBD-4-
positive structures in skin and the mucosal epithelium, connective tissue and blood vessels,
salivary and adipose gland ducts, and hair follicles. Evaluation of positively stained
structures visible in the visual field was performed according to identifiers summarized in
Table 4. Acquisition, processing, and analyses of the tissue sample pictures were performed
using a Leica DC 300F digital camera (Leica Microsystems Digital Imaging, Cambridge,
UK) and the Image Pro Plus program (Media Cybernetics, Inc., Rockville, MD, USA).

Table 4. Explanation of semi-quantitative evaluation identifiers [56,57].

Identifier Used Explanation
0 No positive structures (0%)
0/+ Rare occurrence of positive structures (12.5%)
+ Few positive structures (25%)
+/++ Few to moderate number of positive structures (37.5%)
++ Moderate number of positive structures (50%)
++/+++ Moderate to numerous positive structures (62.5%)
+++ Numerous positive structures (75%)
+++/++++ Numerous to abundant positive structures (87.5%)
++++ Abundance of positive structures (100%)

2.8. Statistical Analysis

IBM SPSS (Statistical Package for the Social Sciences) software version 26.0 (IBM
Company, Chicago, IL, USA) was used for statistical processing of the data. Statistical
significance was selected at a p-value < 0.05 and was used for every statistical assessment
of the tests and results [58]. Semi-quantitative evaluation of the local tissue defense factor
quantity produced ordinal data (non-numeric and arranged in a specific and unchangeable
order); therefore, descriptive statistics, analytical statistics, and non-parametric tests were
used to calculate the results and their statistical significance.

2.8.1. Mann-Whitney U Test

This test was used to detect if the distribution of immunity factor quantity in the
patient and control group samples was equal or not, and if the difference was statistically
significant [58].

2.8.2. Spearman’s Rank Correlation

This test was used to detect whether there was a statistically significant rate of connec-
tion between changes in one factor that was connected to the changes in another factor [58].
The strength of the correlation between factors was interpreted using the following defini-
tion of Spearman’s rho (rs) values:

A very weak correlation: rg = 0.00-0.19;

A weak correlation: rg = 0.20-0.39;

A moderate correlation: rg = 0.40-0.59;

A strong correlation: rs = 0.60-0.79;

A very strong correlation: rg = 0.80-1.00 [59].

2.9. Flowchart

A visual summary of the workflow and information presented in the Materials and
Methods Section is outlined in Figure 1.

11



J. Pers. Med. 2024, 14, 965

Child with bilateral N Veloplastic Obtainment of tissue | o Prepara_tion of Ly RO}“!'-'I@ »| THC staining
cleft lip surgery samples the tissue staining
| 4
{ IF { THEN
v H

* The tissue is not needed for the
reconstruction
+ Child during milk dentition age | CDII“ IEEN H‘I‘6 =t

[Gal10 | [#m02 | [ 053 | [FBD4 |

A

I Semi-quantitative evaluation |

|

l Statistical analysis |

,

I Interpretation and conclusions |

Figure 1. Workflow of patient tissue sample selection, processing, and research.

3. Results
3.1. Characteristics of Routine Staining

The control sample showed features of normal lip tissue—non-keratinized stratified
squamous mucosal epithelium, keratinized stratified squamous skin epithelium with sweat
gland ducts and hair follicles, and underlying mucosal connective tissue with adipose
glands. The patient tissue samples presented with prominent epithelial vacuolization and
subepithelial infiltration of inflammatory cells (Figure 2a,b).
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Figure 2. Hematoxylin and eosin routine staining of the patient tissue samples (a,b): note vac-

uolization (a) and inflammatory cell infiltration (b) in skin type epithelium of the lip (arrows).
Magnification 200x.

3.2. Appearance and Distribution of Gal-10

In the control group, the median quantity of Gal-10-positive structures was moderate
(++) in the mucosal epithelium, blood vessels, sweat gland ducts, hair follicles, and connec-
tive tissue, moderate to numerous (++/+++) in the skin epithelium, and numerous (+++)
in adipose glands (Figure 3a, Table 5).

In the patient group, the median quantity of Gal-10-positive structures was few to
moderate (+/++) in blood vessels, moderate (++) in sweat gland ducts and hair follicles,
moderate to numerous (++/+++) in skin epithelium and adipose glands, and none in
connective tissue (Figure 3b, Table 5).

Comparison of both groups using the Mann-Whitney U test illustrates a statistically
significant difference (U = 0, p = 0.005) in the connective tissue (Table 6). In addition,
there were no statistically significant differences in the skin epithelium (U = 10, p = 0.589),
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mucosal epithelium (U = 6.5, p = 0.368), blood vessels (U = 5.0, p = 0.199), sweat gland ducts
(U =20, p =0.414), adipose glands (U = 3.5, p = 0.803), and hair follicles (U = 2.5, p = 0.195)
(Table 6).

Figure 3. Immunohistochemistry of the Gal-10-positive structures in the control and patient tissue

samples: (a) control sample with moderate to numerous Gal-10-positive structures in skin epithelium,
and moderate in mucosal epithelium, sweat gland ducts, and connective tissue (arrows), 200x;
(b) patient sample with few to moderate Gal-10-positive structures in blood vessels, moderate to
numerous in skin epithelium, and numerous in mucosal epithelium (arrows), 200 x.

Table 5. Semi-quantitative evaluation of Gal-10 and CD-163 in control and patient groups.

Sample Gal-10 CD-163
Number SE ME BV SG AG F CT SE ME BV SG AG F CT
396 +/++ ++/+++ + ++ +++ + 0 0 0 + +++ ++ 0/+ ++
369 ++/+++ - ++ ++ ++ ++ 0/+ + 0 +/++ + +/++ 0/+ ++
395 ++/+++ +++ +/++ - - - 0 0/+ 0/+ + + - + +
264 ++ ot 0/+ - - - 0 + 0/+ ++/+++ + - - ++/+++
238 ++/+++ +++ +++ et - +++ 0 ++ +/++ ++ ++ - ++ ++
1&?31?2; ++/+++ +++ +/++  ++ ++/+++ + 0/+ +/++ + ++ + ++
la + + ++ - ++/+++ ++ 0 0 0/+ - - +
2a ++++ + ++ - ++ +++ ++ 0 0/+ + 0/+ - - ++
4a A e S e  aaa E - - +H++ +/++ + + - - ++
5a ++/+++ ++ ++ +++ - ++ 0 - + + - - ++
6a ++ +++ ++ ++ +++ ++ ++ 0 0 0 - 0 0
1?/[%%1;{ ++/+++ ++ ++ ++ +++ ++ ++ 0 0/+ + + 0 ++
Abbreviations: SE—skin epithelium; ME—mucosal epithelium; BV—blood vessels; SG—salivary glands;
AG—adipose glands; F—hair follicles; CT—connective tissue; Gal-10—galectin-10.
Table 6. Median values for Gal-10 and CD-163 in patient and control groups.
Gal-10 CD-163
SE ME BV SG AG F CT SE ME BV SG AG F CT
P ++/+++ 4+ ++/+++  ++ 0 + 0/+ +/++ + ++ + ++
C ++/+++ ++ ++ ++ +++ ++ ++ 0 0/+ + + 0 0 ++
I‘_]J;ilelse:c 10.0 6.5 5.0 2.0 35 2.5 0.0 5.0 9.5 3.0 3.0 0.0 0.0 8.0
p-value 0.589 0.368 0.199 0414 0.803 0.195 0.005 0.090 0.89 0.034 0124 0.221 0.057 0.288

Abbreviations: SE—skin epithelium; ME—mucosal epithelium; BV—blood vessels; SG—salivary glands;
AG—adipose glands; F—hair follicles; CT—connective tissue; Gal-10—galectin-10.

3.3. Appearance and Distribution of CD-163

In the control group, the median quantity of CD-163-positive structures was none
(0) in lip skin epithelium or around adipose glands and hair follicles, rare (0/+) in the
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mucosal epithelium, few (+) in the blood vessels and sweat gland ducts, and moderate (++)
in connective tissue (Figure 4a, Table 5).

Figure 4. Inmunohistochemistry of the CD-163-positive structures in the control and patient tissue

samples: (a) control sample with rare occurrence of CD-163-positive structures in mucosal epithelium
and sweat gland ducts, few in the blood vessels, and moderate in connective tissue (arrows), 200x;
(b) patient sample with few to moderate CD-163-positive structures in mucosal epithelium and
moderate in the skin epithelium (arrows), 200x.

In the patient group, the median quantity of CD-163-positive structures was rare
(0/+) in the mucosal epithelium, few (+) in skin epithelium, sweat gland ducts, and hair
follicles, few to moderate (+/++) in blood vessels, and moderate (++) in adipose glands
and connective tissue (Figure 4b, Table 5).

Comparison of both groups using the Mann-Whitney U test illustrates a statistically
significant difference (U = 3.0, p = 0.034) in the blood vessels. (Table 6). In addition,
no statistically significant differences in skin epithelium (U = 5.0, p = 0.090), mucosal
epithelium (U = 9.5, p = 0.896), sweat gland ducts (U = 3.0, p = 0.124), adipose glands (U =0,
p = 0.221), and connective tissue (U = 8.0, p = 0.288) were found (Table 6).

3.4. Appearance and Distribution of IL-4

In the control group, the median quantity of IL-4-positive structures was none (0) in
the skin epithelium, sweaty glands, and connective tissue, rare (0/+) in adipose glands, hair
follicles, and mucosal epithelium, and few to moderate (+/++) in blood vessels (Figure 5a,
Table 7).

Table 7. Semi-quantitative evaluation of IL-4 and IL-6 in control and patient groups.

Sample IL-4 IL-6
Number  SE ME BV  SG AG F CT SE ME BV SG AG F CT
396 + +++ 0 ++ 0/+ + 0 + +++ + +++ +++ +/++ ++
369 0 - 0 + 0/+ 0/+ 0 ++ - ++ ++ ++ ++ ++
395 ++ /e - - - - 0 o 4/ 0/+ - - - ++
264 +  ++/+++ 0 - - - + ++ ++/+++ +/++ ++ - - ++/+++
238 ++ +++ 0/+ ++/+++ - B A e i o e s S S o/ S S Y - +++ ++/++
15[1%?2; + +++ 0 ++ 0/+ + 0 ++ 4/ +/++ ++/+++ ++ ++
la 0 0/+ - - 0/+ +/++ 0 + + 0/+ - - ++ +
2a 0 0/+ - - 0 0/+ 0 + + ++ - - o/
4a - 0/+ - - 0/+ 0/+ - ++ - ++/+++ - +++ +++ ++
5a - 0/+ +/++ - - + - + - ++ ++ - - ++
6a 0 0 - 0 0 0 0 ++ ++ ++ - ++ ++ ++
Control
Median 0 0/+ +/++ 0 0/+ 0/+ 0 + + ++ ++ ++/+++ A+ ++

Abbreviations: SE—skin epithelium; ME—mucosal epithelium; BV—blood vessels; SG—salivary glands;
AG—adipose glands; F—hair follicles; CT—connective tissue; IL-4—interleukin-4; IL-6—interleukin-6.
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Figure 5. Immunohistochemistry of the IL-4-positive structures in the control and patient tissue
samples: (a) control sample with no IL-4-positive structures in skin and mucosal epithelium and

adipose glands, with rare occurrence in blood vessels, hair follicles, and connective tissue (arrows),
200x; (b) patient sample with few IL-4-positive structures in skin epithelium and connective tissue
(arrows), 200 x.

In the patient group, the median quantity of IL-4-positive structures was none (0)
in the blood vessels and connective tissue, rare (0/+) in adipose glands, few (+) in skin
epithelium and hair follicles, moderate (++) in sweat gland ducts, and numerous (+++) in
the mucosal epithelium (Figure 5b, Table 7).

Comparison of both groups using the Mann-Whitney U test illustrates a statistically
significant difference (U = 0, p = 0.025) in the mucosal epithelium (Table 8). In addition,
no statistically significant differences in skin epithelium (U = 4.0, p = 0.054), blood vessels
(U =4.5, p=0.120), sweat gland ducts (U = 1.0, p = 0.655), adipose glands (U = 0, p = 0.157),
hair follicles (U = 1.0, p = 0.064), and connective tissue (U = 8.5, p = 0.381) were found
(Table 8).

Table 8. Median values for IL-4 and IL-6 in patient and control groups.

IL-4 IL-6
SE ME BV SG AG F CT SE ME BV SG AG F CT
P + +++ 0 ++ 0/+ + 0 ++ T o I ++ ++
C 0 0/+ +/++ 0 0/+ 0/+ 0 + + ++ ++ /A
U-test 4.0 0.0 45 1.0 0.0 1.0 8.5 5.5 0.0 9.5 1.0 2.0 45 45
value

p-value 0.054 0.025 0.120 0.655 0.157 0.064 0.381 0.119 0.031 0.515 0.429 1.000 0.578 0.059

Abbreviations: SE—skin epithelium; ME—mucosal epithelium; BV—blood vessels; SG—salivary glands;
AG—adipose glands; F—hair follicles; CT—connective tissue; IL-4—interleukin-4; IL-6—interleukin-6.

3.5. Appearance and Distribution of IL-6

In the control group, the median quantity of IL-6-positive structures was few (+) in
the skin epithelium and mucosal epithelium, moderate (++) in blood vessels, sweat gland
ducts, and connective tissue, and moderate to numerous (++/+++) in adipose glands and
hair follicles (Figure 6a, Table 7).

In the patient group, the median quantity of Gal-10-positive structures was few to
moderate (+/++) in the blood vessels, moderate (++) in skin epithelium, hair follicles,
and connective tissue, moderate to numerous (++/+++) in sweat gland ducts and adipose
glands, and numerous to abundant (+++/++++) in the mucosal epithelium (Figure 6b,
Table 7).

Comparison of both groups using the Mann-Whitney U test illustrates a statistically
significant difference (U = 0, p = 0.031) in the mucosal epithelium (Table 8). In addition,
no statistically significant differences in skin epithelium (U = 5.5, p = 0.119), blood vessels
(U =9.5,p=0.515), sweat gland ducts (U = 1.0, p = 0.429), adipose glands (U = 2.0, p = 1.000),
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hair follicles (U = 4.5, p = 0.578), and connective tissue (U = 4.5, p = 0.059) were found
(Table 8).

Figure 6. Immunohistochemistry of the IL-6-positive structures in the control and patient tissue
samples: (a) control sample with few IL-6-positive structures in the skin epithelium and moderate
in the blood vessels, sweat gland ducts, and connective tissue (arrows), 200x; (b) patient sample
with few to moderate IL-6-positive structures in blood vessels, with moderate in skin epithelium
and sweat gland ducts, and moderate to numerous in mucosal epithelium and connective tissue
(arrows), 200 x.

3.6. Appearance and Distribution of HBD-2

In the control group, the median quantity of HBD-2-positive structures was none (0)
in the skin epithelium, blood vessels, adipose glands, and connective tissue, and rare (0/+)
in the mucosal epithelium, sweat gland ducts, and hair follicles (Figure 7a, Table 9).

.V'x .
e
el

_"J
AN Ay AN A7 :
\ Pra 4.7 ) é‘\\-"‘u;«
AR : LS N w:&)}"‘f\-ﬂ

Figure 7. Immunohistochemistry of the HBD-2-positive structures in the control and patient tissue
samples: (a) control sample with the absence of HBD-2-positive structures in skin epithelium, blood
vessels, and connective tissue (arrows), 200%; (b) patient sample with rare occurrence of HBD-2-
positive structures in connective tissue, moderate to numerous in skin epithelium and adipose glands,
and numerous to abundant in mucosal epithelium (arrows), 200 x.
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Table 9. Semi-quantitative evaluation of HBD-2 and HBD-3 in control and patient groups.

Sample HBD-2 HBD-3
Number SE ME BV SG AG F CT SE ME BV SG AG F CT
396 +/++ +++ + +H/ + 0/+ 0/+ +++ ++ ++ +++ ++/ -+ 0/+
369 +/++ - +/++ + 0/+ + 0 ++ - ++ - ++ ++ ++
395 ++/+++ A/ 0 - ++/+++ - 0/+ +++ +++/++++ 0 - - - 0
264 ++/+++ ++ +/++ + ++ - 0/+ ++ ++ + 0/+ - - 0/+
238 +/++ + ++ ++ - ++ +/++  +/++ ++ +/++ /A +++ 0/+
li)/laetcli?;l; +/++ ++/+++ +/++ +/++ ++ + 0/+ ++ +H/+H+ +/ ++ +++ ++/ -+ 0/+
la 0/+ 0 - - 0/+ 0 + + + - +/++ ++/ -+ ++
2a 0/+ 0/+ 0/+ - 0 0/+ 0/+ + + +/++ - ++ ++/+++ +++
4a 0/+ - 0 - 0 0 0 +/++ +/++ ++ - +++ +++ ++/+++
5a - 0 0/+ - - 0 0/+ - + +/++ - - ++
6a 0 0 0/+ - 0 0 +/++ +/++ +/++ + ++ ++ ++
fﬁﬁg 0/+ 0 0/+ 0 0/+ 0 + +/++ +/++ +/++ ++ ++/+++ ++
Abbreviations: SE—skin epithelium; ME—mucosal epithelium; BV—blood vessels; SG—salivary glands;
AG—adipose glands; F—hair follicles; CT—connective tissue; HBD-2—human beta-defensin 2; HBD-3—human
beta-defensin 3.
In the patient group, the median quantity of HBD-2-positive structures was few (+)
in the hair follicles, few to moderate (+/++) in skin epithelium, blood vessels, and sweat
gland ducts, moderate (++) in adipose glands, and moderate to numerous (++/+++) in the
mucosal epithelium (Figure 7b, Table 9).
Comparison of both groups using the Mann-Whitney U test illustrates statistically
significant differences in skin epithelium (U = 0, p = 0.007), mucosal epithelium (U = 0,
p = 0.032), blood vessels (U = 3.0, p = 0.034), and hair follicles (U = 0, p = 0.029) (Table 10). In
addition, no statistically significant differences in the sweat gland ducts (U =0, p = 0.057),
adipose glands (U = 0, p = 0.057), and connective tissue (U = 0, p = 0.007) were found
(Table 10).
Table 10. Median values for HBD-2 and HBD-3 in patient and control groups.
HBD-2 HBD-3
SE ME BV SG AG F CT SE ME BV SG AG F CT
P +/++ /A +/++ ++ + 0/+ ++ ++/+++ ++ +++  ++/+++ 0/+
C 0 0/+ 0 0/+ 0 0/+ 0 + +/++ +/++ +/++ ++ ++/+++ ++
U-test value 0.0 0.0 3.0 0.0 0.0 0.0 0.0 5.5 0.0 12.0 2.0 3.0 6.0 1.5
p-value 0.007 0.032 0.034 0.057 0.057 0.029 0.007 0.135 0.019 0.914 0.564 0.252 1.000 0.016

Abbreviations: SE—skin epithelium; ME—mucosal epithelium; BV—blood vessels; SG—salivary glands;
AG—adipose glands; F—hair follicles; CT—connective tissue; HBD-2—human beta-defensin 2; HBD-3—human
beta-defensin 3.

3.7. Appearance and Distribution of HBD-3

In the control group, the median quantity of HBD-3-positive structures was few (+)
in the skin epithelium, few to moderate (+/++) in the mucosal epithelium, blood vessels,
and sweat gland ducts, moderate (++) in the adipose glands and connective tissue, and
moderate to numerous (++/+++) in hair follicles (Figure 8a, Table 9).

In the patient group, the median quantity of HBD-3-positive structures was rare (0/+)
in the connective tissue, few to moderate (+/++) in blood vessels, moderate (++) in skin
epithelium and sweat glands, moderate to numerous (++/+++) in the mucosal epithelium
and hair follicles, and numerous (+++) in adipose glands (Figure 8b, Table 9).

Comparison of both groups using the Mann-Whitney U test illustrates statistically
significant differences in mucosal epithelium (U = 0, p = 0.019) and connective tissue
(U=1.5, p = 0.016) (Table 10). In addition, no statistically significant differences in the
skin epithelium (U = 5.5, p = 0.135), blood vessels (U = 12.0, p = 0.914), sweat gland ducts
(U=2.0,p=0.564), adipose glands (U = 3.0, p = 0.252), and hair follicles (U = 6.0, p = 1.000)
were found (Table 10).

17



J. Pers. Med. 2024, 14, 965

Figure 8. Inmunohistochemistry of the HBD-3-positive structures in the control and patient tissue
samples: (a) control sample with few HBD-3-positive structures in skin and mucosal epithelium, few
to moderate in blood vessels, numerous in adipose glands, moderate to numerous in hair follicles,
numerous in connective tissue (arrows), 200 x; (b) patient sample with rare HBD-3-positive structures
in connective tissue, few to moderate in blood vessels and skin epithelium, moderate in mucosal
epithelium, numerous in adipose glands and hair follicles, numerous to abundant in sweat gland
ducts (arrows), 200 x.

3.8. Appearance and Distribution of HBD-4

In the control group, the median quantity of HBD-4-positive structures was rare (0/+)
in the blood vessels and connective tissue, few to moderate (+/++) in sweat gland ducts,
moderate (++) in skin epithelium and adipose glands, moderate to numerous (++/+++) in
hair follicles, and numerous (+++) in the mucosal epithelium (Figure 9a, Table 11).

Figure 9. Immunohistochemistry of the HBD-4-positive structures in the control and patient tissue
samples: (a) control sample with no HBD-4-positive structures in skin and mucosal epithelium,
adipose glands, hair follicles, and connective tissue, rare in blood vessels (arrows), 200 x; (b) patient
sample with rare HBD-4-positive structures in blood vessels and connective tissue, moderate in

skin epithelium, moderate to numerous in adipose glands and hair follicles, numerous in mucosal
epithelium and sweat gland ducts (arrows), 200 x.
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Table 11. Semi-quantitative evaluation of HBD-4 and IL-10 in control and patient groups.

Sample HBD-4 IL-10
Number SE ME BV SG AG F CT SE ME BV SG AG F CT
396 ++ +++ 0/+ +++ ++/+++ ++/+++ 0/+ + +++ ++ ++/+++ ++/+++ 0/+ +
369 + - ++ +/++ + ++ 0/+ + - + ++ 0/+ +/++ 0/+
395 ++/+++ 0 - - - 0 ++/+++ A+ ++ - - - +
264 ++ ++ 0/+ 0/+ - - 0/+ ++ +/++ 0/+ - - + +
238 ++ +++ 0/+ - - ++/+++ + + +++ ++ +++ - ++ +/++
E/{aeté?;l; ++ +++ 0/+ +/++ ++ ++/+++  0/+ + +++ ++ ++/+++ +
la 0 0 0/+ - 0 0/+ 0 ++ ++ +/++ - - +++ +++
2a 0 0 0/+ 0 0/+ 0/+ 0 ++ + ++ - ++ ++ +++
4a 0 0 0/+ - 0 0 0 + 0/+ + - 0 0/+  ++/+++
5a 0 - 0 0 - - 0 0/+ - +/++ 0/+ - - ++/+++
6a + 0/+ 0/+ - 0/+ + 0/+ ++ + + - 0/+ ++ ++
I(\:/[ngf;r{ 0 0 0/+ 0 0/+ 0/+ 0 ++ + +/++ 0/+ 0/+ ++ ++/+++
Abbreviations: ~ SE—skin epithelium; ME—mucosal epithelium; BV—blood vessels; SG—salivary
glands; AG—adipose glands; F—hair follicles; CT—connective tissue; HBD-4—human beta-defensin 4;
IL-10—interleukin-10.
In the patient group, the median quantity of HBD-4-positive structures was none (0)
in the skin epithelium, mucosal epithelium, sweat gland ducts, and connective tissue, and
rare (0/+) in blood vessels, adipose glands, and hair follicles (Figure 9b, Table 11).
Comparison of both groups using the Mann-Whitney U test illustrates statistically
significant differences in the skin epithelium (U = 0.5, p = 0.009), mucosal epithelium
(U =0, p =0.015), and hair follicles (U = 0, p = 0.031) (Table 12). In addition, no statistically
significant differences in blood vessels (U = 10.5, p = 0.606), sweat gland ducts (U = 0,
p = 0.076), adipose glands (U =0, p = 0.057), and connective tissue (U = 4.5, p = 0.065) were
found (Table 12).
Table 12. Median values for HBD-4 and IL-10 in patient and control groups.
HBD-4 IL-10
SE ME BV SG AG F CT SE ME BV SG AG F CT
P ++ +++ 0/+ +/++ ++ ++/+++ 0/+ + +++ ++ ++/+++  +/++ +/++ +
C 0 0 0/+ 0 0/+ 0/+ 0 ++ + +/++ 0/+ 0/+ ++ ++/+++
Utest o5 00 105 0.0 0.0 0.0 45 120 10 10.5 0.0 15 45 0.0
p-value 0.009 0.015 0.606 0.076 0.057 0.031 0.065 0911  0.037 0.661 0.180 0.374 0.297 0.008

Abbreviations: ~ SE—skin epithelium; ME—mucosal epithelium; BV—blood vessels; SG—salivary
glands; AG—adipose glands; F—hair follicles; CT—connective tissue; HBD-4—human beta-defensin 4;
IL-10—interleukin-10.

3.9. Appearance and Distribution of IL-10

In the control group, the median quantity of CD-163-positive structures was rare (0/+)
in the sweat gland ducts and adipose glands, few (0) in the mucosal epithelium, few to
moderate (+/++) in blood vessels, moderate (++) in skin epithelium and hair follicles, and
moderate to numerous (++/+++) in connective tissue (Figure 10a, Table 11).

In the patient group, the median quantity of IL-10-positive structures was few (+) in
the skin epithelium and connective tissue, few to moderate (+/++) in adipose glands and
hair follicles, moderate (++) in blood vessels, moderate to numerous (++/+++) in sweat
gland ducts, and numerous (+++) in the mucosal epithelium (Figure 10b, Table 11).

Comparison of both groups with the Mann—-Whitney U test illustrates statistically
significant differences in the mucosal epithelium (U = 1.0, p = 0.037) and connective tissue
(U =0, p=0.008) (Table 12). In addition, no statistically significant differences in skin
epithelium (U = 12.0, p = 0.911), blood vessels (U = 10.5, p = 0.661), sweat gland ducts
(U =0, p=0.180), adipose glands (U = 1.5, p = 0.374), and hair follicles (U = 4.5, p = 0.297)
were found (Table 12).
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-1

Figure 10. Immunohistochemistry of the IL-10-positive structures in the control and patient tissue
samples: (a) control sample with rare occurrence of IL-10-positive structures in adipose glands, few
in mucosal epithelium and blood vessels, moderate in skin epithelium, hair follicles, and connective
tissue (arrows), 200; (b) patient sample with few IL-10-positive structures in skin epithelium, few to
moderate in connective tissue, moderate in blood vessels and hair follicles, numerous in mucosal
epithelium and sweat gland ducts (arrows), 200 x.

3.10. Comparison of Defense Factor Appearance and Distribution

A visual summary of the comparison between immunity defense factor median values
in the patient group and control group tissue samples is illustrated in Figure 11, where the
overall differences between CD163, IL4, and the HBDs’ distribution across the tissues can
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Figure 11. Comparison of immunity defense factor median distribution in patient and control
group tissues.

3.11. Correlation in the Epithelium and Structures of Connective Tissue of Patient Group

Using Spearman’s rank correlation coefficient, multiple statistically significant corre-
lations (p < 0.005) were obtained between the factors in epithelium and connective tissue
structures (Figures 12 and 13). The factors presented both positive (red) and negative (blue)
correlations, with the biggest amount of statistically notable correlations being present in
the epithelium of the patient tissue samples.
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Figure 13. Heat-map of correlations between the factors (part two).

4. Discussion

In our study, a statistically significant increase in HBD-2-, HBD-3-, and HBD-4-positive
structures was found in skin and the mucosal epithelium, hair follicles, and blood vessels
of patient samples. A notable increase was also seen in IL-4, IL-6, and IL-10 in the mucosal
epithelium and CD163 in the blood vessels. The connective tissue of patient samples
presented with statistically significant decreases in Gal-10, IL-10, and HBD-3.

CD-163 is known to be a specific and important marker for M2 anti-inflammatory
macrophages and their alternative activation [11,13]. Due to the alternative activation
path of M2 macrophages, they present as anti-inflammatory by increasing tissue repair,
angiogenesis, and expressing anti-inflammatory markers and cytokines like IL-10 [13,60]. It
is also well-known that macrophages, especially M2 macrophages, play a crucial role in the
event of vascular injury by recovering blood flow, repairing the vessel, resolving inflamma-
tion, and promoting wound healing [61]. These angiogenetic functions are ensured by the
enhancement of endothelial cell proliferation, migration, and interactions with PFGFBB,
MMP, TGFB1, and VEGEF [62]. In our study, CD-163 significantly increased around the
blood vessels of the patient group; therefore, this leads to a possible suggestion that in
bilateral cleft lip and palate, the M1/M2 macrophage equilibrium is possibly shifted toward
M2 macrophages to ensure angiogenesis and, therefore, resolution of chronic inflammation
and better tissue healing in order to regain tissue homeostasis.
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Human beta-defensins are antimicrobial peptides that control the process of inflamma-
tion or infection by the elimination of pathogens, improvement of wound healing, as well
as by controlling cell proliferation, migration, chemotaxis, and cytokine production [40—43].
They form the first line of defense of epithelial tissues that ensure immune response and
homeostasis [38,39,44]. Changes in HBD levels suggest impaired functions of the epithelial
and mucosal barrier and increased susceptibility of pathogen invasion and infection devel-
opment [37,43,63]. They are most commonly secreted by epithelial cells, therefore, they are
most prominent in the structure of the epithelium, as well as the salivary glands [37,40,64].
The main upregulating factor for HBD secretion is inflammation or infection; hence, the
upregulation of human beta-defensins in skin epithelium, mucosal epithelium, hair follicles,
and blood vessels indicate the presence of chronic inflammation, as well as the presence of
a line of defense that tries to regain tissue homeostasis of cleft-affected tissue [37-39,44]
and characterizes also our patient bilateral cleft-affected lips.

An increase in HBD-4 expression in the skin and mucosal epithelium and increase
in HBD-3 expression in mucosal epithelium mostly indicates the antimicrobial effects via
the formation of pores in the cell membranes of pathogenic microorganisms [37], and an
increase in mast cell degranulation, chemotaxis, and cytokine production [41,48-50]. The
increase in HBD-2 secretion in the skin and mucosal epithelium, blood vessels, and hair
follicles as well as the increase in HBD-3 secretion suggests that the overexpression of these
factors severely increases healing to overcompensate the damage of tissue that has been
caused by the chronic inflammation and restore normal protective functions of the epithelial
barrier [41]. Furthermore, in our study, a significant decrease in HBD-3 was observed in
the connective tissue of the patient group, which suggests impaired protection against
pathogens and increased susceptibility to infections [37,43,63]. The inversed expression
of HBD-3 in connective tissue and mucosal epithelium can possibly be explained by the
fact that due to the nature of the cleft lip defect, the factor is significantly more necessary
in the epithelium where the defect is the most severe; therefore, the overexpression in the
epithelium is balanced by under-expression in the underlying connective tissue.

IL-4 is an anti-inflammatory cytokine that reduces inflammation, maintains home-
ostasis, promotes tissue repair, and decreases the release of pro-inflammatory
cytokines [15,17,19,65,66]. It is one of the first and most important modulators that start the
Th2 immune response (allergy, parasites) by instigating the cascade of CD4+ T cell, Th2 cell,
B cell, and plasma cell differentiation, IgE secretion, and macrophage accumulation [67,68].
In our study, IL-4 levels in the mucosal epithelium were increased, therefore, it can be
suggested that IL-4 functions as a protective agent that prevents excessive damage of the
tissue that can be caused by the organism’s immune response and the state of chronic
inflammation [18]. Interestingly, when looking at functions of IL-4 in the epithelium and
more specifically in keratinocytes, a healing-impairing function has been noted in a study
conducted by Serezani et al. [69]. This effect could possibly be explained by the fact that
with the decrease in healing properties in the mucosal epithelium, the overexpression of
IL-4 ensures that the environment is suitable for the development of chronic infections.

IL-6 is a regulatory inflammatory cytokine that is secreted as a defense mechanism
to tissue infections and injuries [23-26]. Increased levels of IL-6 promote active effects of
the immune system via B- and T-cell differentiation, Ig secretion, ACP synthesis, and cell
apoptosis [19,24]. However, decreased levels of IL-6 are important in the end stages of
an immune reaction to ensure reparative functions and wound closure [70]. IL-6 has also
been mentioned as an important promoter of chronic inflammation via regulation of T-cell
differentiation [25,71]. Therefore, the increased expression of IL-6 in our study suggests
that overexpression of IL-6 in the mucosal epithelium has a similar effect to the increase
in IL-4—the factor promotes the state of inflammation and immune reaction, decreases
the opportunity for the tissue to heal and, therefore, makes the tissue environment more
suitable for chronic infections.

IL-10 also presents with anti-inflammatory effects by inhibiting pro-inflammatory
cytokine secretion, antigen presentation, maintaining tissue homeostasis, and preventing
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tissue damage, all with the objective to resolve inflammation [28,30,72-74]. In Th1 cells,
IL-10 ensures that the Th1 immune response is not excessive and destructive, and IL-10
from Th2 cells suppresses Th1 cells; however, in macrophages, it ensures the formation of
a self-regulating macrophage population [28,31,75]. These functions that differ through
cell types ensure that the immune response is regulated through all stages via different
signaling pathways [29,30,76]. Due to IL-10’s anti-inflammatory nature, it is critical to
carefully regulate and monitor its secretion to avoid excessive immunosuppression or
immune activity [75]. In this study, the quantity of IL-10 was increased in mucosal epithe-
lium, hence, the upregulation of this interleukin once again presents with the same effect
and continues to add to the suppression of excessive inflammation and the creation of a
favorable environment for prolonged infections [29,30]. Therefore, all three interleukins
that were observed in this study create a high-functioning cascade that tries to increase
healing and wound repair via different pathways; however, the effect that is created is
more negative and makes the already infected and inflamed clefted tissue more suitable for
the continuance of infections, immune responses, and tissue destruction.

Moreover, when looking at the connective tissue of the patient group, the IL-10
quantity was decreased. IL-10 is fundamental in the healing, wound repair, and scar
formation process due to the fact that it increases epitheliocyte proliferation, hyaluronan
synthesis, TGE- {3 expression, and induces ECM remodeling [73]. It has also been noted that
IL-10 promotes the correct organization of collagen fibers during wound formation [35].
For these reasons, it can be suggested that the decrease in IL-10 observed in our study
points to disrupted healing of the connective tissue and excessive scarring and fibrosis of
the damaged area; therefore, making it more difficult for the clefted lip to heal properly and
to be successfully repaired without compromising any functional or aesthetic parameters.

Gal-10 is a protein mainly found in human eosinophils, which is released into the
tissue during eosinophil extracellular trap cell death [5,6,77,78]. The main functions of this
protein are connected to immune responses targeted to parasites or allergic substances,
inflammatory cytokine, chemokine, and prostaglandin release, as well as to participate in
the EETosis, which ensnares and kills the pathogenic microorganisms that have entered the
body [5,6,8,77,79,80]. Based on this information, the decrease in Gal-10 in the connective
tissue of the patient group points to decreased eosinophilic function which, therefore,
makes the tissue more susceptible to pathogenic, allergic, and parasitic infections as well
as eosinophilic inflammation [5,7,77]. In a study performed by Buschmann et al., the
increased levels of Gal-10 were connected to the development and maintenance of chronic
inflammation [5]. For this reason, the decrease observed in this study could also be
explained as a protective mechanism, where the cells of the connective tissue are attempting
to decrease the presence of inflammation, which is promoted by various other local tissue
factors. It is also important to note that Gal-10 has been previously connected to various
pathologies connected to the nasal region, therefore, the change in this factor in the case of
bilateral cleft lip could also point to the pathophysiological connection between the lip and
nose in the case of this orofacial defect.

When looking at statistically significant correlations, multiple positive and negative
correlations were observed between all of the factors in various tissue locations—skin and
mucosal epithelium, blood vessels, sweat and adipose glands, hair follicles, and connective
tissue. Correlations do not always mean causality; therefore, the interpretation of these
results cannot always indicate the formation of a meaningful link between the factors.
However, the possible connections of the synergistic actions of these factors are described
as follows:

Galectin-10:

1.  CD-163. Several positive correlations were observed between Gal-10 and CD-163. Gal-
10 is characterized by its eosinophilic functions, eosinophilic inflammation, and release
during EETosis [5,6,78], mostly with a destructive nature. On the other hand, CD163
is connected to M2 macrophages, which are characterized by their anti-inflammatory
nature, improvement of healing, and downregulation of inflammation [12,14]. In
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a study conducted by Liu et al., it was noted that in various bacterial and parasite
infections, M2 macrophages protect the body from excessive tissue damage by clearing
apoptotic cells and inducing regeneration [81]; hence, connecting the functions of
these two factors, it can be suggested that this positive correlation between them
indicates mutual synergy, where Gal-10 creates tissue inflammation to protect it from
invaders but M2 macrophages work alongside it to clear the created debris and to
preserve the tissue from extreme inflammatory damage;

2. IL-6. Mostly positive correlations in the epithelial parts of the samples, which point to
a mutual increase in inflammatory reactions;

3. IL-4. One positive correlation between IL-4 and Gal-10 was observed, which can be
explained by the similar secretion mechanisms of both factors—either can be secreted
by eosionphils, basophils, or T cells [5,6,15-17,67,68,77];

4. HBD-2,-3, and -4. Mostly negative correlations and only in the connective tissue were
observed between the human beta-defensins and galectin-10. This could mean that the
increased activity of Gal-10 and eosinophilic functions suppress the antimicrobial and
healing properties of human beta-defensins, creating an environment more suitable
for developing and sustaining chronic inflammation;

5. IL-10. Similarly, correlations dominate in the connective tissue and are mostly nega-
tive, which continues the link of increased inflammation via Gal-10 activation and
the suppression of healing and restorative properties through a decrease in anti-
inflammatory IL-10.

CD-163:

1. IL-4. In order for macrophages to polarize into the M2 subtype, they have to go
through an alternative activation path during the inflammatory response with IL-
1, IL-4, IL-6, IL-13, TGF-f, TLR, and glucocorticoids [11,13]. Polarization of the
macrophages into M1 (killer) or M2 (healer) phenotypes creates a delicate equilibrium
between pro- and anti-inflammatory occurrences in the body and ensures balance
between inflammation and its resolution [60,82]. Some positive correlations were
noted between IL-4 and CD-163 in the epithelium and connective tissue, which can
be explained by the fact that macrophage polarization into the M2 subtype—which
expresses CD-163—is carried out through an alternative activation path during the
inflammatory response with IL-4 as a mediating agent [11,13]. Previously, possi-
ble connections between IL-4 and M2 macrophages and tissue healing have been
suggested [83];

2. IL-6. Similarly, positive correlations were observed with IL-6 because IL-6 also in-
creases M2 macrophage polarization and CD-163 expression [11-13,84]. Moreover,
M2 macrophages have been noted to induce IL-6 secretion [12,14];

3. IL-10. One negative correlation in the connective tissue was seen. This finding is con-
trary to previous studies, where IL-10 was noted to induce M2 polarization [85] and
where M2 macrophages secreted IL-10 [12,14]. IL-10 has also been noted to maintain
tissue homeostasis and resolve inflammation with inhibiting antigen presentation
to macrophages [28,30,72-74]. Therefore, the finding of our study could point to the
suppression of IL-10 with the aim of maintaining antigen presentation and active
functions of M2 macrophages;

4.  HBD-2,-3, and -4. Several positive correlations were noted, which can be explained by
the similar functions of these factors—all of them can improve healing, angiogenesis,
antimicrobial effects, and inflammation resolution [12,14,40-43].

IL-4:

1. IL-6. Several positive correlations were noted between the factors. In previous studies,
in order for the tissue and wound to heal properly and without any complications, it
had been noted that IL-6 and IL-4 levels change inversely—during the healing stages
IL-6 decreases but IL-4 increases to facilitate wound repair and M2 activity [70,86,87].
Therefore, the results of this study are contrary as they suggest that in the case of
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cleft lip, the mechanism of normal wound healing is impaired and the patient is more
susceptible to infections, fibrosis, scarring, and hypertrophic scar formation [70];

2. IL-10. One positive correlation in the epithelium was observed between IL-4 and L-10.
Both of these factors are mentioned to promote tissue repair, reduce inflammation,
maintain homeostasis, and suppress excessive inflammation [28]. Moreover, a possible
link between these factors has been previously noted as well as the fact that IL-10 can
be upregulated by IL-4 [28,33,83]. For these reasons, it is clear that IL-10 and IL-4 both
function synergistically to fight the extensive inflammation that is characteristic of
cleft-affected tissue;

3.  HBD-2,-3,and -4. A vast amount of positive correlations were observed between HBD-
2,-3, and -4 and some negative correlations were also present between IL-4 and HBD-
4. The positive correlations can also be explained by the similar anti-inflammatory
functions of the factors but the negative correlation between IL-4 and HBD-4 could
suggest impairment of the epithelial barrier and its protective functions [48].

IL-6:

1. IL-10. Mostly negative correlations were observed, which are in accordance with
previous studies—where, during the tissue-healing phase, IL-6 decreases and IL-
10 increases to facilitate successful wound repair [86,87]. However, some studies
have also shown directly increasing links between IL-6 and IL-10, mostly in cases of
chronically driven inflammation where prominent tissue degeneration is present [27,
86-89]. Therefore, it can be assumed that in the tissues of cleft lip, IL-6 and IL-10 are
cooperating in a manner of maximal healing induction to promote faster and more
adequate wound repair;

2. HBD-2, -3, and -4. Mostly positive correlations were observed between IL-6 and
all of the human beta-defensins, which suggest that human beta-defensins and IL-6
mutually stimulate one another to facilitate and drive the inflammation toward the
desired resolution of the process [39-41,48-50].

HBDs:

3. IL-10. Both positive and negative correlations were observed between IL-10 and
HBD-2, -3, and -4. The positive correlations can be explained by the anti-inflammatory
mutual stimulation and induction of the factors to ensure more prominent healing,
repairing, and homeostatic effects [39,40]. In addition, the negative correlations could
point to IL-10's downregulating effects on the HBD’s pro-inflammatory effects, like
antimicrobial action and induction of immune and inflammatory reactions [90];

4. HBDs. All of the human beta-defensins were mutually positively correlated in the
epithelium and connective tissues of the samples, which continues to suggest the
similar functions of all these antimicrobial peptides and their link with one another
in order to induce the most effective and comprehensive protective effects for the
cleft-affected lip tissue. However, there was also a negative correlation between HBD-
3 and HBD-4, which is contrary to previous studies—where a strong link between
HBD-3 and HBD-4 and their functions has been described [37,39]. This leads to believe
that the cooperative effect between these factors that usually ensures comprehensive
protection of epithelium, mucosa, and the underlying tissue is severely impaired in
the case of cleft lip.

Moreover, when comparing the results of this study with results obtained in previous
studies researching the same factors in cleft palate-affected patients of the same age group,
it can be seen that in the case of the cleft lip, local tissue defense factors present with more
notable increases in their levels but in cleft palate they were mostly decreased [91]. This
phenomenon can be explained by the fact that cleft lip is a defect that is morphologically and
clinically more connected to the outer environment; therefore, it should present with more
prominent inflammatory and immunological processes. The deviance that was consistent
in both of these studies is the decrease in HBD-3 in connective tissue, which continues to
prove the significance of HBD-3 in cleft defects and its role in the suppression of connective
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tissue healing and homeostasis. In both studies, the correlations between HBDs were also
similar, which continues to be a reliable proof of the changes in the epithelial barriers and
healing properties of cleft-affected tissues.

It is also noteworthy to mention that the connections between clefted tissue and local
tissue defense factors observed in this study are novel findings due to the severity of
the defect that is present in patients with bilateral cleft lip. Bilateral cleft lip is the most
severe form of cleft, therefore, the patient presents with a distinct scarcity of tissue material.
This results in not only more technically difficult surgery but also in almost impossible
acquisition of excess tissue material for scientific samples. Moreover, the novelty of this
study is further extended with the young age of the patients and scarcity of other studies
researching this specific age group (until the age of milk dentition).

A noteworthy limitation of our study could be the inconsistent presence of all tissue
structures in the patient tissue samples—some lacked hair follicles, adipose glands, sweat
glands, or some parts of the epithelium. This limitation is closely connected to the severity
of the bilateral cleft lip defect and scarcity of the tissue material present. The main causal
factor for this limitation is the fact that the tissue samples can only be acquired when they
are not needed for the sufficient repair of the clefted defect during cheiloplasty surgery. Due
to the reason that the patients are young and small, the amount of tissue necessary for the
reconstruction is already scarce, so any additional and unneeded tissue material is rarely
present in these cases. Moreover, the tissue pieces that can be used for scientific sample
acquisition will not always be identical and with the same tissue structures present because
all of the best parts of the tissue have been used for the patient reconstruction, and every
case of BCLP and its reconstruction is different and requires different approaches to close
the defect with only using the available tissue present. For this reason, the tissue that is left
will always be different and sometimes may even be damaged during the reconstructive
process, therefore, missing certain tissue structures.

Moreover, to gain a clearer insight about the defense factor concentration and gene
distribution, other methods like ELISA and in situ hybridization could be used as well
as longitudinal correlations between the changes in the factors and clinical state of the
patients throughout the years and many follow-up surgeries.

5. Conclusions

Generally, in BCLP tissues, an increase in HBDs, M2 macrophages, IL-4, and IL-6, was
observed, while IL-10 and Gal-10 showed a significant decrease.

The increase in ILs and HBDs suggests increased healing and wound repair, which
is complemented by chronic inflammation and a larger susceptibility to chronic and
continuous infections.

An attempt to reduce the presence of inflammation could be explained by the decrease
in IL-10 and Gal-10, which points to compromised and fibrotic tissue healing as well as
decreased eosinophilic functions.

The increase in CD163 around the blood vessels could signal a possible shift in the
M1/M2 macrophage equilibrium toward M2 macrophages to ensure angiogenesis, resolu-
tion of inflammation, and tissue healing.

The presence of various positive and negative mutual correlations between the factors
indicates mutually linked effects, especially between HBDs and ILs, which function as
important and synergistic mediators of immunological, inflammatory, and homeostatic
processes that occur in the tissues of bilateral cleft lip.
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Abstract: As an alternative to regenerative therapies, numerous authors have recently proposed
bringing back subperiosteal implants. The aim of the study was to present our clinical experience with
a subperiosteal jaw implant that needs minimal bone preparation and enables the rapid implantation
of prosthetic teeth in edentulous, atrophic alveolar bone. The research included 36 complete or partial
edentulous patients (61 subperiostal implants) over a period of 6 years. To create the patient-specific
subperiostal implants design, Dental CAD 3.0 Galway software (exocad GmbH, Darmstadt, Germany)
was used and fabricated with a Mysint 100 (Sisma S.p.A., Piovene Rocchette, Italy) by titanium alloy
powder. The results showed that only 9 of the 36 cases were successful at 6-year follow-up, while
27 cases had complications, including exposure of the metal frame (early or delayed), mobility of the
device prior to the first 4-6 months, and late mobility due to recurrent infections and progressive
structure exposure; 1 case failed for reasons unrelated to the device. This study indicated that the
prudent application of fully customized subperiosteal jaw implants is a dependable alternative for
the dental rehabilitation of atrophic edentulous cases that necessitate bone grafts for traditional fixed
dental implant solutions.

Keywords: subperiosteal implants; edentulous; complications

1. Introduction

Extremely edentulous maxilla and mandibular atrophy have made dental prosthesis
rehabilitation very difficult [1]. Due to the high prevalence of compromised elderly patients
with serious medical conditions, many patients with atrophic edentulous jaws, particularly
the most severe Cawood and Howell Class VI cases [2], may never have access to a fixed
dental prosthetic solution that would greatly enhance their quality of life. The long-term
survival rate of endosseous implants is considered to be remarkable [3,4]. However,
a certain quantity and quality of bone are needed for its installation [5]. Bone grafts,
jaw osteotomies, sinus lifts, distractions of the alveolar ridge, zygomatic implants, and
barrier membranes are traditionally used in complex reconstructive surgery for dental
rehabilitation of atrophic edentulous jaws and alveoli, which is necessary for patients
undergoing oncology or post-traumatic treatment [2,6,7]. The main drawbacks, without a
doubt, are the long times between treatment initiation and final prosthesis delivery, the
high morbidity rate, and the complex and time-consuming procedure [8-10].

Oral and maxillofacial surgery has made significant strides forward with the integra-
tion of computer-aided design (CAD) and computer-aided manufacturing (CAM) systems.
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This technological leap has not only optimized the fabrication process but has also been a
catalyst for innovation within the field. Among the numerous advances, the development
of patient-specific implants (PSIs) stands out. These implants are tailored to the unique
anatomical requirements of each patient, providing superior fit and function compared to
traditional implants.

The advent of a new generation of subperiosteal patient-specific implants is one of
the most noteworthy outcomes of this technological hype [11]. These implants offer a
viable solution for patients with inadequate bone height who are not candidates for tradi-
tional endosseous implants without undergoing extensive bone grafting or augmentation
procedures. However, the challenges related to inadequate mucoperiosteal integration
are largely determined by the gingival biotype, which affects the quality and the volume,
pertaining to the quantity of the overlying soft tissues [12]. Typically, significant bone
resorption is accompanied by comparable reductions in soft tissue, supporting the notion
that the soft tissue follows the bone. Additionally, given that subperiosteal implants are
prescribed for cases with severe bone loss, the quality of the underlying bone is crucial for
the long-term viability of the implants.

The surge in popularity of these subperiosteal PSIs can be attributed to their minimally
invasive nature and the reduced surgical morbidity associated with their placement. The
use of CAD/CAM technology in their design ensures highly accurate adaptation to the
bone surface, which is critical for the stability and long-term success of the implant. Further-
more, this technology has facilitated the manufacturing of these complex structures with
precision and efficiency, allowing for shorter production times and lower costs. Worldwide
studies [13-18] have reported promising outcomes, with numerous patients experiencing
enhancements in oral function, aesthetic satisfaction, and overall quality of life.

Implant failure can be attributed to suboptimal adaptation at the time of surgical
placement, leading to potential implant mobilization or instability, structural fracture,
infectious processes, or a diminution of osseous support in the absence of infection.

The objective of the research was to report the clinical findings obtained from a six-
year follow-up of clinical cases, focusing on the complications of 3D-printed subperiosteal
titanium implants used in the fixed prosthetic restoration of atrophic jaws.

2. Materials and Methods
2.1. Study Design and Patient Selection Criteria

During the interval from March 2017 to January 2018, 54 patients presented to the
private Oral and Maxillofacial Surgery Centre with total and partial edentulism. However,
36 patients were eligible for treatment with custom fabricated DMLS (Direct Metal Laser
Sintering) titanium subperiosteal implants.

Eligibility for participation was based on the following inclusion criteria:

- Age over 60 years, or younger individuals with severe bone loss, thin zygomas
(<4 mm), or reduced vertical height, making it extremely challenging to place two zy-
gomatic implants on the same side;

- Stable general and oral health status;

- Good oral hygiene;

- Complete or significantly partial edentulism accompanied by severe bone atrophy;,
which precludes the placement of standard-size implants;

- Opting out of bone regeneration procedures;

- Consent to attend postoperative follow-up appointments.

The exclusion criteria were as follows:

- Ageunder 60 years, except for the selected younger patients;
- Diagnosed with systemic diseases or receiving pharmacotherapy that contraindicates
surgical intervention, including the following:

- Immunocompromised state;
- Uncontrolled diabetes mellitus;
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- Neoplasms of the head and neck region;
- Undergoing bisphosphonate therapy;
- Inadequate oral hygiene.

- Lifestyle habits such as tobacco use or bruxism;

- Less severe cases of partial or complete edentulism where the placement of standard-
sized dental implants is feasible;

- Incapacity or unwillingness to adhere to requisite postoperative follow-up protocols.

The primary causes of tooth loss and jaw atrophy were severe periodontal disease
and failure of conventional implants, which involved ongoing bone resorption around
older implants.

All patients gave their informed consent after discussing the diagnosis, the outcomes
with and without intervention, detailed therapeutic options, and the advantages, inherent
risks, and possible complications associated with the treatment.

2.2. Pre-Surgical Cone-Beam Computed Tomography (CBCT)

Prior to clinical intervention, each participant underwent cone-beam computed to-
mography (CBCT) imaging. These CBCT scans were obtained utilizing Green X (Vatech,
Hwaseong-si, Korea), operating under the parameters of a tube voltage of 60-99 kVp, tube
current of 4-16 mA, and a focal spot size of 0.5 mm (Figure 1).

Figure 1. Pre-surgical CBCT images: (a,b) panoramic (green lines) and cross-sectional (red
lines) views.

2.3. Design and Production of Patient-Specific Subperiostal Implants

Utilizing Exoplan 3.0 Galway software (Exocad GmbH, Darmstadt, Germany), the
collected Digital Imaging and Communications in Medicine format (DICOM) data from the
CBCT scans were processed to reconstruct the residual anatomical structure of the patient’s
bone in three dimensions; we subsequently saved the model as a standard tessellation (STL)
file. Appropriate threshold values were meticulously selected to accurately render the cor-
tical boundaries of the remaining bone. This process also included the strategic placement
of the osseous fixation screws. Subsequently, the STL file underwent refinement within
Exocad Galway 3.0 software (Exocad GmbH, Darmstadt, Germany), where descattering,
removal of irregularities, and rectification of mesh anomalies were performed, thereby
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enhancing the visualization of the requisite prosthetic emergence profile and facilitating
superior implant design.

Continuing within the same digital framework, the surgical cutting guide and the
implant framework were constructed based on the STL files. Precise locations for the
osteosynthesis screws were designated, and internal threading was incorporated to ac-
commodate the multi-unit abutments. The edges were refined, surfaces were smoothed,
angles were rounded, and the congruency of the implant with the bone surface was verified

(Figure 2).

Figure 2. Three-dimensional virtual planning of different subperiosteal structures.

The comprehensive final designs were prepared for the manufacturing phase and
subsequently sent to be printed with a DMLS system (Mysint 100, Sisma S.p.A., Piovene
Rocchette, Italy) and titanium alloy powder (PowderRange Ti64, Carpenter Technology
Corporation, Philadelphia, PA, USA). In total, 61 hybrid prostheses were fabricated (Table 1),
and before packing and delivering, acid etching, plasma cleaning, and autoclave sterilization
were performed.

Table 1. Characteristics of PSIs.

. Number of
Location Type Subperiosteal Structures Number of Struts
26 3 struts on a hemiarch
Full arch -
. 20 2 struts on a hemiarch
Maxillary
Partial
Uniterminal arch 2 2 struts
Partial 2 (x2) 2 struts on a hemiarch
Biterminal arch uts on a hemiarc
Mandibular Partial
arua 9 2 struts

Uniterminal arch

2.4. Surgical Procedure and Prosthetic Treatment

The surgical procedures were typically conducted under local anesthesia (4% articaine
with 1:100,000 epinephrine, Ubistein, 3M ESPE, St. Paul, MN, USA), with chairside moni-
toring and sedation administered by an anesthesiologist. The operative technique involved
a crestal incision followed by adequate reflection of the periosteal flap, facilitating the
placement of the implant. The bone-cutting guide was utilized for precise adaptation and
positioning of the structure (Figure 3). Subsequent bone reduction and implant insertion
were performed upon removal of the guide.
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Figure 3. Intraoperative view of bone reduction guide.

When affixing the structure to the bone, self-drilling screws (Medicon eG, Tuttlingen,
Germany) with a diameter of 2 mm were typically employed (Figure 4).

Figure 4. Intraoperative image showing two subperiosteal implants positioned and stabilized
with screws.

The screws’ lengths varied, extending from 5.5 to 9 mm in the paranasal and sub-spinal
regions and from 11 mm to 13 mm within the zygomatic bone. Despite the self-drilling
nature of the screws utilized in zygomatic applications, pre-drilling was executed to
prepare the site. The protocol for screw insertion generally commenced with one screw at
the anterior pillar, followed by the placement of 2 to 3 screws into the zygomatic bone, and
concluding with the remaining screws in the paranasal and sub-spinal areas.

Occasionally, contingent upon clinical requirements, 1 to 2 palatal screws were po-
sitioned on each side. In the mandibular procedures, placement of screws on the lingual
side was not practiced. Following the structural placement, a slow-resorbing membrane
(Mucoderm) was applied to augment soft tissue thickness and prevent or delay potential
exposure. The surgical site was closed with resorbable sutures.

For the first week after surgery, oral antibiotics (Augmentin, Glaxo Wellcome, Mayenne,
France), analgesics, anti-inflammatories, and 0.12% chlorhexidine mouthwashes were ad-
ministered two or three times a day.

The prosthetic rehabilitation involved taking impressions within 2 to 7 days after the
surgical procedure for the provisional acrylic screw-retained prostheses. The impressions
were obtained either traditional, using open-tray and polyether impression material (Im-
pregum, 3 M ESPE, St. Paul, MN, USA) or digitally, with the CEREC Primescan intraoral
optical scanner (Dentsply Sirona, Hanau, Germany). After 6 to 12 months following surgery,
the final fixed restorations were performed using CAD/CAM milling technology.

Postoperative CBCT imaging was performed to ensure accurate positioning of the
structure and to verify the precise placement of the screws.

2.5. Evaluating Complications and Implant Survival

In this study, the evaluated metrics encompassed immediate, early, and late postop-
erative complications. The last two types were further classified into minor and major
complications. Minor complications included issues like exposure and infection. Major
complications encompassed more severe problems such as recurrent infection, mobilization,
and fracture of the structure, leading to the structure removal.
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Immediate complications were defined as any immediate or secondary adverse event,
such as discomfort, swelling, edema, or hemorrhage, that manifested within the initial
two weeks after surgery, prior to the placement of the initial temporary restoration. These
complications were of a biological origin.

Early complications refer to any issues that occurred during the period between the
provisional and final restoration of a dental procedure. The three main complications may
include infection, exposure, and mobilization. Common contributing factors to these prob-
lems often include improper fitting dental prostheses, an insufficient number of retention
units, compromised bone density, and inadequate oral hygiene practices.

Late complications were any biological issues that developed following the delivery
of the final prosthetic restoration until the 3-year follow-up. These issues could be of
biological origin. Serious and/or recurring infections, with exudation or suppuration,
discomfort, swelling, or pus development, with or without radiographic evidence of bone
loss, are examples of late biological consequences. Late mobilization of the structure is
due to the screw loosening after recurrent infections and insufficient mucoperiosteal and
bony integration.

Subperiosteal implants deemed successful at the 6-year follow-up exhibited uninter-
rupted function without biological complications such as mucositis, exposure, or recurrent
infection. Conversely, implants that required removal were categorized as failures. The
survival rate included successful implants as well as those with manifestations of exposure
and one to two infectious episodes, which remain under clinical monitoring.

2.6. Statistical Analysis

Statistical analysis was performed using IBM Statistical Package for the Social Sciences
(SPSS) software (SPSS Inc., Chicago, IL, USA, version 26.0 for Windows). Descriptive data
were analyzed using frequency and crosstabulation.

3. Results

The gender distribution in the study sample was 17 females (47.2%) and 19 males
(52.8%). The ages ranged from 38 to 71 years, with a mean age of 61.9 & 11.7 years. The
characteristics of the study participants are presented in Table 2.

Table 2. Characteristics of initial study participants (N = 36).

Variables Number Percent [%]
Gender
Male 19 52.8
Female 17 47.2
Age (mean + SD 1) 61.9 +11.7
60 years and under 5 13.9
Over 60 years 31 86.1
Edentulism
Completely or par.t1ally edentulous 25 167
maxilla
Partially edentulous mandible 11 139
Patient-specific implant location
Maxillary 48 78.7
Mandibular 13 21.3

1 SD: standard deviation.

From the initial 36 patients, salvage of the PSIs was not an option in 15 cases due to
severe infectious episodes, pain and discomfort, and progressive mobility (see Figure 5 and
Table 3). Some of the cases with more stable results but with progressive exposure were
addressed between 18 and 24 months with very poor outcomes. The surgical interventions
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only hastened the progression of the exposure, leading to further complications and making
salvage surgery basically useless.

Immediate complications Early complications Late complications

/‘\) 4) 5
fm}ia[ cases treated with 3 D-printed] d The first two weeks} d Pe;odlbeme’zn ,l;rumswnu.l and] dﬁmod ?)etween final pmsthetic] d [gy ear follow-u pJ
naLp P

subperiosteal titanium implants after surgery | and 3-year foll |

[ I [ [ I

61 patient-specific 61 patient-specific 61 patient-specific 38 patient-specific 33 pa_ﬁent-s_peciﬁc
subperiosteal implants subperiosteal implants subperiosteal implants subperiosteal implants subperiosteal implants
P P without camplicaﬁo“s without/ with minor and without/ with minor and Survivs
major complications major icati

5 patient-specific
subperiosteal implants
underwent major

23 patient-specific
subperiosteal implants

underwent major
complications that led
to their removal

complications that led
to their removal

Figure 5. Schematic representation of the evolution of the cases included in the study.

Table 3. Characteristics of PSI complication.

Variables Number Percent [%]

Immediate complications

Without complications 61 100
Implant survival 61 100

Early complications
Without complications 20 32.8
Minor complications 18 29.5
Major complications with structure removal 23 37.7
Implant survival 38 62.3

Late complications
Without complications 12 31.6
Minor complications 21 55.3
Major complications with structure removal 5 13.2
Implant survival 33 54.1

6-year follow-up

Patient-specific implant success 12 36.4
Monitoring the patient-specific implant 21 63.6
Implant survival 33 54.1

After a 24-month period, progressive exposure was observed in eight patients in areas
where adequate oral hygiene could not be maintained (Figure 6).

At the 6-year follow-up, structural removal was necessary for 15 patients. Currently,
12 patients remain under surveillance, while 9 patients have shown no complications. In
the group under observation, we noted a soft tissue recession ranging from 2 to 4 mm,
leading to slight exposure of the structural supports, predominantly on the buccal side
(Figure 7).

The incidence of early complications (both minor and major) was 67.2% for a total of
61 PSIs, while the incidence of late complications was 68.4% for 38 PSls. Statistical analysis
revealed no significant differences in the occurrence of complications based on patient
gender and age (Table 4). However, there were statistical differences in late complications
and 6-year follow-up, associated with the implant location.
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Figure 7. Intraoral examination at 6-year follow-up: minor complication involving soft tissue

recession and exposure of structural supports.

Table 4. Aspects of the complication’s appearance.

Early Complications (N, %)

Late Complications (N, %)

6-Year Follow-up (N, %)

Variables
Without With p-Value Without With p-Value Without With p-Value
Male 7 (36.8%) 12 (63.2%) 4(30.8%) 9 (69.2%) 4 (364%) 7 (63.6%)
0.637 0.459 0.528
Gender Female 5(29.4%)  12(70.6%) 5(45.5%) 6 (54.5%) 5 (50%) 5 (50%)
Total 12 (33.3%) 24 (66.7%) - 9 (37.5%) 15 (62.5%) - 9(42.9%) 12 (57.1%)
<60 years 2 (40%) 3 (60%) 1 (50%) 1 (50%) 1 (50%) 1 (50%)
0.733 0.803 0.830
Age >60 years 10 (32.3%) 21 (67.7%) 9(40.9%) 13 (59.1%) 8(42.1%) 11 (57.9%)
Total 12 (333%) 24 (66.7%) - 10 (41.7%) 14 (58.3%) 9(42.9%) 12 (57.1%)
Maxillary 16 (33.3%) 32 (66.7%) 4(154%) 22 (84.6%) 4(182%) 18 (81.8%)
0.861 0.002 * 0.002 *
Location ~ Mandibular 4 (30.8%) 9 (69.2%) 8(66.7%)  4(33.3%) 8(72.7%)  3(27.3%)
Total 20 (32.8%) 41 (67.2%) - 12 (31.6%) 26 (68.4%) 12 (36.4%) 21 (63.6%) -

* Significance level of 0.05 (Chi-square test).

4. Discussion

The purpose of this publication was to convey our 6-year clinical observations with a
novel, digitally custom-designed subperiosteal jaw implant. This technique was mainly
addressed to patients with severe bone resorption in which bone grafting would be highly
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unpredictable due to the decreased osteogenic capacity of the recipient site, especially those
with Cawood and Howell Class IV to VI edentulous ridges [2,7,18,19].

Historically, lost wax casting was the method of choice for manufacturing subpe-
riosteal implants. However, issues with this process could compromise the clinical outcome
and the final implant-to-bone fit [20]. In recent years, the adoption of CAD-CAM technolo-
gies and advanced manufacturing techniques like Direct Metal Laser Sintering (DMLS) and
Selective Laser Melting (SLM) have facilitated the design and fabrication of these implants.
These additive manufacturing processes allow for high precision in replicating the digitally
generated STL file, significantly enhancing the fit and reducing human error [21-24]. Mod-
ern tools like DICOM cone-beam CT images and software such as Exoplan and Exocad 3.0
Galway have revolutionized the design process in virtual space, eliminating the need for
physical alterations [25,26].

The clinical protocol has evolved from taking direct impressions of surgically exposed
bone to installing heavy frames designed through digital workflows. This change has
not only improved the healing process but has also enhanced the success rates of these
devices [23,27]. The literature suggests that when standard implants are not suitable or
extensive bone regeneration procedures are necessary, customized subperiosteal implants
should be considered [27,28]. These implants are particularly beneficial as they can be
loaded immediately, accelerating the recovery of function and quality of life for patients [29-
31]. Typically, these implants support either fixed full-arch prostheses or partial-arch
restorations and have successfully rehabilitated edentulous patients when used in retained
overdentures [10].

Furthermore, multiple centers have documented innovative designs and applications
of the new generation subperiosteal implant, showing the potential of multiple separate
units to reconstruct a full arch, whereas a single unit may suffice for partial edentulous
arches [13-17]. Our device is composed of 2 units to reconstruct a full arch and a single unit
to reconstruct a partial edentulous arch. However, despite positive reviews, the literature
lacks comprehensive data, with many studies reporting on a limited number of patients
followed for insufficient periods [13,15]. The absence of multicenter clinical trials with
long-term outcome data raises questions about the safety and efficacy of these implants on
a broader scale.

A complete preoperative diagnosis remains crucial for a successful outcome. Prior to
surgical treatment, thorough patient history collection, intraoral and extraoral examinations,
high-quality CT scans, and meticulous prosthetic planning are essential to mitigate risks of
biological and mechanical complications such as soft tissue dehiscence, peri-implantitis, or
fractures. The integration of printed models and digital planning also plays a significant role
in minimizing fitting issues, which are critical for the structural stability of the implants [28].
It is also essential to consider both surgical and prosthodontic factors meticulously, ensuring
that the final prosthesis is designed with precision. Although some studies have suggested
that cone-beam computed tomography provides adequate results [28], a high-quality CT
scan is generally required for these fully customized implants to ensure they are perfectly
tailored to the patient’s anatomy [32].

Our study found a 62.3% survival rate for implants (including minor complications)
in the first 3 years, with a 45.9% failure rate at the 6-year follow-up. This contrasts with
findings from other studies. In a pilot study involving 16 patients, Nemtoi et al. [33]
observed that after 6 months, only one custom-made DMLS subperiosteal maxillary implant
failed, while 75% of the implants demonstrated a good to excellent fit. Mangano et al. [34]
reported a perfect survival rate in their one-year study of ten patients, with a 10% incidence
of early complications and a 20% incidence of late complications. Similarly, a prospective
clinical investigation by Mounir et al. [35] reported a 100% survival rate after one year
among ten patients, divided into two groups based on the material of the subperiosteal
implants: Ti6Al4V alloy and Polyetheretherketone (PEEK), with five patients in each group.
Furthermore, the retrospective analysis by Cerea et al. [21], which included the largest
cohort of 70 patients and had the longest follow-up period of at least two years, showed
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a 95.8% implant survival rate with a 1.4% incidence of biological problems and an 8.9%
incidence of mechanical issues.

Regarding gender, we found no difference in outcomes between male patients and
females, even though all the females were postmenopausal (without bisphosphonate
therapy). The explanation might be that, although females experience accelerated alveolar
bone resorption and decreased bone mineral density due to osteoporosis, the impact may
be offset by poorer hygiene practices and less frequent maintenance visits observed in
male patients.

In younger individuals (under 60 years old), we observed inflammatory phenomena
with an early onset and increased aggressiveness compared to others. This aspect can be
attributed to an enhanced reactivity of the body to foreign bodies.

Based on our findings, early complications may arise from several directly involved
factors, some of which are related to the structure of the implant, while others pertain to
the patient. In terms of the structural integrity, there are two critical aspects that ensure the
primary and long-term stability of the subperiosteal implant:

1. The precise fitting of the titanium frame to the bony surface (Figure 8). CAD-CAM
technology typically provides accurate structures if the equipment, from CBCT to additive
manufacturing, is calibrated correctly. Thus, the human factor remains the primary variable
affecting the outcome.

Figure 8. Radiographic images of a properly fitted dental implant at the two-year follow-up.

2. A sufficient number of screws should be placed in the most optimal positions within
thick pillars and buttresses (Figure 9). The screws may be as long as the clinical situation
permits, with a preference for bicortical placement. We recommend using at least four
screws in the anterior pillar, with at least two positioned at the lower pole of the piriform
rim, measuring 2/9 mm. Additionally, at least two screws should be anchored in the
zygomatic bone, with a minimum size of 2/11 mm. Stefano et al. [36] suggested in their
case report that for the canine fossa and zygomatic bone, screws measuring 6 to 8 mm
are necessary to allow for stable fixation. Self-drilling screws appear to provide better
primary stability than self-tapping screws. Regardless of the screw type, predrilling at the
zygomatic bone anchorage is essential.

Figure 9. A sufficient number of screws can prevent future mobilization of the structure.
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3. The number of struts can significantly impact long-term soft tissue stability. Faster
and more pronounced exposure has been observed in structures with three struts on a
hemiarch compared to those with two struts.

The present study is limited by the small number of patients included and the absence
of consensus on the design of PSIs, their indications based on bone quality, and the optimal
positioning and number of screws required to achieve both primary and long-term sta-
bility. Despite promising advancements in subperiosteal implant technology have shown
promising results, the limited clinical data available highlight the need for further research.
Future studies should focus on increasing the sample size and extending follow-up periods
to fully assess the viability of these advanced implant solutions.

5. Conclusions

Our results, showing a 25% (9 patients from 36 initial) success rate at the 6-year follow-
up, indicate that subperiosteal implant-supported hybrid prostheses, designed via digital
planning and guided surgery, have proven unsatisfactory and remain a questionable option
for long-term treatment. There is a need for additional research into the biocompatibility of
the materials used, the design of the structure, and how the body reacts to it.
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Abstract: The nasal cavity constitutes the foremost portion of the respiratory system, composed of
the anterior nasal aperture, nostrils, and choanae. It has an intricate anatomical structure since it
has various functions, such as heat exchange, humidification, and filtration. Accordingly, clinical
symptoms related to the nose, such as nasal congestion, snoring, and nasal septal deviation, are
closely linked to the complex anatomical structure of the nasal cavity. Thus, the nasal cavity stands
as a paramount structure in both forensic and clinical contexts. The majority of relevant studies have
performed comparisons between sexes, with studies making comparisons according to the FI and NI
only and examining relative percentages. Furthermore, the nasal cavity was measured in 2D, and not
3D, in most cases. In this study, we conducted a 3D modeling and anthropometric assessment of the
nasal cavity using a 3D analysis software. Furthermore, we aimed to investigate whether the size of
the nasal cavity differs according to sex, facial index (FI), and nasal index (NI). We retrospectively
reviewed the cone-beam computed tomography (CBCT) data of 100 participants (50 males, 50 females)
aged 20-29 years who visited the dental hospital of Dankook University (IRB approval no. DKUDH
IRB 2020-01-007). Our findings showed that nasal cavity sizes generally differed according to sex,
FI, and NI. These findings provide implications for performing patient-tailored surgeries in clinical
practice and conducting further research on the nasal cavity. Therefore, we believe that our study
makes a significant contribution to the literature.

Keywords: nasal cavity; nasal index; facial index; CBCT; 3D modeling

1. Introduction

The nasal cavity constitutes the foremost portion of the respiratory system, composed
of the anterior nasal aperture, nostrils, and choanae [1]. It has an intricate anatomical struc-
ture since it has various functions, such as heat exchange, humidification, and filtration [2].
Accordingly, clinical symptoms related to the nose, such as nasal congestion, snoring, and
nasal septal deviation, are closely linked to the complex anatomical structure of the nasal
cavity [2]. Forensic science has recently been trending towards determining the sex of
unidentified skeletal remains and performing facial reconstruction [3-8]. Sex determina-
tion, in particular, primarily relies on anatomical features, including the pelvis, mastoid
processes, and nasal cavity size [9-11]. Among these structures, the nasal cavity has been
reported to be a useful auxiliary tool for personal identification and age estimation [12-14].
Thus, the nasal cavity stands as a paramount structure in both forensic and clinical contexts.

Cone-beam computed tomography (CBCT) technology is being used in many stud-
ies. Particularly, it allows for the observation of the complex craniofacial structure in
3D, enabling more precise analysis and diagnosis than traditional 2D methods [15]. As
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such, it is currently playing a central role in clinical research. Moreover, CBCT is now
being utilized in the field of forensic science, unlike before. According to the research
by Jayakrishnan [15], CBCT plays an important role in personal identification and facial
reconstruction. Additionally, the study by Akbar et al. [16] conducted research on age
estimation by measuring the dimensions and volume ratio of teeth using CBCT, and the
studies by Azmi et al. [17] and Denny et al. [18] conducted gender analysis through the
evaluation of the frontal sinus using CBCT. Thus, CBCT is being used as a tool necessary
for identity verification in forensics, including age and gender. In light of this, this study
also aims to conduct a analysis by modeling the nasal cavity in 3D, which is difficult to
evaluate in 2D.

In contemporary society, facial contours have captured interest in foundational fields,
such as anatomy and anthropology, as well as in clinical disciplines, such as plastic surgery.
In forensic science, facial contours are essential structures for personal identification and sex
determination [19]. Currently, there is ongoing research on the classifications of the facial
index (FI) and nasal index (NI) [1-14,19-22]. FI classification differentiates facial shapes into
hypereuryprosopic, euryprosopic, mesoprosopic, leptoprosopic, and hyperleptoprosopic
based on facial length [20,21]. NI classification categorizes nose shapes into leptorrhine
(long and narrow nose), mesorrhine (medium nose), and platyrrhine (broad nose) based on
nasal length [22,23]. These facial and nasal shape classifications are being utilized not only
in osteological assessments but also clinically [24-26].

Current research on the nasal cavity surpasses its forensic and clinical significance,
also contributing to technological advancements in physical anthropology. The precision
of measurements plays a critical role in advancing personal identification methodologies
and enhancing our comprehension of human evolutionary processes. Consequently, this
underscores the imperative need for research in three-dimensional technologies. More-
over, nasal cavity studies through 3D analysis enable a profound comprehension of nasal
anatomy, offering the potential to significantly elevate the precision of clinical surgeries
by addressing patient-specific anatomical discrepancies. This underscores the increasing
importance of utilizing 3D technology in nasal research, necessitating further exploration
in this field.

The majority of relevant studies have performed comparisons between sexes [1-14,19-38],
with studies making comparisons according to the FI and NI only and examining relative
percentages [1-14,19-22]. Furthermore, the nasal cavity was measured in 2D, and not 3D,
in most cases [1-14,19-38]. However, the nasal cavity should be measured in 3D, as it
consists of a roof, floor, medial wall, and lateral wall [1].

Mimics software is a program developed by Materialise, which is extensively utilized
as an advanced medical imaging and 3D modeling tool in the medical industry. It easily
converts medical scan data from CT and MRI scans into precise 3D models, enabling
medical professionals to conduct more accurate diagnoses and create customized medical
solutions for patients. The key utility of Mimics software lies in its ability to replicate
accurate anatomical structures for patients, which is critically used for surgical planning,
medical research, and educational purposes. For instance, surgeons utilize the 3D models
provided by Mimics software to perform pre-surgical simulations, thereby preventing
potential surgical risks and complications during actual operations. Furthermore, the
software facilitates the development of customized medical devices and implants tailored
to the unique anatomical structures of individual patients.

Mimics software provides a comprehensive suite of tools for the detailed analysis
and measurement of anatomical structures. Users can utilize its advanced analytical
tools to extract quantitative data, perform virtual surgeries, and evaluate procedural
outcomes, offering a valuable resource for surgical planning and biomechanics research
where understanding the interactions between different tissues and materials is essential.

Additionally, the software simplifies the complex process of 3D medical model-
ing, offering a user-friendly interface that makes it accessible for educational use. This
ease of use allows students to employ the program effortlessly, enhancing their under-
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standing of human biology and anatomical variations through hands-on experience with
anatomical models.

In forensic medicine, Mimics is employed for personal identification purposes. It
possesses applications for reconstructing unidentified remains, aiding forensic experts
by modeling soft tissues over skeletal remains to deduce physical characteristics and
potentially identify the deceased.

Overall, Mimics software provides essential tools for modern medical practices, in-
cluding detailed anatomical visualization, custom implant design, surgical simulation,
and educational applications. It represents a significant technological advancement in
the medical field. To measure the complex structure of the nasal cavity, Mimics software
was utilized.

In this context, this study aims to conduct a 3D modeling and anthropometric as-
sessment of the nasal cavity using a 3D analysis software (Mimics, version 22.0, Mate-
rialise, Leuven, Belgium). Furthermore, we aim to investigate whether the size of the
nasal cavity differs according to sex, FI, and NI. This study aims to provide data neces-
sary not only for future medical approaches but also for significant implications from an
anthropological perspective.

2. Materials and Methods
2.1. Study Population

The cone-beam computed tomography (CBCT) data of 100 participants (50 males,
50 females) aged 20-29 years who visited the dental hospital of Dankook University and
had no tooth loss, asymmetry, or systemic diseases were obtained. The sample size was
determined using the G-Power 3.1 (HHU, England) software. The data of patients whose
treatments had already been completed were obtained for retrospective review; thus, an
exemption from informed consent of this study was granted by the Institutional Review
Board at Dankook University (IRB approval no. DKUDH IRB 2020-01-007).

2.2. Method
2.2.1. CBCT Data

The CBCT images were taken by one technician. The participants were scanned in
a manner to ensure the perpendicular alignment of the Frankfort horizontal plane to the
ground to minimize distortions of the nasal cavity size across the participants. In addition,
the CT scanner (Alphard 3030, Asahi, Kyoto, Japan) was positioned to match the midline
of the face, and imaging was performed using specific settings: gantry angle at 0°, voltage
set at 120 kV, and auto mA conditions. The following parameters were used for the CBCT:
a slice increment of 0.39 mm, a slice thickness of 0.39 mm, a slice pitch set to 3, a scanning
time of 4 s, and a matrix of 512 px x 512 px for image resolution. The resulting CBCT data
were received in DICOM format.

2.2.2. Mimics 3D Modeling

The CBCT DICOM files were processed using Mimics (version 22.0, Materialise, Leu-
ven, Belgium) to extract 3D patient data. The 3D modeling was performed in three views
(coronal view, sagittal view, and frontal view) for better precision. The Hounsfield Unit
(HU) [23] value was adjusted for the 3D modeling.

(1) Cranial 3D modeling

The HU values for the skull were set within the designated average range in Mimics
software (Mimics, version 22.0, Materialise, Leuven, Belgium), Min 500 HU and Max
3071 HU, for the masking process. Additionally, unnecessary noise, soft tissues, and
bones were removed using the ‘Edit mask’ function. After removal, the completed data
were converted to STL files using the ‘CalCulate Part’ function. Subsequently, for precise
measurements, ‘points” were created in the “Analyze’ section for each measurement item,
and measurements were conducted for each item using the ‘Distance” function.
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(2) Nasal cavity 3D modeling

Since there is no predefined average range for the HU values of the nasal cavity in
Mimics software, masking was conducted in custom mode. Initially, a new mask was
created with settings at Min —1024 HU and Max —265 HU, and then to exclusively extract
the nasal cavity, the ‘Crop Mask’ feature was used to set the region containing the nasal
cavity in three views: coronal, sagittal, and frontal. Subsequently, the ‘Edit mask’ feature
was used to remove noise. The completed data were converted to STL files using the
‘CalCulate Part’ function. For precise measurements, ‘points’ were created in the ‘Analyze’
section for each measurement item, and measurements were conducted for each item using
the ‘Distance’” function.

(3) Soft tissue 3D modeling

The HU values for soft tissues were set within the designated average range in Mimics
software, Min —390 HU and Max 160 HU, for the masking process. Additionally, unnec-
essary noise and bones were removed using the ‘Edit mask’ function. After removal, the
completed data were converted to STL files using the ‘CalCulate Part’ function. For precise
measurements, ‘points’ were created in the ‘Analyze’ section for each measurement item,
and measurements were conducted for each item using the ‘Distance” function.

2.2.3. Measurement Parameters

All measurements were taken after calibrating the Frankfort horizontal line for preci-
sion. To ensure accuracy, the analyze point feature was used to mark points and measure the
distance between the points. The measurements were taken at the highest point. Two mea-
surements were taken by Kim and Lee (one each), and the average values were calculated
for a reliability assessment (Cronbach’s « = 0.623) before statistical analysis. Furthermore,
FI and NI were computed based on the measurements.

(1) Facial index (FI)

The FI classifies facial appearance into five types based on facial height (FH) and
facial width (FW). FH is the distance between the nasion (n) and gnathion (gn), and FW is
the bizygomatic width (zygion—zygion) (Figure 1). Classifications were made using the
formula: FH/FW x 100 [28]. Table 1 shows the classification results.

ey (1) g—
N

e T —

(2) 57 VA4

GN

Figure 1. Facial index measurement. (1) FH is the distance between the nasion (n) and gnathion (gn);
(2) FW is the bizygomatic width (zygion-zygion).
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Table 1. Facial index classification.

Facial Index Range of FI N
Hypereuryprosopic .
(very broad face) 80% 75
Euryprosopic s
(broad face) 80~85% 20
Mesoprosopic

(round face) 85~90% 5

) NI

The NI classifies the nasal appearance into five types based on the nasal width (NW)
and nasal height (NH). NW is the distance between the alaria (al), and NH is the distance
between the nasion (n) and subnasale (sn) (Figure 2). Classifications were made using the
formula: NW/NH x 100 [29]. Table 2 shows the classification results.

ey, (1) —
N

Figure 2. Facial index measurement. (1) NH is the distance between the nasion (n) and subnasale
(sn); (2) NW is the distance between the alaria (al).

Table 2. Nasal index classification.

Nasal Index Range of FI N
(lorll:; }a):gilaiﬁiw) 55~69.9% 10
e )
(brcl));iltzfc}; 1sr;:eor’c) 85~99.9% 14

(3) Measurement parameters

The parameters that were measured for the nasal cavity are shown in Table 3
(Figures 3 and 4).

Table 3. Nasal cavity measurement parameters.

Parameter Definition
Septum length Width of the nasal septum in sagittal view
Septum height Height of nasal septum in coronal view
Nasal cavity width Width of nasal cavities in coronal view
Nasal cavity height Height of nasal cavities in coronal view
Nasal cavity length Width of nasal cavities in sagittal view
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Figure 3. Septum measurement. (A) Septum length; a: the distance length of the highest point
septum; (B) septum height; b: the distance height of the highest point septum.

Figure 4. Nasal cavity measurements. (A) Nasal cavity length; a: the distance height of the highest
point nasal cavities; (B) nasal cavity height; b: the distance length of the highest point nasal cavities.
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2.2.4. Three-Dimensional Model Measurement in Mimics Software

The method of measuring patient CBCT data after 3D modeling is illustrated in
Figures 5 and 6.

A B

Figure 5. (A) Facial index measurement. (1) FH is the distance between the nasion (n) and gnathion
(gn); (2) FW is the bizygomatic width (zygion-zygion). (B) Facial index measurement. (1) NH is the
distance between the nasion (n) and subnasale (sn); (2) NW is the distance between the alaria (al).

r

Figure 6. Nasal cavity measurements. (A) Nasal cavity length. (B) Nasal cavity height.

2.2.5. Statistics

Data were analyzed using IBM SPSS Statistics for Windows, version 23 (IBM Corp.,
Armonk, NY, USA). Differences in nasal cavity sizes according to sex were analyzed using
the t-test, and differences in nasal cavity size according to FI and NI were analyzed using
one-way analysis of variance and the post hoc Scheffe test. For all analyses, 95% confidence
intervals (CI) are presented, and the significance level was set at 0.05.

3. Results
3.1. Nasal Dimensions According to Sex

Table 4 shows the differences in the nasal cavity sizes according to sex (Figure 7). The
septum length of males was longer (75.72) than that of females (69.47) (p < 0.001). The
septum height of males was higher (37.82) than that of females (37.53). However, the
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differences were not significant (p > 0.05). The length of the nasal cavities of males was
higher (65.57) than that of females (56.64) (p < 0.001), and the height of the nasal cavities of
males was higher (41.82) than that of females (40.51). However, the differences were not
significant (p > 0.05).

Table 4. Nasal dimensions according to sex.

Parameter N Mean (SD) F T p

Seotum lensth Male 50 7572 (353)  0.085 9.278 0.000 *
P & Female 50 69.47 (3.20)

. Male 50 37.82(5.48)  0.000 0.264 0.793
Septum height Female 50 37.53 (5.46)

Nasal cavity Male 50 65.57 (6.46)  0.001 6.864 0.000 *
length Female 50 56.64 (6.56)

Nasal cavity Male 50 4182 (6.15) 0275 1.031 0.305
height Female 50 40,51 (6.53)

Data are mean (standard-deviation values); p-values were obtained using t-tests (* p < 0.001).

Sex

= Male
= Female

Suptum length Suptum height Nasal cavity length Nasal cavity heigth

Parameter

Figure 7. Nasal dimensions according to sex. Septum length was male > female (p < 0.001); septum
height was male > female (p > 0.05). Nasal cavity length was male > female (p < 0.001); nasal cavity
height was male > female (p > 0.05).

3.2. Nasal Dimensions According to the FI

Table 5 shows the differences in the nasal cavity sizes according to the FI (Figure 8).
The septum length was longest for those with hypereuryprosopic (71.71), followed by
euryprosopic (75.82) and mesoprosopic (72.95) facial shapes (p < 0.001). The septum height
was highest for those with hypereuryprosopic (37.17), followed by euryprosopic (39.10) and
mesoprosopic (39.49) facial shapes; however, the difference was not statistically significant
(p > 0.05). The length of the nasal cavities was longest for those with hypereuryprosopic
(59.74), followed by euryprosopic (65.89) and mesoprosopic (62.39) facial shapes (p < 0.05).
The height of the nasal cavities was highest for those with hypereuryprosopic (41.05),
followed by euryprosopic (40.79) and mesoprosopic (44.39) facial shapes; however, the
difference was not statistically significant (p > 0.05).
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Table 5. Nasal dimensions according to the FI.

Parameter N Mean (SD) F p
Septum Hypereuryp.rosopic 75 71.71 (4.47) 7.092 0.001 *
length Euryprosopic 20 75.82 (3.83)
Mesoprosopic 5 72.95 (4.14)
Septum Hypereuryp.rosopic 75 37.17 (5.36) 1.285 0.281
height Euryprosopic 20 39.10 (5.70)
Mesoprosopic 5 39.49 (5.51)
3 *
Nasal cavity Hypereuryp.rosoplc 75 59.74 (7.53) 5.297 0.007
length Euryprosopic 20 65.89 (7.75)
Mesoprosopic 5 62.39 (7.25)
Nasal Cavity Hypereuryp.rosoplc 75 41.05 (6.55) 0.688 0.505
height Euryprosopic 20 40.79 (5.03)
Mesoprosopic 5 44.39 (8.21)

Data are mean (standard-deviation values); p-values were obtained using one-way ANOVA (* p < 0.001).

Facial Type

W—Hypereuryprosopic
W Euryprosopic

80
e Mesoprosopic

70

60

Value

50

40

30

Suptum length Suptum height Nasal cavity length Nasal cavity heigth

Parameter

Figure 8. Nasal dimensions according to the FI. Septum length was euryprosopic > mesoprosopic > hy-
pereuryprosopic (p < 0.001); septum height was mesoprosopic > euryprosopic > hypereuryprosopic
(p > 0.05); Nasal cavity length was euryprosopic > mesoprosopic > hypereuryprosopic (p < 0.05);
nasal cavity height was mesoprosopic > hypereuryprosopic > euryprosopic (p > 0.05).

3.3. Nasal Dimensions According to the NI

Table 6 shows the differences in the nasal cavity sizes according to the NI (Figure 9).
The septum length was longest for those with leptorrhine (72.28), followed by mesorrhine
(73.02) and platyrrhine (70.53) nose shapes. The septum height was highest for those with
leptorrhine (39.93), followed by mesorrhine (37.46) and platyrrhine (37.22) nose shapes.
The length of the nasal cavities was longest for those with leptorrhine (61.53), followed by
mesorrhine (61.32) and platyrrhine (59.63) nose shapes. The length of the nasal cavities was
highest for those with leptorrhine (39.71), followed by mesorrhine (41.83) and platyrrhine
(38.60) nose shapes. However, the differences were not significant for any of them (p > 0.05).
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Value
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Table 6. Nasal dimensions according to the NI.

Parameter N Mean (SD) F p
Septum Leptorrhine 10 72.28 (4.16) 1.792 0.172
lefl 0 Mesorrhine 76 73.02 (3.77)
& Platyrrhine 14 70.53 (3.77)
Sentum Leptorrhine 10 39.93 (3.95) 0.964 0.385
h(f’i e Mesorrhine 76 37.46 (5.69)
& Platyrrhine 14 37.22 (4.93)
Nasal cavity  Leptorrhine 10 61.53 (7.77) 0.284 0.753
Tnath Y Mesorrhine 76 61.32 (8.41)
& Platyrrhine 14 59.63 (4.56)
Nosal cavity  Leptorrhine 10 39.71 (5.56) 1.861 0.161
ot Y Mesorrhine 76 41.83 (6.57)
& Platyrrhine 14 38.60 (4.96)

Data are mean (standard-deviation values); p-values were obtained using one-way ANOVA (* p < 0.001).

Nasal Type

W | eptorrhine
s Mesorrhine
. s Platyrrhine

Suptum length Suptum height Nasal cavity length Nasal cavity heigth

Parameter

Figure 9. Nasal dimensions according to the NI. Septum length was mesorrhine > leptor-
rhine > platyrrhine (p > 0.05); septum height was leptorrhine > mesorrhine > platyrrhine (p >
0.05); nasal cavity length was leptorrhine > mesorrhine > platyrrhine (p > 0.05); nasal cavity height
was mesorrhine > leptorrhine > platyrrhine (p > 0.05).

4. Discussion

The shape of the nasal cavity holds significant value not only in clinical contexts
but also in forensic science [30]. However, the majority of morphometric studies have
primarily focused on sex comparisons [1-14,19-38]. Therefore, it is necessary to examine
how the nasal dimensions relate to the facial and nose dimensions. In this study, we
aimed to anthropometrically compare nasal cavities based on sex, FI, and NI. FI and NI
classifications were performed using 3D modeling.

The following results were obtained for the differences in nasal cavity size according to
sex. The values of the septum length and height, and nasal cavity length and height of males
were higher than that of females on average, similar to previous study findings [31,32].
Samoliniski et al. [33] reported that the nasal cavity size varies across ages, sexes, and races.
In addition, LoMauro et al. [34] reported that males have larger lungs and longer chest
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walls and diaphragms than females. Hence, males seem to have larger nasal cavities, which
are influenced by the environment and climate. Thus, further research on sex-specific
respiration and special considerations in clinical practice must be conducted.

The following results were obtained for the comparison of nasal cavity sizes according
to the FI. Individuals with a broader or “euryprosopic” facial type had longer septum
lengths, while those with a rounder or “mesoprosopic” facial type had higher septum
heights. Additionally, the length of the nasal cavity was greater in individuals with a
broader, euryprosopic facial type, while the height was greater in those with a rounder,
mesoprosopic facial type. Thus, euryprosopic types generally tend to have a wider di-
mension, whereas mesoprosopic types tend to have taller dimensions. According to
Butaric et al. [35], there may be potential variations in nasal cavity due to skull size and
ecological characteristics. Hence, we were able to confirm that the facial skeletal structure
influences the nasal cavity, highlighting the need for special considerations in clinical
practice for nose-related care and research in forensic medicine.

The following results were obtained for the comparison of nasal cavity sizes according
to the NI. The septum length was greater in the typical mesorrhine type, while height
was greater in the elongated and narrow leptorrhine type. The length of the nasal cavity
was greater in the elongated and narrow leptorrhine type, while height was greater in the
typical mesorrhine type. Tomkinson et al. [36] compared the nasal cavity according to
individual characteristics, such as height, weight, and facial width, and reported that the
alar width is correlated with the size of the nasal cavity. We also observed that the nasal
cavity size differs according to the nasal shape. Furthermore, Leong et al. [37] reported that
the external proportions of the nose may be altered by physiological processes involving
the internal structures. Therefore, nasal proportions should be considered when conducting
nose-related research and clinical surgeries.

This study has the following limitations. Although there were differences in the mean
measurements of nasal cavity sizes according to sex, FI, and NI, the differences were not
statistically significant. Maddux et al. [38] reported that the inner structure of the nasal
cavity is dependent on climate. Further, the nose is longer and larger relative to the cranium
in cold and dry environments than that in hot and humid environments. This may be
the reason underlying the lack of significant results in the differences in nasal cavity size
according to sex, FI, and NI. Therefore, further research is needed to investigate nasal cavity
sizes in relation to various factors and dimensions other than sex and skeletal dimensions,
in consideration of the climate and environment.

In this study, we leveraged 3D modeling techniques to observe differences in nasal
cavity sizes in relation to sex, FI, and NI. These findings are interpreted as indicative of the
relationship between the structure of the nose and facial morphology and are deemed to
hold significant implications for future research in the fields of forensic science and clinical
practice. In the clinical domain, understanding the variations in nasal cavity sizes according
to FI and NI indices could facilitate clinical diagnoses and surgical procedures. Specifically,
this knowledge can be instrumental in planning surgeries for conditions requiring personal-
ized treatment plans, such as nasal obstruction and obstructive sleep apnea, by considering
the structure of the nose and individual anatomical differences. Consequently, this can aid
in surgical outcomes for rhinoplasty and facial reconstruction surgeries, ultimately mini-
mizing post-surgical complications, enhancing respiratory function and aesthetic results,
and improving patient satisfaction and quality of life.

The results of this study have illustrated variability among groups by comparing nasal
cavity sizes across genders, as well as FI and NI indices. This variability can be utilized to
refine methods used in forensic anthropology for skull analysis, providing a more nuanced
approach to the identification process. For instance, measurements of the nasal cavity
dimensions could be associated with specific population groups when unidentified human
remains are discovered, significantly improving the success rate of personal identification.
Therefore, the outcomes derived from the anthropometric assessment using 3D modeling
in this study are expected to benefit forensic practitioners in their tasks.
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5. Conclusions

The findings of this study showed that nasal cavity sizes generally differed according
to sex, FI, and NI. These results are expected to establish a crucial basis for the enhancement
of tailored approaches within the realms of forensic and clinical medicine. Furthermore,
this investigation has elucidated the substantial impact that anatomical variations within
the nasal cavity may hold in both clinical and forensic settings, thereby underscoring the
necessity for additional exploratory efforts concerning the nasal cavity. Importantly, it
is anticipated that our findings will serve as foundational data for subsequent studies
examining how the structural attributes of the nasal cavity are modulated by external
environmental factors, such as the climate.
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Abstract: Introduction: Several medical devices (MDs) are used to assist surgeons in positioning the
upper dental arch (UDA) during Le Fort I osteotomies (LFIOs). Some only allow holding, others only
positioning. This study aimed to assess the accuracy of a new MD (Pirifix™) coupling these two
functions during LFIO on 3D-printed models. Materials and Methods: DICOM data were selected
from patients who underwent surgical planning for LFIO between 27 July 2020 and 1 December
2022. Their anatomy was reproduced after segmentation, planning, and stereolithography in two
models. Each model was assigned to one of two surgical groups: the control group (positioning by
occlusal splint) and the Pirifix™ group. Each patient’s model was planned with the objective of
horizontalizing and recentering the UDA. After positioning, models were digitalized using Einscan
Pro 2X and compared to the planned model with CloudCompare. The statistical analysis was
performed using the Wilcoxon Mann-Whitney test. The result was considered significant if the
p-value was less than 0.05. Results: Twenty-one patients were selected. Forty-two anatomical models
were 3D-printed. The mean difference compared to the planned and corrected positions was 0.69 mm
for the control group and 0.84 mm for the Pirifix™ group (p = 0.036). Conclusion: Pirifix™ may be
a new alternative to available MDs. Further investigations are needed to describe the relationship
between the device and facial soft tissues.

Keywords: computer-aided design; equipment and supplies; orthognathic surgery; 3D printing

1. Introduction

Dentoskeletal disharmony is a frequent clinical condition whose etiology may be
congenital or acquired. The description of the patient’s facial morphology is based on
clinical, 2D, and 3D radiological interpretation [1,2]. Orthognathic surgery complements
orthodontics in the management of these disharmonies. It allows dental occlusion disorders
to be corrected and aesthetic amelioration and orofacial functions to be improved. When the

disharmony involves the maxillary bones, a Le Fort I osteotomy (LFIO) may be warranted.
The correction of malposition is based on three axes of translation and three axes of rotation.

Most often, it combines several movements, which makes positioning the maxillae more
difficult [3,4].

Several medical devices (MDs) have been used for positioning the upper dental
arch (UDA). These include occlusal splints, spacers [5,6], cutting guides combined with
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custom-made plates [7-15], and intraoperative navigation [10,16-20]. Each technique has
limitations. Occlusal splints use a mobile bone, the mandible, as a reference for positioning
the upper dental arch. Spacers only help surgeons with vertical dimensions without
holding function. Custom-made plates are expensive and require a preoperative CT scan,
which is associated with patient irradiation. Splints, guides, and custom-made plates
are single-use medical devices with an environmental drawback. Intraoral navigation
also requires preoperative planning and implies a specific installation in the operating
theatre [16,21]. Furthermore, none of these devices allow for intraoperative adaptation in
the same way as the mandibular on-site adjustment plates. All these devices are designed
preoperatively and are not adjustable afterward. The assistance they provide becomes
limited in complex cases of dentoskeletal disharmony requiring the surgeon to adapt the
position of the upper dental arch intraoperatively. A medical device that combines support
for the UDA with the ability for the operator to adjust its position would be ideal. The
Ennoia company filed a patent in March 2023 for a new MD named Pirifix™, which meets
these indications. It meets sterilizable class  MD defined by European regulations [22].

This study aimed to assess the precision of Pirifix™ for maintaining and adjusting the
position of the upper dental arch during LFIO on models with dentoskeletal disharmony
involving the middle third of the face.

2. Materials and Methods
2.1. Description of the Medical Device

The Pirifix™ device (Ennoia, Besancon, France) is a bone-supported medical device.
Its design is intended to adapt to the anatomy of the perimeter of the lower part of the
piriform orifice (Figure 1). It is made up of ten parts produced in biocompatible 17-4ph
stainless steel by selective laser melting technology. From top to bottom, the device consists
of two paranasal bone-supported parts (right and left), which are associated with two
vertical axes (right and left) and articulated with two anteroposterior axes (right and left)
joined by a transverse axis (odd and median). This axis is also articulated at its center with
an inverted U-shaped arch, with an inferior and posterior concavity. This arch carries the
two premaxillary bone-supported parts (Figure 2). The device can be fixed on the skull with
four screws (two below the line of an LFIO and two above). The various parts of the device
are articulated together so that the palatal bone fragment can be moved in all three planes
of space and then held in place. The two vertical axes are used for upward/downward and
roll movements. The two anteroposterior axes are used for moving forward. An inverted
U-shaped and the transversal axis allow for right or left translation and pitch. All the parts
of the device are locked in the desired position by seven screws.

Figure 1. Three-dimensional illustration of Pirifix™ positioning around the piriform orifice.
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Cranial
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Figure 2. Experimental prototype file of Pirifix™. 1: Right paranasal bone support; 2: right vertical
axis; 3: right anteroposterior axis; 4: transverse axis; 5: inverted U-shaped part; 6: right maxillary
bone support.

2.2. Creation of an Experimental Model
2.2.1. Data Selection

DICOM data from patients who had virtual planned LFIOs between 27 July 2020
and 1 December 2022 were selected. This corresponds to all patient data archived at the
Besangon University Hospital’s 3D-printing platform since its inception. Exclusion criteria
were the patient’s opposition to the use of personal data, CT scans without all facial bones,
CT scans with less than 300 slices, and no digital dental impression available. Ethical
considerations, notably the absence of refusal by patients to use their data, were validated
by the Clinical Research and Innovation Department of Besan¢on University Hospital. Sex,
age at CT scan, Angle’s classification and surgical treatments for each patient were noted
to describe the population.

2.2.2. Conception

The models were designed and used on the Besangon University Hospital’s 3D-
printing platform. The procedure was repeated for each case included. Skulls and
mandibles were segmented from DICOM data using Mimics Medical 25.0 software (Mate-
rialise, Leuven, Belgium). Corresponding dental models were added to the file. After a
semi-automatic alignment step, segmented teeth were replaced by dental models. Align-
ment was considered complete when the average distance between the teeth from models
and the segmented teeth on the CT scan was less than 0.01 mm.

Parts obtained in standard triangle language (STL) were then modified using 3-Matic
16.0 software (Materialise, Leuven, Belgium). Skull models were positioned on an orthogo-
nal reference frame consisting of the median sagittal plane and the Frankfurt plane. The
mandible was translated so far as to close the temporomandibular gap. Then, it was rotated
clockwise around the bicondylar axe to remove overlapping between the mandibular and
maxillary teeth. The calvaria was removed above a horizontal line passing through the
middle of the forehead. The posterior part of the skull was removed behind a frontal plane
passing between the foramen magnum and the mastoid processes. This plane was also
used to develop a plate for fixing the skull to the table using a rail. An offset of 0.1 mm was
applied to this rail, which was then subtracted from the skull by Boolean operation. The
optic canals, orbital fissures, infraorbital foramina, and maxillary sinus were preserved. All
other holes were filled. Skull surfaces were moderately smoothed.
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Sixteen pairs of hooks were placed on each model. Six pairs reproduced orthodontic
brackets. They were placed on the necks of the medial incisors, canines, and first premolars.
Two pairs reproduced the resistance of the palatal mucosa. They were placed on the medial
pterygoid processes and the posterior palate. Two pairs reproduced the temporomandibular
joint capsule. They were placed on the base of the zygomatic arch and the condylar neck.
Six pairs reproduced the muscular traction of the masseter, temporal, and medial pterygoid
muscles. They were placed at their respective insertions (Figure 3).

Figure 3. Example of an experimental model associating the mandible (in violet) with the rest of the
skull. The pairs of hooks used to articulate the two objects are framed in blue.

LFIO and pterygopalatomaxillary disjunction (PPMD) were simulated using standard-
ized boxes subtracted from the anatomical model. The LFIO box was herringbone-shaped
and approximately 4 mm thick. It was centered on the midline. It cut through the vomer
bone and maxillary sinus walls. Its posterior part was in continuity with the PPMD box.
The PPMD box was a vertical 1 mm thick plane separating the pterygoid processes from
the maxillary sinuses (Figure 4).

The models were completed by adding 4 cylindrical bridges between the UDA and the
remaining skull. The right bridges were parallel to each other. The left bridges were also
parallel. At the top, the bridges were supported on the internal cortical of the maxillary si-
nus lateral wall. At the bottom, they were supported on the maxillary sinus floor. The skulls
with bridges and mandibles were recorded as two distinct objects for printing (Figure 5).
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Figure 4. Example of an experimental model with Le Fort I osteotomy and pterygopalatomaxil-
lary disjunction.

2.2.3. Planned Models

No modification of the UDA’s position was applied to files used for printing. These
files were also used as a reference to compare the return to the initial position (PO position).
To compare the groups in their ability to place the UDA in the corrected position (C position),
a planned (reference) model was made for each patient. With these models, the UDA was
horizontalized parallel to the Frankfurt plane. The interincisal point was centered on the
median sagittal plane. For each planned model, the distance between the hooks of teeth
13 and 23 and the lowest point of the right and left infraorbital rims was recorded.

2.2.4. Splint Design

For each planned model, an occlusal positioning splint was designed using 3-Matic
software. The upper and lower dental arches were circumscribed by a curve using a
computer tool. The two curves were converted into a surface, and the space between these
two surfaces was filled by constructing a three-dimensional object. An offset of 0.20 mm
was applied to the dental arch models before being subtracted from the object by Boolean
operation. The result was an arch-shaped splint bearing the maxillary and mandibular
dental impressions in the planned position. It was used for PO positioning (P0 splint) and
C positioning (C splint).
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Figure 5. Example of experimental model seen in semi-transparency, showing the right bridges
connecting the UDA to the rest of the skull (blue arrows).

2.2.5. Three-Dimensional Printing

Stereolithography was used with Preform software (Formlabs, Somerville, MA, USA)
and a Form?2 or Form3+ printer (Formlabs). The models were printed on a 1:1 scale with
white resin (Figure 6), while the splints were printed with white, color base, or clear resin.
The supports were manually removed. After, the models needed to be cleaned with a
20 min long isopropanol bath in FormWash (Formlabs) and they were then polymerized
for 1 h with FormCure (Formlabs). Two copies of each model were printed. Each copy
was assigned to one of two surgical groups: the control group (positioning by occlusal
splint) and the Pirifix™ group. The splints were printed using the same protocol as the
experimental models and were assigned to the control group.

Figure 6. Example of an experimental 3D-printed model.
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FDM technology was used to print fixation devices. The slicer software was Cura
4.6 and the printer was an Ultimaker 5 (Ultimaker, Utrecht, Netherlands).

2.2.6. Digitalizing

The models were scanned using an Einscan Pro 2x optical scanner (Shining 3D,
Hangzhou, China). The angle between the rotative table and lens was 30°. We cap-
tured 30 shots per rotation. Four rotations were completed by changing the position of
the models. During each 30 successive picture shot sequences, models were placed on the
top edge, the back edge, the right temple, and the left temple. The watertight tool was
turned off before making the mesh models. They were then cleaned up with 3-Matic by
suppressing free voxels. Digitalizing was performed before UDA separation. After printing
and before UDA separation, the printed models were digitalized for the first time and
compared to the designed models to describe the printing and digitalizing precision and
initial comparability of the groups.

2.2.7. Comparison

CloudCompare software (v2.13) was used to compare the models. First, they were
manually superimposed. Next, we performed automatic matching between these two
models based on the frontal, temporal, nasal, and zygomatic bones as the best overlapping
areas (UDA segmented). This process was completed according to the root mean square
setting at 1 x 107, After matching, motion vectors were applied to the entire object
comprising the UDA. Next, the digitalized models were segmented to only retain dental
crowns. The surface was transformed into a cloud of one million points. We performed a
cloud-to-mesh (C2M) comparison between the segmented cloud and the planned models as
the reference. The absolute difference in millimeters and the standard deviation were noted.

2.3. Evaluation of Device-Aided UDA Positioning Accuracy
2.3.1. Positioning Procedure

The procedures were performed by only one junior surgeon. In the test group only,
Pirifix™ was set, placed, and screwed around the piriform orifice before UDA separation.
The screws used were 2 mm in diameter and 16 mm long for the upper fixings and 20 mm
long for the lower fixings. Pirifix™ was then removed while maintaining the same setting.

Next, the connecting bridges were cut with pliers in each group. The mobile UDA
and the mandible were attached to each skull using dental elastics (Southern Bald Eagle
size 4" medium). The elastics were placed on hooks to reproduce muscular traction of the
masseters, temporalis, medial pterygoid muscles, and palatine mucosa. The models were
placed on the table using a fixing system.

Each UDA was then positioned according to the objectives set. Osteosynthesis was
performed using modus 2 screws and titanium plates (Medartis, Basel, Switzerland).
Positioning and osteosynthesis were performed twice per model. The first time, the UDA
had to come back to its initial position. The second time, the UDA had to be positioned as
the corrected and planned model. In each group, the vertical adjustment was set with a
caliper in planned distances between the canine hooks and orbital rims.

In the control group, the first positioning was performed with a specific device. This
one consisted of an initial position splint (PO splint) and two spacers fitted into the os-
teotomy line. For the second positioning, we only used the occlusal splint (C splint) and
the caliper.

In the test group, every positioning of the UDA was made only with Pirifix™ using
holes around the piriform orifice. The PO positioning was dictated by using the device
without modifying the pre-separation setting. The C positioning was implemented by
unlocking the vertical axes to adjust the tilt and impaction of the occlusal plane (Figure 7).
In the Pirifix™ group, the osteosynthesis of the maxillo-zygomatic arches was performed
first with Pirifix™ in place. Pirifix™ was then removed for paranasal osteosynthesis.
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Figure 7. Operating procedure with Pirifix™ (testing version) for movement C on model 14. 1: Repo-

sitioning of Pirifix™; 2: positioning of the UDA; 3: osteosynthesis (the two lateral plates before the

removal of Pirifix™, the two medial plates after the removal of Pirifix™),

2.3.2. Digitalizing

After UDA separation and simulated surgery, the printed models of each group were
digitalized for the second and the third time to be compared to the corresponding planned
models (PO movement and C movement, respectively). The digitalizing and comparison
protocol applied to each model was the same for both groups.

2.3.3. Comparison of Precision

The accuracy of Pirifix™ for placing the UDA in the planned and corrected positions
was compared with the control group’s efficiency. The visualization tool with the color scale
of CloudCompare software was used to identify the areas where the difference was the most
important. The vertical dimension included upward/downward and tilting movements.
The horizontal dimension included lateral translation and horizontal rotation. The sagittal
dimension included forward movements and clockwise/counterclockwise rotations.

2.4. Statistical Analysis

No data were available in the literature to estimate the expected difference in accuracy
between Pirifix™ and occlusal splints. The number of subjects required could not be
determined. Data were analyzed using R statistical v4.2.2 (The R Foundation for Statistical
Computing, Vienna, Austria). The mean difference between the models of the two groups
and the planned models was compared. Analysis was performed by applying a Student’s
t-test or Wilcoxon Mann-Whitney test, depending on the number of models considered and
variable distribution. Analyses were conducted as a two-sided test with 95% confidence
intervals. The mean difference was considered significant if the p-value was less than 0.05.

3. Results
3.1. Experimental Models
Data from 21 patients were included (Figure 8). The characteristics of the population

are described in Table 1. Twenty-one skulls were segmented from DICOM and then
designed. Two copies of each model were printed and divided into two groups.

3.2. Assessment of Group Comparability before the Separation of the UDA

Each model in the two groups was digitalized after printing and before UDA separa-
tion and compared to the pre-printed files. The mean difference between the pre-printed
files and the digitalized printed models was 0.19 mm (+/— 0.10) in the control group and
0.21 mm (+/— 0.09) in the Pirifix™ group (p = 0.313).
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120 planned patients for
maxillofacial surgery

—

Exclusion: 61
For treatments other than with orthognathic methods

59 patients for othognathic
treatment

l_.

21 included, segmented and

designed models

Exclusion: 38

- 15 for no CT scan available and only BSSO
performed

- 10 for only BSSO performed

- 7 forno CT scan available

- 5for no dental impression available

- 1 for no dental impression available and only BSSO
performed

/Duplication \

Pirifix group
21 models

Splint group
21 models

Figure 8. Flow chart. CT: computed tomography; BSSO: bilateral sagittal split osteotomy.

Table 1. Population characteristics. Yo: years old; LFIO: Le Fort I osteotomy; BSSO: bilateral sagittal
split osteotomy:.

Characteristics Data
Sex
Female 15 (71.4%)
Male 6 (28.6%)
Age
<20 yo 5 (23.8%)
20 to 30 yo 8 (38.1%)
30 to 40 yo 3 (14.3%)
>40 yo 5 (23.8%)
Average 28.6 yo (16 to 55)
Angle’s classification
II 9 (42.9%)
III 12 (57.1%)
Surgery
LFIO only 2 (9.5%)
LFIO and BSSO 19 (90.5%)

3.3. Evaluation of Device-Aided UDA Positioning Accuracy

For the PO position, the accuracy was 0.47 mm and 0.60 mm for the splint group
and the Pirifix™ group, respectively (p = 0.054) (Figure 9). For the corrected position,
the accuracy was 0.69 mm and 0.84 mm for the splint group and the Pirifix™ group,
respectively (p = 0.036) (Figures 10 and 11). In the Pirifix™ for C positioning, 81.0%
of models had an error in the vertical dimension, 61.9% in the sagittal dimension, and
66.7% in the horizontal dimension. In the splint group, this was 47.6%, 38.1%, and 76.2%,

respectively.
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Figure 9. Comparison between planned files and printed models for PO positioning in each group.
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Figure 10. Comparison between planned files and printed models for C positioning in each group.
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Figure 11. Superimposition between the 13 planned models (grey) and the 13 PirifixTM—positioned

1.356311

0.904207

0.452104

0.000000

Front view Right side view Inferior view

upper dental arches (color) for the PO position. The color scale shows the difference in mm and the
distribution of the difference.

4. Discussion
4.1. Experimental Models

The model’s design meant that the osteotomy line had to be thick enough to perform
rotational and translational movements without contact between the moving UDA and the
upper osteotomy rim. The section was not intended to be a positioning guide.
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The surface comparison of models was based on unmodified area matching. In their
study describing a bone-and-teeth-supported surgical guide for LFIO, Kraeima et al. used
zygomas, infraorbital margins, and foramen magnum [13]. Here, the UDA was subtracted
from the model. The remaining file was also matched with the reference model. This
provides a reliable assessment of the specific UDA-associated difference. Matching two
whole objects would have superimposed them according to the smallest mean distance.
In the event of an inhomogeneous difference, the difference would be smoothed over the
entire model. This results in an increase in the observed difference of unmodified zones
and an attenuation of the observed difference of zones that have been modified.

The comparability of both groups was ensured by the duplication of each model and
their distribution in the two groups. Before the UDA’s separation, the average difference
compared with the pre-printed file was not significant between the two groups. Several
hypotheses may explain the difference in variability observed from one model to another.
It may be due to a different placement on the printing plate (dictated by the size of the
model) or by the presence of movements of the printed model on the rotating plate of the
optical scanner during digitalization.

4.2. Occlusal Splints

The 3D-printed occlusal splint was chosen as the reference method for two reasons. It
remains a tried-and-tested method that has benefited from improved precision since 3D
printing [10,23-25]. It is also less expensive and quicker to produce than custom-made
titanium devices [14]. However, an occlusal splint is less accurate than surgical guides and
custom-made osteosynthesis mesh [11,13,14].

4.3. Assessment of Pirifx™

For the PO position, precision was not significantly better in the splint group than in
the Pirifix™ group. The inaccuracy observed in the control group for the PO position may
be the result of incorrect condylar positioning or the persistence of residual print supports
in the spacer zone.

To prove the Pirifix™ concept, we applied a movement combining horizontalizing
and recentering the UDA. These movements were chosen for their larger aesthetic impact
among both expert and non-expert observers [26]. For the C position, the accuracy of the
UDA positioning performed by Pirifix'™ was significantly different from that of the splint
group. The error observed in the splint group appears lower than in the Pirifix™ group.

These results suggest that the difference associated with the use of Pirifix™ is related
more to the settings of the axes than to its paranasal repositioning.

The difference visualization tool with color scale showed that the difference in the
splint group was predominantly in the horizontal dimension. In the PirifixT™ group, the
error was more a combination of inaccuracy in the three planes of space, but the vertical
dimension was predominant. This result seems consistent insofar as Pirifix'™ is a standard
device that can be adjusted in all planes. For the C position, Pirifix™ essentially performed
horizontalization. It may explain that the difference is more important in the vertical
dimension. The splint, on the other hand, allows for positioning in the horizontal plane and
frontal or sagittal tilting in the occlusal plane, without being able to set vertical translation.
In this group, the difference was more important in the horizontal dimension. The condylar
position can be responsible for diduction with rotation in the transverse plane. Insufficient
posterior blocking may also be responsible for errors such as clockwise rotation. The use of
the visualization tool described the difference in each dimension without specifying the
amplitude of the error. On this point, the two groups are also not comparable.

In the Pirifix™ group, positioning was assisted by the device but remained based on
clinical criteria (only two measurements, assessment of centering and horizontalization).
In addition, the device was fitted with clamping screws on a round-cut shaft, which could
adversely affect the quality of locking. These factors may have influenced the results
obtained in this group. The use of additional measures could improve the precision of
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the device. Furthermore, the models reproduced only the patient’s bone, whereas facial
symmetry is influenced by facial soft tissue in clinical practice.

The adaptability of Pirifix™ was judged on the 21 included patients who had benefited
from preoperative planning in the context of DSDy involving the midface. It was considered
to have been achieved insofar as the adjustment of the device allowed for paranasal
positioning without any identified conflicts. No bone conflicts were identified with the use
of the device. Despite the anatomical diversity of the models, the number of patients is not
enough to extrapolate the results to all midface disharmonies.

Among the MDs used for LFIO, Pirifix™ offers a precise positioning alternative with
a holding function that simplifies osteosynthesis. The splint allows for positioning in
space with an error linked to a lack of predictability and reproducibility of the mandibular
position. It can be used to adjust a tilt with an asymmetric thickness, but it cannot be used
to adjust an upward or downward movement. These movements are associated with coun-
terclockwise and clockwise rotation, respectively, due to mandibular rotation. The Pirifix"™
device is not custom-made and therefore has lower theoretical accuracy. However, it is
supported on fixed bones above the osteotomy. This makes it more predictable, with a final
inaccuracy of around 0.84 mm. The question arises as to the clinical relevance of precision
in this context. Correct positioning must also be judged in terms of aesthetic consistency,
involving facial soft tissues, and integration into the orthodontist’s treatment plan.

The control group models were printed and operated on first. The results may be
influenced by the learning process of the operator. This would apply in the handling of
the caliper and the intraoperative taking of clinical measurements. All the models were
operated on by a single surgeon. Feedback from many operators is needed to define the
limits and improve the ergonomics of the device. A measurement bias is possible because
the operator necessarily knows which device they have used for positioning. This bias
was reproduced during the digitization and comparison phase since the same investigator
was involved.

This is a preliminary study carried out on a 3D-printed simulator with no soft tissue.
The aim was to prove the concept of this new medical device. Further investigations
are still required, including facial soft tissue and technical feedback from other surgeons.
The biocompatibility of the MD will have to be qualified before considering clinical trials.
Pirifix™ claims need to be assessed in studies conducted in clinical practice. The device is
designed to simplify the positioning and maintaining of the UDA in the desired position
during osteosynthesis. Its intraoperative adaptability makes it an attractive alternative to
devices such as occlusal splints or custom plates. It remains to be seen how satisfactory
the postoperative functional and aesthetic results will be. The invasiveness of the device,
particularly when screwed around the piriform orifice, has yet to be assessed. The design
of the lower parts seeks to avoid damaging the dental apexes. However, the design of the
upper supports exposes patients to the risk of injury to the nasolacrimal ducts. Finally, the
indications for its use need to be defined for a range of more or less complex disharmonies.

5. Conclusions

Pirifix™ is a new medical device. It is positioned as an alternative to other medical
devices for positioning the upper dental arch during LFIO. It also claims to have a holding
function to facilitate fixation. The Pirifix™ concept seems to be producing encouraging
results. There are many ways of optimizing the process by modifying design or produc-
tion technology. The architecture of the device could make it possible to dissociate each
translation and rotation movement. All parts could be miniaturized to reduce the overall
dimensions. The use of Pirifix™ for complex movements combining more than one rota-
tion and one translation has yet to be investigated. Further studies are needed to determine
how the device works with other bone anatomies, as well as with soft tissues.
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Abstract: Background: Genioplasty as an isolated surgical technique is a highly demanded procedure
in the maxillofacial surgery area. Advances in facial reconstructive surgery have been associated
with less morbidity and more predictable results. In this paper, “conventional” genioplasty and
genioplasty by means of virtual surgical planning (VSP), CAD-CAM cutting guides, and patient
custom-made plates are compared. Methods: A descriptive observational study was designed and
implemented, and 43 patients were treated, differentiating two groups according to the technique: 18
patients were treated by conventional surgery, and 25 patients were treated through virtual surgical
planning (VSP), CAD-CAM cutting guides, STL models, and titanium patient-specific plates. Results:
The operation time ranged from 35 to 107 min. The mean operative time in the conventional group
was 60.06 + 3.74 min.; in the custom treatment group it was 42.24 + 1.29 min (p < 0.001). The difference
between planned and obtained chin changes in cases of advancement or retrusion was not statistically
significant (p = 0.125; p = 0.216). In cases of chin rotation due to asymmetry, guided and personalized
surgery was superior to conventional surgery (p < 0.01). The mean hospital stay was equal in
both groups. A decrease in surgical complications was observed in the group undergoing VSP and
customized treatment. Conclusions: Multi-stage implementation of VSP with CAD-CAM cutting
guides, STL models, and patient-specific plates increased the accuracy of the genioplasty surgery,
particularly in cases of chin asymmetry, reducing operation time and potential complications.

Keywords: genioplasty; chin deformity; virtual surgical planning; CAD-CAM technology;
stereolithographic models; patient-specific plates; head and neck reconstruction; aesthetic surgery

1. Introduction

Genioplasty consists of an osteotomy of the anteroinferior border of the mandible,
allowing movement of the chin in the three dimensions of space and placing it in the
desired new position. It is a highly in-demand procedure in the context of maxillofacial and
plastic surgery. The technique was described in the 19th century, and it became popular in
the last decades of the 20th century as a complement to the surgical correction of dentofacial
deformities [1,2]. Progressively, surgical techniques have been refined from aggressive
osteotomies with wire-type fixations through alloplastic grafts to chin osteotomy with semi-
rigid osteosynthesis for the correction of chin projection and/or asymmetry. The increase in
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social demand for correcting dental and/or skeletal problems and the greater coordination
between orthodontists and maxillofacial surgeons have led to the standardization of this
procedure, associated or not, with mono- or bimaxillary orthognathic surgery within the
usual care activity of oral and maxillofacial surgery departments [2-5].

Advances in reconstructive surgical techniques in the head and neck area have al-
lowed a comprehensive treatment and a complete surgical approach, with significant
improvement in aesthetic and functional reconstruction, fewer comorbidities, and better
recovery for the patients [6]. Less aggressive surgical techniques, additive manufacturing,
and digital workflow have significantly improved comprehensive reconstruction of the
facial skeleton [5-8], including surgical treatment of the chin. In this context, the develop-
ment of virtual surgical planning (VSP), CAD-CAM technology, and the manufacture of
cutting guides and customized titanium mini-plates have brought about a paradigm shift
in the surgical treatment of mandibular deformities. Semi-rigid fixation for chin osteotomy
is considered the main osteosynthesis technique, although traditionally, the material for
bone fixation was not customized [9]. This study compares two genioplasty techniques:
conventional genioplasty by osteotomy and semi-rigid fixation with screws and mini-plates
with “freehand” planning, and genioplasty by osteotomy with customized cutting guides
and personalized plates prior to VSP.

2. Materials and Methods

To address the research purpose, the authors designed and implemented a descrip-
tive observational study with 43 patients diagnosed with chin deformity (excess, defect,
or asymmetry) between 2019 and 2023 at the Hospital Universitario Ruber Juan Bravo,
Madrid, Spain. Eighteen patients were treated by means of the conventional genioplasty
technique with osteotomy and semi-rigid fixation with non-customized material. The
remaining 25 patients underwent surgery after virtual surgical planning (VSP) design and
manufacture of specific cutting guides and titanium plates using CAD-CAM technology.
Patients treated with conventional surgery were treated between 2019 and 2021.

Inclusion criteria were: (1) patients with a diagnosis of chin deformity; (2) patients
reconstructed with the “conventional” technique; and (3) patients treated with VSP, custom
cutting guides, and titanium plates. Exclusion criteria were: (1) patients with previous
surgery or surgical sequelae affecting the mandibular region. Follow-up ranged from 6 to
50 months.

This study followed the Declaration of Helsinki on medical protocol, and the study
and review of medical records, data collection, and subsequent analysis are endorsed by
the Hospital Ethics Committee (protocol code rjpbmaxilo 01/2024).

In the cases treated by traditional methods, a preoperative CT scan was performed
on all patients in DICOM format, which was subsequently edited with open-access soft-
ware in order to obtain a stereolithographic model (STL) with 3D printing in polyamide.
A “model surgery” was performed on this template in order to propose the most suitable
surgical movements in each case and thus decide on the optimal positioning of the chin.
The titanium plates adapted to the patient’s anatomy were molded preoperatively. Once
in the operating room, an intraoral approach was performed in all cases, identifying and
preserving the chin nerves. The osteotomy line was marked, and the osteotomy was per-
formed in the most appropriate region, taking into account the previous work on the 3D
models. It was performed with a piezoelectric scalpel, and the fixation of the bone was
made with mini-plates and titanium screws.

In cases treated through VSP, cutting guides, and patient-customized plates, a remote
connection was established with the engineering team of the corresponding manufacturer
(Avinent Implant System S.L.U, Santpedor, Barcelona, Spain). The osteotomy cutting
guides were designed using CAD-CAM technology and produced with a 3D printer in
polyamide; a surface and volumetric measurement of the chin positioning was performed
on the virtual model once the osteotomy had been delimited, and a customized titanium
prosthesis was designed for each patient. The customized titanium plates were fabricated
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using CAD-CAM technology, and they were manufactured with a DMG HSC (high-speed
cutting) milling machine (Avinent Implant System S.L.U, Santpedor, Barcelona, Spain).
Irregular edges or protrusions that could compromise the patient’s comfort or aesthetic
results were avoided. The optimal fit of the bone-cutting guides and the plates (Avinent
Implant System S.L.U, Santpedor, Barcelona, Spain) was checked on printed STL models.
An intraoral approach was performed in all cases. After identification and preservation of
the mentonian nerves, the two-piece cutting guide was adapted, and the osteotomy was
performed with a piezoelectric scalpel. The planned chin movement was performed, and
semi-rigid osteosynthesis was effectuated with titanium plates and screws according to the
manufacturer’s instructions (Figure 1).

Figure 1. Customized guided surgery. (a) Virtual surgical planning and design of the osteotomy:.
Sagittal and front view; (b) digital design of cutting guide and titanium plate. Avinent Implant
System S.L.U, Santpedor, Barcelona, Spain; (c) intraoperative photograph: fitting of cutting guide;
(d) intraoperative photograph: final position of the chin with customized titanium plate and screws;
(e) six-month post-operative control CT. Sagittal view.

All cases were also studied by preoperative and postoperative computed tomography
(CT). Sagittal plane movement (advancement or retrusion) of the chin was measured in
millimeters. In cases of asymmetry, chin rotation was measured in degrees, taking the
nasion—chin vertical as a reference.

To generate the 3D anatomical model, the preoperative CT scan was obtained in
DICOM format. The files were processed using the medical software Mimics Innovation©
Suite 20.0. The virtual design of the sagittal movements of the chin was performed using
Dolphin Imaging Software© (version 10.5, Canoga Park, CA, USA), modeling the target
according to the patient’s wishes and the experience of the surgical team. Before fabrication
of the cutting guides and custom mini-plates, the virtual design of all the material was
checked by the surgeon before approval or modification.

The operative time was also measured in all cases. Moreover, all patients were asked
about their perception of the aesthetic result 6 months after surgery.

The variables evaluated in this study were:

(1) Difference between planned and achieved motion with both techniques (measured in
millimeters, and in degrees for chin rotation cases). The Phillips IntelliSpace Portal©
V.11.1(Koninklijke Philips N.V. Amsterdam, The Nederlands). radiological viewer
was used for this purpose.

(2) Intervention time and length of hospital stay between the two techniques.

(3) Aesthetic outcome: an aesthetic assessment was performed by the patients to address
scores in facial symmetry, facial healing, and facial projection. The results were

V7

classified as “excellent”, “good”, and “poor”.
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Statistical analysis was performed with SPSS© 28.0 software (IBM SPSS Statistics,
Chicago, IL, USA).

3. Results

Forty-three patients were included in the study. Eighteen patients were treated by
the conventional genioplasty technique, and 25 patients were treated with VSP, cutting
guides, and a customized plate. Of the total sample, 40% (17 patients) were treated in
the context of orthognathic surgery, while 60% of the patients underwent genioplasty for
strictly aesthetic reasons.

Only 14% were men (6 patients). The mean age of the patients in the “conventional
surgery” group was 28.89 &+ 2.26 years; the mean age of the “guided surgery” group was
31.44 + 1.76 years.

To simplify the study, patients were divided into subgroups: advancement (19 patients),
retrusion (13 patients), and rotation (11 patients). The advancement, retrusion, or twist motion
is shown in Table S1 (customized guided surgery) and Table S2 (conventional surgery).

3.1. Differences between Planned and Achieved Surgical Motion

The differences between planned and achieved surgical motion (in millimeters) by
group is shown in Table 1. There were no significant differences in the comparison of
the two techniques with respect to chin advancement or retrusion. However, statistical
significance was observed in cases of mandibular asymmetry that required chin rotation
(p=0.011).

Table 1. Differences between planned and achieved surgical motion.

Conventional Guided

Genioplasty Genioplasty p Value
Advance (mm.) 0.13 £ 0.05 0.46 £ 0.02 0.125
Retrusion (mm.) 0.18 £ 0.5 0.10 +0.06 0.216
Midline change (degrees) 2.60 4= 0.51 0.50 4= 0.22 0.011

3.2. Surgical Time and Hospitalization

The operation time ranged from 35 to 107 min. The mean operative time was
60.06 & 3.74 min in the conventional surgery group and 42.24 + 1.29 min in the group
treated by VSP, CAD-CAM cutting guides, and a customized plate. There was a consider-
able decrease in surgical time in the cases treated by guided surgery and individual plate
(p < 0.001) (Figure 2).

70
60.06
60
50
42.24
40
30
20
10

0
Conventional surgery Guided surgery

Figure 2. Surgical time (minutes).

The mean hospital stay was 1.4 days, with no differences between groups (p = 0.196).
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3.3. Aesthetic Outcome: Patient Perception

Eighty-eight percent of the patients (38 cases) considered that they had obtained an
“excellent” aesthetic result. Twelve percent (5 cases) evaluated their result as “good”. There
was no difference between the group treated with conventional surgery and the group
treated with customized guided surgery (p = 0.22). There was also no statistical difference
by subgroup (Table 2).

Table 2. Aesthetic results: patient perception.

Excellent Good Poor
Comfentlonal 15 3 0
genioplasty
Guided genioplasty 23 2 0

4. Discussion

The development and refinement of techniques and methods due to technological
advances have allowed surgical procedures to be performed with less morbidity, more ac-
curately, and more safely. The use of computer-assisted surgery and navigation technology
in head and neck surgery was described at the end of the 20th century by A. Wagner. In
recent years, “precision medicine” has been integrated into daily hospital medical prac-
tice, allowing the development of specific and customized materials for each case. In
this context, maxillofacial surgery as a discipline has benefited from this technological
development: virtual surgical planning and the design and manufacture of customized
CAD-CAM material have contributed, in recent years, to simplifying and improving the
precision of surgeries. Together, all this makes it possible to virtually plan the limits of
an osteotomy or a resection, to know the dimensions of a potential defect, to determine
the precise location of osteotomies in bone flaps, etc. Cutting guides manufactured us-
ing CAD-CAM technology help the surgeon faithfully reproduce the previously planned
treatment, improving the precision, accuracy, and reliability of the results in resections
and reconstructions of the head and neck area. The combination of VSP and CAD-CAM
technology can provide the best possible postoperative results, especially in complex cases
without adequate intraoperative anatomical references [10].

There are not many studies describing the use of customized plates and cutting guides
in the context of genioplasty; however, there has been an increase in interest in this area in
recent years that will make the technique, still susceptible to improvement, be enhanced
in the near future. The growing interest and progressive application of virtual surgical
planning and the use of customized titanium mini-plates manufactured using CAD-CAM
technology have developed in recent years in orthognatic surgery [11-13].

The systematization of the process described in our patients has allowed us to ensure
a better result, to increase the precision and safety of the surgery, and to reduce operating
room time. This leads to avoid potential peri- and postoperative complications.

Adequate design of the cutting guide is crucial to obtaining a good result. Although it
is important to correctly delimit the placement of the osteotomy;, it is equally important
to take into account the ergonomics and adaptation of the guide to the patient’s jaw so
as not to collaterally damage important anatomical structures [14]. In our experience and
taking into account the idiosyncrasies of each patient as well as the surgeon’s preferences,
we have designed two types of polyamide cutting guide. One type consists of a two-
piece system with intermediate connections and adaptations to the mandibular basal that
allow its introduction through a relatively small surgical wound. The other type also
has an extension with adjustments to the incisal edge of the teeth of the lower arch to
increase stability (Figure 3). In addition, in the design of the guide, it is of vital importance
to distribute the holes for fixation to the bone in positions that do not compromise the
aesthetic result or damage the mentonian nerves or the floor of the mouth due to excessive
length. Attention should also be paid to the length of the titanium screws that will be used
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to fix the custom osteosynthesis plate. In general, the mandibular bone has a high density,
and the bone volume at the mental level is large. However, if the anatomy of each case is
not taken into account, it is possible to place screws that are longer than the bone width
and cause injury to soft structures, with a potential risk of bleeding, especially the floor of
the mouth and the mental area [15,16].

(b)

Figure 3. Customized guides (Avinent Implant System S.L.U, Santpedor, Barcelona, Spain):

(a) polyamide customized cutting guide with mandibular adjustment; (b) polyamide customized
cutting guide with mandibular and teeth adjustment.

The use of polyamide as a material for the manufacture of the customized cutting
guides also provides a small modulus of elasticity that enhances the positioning of the
instrument at the surgical site and its subsequent adaptation [17,18]. This also makes it
possible to maintain a small approach and an earlier recovery of the surgical wound.

We believe there are many advantages to using customized cutting guides when per-
forming mandibular osteotomy. In the conventional technique, the design of the osteotomy
is performed “free-hand” according to the surgeon’s preference and previous experience;
however, the cutting guide ensures an osteotomy path that always avoids the mentonian
nerves and the dental apices since they have been previously analyzed in 3D. In addition,
it ensures the symmetry of the osteotomy and the precision of the midline positioning.
Therefore, the centering of the mentonian bone fragment will also be better positioned [19].

Of course, in cases of asymmetric, complex chins, the placement of the fragment
will be much simpler using customized material for the patient according to a previous
VSP and will generate less doubt among the surgical team about the final result. This
considerably reduces surgical time, as we have demonstrated, and by avoiding excessive
manipulation of the soft tissues in cases of disagreement with a conventional procedure,
postoperative edema and the sequelae derived from it (pain, swelling, patient discomfort,
etc.) are reduced [20]. In our series of cases, there were no statistically significant differences
in the cases of chin advancement or retrusion. In this regard, we consider that this may be
due to the fact that the movement achieved is equally precise with a previously calibrated
chin advancement or retrusion plate. In fact, although it has no clinical relevance, these
results may induce the thought that surgery has no benefit in some cases. We believe that
the results in simple advancements and retrusions may be slightly inferior in terms of
radiologic measurement and comparison—not clinical—than the results obtained in the
guided procedures because the latter ones had higher complexity. However, significant
differences were found in cases of asymmetry requiring chin rotation, which confirms that
planning is especially useful for cases in which the movement is not only in the sagittal
plane but in all three dimensions of space.

Undoubtedly, developing genioplasty surgery with cutting guides and customized
titanium plates decreases miscalculations and complications with respect to the traditional
technique. In the latter case the osteotomy is designed and executed freehand and the frag-
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ment is positioned according to the approximate measurement made during the procedure,
without having a complete visualization of the structure, which can lead to asymmetric
and/or unexpected results, often unacceptable for the patient and the surgeon [21,22].

Complications of genioplasty due to damage to the mentonian nerve or tooth apices
are described in the scientific literature with a variation of 3% to 12% [14,23,24]. Although
we consider that these are not frequent complications and that, with wide experience, they
can be avoided, the safety and precision provided by VSP and the use of this technology
during surgical manipulation are unequaled.

In our series, no differences were found with respect to complications, which fortu-
nately were few, although we consider that the safety that the use of customized cutting
guides brings to the procedure results in a clear reduction of potential morbidity for the
patient. The only relevant complication was a case of mild submental hematoma that was
solved conservatively in the conventional surgery group. There were no complications in
the group treated with VSP and cutting guides.

In this sense, the aesthetic results obtained are equal to or better than those of the
conventional technique and are always more predictable [7,14]. The reduction in surgical
time and tissue manipulation resulted in a better and shorter recovery for the patients,
although this was a subjective finding on the part of both the patients and the medical team.
In any case, the patients’ perception of having undergone a more pleasant postoperative
period with less swelling than they had expected made their postoperative management as
well as their reincorporation into daily life easier.

Related to the use of customized cutting guides, we can affirm that they allow us
to design more complex osteotomy paths and to “take better advantage” of the patient’s
mandibular bone, being able to design more posterior cutting paths that provide more
volume and thus avoid the “hourglass” deformity typical of some cases with poor plan-
ning [21,24,25].

In addition, in cases of chin advancement and retrusion, the posterior wedges, which
are sometimes produced by the movement of the cut area of the bone, are included in the
design of the cutting guide, making it possible to achieve a more natural mandibular ridge
with a higher-quality aesthetic result. At this point, we consider it important to explain to
each patient the steps of their surgical treatment and the normal postoperative findings.
In many patients with excellent functional and aesthetic results, there is a complaint of
a bony step in the bilateral basal area of the osteotomy. Planned surgery and the use of
customized cutting guides allow, in most cases, the design of more posterior osteotomies
with a less pronounced gradient toward the mandibular basal that will produce more
discrete gaps. However, we insist on informing patients of this possible palpable transition
prior to surgery.

In cases of chin asymmetry and also those of mandibular profile, the design of cus-
tomized cutting guides allows the mandibular contour to be modified with great precision
and safety; this would not be possible without the guide since the mandibular basal cannot
be visualized during the procedure.

On the other hand, the use of customized titanium plates brings advantages. It reduces
the surgical time because, as mentioned above, the placement of the mentonian bone
fragment is faster and more precise, and, above all, it will have a positioning in the three
dimensions of the space previously defined. In addition, the passive adaptation to the
bone surface of the chin and jaw allows for smoother osteosynthesis without potential
changes of the designed chin position due to forceful movements to achieve a tighter fit of
the titanium screws, thus accidentally bending the titanium mini-plates previously molded
on the 3D model or on the patient’s bone [10,18].

In our series of cases, a considerable reduction in surgical time has been demonstrated,
with the advantages that this entails for the patient. There was no difference in hospital-
ization time between one case and another. We relate this result to the fact that with both
techniques, it is a less aggressive procedure. In addition, many patients who were admitted
to the hospital for 1 or 2 days did so for personal reasons and not strictly medical reasons.
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The use of VSP, CAD-CAM technology, and customized material allows us to achieve
an adequate aesthetic result of the mandibular contour in cases in which the traditional
technique produces an unsatisfactory or unpredictable result [21]. It is important to empha-
size the high aesthetic demand presented by patients who wish to undergo this procedure
in a stand-alone fashion and for aesthetic reasons only.

Despite the great advantages of using this technology, some disadvantages and limita-
tions should also be clarified. First, more time is required for the design of the VSP and
the additive manufacturing of the customized models, guides, and plates. We agree with
other authors that the whole process can be solved within 48 h [14,26,27]. However, we
believe the surgical time saved compensates for the planning effort. This waiting time
until virtual surgical planning and obtaining custom cutting guides and titanium plates
can be an inconvenience in other contexts. We must consider that this technology applied
to the field of genioplasty can be extended to other surgeries in the head and neck area.
In interventions that need to be carried out as early as possible (emergencies, oncology
patients with potential complex reconstructions of the facial skeleton, accidents in the
context of the postoperative period of a surgery that has previously required customized
material, etc.), there is the possibility of waiting for the design of the material or, on the
contrary, it may be more appropriate to carry out a conventional treatment.

It should be taken into account that the design will not allow intraoperative modifica-
tions in case of any error, so that a failure in the planning or an error in the production of the
material will mean the need to change the entire preoperative plan. The customized plate
must also fit perfectly passively, since it will not allow intraoperative modifications. In these
cases, it will be necessary to use one or more conventional osteosynthesis plates [14,28,29].

Although there is an additional cost with the use of this technique (400-1000 euros,
according to the authors), there is a savings in anesthetic support in cases performed under
local anesthesia and sedation [26,30,31]. In cases performed under general anesthesia, the
savings in surgical time will not compensate for the economic expense, but there is a benefit
in terms of patient safety and results.

We should mention the limitations of this study. Firstly, this is a study with a small
number of cases, so the scope of the results obtained is small. On the other hand, the
constant refinement and improvement of the methods means that in each case, details are
incorporated into the design of the cutting guides and/or the customized titanium plates
that may surpass the previous ones. Although the results obtained are highly satisfactory
at the present time, it is expected that a gradual improvement will allow, in a few years, the
definition of a standard protocol for guided genioplasty surgery.

Currently, we consider this genioplasty technique superior to the conventional one, so
the cases included in this work that were treated by conventional technique are prior to
the rest.

5. Conclusions

The multistage application of VSP with CAD-CAM polyamide cutting guides, STL
models, and patient-specific titanium plates increases precision in genioplasty surgery,
especially in cases of chin asymmetry, reducing operating time and possible complications.
The main advantages of this technology are the visualization and preoperative study
of the anatomy of each patient, the osteotomy with precise and well-defined limits, the
simplification of the surgical technique, the preoperative visualization of the limitations of
the case and prevention of potential complications, the reduction of surgical time, and the
obtaining of more predictable results. On the other hand, the main disadvantages of virtual
surgical planning are increased costs and surgical delays involved in surgical planning and
obtaining the different models and guides. Overall, the decrease in patient morbidity and
complications and the overall improvement in outcomes could offset the technological costs.
Further studies with larger series of patients are needed, as well as improved techniques to
standardize the guided surgery protocol to provide better outcomes.
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Abstract: This retrospective study aimed to: (1) investigate the surgical accuracy of maxillomandibu-
lar advancement (MMA) in obstructive sleep apnea (OSA) patients, with a specific focus on maxillary
and mandibular advancement and counter-clockwise rotation and (2) investigate the correlation
between the amount of achieved advancement and the reduction in the relative apnea hypopnea
index (AHI). Sixteen patients, for whom a three-dimensional virtual surgical plan was generated
preoperatively and a computed tomography scan (CT) or cone-beam computer tomography (CBCT)
was acquired postoperatively, were included. The postoperative CT or CBCT was compared to the
virtual surgical plan, and differences in the mandibular and maxillary advancement and counter-
clockwise rotation were assessed. Maxillary and mandibular advancement (median 3.1 mm, p = 0.002
and 2.3 mm, p = 0.03, respectively) and counter-clockwise rotation (median 3.7°, p = 0.006 and
4.7°, p = 0.001, respectively) were notably less than intended. A significant correlation was found
between the planned maxillary advancement and the difference between the planned and actual
maxillary advancement (p = 0.048; adjusted R? = 0.1979) and also between the planned counter-
clockwise rotation and the difference between the planned and actual counter-clockwise rotation
for the mandible (p = 0.012; adjusted R? = 0.3261). Neither the maxilla-first nor the mandible-first
surgical sequence proved to be superior in terms of the ability to achieve the intended movements
(p > 0.45). Despite a significant reduction (p = 0.001) in the apnea hypopnea index (AHI) from a
median of 62.6 events/h to 19.4 events/h following MMA, no relationship was found between the
extent of maxillary or mandibular advancement and AHI improvement in this small cohort (p = 0.389
and p = 0.387, respectively). This study underlines the necessity for surgeons and future research
projects to be aware of surgical inaccuracies in MMA procedures for OSA patients. Additionally,
further research is required to investigate if sufficient advancement is an important factor associated
with MMA treatment outcome.

Keywords: obstructive sleep apnea; surgery; orthognathic surgical procedures; osteotomy; accuracy

1. Introduction

Obstructive sleep apnea (OSA) is a sleep-related breathing disorder characterized by
repeated partial or complete obstruction of the upper airway, leading to hypopneas or
apneas [1]. Patients frequently suffer from excessive daytime sleepiness, fatigue, tiredness,
snoring, gasping, and morning headaches [2]. Risk factors for OSA mainly include older
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age, male sex, obesity, smoking, alcohol use, family history of OSA, and craniofacial and
upper airway morphology [3-5].

For decades, the preferred first-line treatment option for moderate-to-severe OSA has
been nonsurgical ‘continuous positive airway pressure’ (CPAP) [6-8]. Another common
non-invasive option for OSA treatment is the use of a mandibular advancement device
(MAD) [9]. A disadvantage of CPAP and MAD is suboptimal long-term adherence. Surgical
therapy provides a solution for OSA patients who have difficulties accepting lifelong
treatment with CPAP or MAD. In an American Academy of Sleep Medicine clinical practice
guideline, it is recommended that clinicians discuss and/or refer adult OSA patients
with a body mass index (BMI) < 40 kg/m? who are intolerant or unaccepting of positive
airway pressure (PAP) to a sleep surgeon for an alternative treatment options, as part of a
patient-oriented solution [10].

Maxillomandibular advancement surgery (MMA) has proven to be the most effective
surgical treatment for OSA—aside from tracheostomy—with a success rate of approxi-
mately 85% [8,11-13]. The surgical procedure consists of a combination of a Le Fort I os-
teotomy for the maxilla and a bilateral sagittal split osteotomy (BSSO) for the mandible. The
maxilla and mandible are both significantly advanced and rotated counter-clockwise to en-
large the upper airway’s volume and reduce upper airway soft tissue collapsibility [13-15].
Virtual surgical planning (VSP) is used for preoperative simulation of the MMA, and
3D-printed surgical splints are generated from the VSP to transfer the plan to the surgical
setting [16]. Since large maxillomandibular complex advancement and counter-clockwise
rotation contribute to a decrease in the apnea hypopnea index (AHI) and therefore treatment
success, achieving these planned movements accurately during surgery is essential [12,17].
Previous research has shown that the planned surgical movements are often not accurately
achieved in standard orthognathic surgery, especially in cases with larger movements [18].
Given the extensive movements involved in MMA, it is reasonable to expect that the
planned movements in MMA might be even less accurately achieved compared to standard
orthognathic surgery. Surprisingly, no prior studies have investigated the extent to which
planned—specifically sagittal—movements are accurately achieved in MMA procedures.

The primary aim of this study was to investigate the extent to which planned advance-
ment and counter-clockwise rotation, the two most relevant movements for surgical success
in MMA for OSA surgery, are accurately achieved. The secondary aim of this study was to
investigate the correlation between realized maxillary and mandibular advancement and
relative AHI reduction.

2. Materials and Methods
2.1. Study Participants

Patients treated for OSA with MMA in the Department of Oral and Maxillofacial
Surgery of the Amsterdam University Medical Centers (UMC) between November 2017
and March 2020 were considered for inclusion in this study. The inclusion criteria were:
(1) adults aged 18 years or older; (2) diagnosed with OSA through polysomnography (PSG);
(3) CPAP therapy failure or intolerance; (4) PSG conducted at least 3 months postoper-
atively; (5) preoperative three-dimensional (3D) virtual surgical planning of MMA; and
(6) availability of a spiral computed tomography (CT) or cone-beam computer tomography
(CBCT) scan after surgery. Exclusion criteria were: (1) patients undergoing other additional
procedures during MMA (e.g., multi-piece Le Fort osteotomy, temporomandibular joint
(TM]J) reconstruction); (2) previous Le Fort I osteotomy or BSSO; (3) cleft palate or syn-
dromic patients; and (4) insufficient image quality for postoperative analysis. The study
design was a retrospective cohort study.

This study was conducted and performed in accordance with the Declaration of
Helsinki guidelines for human research. Patients were sent a letter to inform them that
their medical records, polysomnography results, and radiological images were anony-
mously going to be used for study purposes. The option was provided to opt out of
inclusion in the study. Included patients’ medical records were reviewed and data were
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collected. Preoperative (baseline) patient characteristics included gender, age, and body
mass index (BMI).

The Medical Ethics Committee of the Amsterdam UMC decided that this study was
waived for the Medical Research Human Subjects Act (W22_042 # 22.07).

2.2. Imaging Protocol

CT (Somatom Force, Siemens Medical Solutions, Erlangen, Germany) or CBCT (Plan-
meca Promax, Planmeca OY, Helsinki, Finland) scans were acquired 1 to 6 weeks preopera-
tively using a standardized protocol (120 kV, 300 mAs, field of view (FOV) 240 mm, pitch
0.55, slice thickness 1.0 mm, image matrix 512 x 512, window W1600/L400, hard-tissue ker-
nel (Hr64)) or CBCT scan (84-96 kV, 100 mAs, FOV 230 mm X 170 mm (diameter x height),
slice thickness 0.4 mm, image matrix 575 x 575, window /level 2500/596, pixel size 0.4 mm).
Scanned patients were instructed to remain still, relax, and place the bite in a retruded
contact position.

Baseline two-dimensional skeletal patterns and relationships were obtained on lateral
cephalometric radiographs between 1 and 6 weeks preoperatively. Steiner radiographic
cephalometric analyses were performed in Viewbox (version 4; dHAL Software, Kifis-
sia, Greece).

2.3. Virtual Surgical Planning

Preoperative CT or CBCT data were exported in digital imaging and communications
in medicine (DICOM) format and imported into the Maxilim software (Medicim NV, Meche-
len, Belgium) (until April 2017) or IPS CaseDesigner (KLS Martin, Tuttlingen, Germany)
(from May 2017 onwards). A 3D virtual patient model was reconstructed and aligned with
the patient’s natural head position (NHP) based on clinical assessment and standardized
patient photos [19]. The maxilla and mandible were virtually osteotomized according to
a Le Fort I osteotomy and BSSO, respectively (Figure 1). Based on the planned maxillary
and mandibular position, intermediate and final splints were designed and 3D-printed for
either maxilla-first or mandible-first treatment sequence based on the surgeon’s preference.

Figure 1. An example of a virtual plan of an MMA case. Lateral (A) and caudal (B) view of
the preoperative 3D virtual hard-tissue skull model of the patient in IPS (KLS Martin, Tuttlingen,
Germany). Lateral (C) and caudal (D) view of the postoperative 3D virtual hard-tissue skull model,
where the maxilla and mandible are virtually osteotomized according to a Le Fort I osteotomy and
BSSO. The maxilla and mandible are advanced and counter-clockwise pitched.
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2.4. Surgical Technique
2.4.1. Le Fort I Osteotomy

A gingivobuccal incision was made, apical, from the first molar on the right to the first
molar on the left. Subperiosteal dissection and elevation of the oral soft tissue and nasal
mucosa were performed. A Le Fort I osteotomy was performed using a reciprocating saw
from the pterygoid processes towards the piriform rims. A glabella reference marker was
placed. Down-fracturing and mobilization of the maxilla was performed with a bone hook
and Rowe’s forceps. A surgical splint was used to position the maxilla in the intended
planned position after the removal of interferences. Temporary maxillomandibular fixation
was performed using power chains or steel wire ligatures. Rigid fixation was applied with
an array of titanium miniplates and monocortical screws. Wound closure followed with
absorbable sutures.

2.4.2. Bilateral Sagittal Split Osteotomy (BSSO)

A mucosal incision was made with subperiosteal dissection and elevation of the oral
soft tissue along the anterior border on one side of the ramus and continued inferiorly, along
the external oblique ridge. A horizontal, oblique, and vertical osteotomy was placed with
either a burr or reciprocating saw according to the Hunsuck modification of the Obwegeser
and Dal Pont BSSO technique [20]. The bone segments were separated with osteotomes
and a bone spreader. The same procedure was applied on the contralateral side. A surgical
splint was used to position the mandible in the planned position, and rigid fixation was
applied with an array of titanium miniplates and monocortical or bicortical screws after
putting the maxillomandibular complex into temporary maxillomandibular fixation with
power chains or steel wire ligatures. Wound closure followed with absorbable sutures.

In the maxilla-first surgical protocol, the Le Fort I osteotomy was performed before
the BSSO, and in the mandible-first protocol, the BSSO was performed before the Le Fort I
osteotomy. Antibiotics (Augmentin, GlaxoSmithKline BV, Zeist, The Netherlands) were
administered at the start of the procedure and continued for 7 days postoperatively. All
patients were monitored for at least one night in the intensive care or medium care unit [21].

2.5. Outcome Evaluation

In order to evaluate the accuracy of the achieved postoperative result, the preopera-
tive and postoperative DICOM data were imported into 3D MedX (3D Lab Radboudumc,
Nijmegen, the Netherlands) to assess the surgical result with the OrthoGnathicAnalyser
workflow [18,22]. This is a validated evaluation tool, which is able to calculate the trans-
formation between the planned and achieved maxilla and mandible and express the
deviation in clinically relevant parameters: (1) front-back translation (posteroanterior
axis); (2) right-left translation (lateromedial axis); (3) up—down translation (superoinferior
axis); (4) roll; (5) pitch; and (6) yaw (Figure 2). The main goal in MMA surgery is to
adequately advance the maxilla and mandible and rotate them counter-clockwise in order
to enlarge the upper airway. It is therefore essential to achieve the planned advancement
and counter-clockwise rotation; thus, these were the parameters that were investigated in
this study.

Patients received a full-night level 1 (in lab) or 2 (at home) PSG prior to MMA surgery
and at least 3 months after surgery (Somnoscreen; SOMNOmedics GmbH, Randersacker,
Germany). To assess sleep stages, EEG (F3, F4, C3, C4, M1, M2, O1, O2), EOG, and sub-
mental EMG were used. Nasal airflow was measured with a cannula/pressure transducer.
Oronasal thermal flow determined airflow and mouth breathing. Arterial oxyhemoglobin
was monitored via pulse oximetry. Thoracoabdominal excursions were measured qual-
itatively with respiratory belts. A position sensor determined body position, and limb
movements were detected with tibial EMG. Cardiac events were scored via ECG, and snor-
ing was recorded with a snore sensor. A clinical neurophysiologist specialized in scoring
sleep studies interpreted and scored the sleep studies based on the updated 2007 criteria
from the American Academy of Sleep Medicine [23]. Included PSG parameters consisted of
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the preoperative and postoperative apnea hypopnea index (AHI), 3% oxygen desaturation
index (ODI), and lowest oxygen saturation (LSAT). According to Sher’s criteria, surgical
response was defined as “at least 50% AHI reduction following MMA and a postoperative
AHI < 20" [24].

Figure 2. Maxillomandibular complex positioning frame. The back-to-front (advancement) transla-
tion is shown in green and pitch rotation is shown in red around the reference axes.

2.6. Sample Size

Due to the nature of retrospective design, the sample size was not estimated prior to
the study. A post hoc power analysis was performed for the primary outcome variables (i.e.,
observed differences between planned and achieved movements) using G*Power (Version
3.1.9.6, Heinrich-Heine-Universitat Diisseldorf, Diisseldorf, Germany).

2.7. Statistical Analysis

Statistical analysis was performed using SPSS (version 29.0; IBM Corp., Armonk, NY,
USA) and R (R Development Core Team, Vienna, Austria). Descriptive statistics were
calculated for all demographic and outcome variables. Mean, standard deviation, median,
interquartile range (IQR), and/or range were used to report the continuous variables, and
frequency and percentage were used for summarizing categorical variables. Normality
was tested using the Shapiro-Wilk test. To compare the paired continuous values, the
paired-samples t-test (for data with a normal distribution) or Wilcoxon’s signed-rank test
(for non-normal data) were used. To compare continuous values between the maxilla-first
and mandible-first surgical sequence group, the independent-samples t-test was used when
data were normally distributed, and the Mann-Whitney U test was used when data were
not normally distributed. Linear regression analysis was performed to investigate the
association between the planned movement and the difference between the planned and
achieved movement. Adjusted R-squared (R?) value was used to quantify the proportion
of the variance that could be explained by the planned movement in the linear regression
model. The relative AHI improvement was calculated, and a Pearson correlation analysis
was used to investigate its relationship with the amount of maxillary and mandibular
advancement. For all analyses, a p-value < 0.05 was considered statistically significant.
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3. Results
3.1. Study Participants

In total, 27 patients underwent MMA for OSA in the Department of Oral and Maxillo-
facial Surgery, Amsterdam UMC, between November 2017 and March 2020. One patient
opted out of the study, and ten patients were excluded due to the fact that the 3D-imaging
protocol was not followed correctly, which was mostly due to the absence of a CT or CBCT
scan after surgery (n = 7). Therefore, 16 patients were included in this study; 10 were male
and 6 were female. The mean age was 53 £ 9 years (range 36—69 years) (Table 1). Among the
included sixteen patients, all patients (100%) had treatment failure or intolerance to CPAP,
twelve patients (75%) had treatment failure or intolerance to MAD, and seven patients
(44%) had other type(s) of upper airway surgery prior to MMA.

Table 1. Baseline characteristics of the study population.

Total Population (n = 16) Mean + SD Range
Male (1 (%)) 10 (62.5)
Age (years) 529 +9.3 36-69

BMI (kg/m?) 271+ 3.9 18.0-32.4
ZSNA (degrees) 80.40 £+ 3.9 69.6-88.1
ZSNB (degrees) 739+74 52.0-83.8
ZANB (degrees) 6.1 £5.0 —-0.1-17.7
ZOP-SN (degrees) 20.8 +12.0 5.0-59.9
ZMP-SN (degrees) 425+16.3 13.6-90.5

Gender is presented as number of patients and percentage. Age, BMI, ZSNA, Z/SNB, ZANB, ZOP-SN, and /MP-
SN are presented in years, kg/m?, and degrees. ZANB, angle between the A /nasion plane and the nasion/B
plane; BMI, body mass index; cm, centimeters; kg/ m?, kilograms per square meter; ZMP-SN, angle between the
mandibular plane and the sella/nasion plane; ZOP-SN, angle between the occlusal plane and the sella/nasion
plane; SD, standard deviation; ZSNA, angle between the sella/nasion plane and the nasion/A plane; ZSNB, angle
between the sella/nasion plane and the nasion/B plane. p-value < 0.05 was considered statistically significant.

3.2. Planned vs. Realized Movements

The median planned advancement of the maxilla was 9.5 mm (range 6.0-12.0 mm),
and the median planned advancement for the mandible was 11.2 mm (range 4.9-18.4 mm).
The planned median counter-clockwise rotation for the maxilla and mandible were 6.2°
(range 0.0-10.2°) and 7.8° (range 1.2-25.4°), respectively. For both the maxilla and mandible,
the achieved advancement and counter-clockwise rotation were significantly smaller than
the planned advancement and rotation (p < 0.05) (Table 2). The study revealed that a
larger advancement corresponded to a larger difference between the planned and realized
advancement for both the maxilla and mandible. Notably, this difference was only found
to be statistically significant for the maxilla (p = 0.048; adjusted R? = 0.20) and not for the
mandible (p = 0.06; adjusted R? = 0.18) (Figure 3). A larger counter-clockwise rotation
was associated with a significantly greater difference between the planned and realized
counter-clockwise rotation for the mandible (p = 0.012; adjusted R? = 0.33) but not for the
maxilla (p = 0.9; adjusted R? =0.07) (Figure 4).

3.3. Maxilla-First Surgical Sequence vs. Mandible-First Treatment Sequence

In the comparative analysis between the maxilla-first surgical sequence and the
mandible-first treatment sequence, Table 3 serves to demonstrate their collective inability
to achieve the intended movements accurately. In the analysis, the discrepancies between
the planned and achieved movements between the maxilla-first and mandible-first surgical
sequences were all not statistically significantly (p > 0.45).
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Table 2. Comparison between planned and achieved advancement (B-F translation) and counter-
clockwise rotation (anticlockwise pitch) for maxilla and mandible.

. . p-
Planned Achieved Difference Value
Median IOR Range Median IQR Range Median IOR Range
Counter- Maxilla 6.2 3.9-7.7 0.0-10.2 2.6 0.7-5.6 4.8-13.7 3.7 1.7-6.2 —6.1-7.9 0.006
clockwise
(g)tation) Mandible 7.8 6.3-11.0 12254 45 2662  —57-14.9 4.7 12-82  —0.8-105  0.001
egrees
Advancement Maxilla 9.5 7.9-11.9 6.0-12.0 6.7 5.7-8.2 1.4-9.5 3.1 2.1-4.3 0.6-12.0 0.002
(mm) Mandible 11.2 8.7-13.3 4.9-18.4 8.7 7.9-9.9 1.7-16.9 2.3 0.3-4.6 -3.1-6.4 0.03
Translations are presented in mm. Rotations are presented in degrees. B-F translation, translation from back
to front; mm, millimeters; IQR, interquartile range = quartile 3—quartile 1. p-value < 0.05 was considered
statistically significant.
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Figure 3. Scatter plot illustrating the relationship between the planned advancement and the differ-
ence between planned and realized advancement. The X-axis illustrates the planned advancement in
mm. The Y-axis illustrates the difference between planned and realized advancement in mm. Each
green triangle depicts an individual maxilla, and each blue dot depicts an individual mandible. The
green and blue lines illustrate the linear regression of the maxilla and mandible data, respectively.
Mm, millimeters. p-value < 0.05 was considered statistically significant.
Table 3. Comparison of discrepancies between planned and achieved sagittal movements in maxilla-
first vs. mandible-first surgical sequences.
Maxilla-First Mandible-First Value
(n=7) (1 =9) P
Median IOR Range Median IOR Range
Counter-clockwise Maxilla 43 2.5-6.5 0.3-7.8 2.8 1.2-6.8 0.6-7.9 0.71
rotation (degrees) Mandible 4.5 3.3-8.7 0.8-9.2 4.8 0.7-7.3 0.0-10.5 0.50
Advancement Maxilla 3.1 2143 2.1-5.1 2.6 1.7-4.1 0.6-6.5 0.66
(mm) Mandible 1.8 1446 0.14.6 3.1 24-43 0.7-6.4 0.45

Rotations are presented in degrees. Translations are presented in mm. B-F translation, translation from back
to front; mm, millimeters; IQR, interquartile range = quartile 3—quartile 1. p-value < 0.05 was considered
statistically significant.
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Figure 4. Scatter plot illustrating the relationship between the planned counter-clockwise rotation
and the difference between planned and realized counter-clockwise rotation. The X-axis illustrates
the planned pitch in deg. The Y-axis illustrates the difference between planned and realized counter-
clockwise rotation in deg. Each green triangle depicts an individual maxilla, and each blue dot
depicts an individual mandible. The green and blue lines illustrate the linear regression of the maxilla
and mandible data, respectively. Deg, degree. p-value < 0.05 was considered statistically significant.

3.4. Amount of Advancement and the Relative AHI Improvement

The median AHI was significantly reduced from 62.6 (6.4-84.0) events/h to 19.4
(3.9-47.0) events/h (p = 0.001). Overall success was achieved in 63% of the cases (Table 4).

Table 4. PSG results before and after MMA for total population.

Total Population (n = 16)

Mean SD Median IQR Range
Pre-op AHI (events/h) 49.8 23.8 62.6 43.5-77.7 6.4-84.0
Post-op AHI (events/h) 17.3 12.8 19.4 10.8-29.9 3.9-47.0
Pre-op ODI (events/h) 50.9 25.8 64.7 45.6-75.8 2.2-93.4
Post-op ODI (events/h) 21.0 13.9 19.5 10.5-31.8 3.0-51.1
Pre-op LSAT (%) 74.7 12.0 76 63-80 52-92
Post-op LSAT (%) 82.4 8.8 85 75-87 64-92
Success (%) 10/16 (62.5)
Cure (%) 3/16 (18.8)

PSG results are presented as events/hour or percentage. Success and cure are presented as percentage. AHI;
apnea hypopnea index; events/h, post-op, after MMA; pre-op, prior to MMA; N, number of patients; LSAT,
lowest oxygen saturation; MMA, maxillomandibular advancement; ODI, oxygen desaturation index; PSG,
polysomnography; IQR, interquartile range = quartile 3—quartile 1; SD, standard deviation. p-value < 0.05 was
considered statistically significant.

No association was found between the amount of realized maxillary and mandibular
advancement and the relative AHI improvement (p = 0.389 and p = 0.387 respectively)
(Figure 5).
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Figure 5. Scatter plot illustrating the relationship between the realized maxillary and mandibular
advancement and the percentage of AHI improvement. The X-axis illustrates the realized advance-
ment in mm. The Y-axis illustrates the AHI improvement in %. Each green triangle depicts an
individual maxilla, and each blue dot depicts an individual mandible. AHI, apnea hypopnea index;
mm, millimeters; %, percentage. p-value < 0.05 was considered statistically significant.

4. Discussion

Previous studies have looked into the accuracy of orthognathic surgery [18,22,25,26].
However, as far as the authors are aware of, none have explored the extent to which planned
surgical movements are accurately achieved in MMA procedures [17,18]. Therefore, the
present study aimed to investigate the extent to which preoperative planned advancements
and counter-clockwise rotations were achieved during MMA surgery for OSA patients.

One of the main findings of this preliminary study is the consistent trend of under-
achievement of the desired advancements in the MMA cases. This is well in line with
findings in traditional orthognathic surgery for the correction of dentofacial discrepan-
cies [22]. Notably, these discrepancies may be attributed to various factors, for example
altered seated position of the condyle as a result of different muscular tone and patient
positioning intraoperatively [22,27].

In addition to the difference found between the planned and realized advancement,
the results also show that the realized counter-clockwise rotation for both the maxilla and
mandible were consistently less than planned. Liebregts et al. found a similar difference
between the planned and realized counter-clockwise rotation in bimaxillary osteotomies in
traditional orthognathic surgery [18]. The possible reasons for this might be positioning
errors intraoperatively due to interfering bone segments between the osteotomized maxilla
and the pterygoid plates or a non-centric relation of the mandible during temporary
maxillomandibular fixation with the use of intraoperative surgical splints [18,22].

Both findings emphasize that although virtual surgical planning and CAD/CAM
intraoperative surgical splints are utilized for MMA nowadays, it is still difficult to accu-
rately achieve the planned advancement and counter-clockwise rotation. The relatively
large surgical splints that are frequently used in MMA surgery, due to the large planned
displacements, might be a significant factor in decreasing surgical accuracy. This might
explain the results of this study, which showed that the surgical accuracy was further
reduced when the planned advancements and counter-clockwise rotations increased. The
paper by Liebregts et al. and Stokbro et al. also alluded to this finding [18,28].

The mandible-first sequence has been proposed as a solution to address issues with
centric relation and, consequently, to enhance the predictability of achieving the intended
position [29]. However, no significant beneficial effect could be demonstrated in this small
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sample size. The choice between the maxilla-first and mandible-first surgical sequences is
often influenced by surgeon preferences [30,31]. In cases of OSA, concerns about achieving
the desired maxillary advancement due to limitations in soft tissue (e.g., through scarring
due to previous upper airway surgery) might be present. In our hospital, a strategic
approach is often used that is only possible within the maxilla-first sequence. It involves
the use of two intermediate splints: one for larger advancement (e.g., 12 mm) and another
for a slightly lesser advancement (e.g., 10 mm) as a precautionary ‘back-up’.

Multiple studies have reported the association between MMA success and the amount
of advancement [12,17], but others have reported no association between the amount of
planned advancement and AHI improvement after MMA [32,33]. A possible explanation
for these inconsistent findings could be that the planned advancement instead of the
realized advancement has been used, or because there is variation in the use of two-
dimensional and three-dimensional imaging methods [17,34,35].

As a secondary objective, this study investigated the correlation between the realized
advancement and the relative AHI reduction, but no significant correlation was found.
This lack of correlation may be attributed to the low number of patients included and the
extensive complexity of OSA, where treatment success or improvement depends on various
interacting factors, including demographic characteristics, anatomical hard-tissue and soft-
tissue parameters, PSG specifics, and surgical characteristics [35-39]. This finding raises
the question of whether or not more accurate achievement of the planned advancement
and counter-clockwise rotation is actually necessary through, for example, a splintless
surgical workflow [40—43]. This is especially true when looking at the finding that the
median AHI was significantly reduced from approximately 63 events/h to 19 events/h
despite consistently not achieving the planned displacements. Some cases still showed a
significant relative AHI reduction despite a small advancement, as seen in Figure 5.

The amount of advancement and counter-clockwise rotation necessary for surgical
success remains unknown. A major advantage of the present study is the fact that a
validated workflow and tool, the OrthoGnathicAnalyser, was used in order to measure the
discrepancy between the planned and the realized result in three dimensions with the use
of CT and CBCT. The argument could be raised that an error distribution between the CT-
and CBCT-based registration could have influenced the outcome of this study. However,
based on the validated findings of Eggers et al. this can be considered as negligible [44].
Although the OrthoGnathicAnalyser tool is able to accurately measure all translational
and rotational movements, the main focus in this study was on the advancement and the
counter-clockwise rotation of the maxilla and the mandible, as these are essential factors
contributing to the relief of patients” OSA [14,45-48]. However, caution is warranted
in interpreting the results because of the study limitations (small population, potential
biases in retrospective design, and low inclusion rate). In the present study, the powers of
the primary outcomes (i.e., maxillary advancement, mandibular advancement, maxillary
counter-clockwise rotation, and mandibular counter-clockwise rotation) were 1, 0.7, 0.8, and
1, respectively. This indicated that except for mandibular advancement, all other primary
outcome variables had sufficient power in the statistical analyses. It is recommended that
future studies—preferably prospective studies in large cohorts—should be undertaken to
verify the current findings, especially since the literature on the topic is scarce. Additional
future research should further investigate which factors in MMA surgery contribute most
to surgical success and to optimize surgical planning for individual patients.

5. Conclusions

This study emphasizes the importance of acknowledging the presence of surgical
inaccuracies in MMA procedures for patients with OSA and underscores the need for
heightened awareness among surgeons and future research endeavors. Furthermore, our
findings propose that the extent of maxillomandibular complex advancement may not
hold paramount significance in determining the outcome of MMA treatment. Therefore,
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further investigations and refinements in surgical techniques are imperative to optimize
the efficacy of MMA procedures.
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Abstract: (1) Background: In surgical procedures for maxillofacial tumours, it is challenging to
preserve functional and cosmetic properties in the affected patients. The use of fat grafting is
considered as a valuable alternative to overcome postoperative aesthetic asymmetry problems.
(2) Methods: In this study, we enrolled thirty patients with parotid gland tumours in which a partial
or complete parotidectomy was performed with positioning in the parotid bed of autologous dermis-
fat grafts. We evaluated the satisfaction rate of the patients and the objective efficacy in solving the
deformity by comparing MRI data before and after surgery. (3) Results: Twenty-six patients showed
a satisfying cosmetic result with proper facial symmetry between the affected side and the healthy
one. Two patients presented mild postsurgical complications such as haematomas, and two patients
reported temporary weakness of the facial nerve related to the parotidectomy. (4) Conclusions: Based
on the imaging data obtained via MRI before and after surgery, we can assess that the employment of
fat grafts in parotidectomy surgical procedures gives good cosmetic results and does not affect the
post operative management and follow up of oncologic patients.

Keywords: reconstructive surgery; oncologic head and neck surgery; fat graft; parotidectomy; head
and neck MRI

1. Introduction

Parotid gland tumours are considered a medical condition that, most of the time,
requires surgical treatment by performing a partial or complete parotidectomy.

This surgical procedure represents a challenge for head and neck surgeons because of
the anatomical location of the parotid gland. Some tumours are literally surrounded by a
complex network of facial nerves branches, and the main difficulty is the performance of
a tumour resection while avoiding nervous lesions and preserving nervous integrity and
functionality as much as possible. However, due to the anatomical, aesthetical, and func-
tional complexity of the region, there are important cosmetic implications after the removal
of a parotid gland tumour, as the resectioning of parotid tumours has been shown to cause
facial depression deformities [1]. As a matter of fact, many parotid tumours could reach
massive dimensions, causing not only a concern for the general behaviour of the tumour
and its tempestive eradication but also causing a visible facial deformity and asymmetry
that would negatively affect patients’ social lives [2]. When a parotid gland tumour with rel-
evant dimensions is removed, it leaves a depression in the preauricular and infra-auricular
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region that could create facial deformities and asymmetry and could potentially create aes-
thetical discomfort in the patients after surgery [3]. In order to avoid a poor cosmetic result
that may severely decrease a patient’s quality of life and self-esteem, especially in young
patients [4], the evaluation of a quick, safe, satisfactory, and cost-effective reconstructive
option could be necessary. Thus, according to a few authors, this reconstructive procedure
should be performed during the same operating session immediately after the tumour
resection, as implanting grafts in the affected anatomical area could immediately overcome
any cosmetic defect; also, a single parotidectomy and a parotidectomy with the harvesting
and implanting of a reconstructive graft have similar operation times [1,5,6]. Different
types of materials and grafts can be employed for the reconstruction of facial soft tissue
defects, such as alloplastic materials (polyethylene, silicone, or polyacrylamide), or grafts,
such as superficial temporal fascia flaps, sternocleidomastoid muscle flaps [7], superficial
muscular aponeurotic system (SMAS) flaps, and free fat grafts [8,9]. In our study, in all
patients, the postresection defect was treated with free autologous dermis-fat grafts.

Our multidisciplinary study aimed to demonstrate, in our experience, how this
century-old milestone in craniofacial reconstructive surgery has a complete oncological
safety profile during the surgery and for the oncological follow up, and it is also a reliable
procedure for surgeons, without the lengthening of surgical times, and has a low rate of
complications and a high aesthetical satisfaction rate for the patients.

2. Materials and Methods

In our study, thirty patients with parotid gland tumours were enrolled from February
2019 to May 2022, who received a partial or complete parotidectomy with contemporary
reconstruction with autologous en bloc dermal fat grafts. Twenty-two of these patients
had a benign lesion, and the remaining eight patients had a malignant tumour. The
surgical procedure consisted of a classic Blair incision with the sub-surface dissection of
the musculoaponeurotic system, the identification of the tumour and its isolation from
the surrounding nerve structures, tumour resection, and en bloc dermal fat grafting. The
facial nerve trunk and its branches were found and preserved in each case. In all cases, we
preferred to obtain the en bloc dermal fat graft through a linear suprapubic incision with a
minimum length of 6 cm, which would be individually shaped according to the size of the
defect of each patient, and we carefully closed the surgical access with cosmetic intradermal
sutures with no drainage. After the harvesting process of the autologous en bloc dermal fat
graft from the suprapubic region (Figure 1), the graft was irrigated with antibiotic-soaked
saline and contoured with scissors to fit the anatomical region and cover the defect. A
‘monobloc’ de-epithelialisation technique was performed, involving the removal of the
epidermal layer as a whole with a scalpel, on the en bloc autologous dermal fat graft in all
cases (Figure 2a) [10].

95



J. Pers. Med. 2023, 13, 1200

(b)

Figure 1. The en bloc fat graft design and harvesting. (a) Patient 1. Surgical design of the en bloc fat

graft with a linear sovrapubic incision. (b) Patient 2. Surgical harvesting of the en bloc autologous fat
graft after de-epithelialisation process.

() (b) (©)

Figure 2. The en bloc fat graft design and harvesting. (a) Patient 1. En bloc fat graft obtained from

the sovrapubic region after the de-epithelialisation process. (b) Patient 1. Surgical fixation process
of the en bloc autologous fat graft to the surgical gap after parotidectomy. (c) Patient 1. Closure of
the surgical site after the fixation process of the en bloc autologous fat graft and the placement of
the drainage.

After the shaping process of the autologous fat graft according to the size of the defect
and its positioning in the postparotidectomy surgical gap, we fixated it to the parotid
residual bed with absorbable sutures (Figure 2b); the SMAS flap was used as a cover of the
dermis-fat graft to give a vascular supply, and then, we placed a drainage in the parotid site
for a minimum of 24 h, considering less than 20 mL of serosanguineous fluid an indication
for its removal (Figure 2c).

The postoperative management included local cooling application, 3 days of antibiotic
therapy, and 20 days of therapy with dietary supplements composed of escin and bromelain
supplements (Floganday®, Maya Pharma, Naples, Italy) in order to contain the oedema.
Exclusion criteria were patients who had preoperative planning of neck dissection, in
order to avoid the risk of an increase in perioperative and postoperative complications,
and patients over 80 years of age. The whole procedure for obtaining the en bloc autolo-
gous dermis-fat graft was performed simultaneously to the parotidectomy and it did not
represent a time-prolongating factor for the whole surgical session. MRI was performed
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before the surgery, and 60 days, 6 months, and one year after surgery for the oncological
follow up, to determine proper facial symmetry and tissue density to achieve a satisfying
cosmetic result. No touch-up procedures were performed after surgery. With data obtained
with MRI, we were able to perform mirroring by superimposing images before and after
surgery and objectively assessing the effective compensation of the defect with dermis-fat
grafting, and in the long-term follow up, we approximately evaluated whether there was

fat reabsorption.

3. Results

Thirty patients, twenty females and ten males, were enrolled in this study. Their age
ranged from 14 to 78 years old. All patients were Caucasian, except one patient, who
was of African descent. Twenty-two patients had benign lesions, and eight had malignant

lesions (Table 1).

Table 1. Patients’ characteristics, including gender, age, parotid first-step surgery (1: partial parotidec-

tomy; 2: superficial parotidectomy; 3: total parotidectomy), and final histologic diagnosis.

Patient Gender Age (]Ii{)gelrj ts(.)lf,_ Sztlfrg;rg) Fm];li:lgll::)zlizglc
1 F 49 PP. Pleomorphic adenoma
2 F 28 P.P. Pleomorphic adenoma
3 F 14 PP. Pleomorphic adenoma
4 F 73 PP. Warthin tumour
5 M 54 T.P. Mucoepidermoid carcinoma
6 M 78 T.P. Salivary duct carcinoma
7 M 69 T.P. Metastatic squamous cell carcinoma
8 F 21 T.P. Acinic cell carcinoma
9 M 51 PP. Warthin tumour
10 M 21 P.P. Pleomorphic adenoma
11 F 64 PP. Warthin tumour
12 F 48 PP. Warthin tumour
13 F 56 S.P. Carcinoma ex pleomorphic adenoma
14 F 33 S.P. Myoepithelioma
15 M 51 T.P. Salivary duct carcinoma
16 F 37 S.P. Pleomorphic adenoma (recurrency)
17 M 67 T.P. Pleomorphic adenoma (recurrency)
18 F 55 T.P. Pleomorphic adenoma
19 F 59 S.P. Mucoepidermoid carcinoma (low grade)
20 M 65 PP Solitary Extrapleural Fibrous Tumour
21 F 53 S.P. Myoepithelioma
22 F 75 S.P. Myoepithelioma
23 M 63 S.P. Basal cells adenoma
24 F 37 P.P. Warthin tumour
25 F 76 S.P. Myoepithelioma
26 M 45 S.P. Pleomorphic adenoma
27 F 62 P.P. Pleomorphic adenoma
28 F 52 PP. Warthin tumour
29 F 44 S.P. Pleomorphic adenoma
30 F 42 S.P. Acinic cell carcinoma

Tumours were resected without damaging the surrounding facial nerve branches,

only in five cases were the ipsilateral facial nerve or its inferior branches (the marginalis
mandibulae or the buccalis branches) strictly adherent to the neoplasms and correctly
isolated without direct damage to the branches of the facial nerve. In all cases, the en
bloc dermis-fat graft was obtained via a suprapubic incision; in three female patients, the
incision was performed on a previously existing scar. The hospitalization time for all
the patients was three days. The short-term follow up was performed after three days,
seven days, ten days, and fourteen days after hospital discharge. The long-term follow

97



J. Pers. Med. 2023, 13, 1200

up was performed after three, six, and twelve months. Two patients reported, as an early
complication, haematoma in the parotidectomy area after the surgery in the first week after
surgery; in both cases, this complication was successfully treated with light compressive
treatment and escin and bromelain ointment (Floganday®) three times per day for 2 weeks.
One patient reported facial nerve weakness related to the surgical procedure used for the
removal of the tumour, which was strictly adherent to the network of several facial nerve
branches; it involved the mandibular branch and completely resolved over a maximal
duration of one month, with the application of Kabat therapy [11] and the use of oral
corticosteroid therapy and vitamin “B-complex” supplements [12]. We did not observe
complications with the fat graft such as infections, liquefaction, or graft loss due to excessive
fat resorption [13,14]. We asked the patients to answer a satisfaction questionnaire with
a score ranging from 0 to 5. According to the patients that decided to participate in our
questionnaire, twelve patients gave a score of 5/5; four patients gave a score of 4/5; three
patients gave a score of 3/5; two patients gave a score of 2/5; one patient gave a score
of 1/5. We documented the preoperative and postoperative courses of patients through
frontal facial, lateral facial, and semi-lateral facial pictures, and with these pictures, we
reported the facial expression before and after surgery to assess nervous integrity (Figure 3).

(a2) (b2) (c2‘)

Figure 3. Sequence of clinical assessment of facial symmetry before surgery (al,a2), 7 days after
surgery (b1,b2), and during 3-month follow-up after surgery (c1,c2) in patient 1 (upper row) and
patient 2 (lower row).
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4. Discussion

The German surgeon Gustav Neuber was the first to describe and use a free fat
autografting technique in 1893 [15]. He transplanted adipose tissue from a patient’s arm to
the orbit to cosmetically improve the sequelae associated with osteomyelitis. Since then,
fat grafting has become a progressively employed technique for reconstructive surgery in
maxillofacial procedures, like, for example, in case of facial contouring, radiation damage,
burn injuries, parotidectomies, or the surgical treatment of MRON] [16,17]. Fat tissue
has a very similar texture and consistency to the parotid tissue [1], representing an ideal
substitute in the case of a partial or complete parotidectomy. The donor sites are usually
covered body parts such as the abdominal, gluteal, iliac, or sacral region. The final decision
about the donor site for an en bloc autologous dermis-fat graft is influenced by the fat
volume required, relying on the first-step surgical procedure applied (partial or complete
parotidectomy); then, the fat volume of the donor site based on the location of excess
adipose tissue is evaluated for each patient case-by-case and is based on both surgeon and
patient preferences. In our patients, we always obtained the en bloc autologous dermis-fat
graft with a linear incision from the suprapubic lower abdominal region because it is a
body part usually easily covered by clothes or underwear, it has easy and fast surgical
access, and it also leaves a minimally visible scar with a cosmetic intradermic suture. It is
also a saving-time reconstructive option that does not increase the length of surgery. The
time taken to harvest and de-epthelially engraft the en bloc autologous dermis fat graft, in
our cases, was always about forty-five minutes, and it could be performed simultaneously
to the parotidectomy; the autologous en bloc fat graft, as a low-complexity technique, could
also easily be a suitable reconstructive alternative for patients with comorbidities and poor
systemic conditions [18]. The en bloc autologous dermis-fat graft technique is also very
useful to prevent a few postoperative complications of parotidectomy, like Frey’s Syndrome
or facial haematomas or blood loss [19,20].

We also found that in three patients who underwent an autologous fat graft who had
a mild facial nerve injury (HB scale I-II), with the help of our protocol of Kabat therapy [21],
they had a faster recovery time for the weakness of the facial nerve, plausibly related to
the protective effect of the fat graft on the nerve; according to few authors, this could be
correlated to native adipose-derived stem cells present in the transferred tissue, which
could potentially act upon regenerating axons, but conclusions are still not completely clear,
and studies are still in progress (Figure 3) [22].

Considering the reabsorption rate of fat grafting, we collected more fat with an over-
approximation between 20 and 30%. Complications associated with parotidectomy recon-
struction with a fat graft are haematoma in the donor site, fat graft necrosis and liquefaction,
surgical sutures’ dehiscence, cutaneous complications in the donor site such as itching,
hypoesthesia, and hypersensitivity [17]. The most unpredictable complication associated
with a fat graft is the rate of resorption in the postoperative period [14]. This resorption
can potentially range from 0% to 100%, making the whole procedure have unsatisfactory
results, because if the reabsorbed fat is excessive, the depression is not compensated for,
and aesthetic symmetry not respected. In our study, patients with malignant lesions were
involved, because, based on the recommendations of our radio diagnostic team, fat tissue
is clearly distinguishable from malignant tumour tissue in MRI [3,5], dispelling the concept
that fat grafting should be avoided in patients with malignancies because the reconstruction
can mask the tumour identification in postoperative diagnostic imaging. This gave us the
“green light” to proceed with fat grafting on patients with malignant tumours.

4.1. The Radiologist’s Perspective
4.1.1. MRI Protocol

All patients underwent contrast-enhanced MRI of the face and neck before and
after parotidectomy.

MRI examinations were performed on a 1.5 T scanner (SIGNA Voyager, GE Healthcare,
Chicago, IL, USA) using a phased-array head and neck coil. The MRI protocol consisted
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of T1-weighted (T1W) fast spin echo (FSE) (TR/TE: 551.0/9.2 ms), T2-weighted (T2W)
fast spin echo (FSE) (TR/TE: 8994.0/83.1 ms), and T2W STIR (TR/TE: 14,878.0/68.6 ms)
sequences in the axial plane with 3 mm slice thickness.

DWI was performed with an echoplanar SE sequence (TR/TE, 14,782/66.8 ms; FOV,
22 x 22 cm?; matrix, 128 x 128; NEX, 2; slice thickness, 3 mm) in the axial plane with
two different b-values (0 and 1000 s/mm?). Finally, fat-saturated isotropic 3D T1w GRE
sequences (LAVA) on the axial plane were obtained before and after the intravenous in-
jection of 0.2 mL/kg of Gadoteric Acid (Claricyclic, GE Healthcare, Chicago, IL, USA)
at 2.0 mL/s. Multiplanar reconstructions on the coronal and sagittal plane were subse-
quently performed.

In postoperative studies, the volume of the reconstructed parotid gland was deter-
mined through semi-automatic segmentation at the workstation (aycan Worskstation, aycan
Medical Systems, Rochester, New York, USA). Finally, a volumetric comparison with the
contralateral parotid gland was performed.

4.1.2. MRI Analysis

MR image analysis was performed by two radiologists with >2 years of experience in
head and neck radiology.

Fat has an unequivocal appearance on MR, as it shows high signal intensity on spin
echo T1- and T2-weighted images and rather homogeneous signal loss on fat-suppressed
sequences, with no contrast enhancement or restricted diffusion. Thanks to these features,
dermal fat grafts were easily identified in all the postoperative studies (Figure 4).

Figure 4. Female, 53 years old. First postoperative MR examination after partial parotidectomy with

dermal fat graft. Fat appears hyperintense on both FSE T1-weighted (a) and T2-weighted (b) axial
images and homogenously hypointense on STIR images (c). The fat graft shows no significant
enhancement between pre- (d) and postcontrast (e) acquisitions and appears hypointense on DWI at
b-1000 (f).

100



J. Pers. Med. 2023, 13, 1200

Differential diagnosis with tumour recurrence was also feasible, as the latter shows
an intermediate T1-weighted signal and, most importantly, a variable degree of contrast
enhancement and restricted diffusion.

The volumetric comparison conducted in postoperative studies showed no significant
difference in volume between the two parotid glands (Figure 5).

1

Volume : 17.0895 cm3

Media : 1539.1515 SDev: 281.6183 Totale : 50025500.0000
Min : 22.0000 Max : 2847.0000

Volume : 15.2663 cm3
Media : 1049.8070 SDev: 681.1445 Totale : 30169354.0000
Min : 6.0000 Max : 2976.0000

Figure 5. Postoperative volumetric comparison with 3D reconstruction between the contralateral
(1) and the reconstructed parotid gland (2) shows minimal difference in volume (17.1 cm?® vs. 152 cm®).
5. Conclusions

Based on our satisfactory feedback received from patients about the overall postopera-
tive cosmetic result, and with validation from our radiology team regarding the safety of
this surgical procedure even in patients with malignant lesions, we can define fat grafting
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as a surgical procedure with high rates of success in terms of aesthetic results, the duration
of the entire procedure, and its safety profile during the oncological follow up; with our
experience, we confirm the already well-known fame of the autologous dermis-fat graft as
a milestone in craniofacial reconstructive surgery.
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Abstract: Temporomandibular joint (TM]) tumors are rare and difficult to diagnose. The purpose of
this retrospective study was to evaluate the clinicopathologic characteristics of twenty-one patients
with primary TMJ tumors between 2010 and 2019 and to analyze the surgical outcome and morbidity
after ablative surgery and TM] replacement. This case series confirmed the difficulty of diagnosis
and reaffirmed the need for early recognition and management of TM] tumors. There were no
pathognomonic findings associated with TM] tumors, although single or multiple radiopaque or
radiolucent areas were observed on plain or panoramic radiographs. Occasionally, bone resorption
or mottled densities caused by pathologic calcification and ossification were seen. Computed tomog-
raphy and magnetic resonance imaging played an important role in the diagnosis. In our study, the
distribution of histologic types of TM] tumors was quite different from that of other joint tumors.
The recommended treatment was surgical intervention by ablation of the joint and TM] replacement.
The results of this retrospective study support the surgical exeresis and replacement with TM] stock
and custom-made prostheses and show that the approach is efficacious and safe, reduces pain and
improves mandibular movements, with few complications.

Keywords: temporomandibular joint; primary tumors; diagnosis; surgical treatment; temporo-mandibular
joint replacement; joint prosthesis

1. Introduction

Primary tumors of the temporomandibular joint (TM]) are not very common and
often mimic common conditions, such as masticatory myalgia or internal derangement,
leading to a delay in diagnosis and, therefore, to a delayed therapeutic option [1-8]. Radio-
graphically, no pathognomonic findings are associated with TMJ tumors, although single
or multiple radiolucent or radiopaque areas can be seen on plain or panoramic studies.
Evidence of bone destruction is often present, and mottled densities caused by pathological
calcification and ossification can occasionally be seen. Computed tomography (CT) and
magnetic resonance imaging (MRI) play an important role in the diagnosis of these entities.
The distribution of histological types of primary TMJ tumors is quite different from other
articular tumors, with a predominance of benign histological forms. Their clinical presenta-
tion in the mandibular condyle usually consists of a combination of preauricular pain and
impaired temporo-mandibular function with mandibular movement limitation, dentofacial
deformity and occlusal asymmetry [9-15]. Resection and replacement of the TM] is usually
reserved for patients with irreversible damage, as in tumoral pathology [16-20].

The objective of this retrospective study was to investigate the clinical, radiological and
histopathological characteristics of patients with primary TMJ tumors who were managed
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with ablative surgery and immediate reconstruction with total joint replacement and to
evaluate their surgical outcome and morbidity.

2. Materials and Methods

Twenty-three patients with TMJ tumoral pathology were referred to the Department of
Oral and Maxillofacial Surgery of the Virgen del Rocio University Hospital of Seville, Spain,
between January 2010 and January 2019. The cases studied were adult male and female
patients referred to the outpatient clinic with a primary TMJ tumor who were treated with
ablative surgery and immediate reconstruction with total joint replacement. The following
inclusion diagnostic criteria were assessed: (1) a history of persistent and significant pain
and functional impairment; (2) a clinically and radiographically documented tumoral
history. The exclusion criteria were: (1) patients without 5 years of follow-up, (2) infective
disease at the implantation site, (3) insufficient quantity of bone support; (4) documented
allergy of any of the prosthetic materials. Two patients, one with metastatic carcinoma and
one with extraarticular location, were excluded from the study.

Twenty-one patients who met the inclusion criteria, nine males (43%) and twelve
females (57%), were included in the study. All patients were initially investigated with
plain radiographs. CT and/or MRI scans were performed in all the cases included in this
study. Bone scintigraphy was performed in 4 cases. The mean preoperative period from
initial TM] symptoms to surgical treatment was 1 year (range: 6 months to 4 years).

The recommended treatment was surgical intervention by ablation of the joint and
TM]J replacement. In all cases, surgical procedure was performed under general anesthesia
with nasotracheal intubation. After the preauricular approach and the Al-Kayat-Bramley
incision, a condylectomy was performed for the removal of the tumor. The glenoid fossa
was then flattened, and the fossa was adapted and inserted. All surgeries were performed
using the Zimmer Biomet Microfixation TMJ Replacement System®, Jacksonville, FL, USA
(stock and custom-made prosthetic systems), and all procedures replaced the glenoid
fossa component and the mandibular condyle. The fossa and mandibular components
were available in three different sizes in the stock prosthetic system. The mandibular
component of the prosthesis was manufactured from a cobalt—-chromium-molybdenum
(Co-Cr-Mb) alloy with a roughened titanium plasma coating on the host bone side of
the ramal plate for increased bony integration. The Co-Cr-Mb alloy was type 99 of the
American Society for Testing and Materials (ASTM). The fossa prosthesis was made of ultra-
high-molecular-weight polyethylene (UHMWPE). In the stock TM] replacement, templates
were used intraoperatively to determine the fit, and then, the final TMJ prosthesis was
inserted. The precision of a custom-made prosthesis makes the use of TM] templates
unnecessary. The screws used in the procedure were made of 6Al/4V titanium alloy.
Intermaxillary fixation was temporary performed to restore the vertical dimension and
dental occlusion. When the desired position was reached, the templates were replaced for
the final prosthetic components.

The change in pain intensity (preoperative vs. current) was evaluated using a visual
analog scale (VAS, 1 to 10), with higher scores indicating more severe pain. Jaw opening was
measured in centimeters with a Therabite rule between incisal edges of maxillary central
incisors. The signs assessed as indicators of the efficacy of surgical treatment were a signifi-
cant reduction in pain at rest of 4 points or more, an improvement in temporomandibular
function, and recovery of normal ranges of mandibular opening.

Active opening jaw motion initiated by patient’s masticatory musculature was started
immediately postoperatively. A soft food diet was recommended for the first month and
normal sustenance thereafter. At follow-up, all patients were asked about any limitation
in the activities of daily living and were examined for range of motion of TMJ or any
neurovascular deficit. Imaging studies were carried out immediately after the operation and
at 5-year follow-up for evaluation. All patients with TM]J tumors underwent radiological
studies every 3 months during the first 2 years and every 6 months beginning the third
postoperative year, and a CT scan was obtained in those with persistent symptoms or
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suspected recurrent TM] lesions. Surgical morbidity and prosthetic implant survival
were documented.

3. Results

The clinical, radiological and histopathological characteristics of the 21 patients are
summarized in Table 1. The mean age was 54 years (range: 29-72 years). The main
reasons for the consultation were mandibular deviation in 8 cases and posterior open bite
in 7 cases (Figures 1-4). Less frequent were asymmetric prognathism (2 cases), preauricular
swelling (2 cases) and TM] dysfunction (2 cases). Radiologically, 13 cases presented as
radiopaque lesions, 3 cases showed radiopaque areas, 2 cases radiolucent areas and 2 cases
mottled densities. One case of bone destruction due to a malignant lesion (chondrosarcoma)

was found.

Table 1. Clinical, radiological and histopathological characteristics of patients.

N 357 Clnior sans I
1 62/F Mandibular deviation Radiopaque lesion 4 0 2.5 3.5 Osteochondroma Right

2 57//F  Posterior open bite Radiopaque lesion 5 0 3 3 Osteochondroma Left

3 57/M  Posterior open bite Bone destruction 8 0 4.2 4.8 Chondrosarcoma Right

4  60/F Mandibular deviation Radiopaque lesion 5 0 3.2 3.8 Osteochondroma Left

5 49/M  Preauricular swelling Radiopaque area 6 0 3.8 41 Osteochondroma Right

6 67/F Mandibular deviation Radiopaque area 5 4 4 4 Osteoma Right

7  65/F Posterior open bite Radiopaque area 7 2 3.5 3.7 Osteochondroma Left

8 59/F ;;Soygmn;nﬂiz; Radiopaque lesion 4 0 42 45 Osteoma Left

9 51/F Posterior open bite Radiopaque lesion 4.5 0 2.4 3.6 Osteochondroma Right

10 59/F Mandibular deviation Radiopaque lesion 5 2 34 45 Osteoma Left

11 52/M  TMJ dysfunction Radiolucent areas 6 1 3.7 4.8 Osteochondroma Bilateral
12 53/F Preauricular swelling Radiopaque lesion 6 2 3.1 3.6 Chondroblastoma Left

13  68/M Mandibular deviation Radiolucent area 8 2 3.7 44 Osteochondroma Left

14 30/F TMJ dysfunction Mottled densities 6 2 43 5 Osteochondroma Right

15 48/M  Mandibular deviation  Mottled densities 5 0 48 5 Chondromyxoid Right

16 55/F l‘;?’gmn;nﬂi:g; Radiopaque lesion 5 0 2.9 3.6 Osteochondroma Left

17 38/M  Mandibular deviation Radiopaque lesion 6 0 4.6 5.3 Osteochondroma Left

18 56/M  Posterior cross-bite Radiopaque lesion 6 1 41 41 Osteochondroma Right

19 43/M  Posterior cross-bite Radiopaque lesion 6 0 4 4.5 Osteochondroma Bilateral
20 29/F Posterior cross-bite Radiopaque lesion 7 1 3.1 4.4 Osteochondroma Bilateral
21 72/M  Mandibular deviation Radiopaque lesion 7 3 2.7 3.5 Osteochondroma Left

Abbreviations: M, male; F, female; Y1, years. * Pain intensity measured by VAS, Visual Analogue Scale. ** Mandibu-
lar opening measured in centimeters (cm). Preop, preoperative; Postop, postoperative.

After TMJ replacement, all the patients were followed up for at least 5 years (range:

5-10 years). Mean pain (VAS) and preoperative opening (cm) were 5.9 (range: 4-8) and
3.5 (range: 2.4-4.8), respectively. Mean pain (VAS) and postoperative opening (cm) mea-
sured at 5 years were 1 (range: 0—4) and 4.2 (range: 3-5.3), respectively. Therefore, a pain
reduction of 4.9 points on the VAS scale and a postoperatively increased mouth opening
of 0.7 cm were observed. Pain intensity was reduced by 83%. Jaw opening was improved
by 20%.

Resection margins were wide in all cases (Figures 2 and 4). All diagnoses were
confirmed by anatomopathological study. Most of the histopathological diagnoses were
osteochondromas in 15 cases (71% of our studied population). Three cases were osteomas
and one each of chondroblastoma, chondromyxoid fibroma and chondrosarcoma. A total
of 24 joints (18 unilateral and 3 bilateral) were operated on, and consequently, 24 TM]
prostheses were fitted. All surgeries were performed with the Zimmer Biomet Microfixation
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TM] Replacement System®, Jacksonville, FL, USA, replacing both the skull base component
(glenoid fossa) and the mandibular condyle. Twenty-two stock prostheses and two custom-
made prostheses were implanted (Figures 5 and 6). Occlusal equilibration was required
in one patient with persistent premature occlusal contacts. No particular predilection for
tumor location within the TM] was observed (left TMJ: 13 cases, right TMJ: 11 cases).
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Figure 1. Osteochondroma is one of the most common benign tumors of the axial skeleton but is rarely
found in the TMJ. (A) Its clinical presentation in the mandibular condyle, as in our 5th case, usually
occurs with a combination of preauricular pain, mandibular dysfunction and facial asymmetry. When
considering surgical risks involved in tumoral exeresis and temporomandibular reconstruction, the
differential diagnosis is of great importance. (B) In this patient, an osteochondroma was suspected
given the clinical characteristics of the lesion; restricted mouth opening and changes in occlusion with
unilateral posterior open bite and contralateral crossbite were related to the anatomical location of the
tumor and were due to alterations in the vertical dimension. Orthopantomography (C) and magnetic
resonance imaging (D) showed an osteochondroma with growth arising from the anterolateral aspect
of the right mandibular condyle (see arrows), distinguishing it from condylar hyperplasia, seen as an
enlargement of the condylar process.

Comparing stock and customized groups, no statistically significant differences were
detected with respect to reduction in pain intensity and improvement in maximum mouth
opening compared, although these data should be considered carefully given the small
number of cases in the customized prostheses group.

Functional and oncological results of the surgery were good. No patient reported 7th
nerve dysfunction after 3 months. Two of twenty-four implants (TM] prostheses) were
explanted during the study period of 10 years, as a result of instability of the implant for
screw loosening and metal hypersensitivity. The patient’s satisfaction with the clinical
outcome was 9 on a scale of 1 to 10. Recurrence has not been reported in our patients.
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Figure 2. (A) Surgical resection of clinical case shown in Figure 1. The tumor showed no infiltration
of the surrounding tissues. (B) Histopathological diagnosis was osteochondroma. (C,D) Postopera-
tive view of the patient shows correction of the occlusal alterations and increased mouth opening
after surgery.

Figure 3. Painful and slow-growing TMJ osteochondroma in the left preauricular area (see arrow),
with facial asymmetry, accompanied by ipsilateral open bite and right mandibular lateral deviation
in our patient (case number 17).

108



J. Pers. Med. 2023, 13, 1021

Figure 4. (A,B) Computed tomography, without and with contrast, shows well-delimited lytic lesion
involving right mandibular condyle (see arrows), and is recommended as the imaging study of
choice when planning a surgical treatment. (C) The TM]J tumor appeared well encapsulated with
an expansile intramedullary lesion (see arrow). The surgical TM] defect was replaced with a total
prosthesis. (D) The tumor in the condylar specimen was whitish and hard elastic with a central
cavitation. The margins of surgical resection appeared without tumor. There was no extraosseous
infiltration. The histopathological diagnosis was of primary intramedullary chondrosarcoma (case
number 3).
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Figure 5. Postoperative tridimensional computed tomography reconstruction of clinical case shown
in Figure 3. (A) Coronal view. (B) Sagittal view.
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Figure 6. Custom-made prosthesis, designed for one of our cases, using the patient’s DICOM data.

4. Discussion

The temporomandibular joint (TM]J) is one of the most complex and widely used joints
and is the only paired joint of the skeletal system. The most frequent pathologies of the TM]
are dysfunctional disorders, internal derangement, masticatory myalgias and degenerative
arthropathies, which cause considerable structural and functional abnormalities leading
to early diagnosis. Primary tumors of the TM] are rare and represent a diagnostic enigma
due to their non-specific clinical course and radiographic presentation. There is little
literature available on their characteristics and outcomes; thus, experience in the treatment
of tumors and tumoral lesions in this anatomical area is limited. There are several types
of tumors that can affect the TM], as any other joint, including benign tumors, such as
osteochondroma (Figures 1-3), osteoma, osteoblastoma, chondroma, chondroblastoma,
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non-ossifying fibroma, hemangioma or lipoma, as well as malignant tumors such as
synovial sarcoma, osteosarcoma, Ewing sarcoma or chondrosarcoma (Figure 4) [1,2,5,9,11,
21-31]. The wide variety of primary tumors of the TM] indicates the great range of possible
treatments, with most of them based on surgical intervention (Table 2).

Table 2. Primary tumors of the temporo-mandibular joint classification.

Benign Aggressive Malignant

Bone formers Osteoid osteoma Osteoblastoma Osteosarcoma
Osteoma

Cartilage formers Osteochondroma Chondroblastoma Chondrosarcoma
Chondroma (enchondroma and Osteochondrosarcoma

periosteal chondroma) Synovial sarcoma

Fibrous tissue formers Chondromyxoid fibroma Desmoid (aggressive fibromatosis) Malignant fibrous histiocytoma

Fibrosarcoma

Round cell Ewing’s sarcoma
Primitive neuroectodermal tumor

Myelogenous Eosinophilic granuloma (histiocytosis Myeloma

yelos X, Langerhans cells) Solitary plasmacytoma

Reticulosarcoma (bone malignant
lymphoma)

Lipogenic Lipoma Liposarcoma

Myogenic Leiomyosarcoma
Rhabdomyosarcoma

Vascular Hemangioma Angiosarcoma

Neurogenic Neurilemmoma

Unfilial lineage Giant cell tumor Chordoma
Adamantinoma

Pseudotumoral lesions

Non-ossifying fibroma
Cortical fibrous defect
Essential bone cyst

Aneurysmal bone cyst

Osteomyelitis

Paget’s disease

Pigmented villonodular synovitis
Synovial chondromatosis

Fibrous dysplasia

Bone infarction

Myositis ossificans

Brown tumor of hyperparathyroidism

The classification of TM] tumors plays a key role in the understanding, diagnosis, and
treatment of these rare clinical conditions. Since these tumors can present with a wide
variety of histological and clinical characteristics, their classification is essential to establish
a multidisciplinary and collaborative approach in clinical practice between maxillofacial
surgeons, pathologists, radiologists, and oncologists, and it is essential to ensure optimal
management of these complex cases (Table 2).

In our study, osteochondroma was the most common neoplasm affecting the TM] [3,4,7,11-15].
Osteochondroma is one of the most common benign tumors of the axial skeleton but is
rarely found in the TMJ. Its clinical presentation is in the mandibular condyle, as observed
in our case series. Primary TM] tumors are rare lesions with a histopathological profile quite
different from that seen in other articular areas, and they often mimic common conditions
of the TMJ, such as TMJ dysfunctional syndrome and neurologic or otologic pathologies,
leading to a delay in diagnosis and surgical treatment. For this reason, a high index of sus-
picion is needed for the timely diagnosis and management of tumors at this rare site. This
may lead to earlier intervention and may improve outcome [3-5,7-10,12-15,21,23,27]. In some
patients, benign tumors of the TMJ remain as totally asymptomatic lesions. In patients
who have intense pain that does not respond to conservative treatment for more than one
year, radiographic imaging may be considered to rule out these tumors. Changes in occlu-
sion with ipsilateral posterior open bite and contralateral posterior crossbite are related to
the anatomical location of the tumors and are due to alterations in the vertical dimension
(Figures 1 and 3). These occlusal disorders disappeared after surgical treatment
(Figure 2). Considering the surgical risks involved in tumor removal and temporomandibu-
lar reconstruction, prior differential diagnosis was of great importance. In our cases,
osteochondroma was suspected given the clinical characteristics of the lesion. The changes
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in occlusion with unilateral posterior open bite and contralateral crossbite were related
to the anatomical location of the tumor and were due to the alteration of the vertical
dimension [4-6,10-27].

Surgical treatment of TM] tumors depends on several factors such as the type, size,
location, and extent of the tumor, as well as the patient’s overall health and individual
circumstances. In general, surgical treatment involves the removal of the tumor as well as
any affected surrounding tissue. The goal of surgery is to completely remove the tumoral
lesion while minimizing damage to the surrounding structures of the mandible and other
facial structures. Treatment of TM] tumors should mostly include partial or complete
resection, the oncological and functional results of which are good [2-7,10,11,14,15,31]. In
our series, which had a relatively large number of cases and a minimum follow-up of
5 years, there were no recurrences. Immediate reconstruction after resection of a primary
TM]J tumor is a good strategy to avoid a second operation.

The visual analogue scale (VAS) on pain was measured at rest in our analysis. TM]J
pain in end-stage TM] disease is often a dull, constant and severe long-standing ache that
is aggravated, in a very variable way according to the patients, by mandibular opening
or mastication. There is usually a complaint of reduced jaw mobility preoperatively and
frequent grinding noise within the TMJ associated with mandibular movement or chewing.
The reason for our results in jaw opening is that although none of the surgical procedures
were carried out in patients who had good mandibular motion, six patients included in
the tumoral group (28% of 21 patients) had a preoperative normal mouth opening >4 cm,
and although strictly speaking, there was no limited mouth opening, all of them were cases
with a history of progressive mandibular deviation, open bite on the ipsilateral side and
posterior crossbite on the contralateral side.

In our study, primary malignant tumors of the TM] were unusual. They can invade
sensory and motor nerves, causing paresthesia and paralysis in the TMJ area, mandible
and lower lip. The eighth cranial nerve may be involved; thus, changes in hearing, tinnitus,
or dizziness should be monitored. Changes in mandibular function are common, as in
case number 3 in our study (Figure 4); thus, any abrupt change in occlusion, trismus, and
pathologic fractures should be considered as a sign of malignancy. Pain is not a symptom
indicative of malignant neoplasm, but it may occur in this TM] area as an extension of other
tumors, easily confused with myofascial pain syndrome and TM] internal disorders, which
in many cases have hindered early diagnosis of malignant disease. The most common, but
outside the scope of our study, are metastatic tumors of the breast, lung, thyroid, prostate,
stomach, skin, ovaries, colon and kidney, although maxillofacial, nasopharyngeal, and
intracranial tumors that may metastasize to the TMJ should also be considered [5,9].

Primary intrinsic malignancies of the TM] include chondrosarcoma (only one out
of all our cases), osteosarcoma, osteochondrosarcoma, synovial sarcoma, fibrosarcoma
and epidermoid carcinoma. Other tumors described with condylar involvement include
multiple myeloma, solitary plasmacytoma or reticulosarcoma (bone malignant lymphoma).
Chondrosarcoma, which usually occurs primarily in the long bones, presents as a rapidly
growing asymptomatic form in the preauricular area. Pain, when it occurs, is caused by
compression of the adjacent anatomical structures [5,9].

The management of TMJ reconstruction after ablative tumor surgery remains a chal-
lenge. In some cases, reconstructive surgery may be necessary to repair any damage to
the mandible or craniofacial structures caused by the tumor or by surgery. This may in-
volve the use of bone grafts or other materials to restore the temporo-mandibular structure
and function. Surgery is often considered as an option of last resort. However, there
are instances where surgery is the definitive and sometimes only treatment option. TM]
specialists must be prepared to recognize and manage disorders that present with more
complex cases where TM] surgery is less clear. While the diagnosis and surgical aims of
severe tumoral cases are straight forward, when it comes to initial cases, the diagnosis is
often complicated, and the surgical perspective is less clearly defined, especially when TM]
disease progression is slow. However, it can ultimately lead to end-stage TM] disease with,
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as a consequence, significant disability requiring surgical intervention, as occurs in patients
of this study [3,7,8,10,12,13,15-17,19-23,28-30].

To the best of our knowledge, the main surgical indication for a total TM] prosthesis
is the presence of a symptomatic severely damaged TM] with extensive joint destruction
(when nothing is salvageable), which can result from either different types of severe TM]
tumor disease or failed previous surgeries, and therefore, it is wrong not to consider surgical
definitive treatment modality of collapsed articular cartilage and degenerative changes
that severely interfere with the smooth, painless movement of the TM]. When compared
to other surgical reconstructive procedures, such as costochondral or sternoclavicular
grafts, the use of TM] prosthesis can reduce the duration of surgery and hospitalization
time, which provides immediate function without intermaxillary fixation postoperatively
and no morbidity from a donor site. The prosthetic replacement may also present some
disadvantages such as loss of protrusion and laterality movements due to the detachment
of the lateral pterygoid muscle during surgery, fracture of the TMJ prosthesis from metal
fatigue, loosening of screws, etc. [12,15,20].

The surgical placement of TM] prostheses, as it happened in our cases, provides
significant reduction in pain intensity and secondary TMJ dysfunction to tumoral pathology
of the TMJ (Figures 5 and 6). The appropriate selection of the case is the most important
requirement for a successful surgical intervention to achieve the desired outcomes of relief
of symptoms and improved function [3,4,7,10-15,17,19]. In our case series, the functional
and oncological results of surgery were good.

The quantification of implant failures is a determining factor with prognostic value, enabling
the clinician to objectively quantify the success of the surgical treatment [3,7,8,10,12,13,15-17,19-23].
Although there were complications necessitating the removal of the prosthesis (2 out of 24
prostheses: 8% of our studied population), there were no device-related mechanical failures;
and one case of TMJ prosthesis was explanted due to malocclusion, which was a result of
loosening of the implant screws. Another case was explanted due to severe hypersensitivity
to the metal alloy not detected before surgical replacement, with only the mandibular
prosthetic component replaced. Many factors contribute to the success or failure of a
total TMJ replacement. These factors include prosthesis micromovements, loosening
of prosthetic components, allergic reaction and metal hypersensitivity, material wear
breakdown and corrosion, bacterial contamination, and the development of heterotopic
bone apposition around the prosthesis [3,5,8,10,12,22,28]. In our series, only two prostheses
had to be removed, even though the result was satisfactory for patients.

Two types of prosthetic implants were used in our study: stock TM] replacement in
which the surgeon must fit it to the implantation area, as occurred in 19 of our patients,
and custom-made prostheses, which are made specifically for each clinical case, as had
occurred in two of our patients.

The stock TM] replacement must be compatible with a range of different patient ge-
ometries and anatomies, and typically a range of different sizes is necessary, such as large
(55 mm), medium (50 mm) and small (45 mm) condyle-ramus components. Mainly, implant
failure was a consequence of wear. The biomaterials from which prosthetic implants are made
must be biocompatible, and any wear particles produced must be compatible with the body
and must not cause adverse biological reactions, but the wear of materials is unpredictable.
Similarly, the bone quality of patients varies considerably, and the methods of fixation must
be able to accommodate different bone interface conditions [10,14,15,17,19,20,22].

One problem in planning surgery is the inability to predictably create complex pros-
thetic contours using commercially available stock prostheses. These devices are supplied
as generic sizes and shapes designed on the basis of the average patient. In more complex
and severe clinical cases, the surgeon may need prolonged operative time shaping the
prosthesis to customize the stock prosthesis to fit the patient’s bone contours, and these
repeated manipulations to adapt the prosthesis to difficult anatomical conditions may
cause prosthetic fracture due to material fatigue. One solution to this deficiency is to use
computer-guided surgical planning technologies to create a passive fitting replacement
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designed for specific anatomical requirements. To date, the most common application
of additive manufacturing has been the fabrication of patient-specific models (Figure 6),
which are created for pre-operative planning using patient-specific imaging data in DI-
COM files (Digital Imaging/Communications in Medicine), which are then converted into
stereolithography files, the standard manufacturing format used to print patient-specific
cranio-facial models. The use of these medical models enables planning and simulation of
surgery and manually pre-shapes commercially available prostheses. Recent advances in
additive manufacturing allow for the prefabrication of patient-specific customized pros-
theses using the patient’s DICOM data. The advantages of rapid prototyping in designing
and manufacturing customized prostheses are that they do not require intraoperative
modifications, and they provide a better passive fitting.

Considering the implanted material, which may invoke a tissue response, the materi-
als used remain basically the same as before, namely, metal alloys and polymers (mostly
polyethylene). Bioactive coatings and particulate materials constitute the last broad cat-
egory to which the body reacts in joint replacement. Employing the most advantageous
characteristics of biocompatible materials is an essential consideration in the design and
manufacturing of any replacement device. In our cases, cobalt chromium alloy, with its un-
dersurface coated with a roughened titanium plasma spray for increased osteointegration,
contributes to its strength and biocompatibility. Its excellent wear characteristics when ar-
ticulated against a UHMWPE material presently make it the standard for the non-moveable
articulating surface of most orthopedic total joint replacement devices [12,15,17,19,20]
(Figures 5 and 6).

The results of this case series support the need for further research breakdown of this
form of surgical treatment in a rigorously controlled prospective analysis. Despite the fact
that this case series includes a relatively high number of cases, the results should be taken
with caution, and further long-term follow-up studies with clear results are still needed.

5. Conclusions

This was a retrospective study in a single center. The relatively large number of
patients operated on and the standard operative and perioperative management made our
study consistent and facilitated comparison with other studies. Temporomandibular joint
(TMJ) tumors are rare lesions, with a histopathological profile quite different from that
seen in other maxillofacial areas, and they often mimic common TMJ conditions, resulting
in delayed diagnosis. There is often a long delay between the onset of initial symptoms
and definitive diagnosis. A high index of suspicion is needed for timely diagnosis and
treatment of tumors in these rare areas by integrating the components of patient history,
clinical presentation, and imaging findings. This may lead to earlier intervention and
a better outcome. Osteochondroma is the most common tumor in the TMJ. Changes
in occlusion with ipsilateral posterior open bite and contralateral posterior crossbite are
related to the anatomic location of the tumors and are due to alterations in the vertical
dimension. These occlusal disorders disappeared after surgical treatment. Treatment of TM]
tumors should mostly include partial or complete resection, the oncological and functional
results of which are good. The surgical placement of TM]J prostheses provides a significant
reduction in pain intensity and TMJ dysfunction secondary to tumoral pathology of the TM]J.
In our study, the main indication was a damaged TM] with extensive destruction, which
was the consequence of different tumors. When compared to other surgical reconstructive
procedures, such as costochondral or sternoclavicular grafts, the use of a TMJ prosthesis can
reduce the duration of surgery and hospitalization time and provides immediate function
and no morbidity from a donor site. TM] replacement is often considered to be the last
resort in the surgical treatment of TMJ disorders and can be recognized as the gold standard
treatment in immediate reconstruction after ablative surgery for primary tumors of TM]J.
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Abstract: The primary aim of this study was to assess the incidence of a difficult airway and
emergency tracheostomy in patients with orofacial infections originating in the mandible, and a
secondary aim was to determine the potential predictors of difficult intubation. This retrospective
single-center study included all patients who were referred between 2015 and 2022 with an orofacial
infection originating in the mandible and who were surgically drained under intubation anesthesia.
The incidence of a difficult airway regarding ventilation, laryngoscopy, and intubation was analyzed
descriptively. Associations between potential influencing factors and difficult intubation were
examined via multivariable analysis. A total of 361 patients (mean age: 47.7 years) were included
in the analysis. A difficult airway was present in 121/361 (33.5%) patients. Difficult intubation was
most common in patients with infections of the massetericomandibular space (42.6%), followed by
infections of the mouth floor (40%) and pterygomandibular space (23.5%). Dyspnea and stridor
were not associated with the localization of infection (p = 0.6486/p = 0.4418). Multivariable analysis
revealed increased age, restricted mouth opening, higher Mallampati scores, and higher Cormack-
Lehane classification grades as significant predictors of difficult intubation. Higher BMI, dysphagia,
dyspnea, stridor and a non-palpable mandibular rim did not influence the airway management.
Patients with a difficult airway were more likely to be admitted to the ICU after surgery than
patients with regular airway were (p = 0.0001). To conclude, the incidence of a difficult airway was
high in patients with orofacial infections originating in the mandible. Older age, limited mouth
opening, a higher Mallampati score, and a higher Cormack-Lehane grade were reliable predictors of
difficult intubation.

Keywords: airway management; tracheostomy; intubation; orofacial infection; odontogenic abscess;
mandibular infections

1. Introduction

Odontogenic infections are caused by untreated dental caries, periodontal disease,
or trauma and are a common reason for seeking medical care in oral and maxillofacial
surgery units [1-3]. Data from developed countries suggest that the rate and severity of
odontogenic infections in patients who present to hospital emergency departments are
increasing [4,5]. Immediate surgical incision and drainage combined with intravenous
administration of antibiotics remains the standard treatment [6,7].
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If the primary cause of orofacial infections in the mandible spaces is not promptly
eliminated, swelling into the cervical multilayered deep fascia can occur, leading to infection
in the deep neck space [8]. The severity of these infections can be decreased via surgical
clearance and antibiotics, but if the infection spreads, it can obstruct the airway, leading to
morbidity and, in rare cases, mortality [8-11]. Extended orofacial infections are challenging
because of the complex anatomy of the head and neck, the vicinity of vital structures, and
the risk of the infection spreading to adjacent spaces. The location of the infection can also
affect airway management, and concomitant trismus can hinder conventional laryngoscopy
and intubation [11,12]. The risk of airway compromise is particularly high in patients with
infections in several musculofascial spaces [6].

Airway management in patients with abscesses in the perimandibular space is chal-
lenging because of swelling, restricted mouth opening, and neck stiffness. Further risk
factors for anesthesia-related complications include stridor, neck operations, dysgnathia,
restricted head reclination, a reduced thyreomental distance, sleep apnea syndrome, and
Mallampati grade III or IV, and these factors have to be considered carefully [13]. Appropri-
ate preoperative assessment and a safe airway are the hallmarks for successful treatment
and fewer morbidity-related complications [14]. Modern airway management, including
video laryngoscope and fiberoptic methods, can achieve successful intubation even in
challenging cases. However, the specific demographic and clinical features that indicate a
difficult airway need to be recognized early on. Accurate prediction of a difficult airway
has also been associated with successful intubation on the first attempt [15].

Faster and safer surgical treatment reduces the inpatient hospital stay and thereby
the economic burden on the healthcare system. Thus, a multidisciplinary approach in-
volving oral and maxillofacial surgeons, anesthesiologists, and emergency medicine physi-
cians is essential for a successful outcome. Although the clinical presentation and treat-
ment outcomes of odontogenic infections have been well reported, the airway manage-
ment of patients with extended infections originating in the mandible has not been well
studied [1,2,4,16]. Since exploration and advancement in personalized medicine is a rapidly
growing domain nowadays, distinguishing the airway management of an individual with
mandible-related orofacial infection from others with similar clinical presentations can
improve diagnosis, reduce complications, and develop outcomes [17].

The primary aim of this study was to assess the incidence of a difficult airway and
emergency tracheostomy in patients with orofacial infections originating in the mandible,
and a secondary aim was to determine potential predictors of difficult intubation. The
length of hospitalization, incidence of surgical revisions, and rate of in-hospital mortality
were also evaluated retrospectively.

2. Materials and Methods

For this observational retrospective single-center study, we reviewed the medical
records of all patients with orofacial infections/abscesses originating in the mandible who
were surgically treated under general anesthesia in our department of oral and plastic
maxillofacial surgery between January 2015 and August 2022. Records were retrieved from
our hospital electronic database. Ethical approval for this study was obtained from the
ethics committee of the chamber of physicians in Rhineland-Palatine, Mainz, Germany
(approval number: 2022-16439, approval date: 8 April 2022), and the study was performed
in accordance with the Declaration of Helsinki 1964 and its later amendments (World
Medical Association, Declaration of Helsinki).

We enrolled patients with an orofacial infection/abscess in the perimandibular spaces
that originated in the mandible and who underwent surgical drainage through a cervical
approach under intubation anesthesia. Patients were excluded if the orofacial infection
did not involve the mandible or adjacent areas, if they underwent surgical drainage under
local anesthesia, if no surgical intervention was performed, or if their medical charts
were incomplete.
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2.1. Patient Screening

Our standard clinical protocol included clinical assessment, laboratory tests, and an
initial computer tomography (CT) scan. Patients with swelling around the mandibular
area were clinically evaluated for dysphagia, dyspnea, stridor, the palpability of the caudal
mandibular rim, and mouth opening. Any clinical information not in the emergency depart-
ment report was assumed as negative. Extraoral surgical drainage under general anesthesia
was indicated by a board-certified oral and maxillofacial surgeon after the evaluation of
the clinical and radiological findings. No cases of intraoral drainage were documented.

Extraoral surgical drainage was performed with a submandibular incision in the cervi-
cal skin fold, two finger widths below the mandibular rim to protect the marginal branch
of the facial nerve, in the direction of the nerve. After blunt preparation of the mandibular
rim using blunt dissecting scissors, the lingual and vestibular /submental margins were ex-
posed under constant bone contact. After pus was discharged, a microbiological smear was
taken and the wound cavity was irrigated with a disinfecting agent. Two drainage tubes
were inserted with grain forceps and fixed with skin sutures. The cause of the infection
was also eliminated. All patients received intravenously administered antibiotics from the
time of admission until home discharge.

The removal of the intraoral source of infection was addressed in the same or secondary
operation, depending on the specific cause and its extension. In cases of odontogenic
focus caused by chronic apical parodontitis, the infected teeth were extracted always
simultaneously to the extraoral surgical drainage. Tooth extractions were performed only
under intubation anesthesia. When the infective cause was an ARON] or osteomyelitis,
sequestrectomy and bone decortication were performed secondarily in the same or a further
in-patient hospital stay. Orofacial abscesses following osteotomies, dental implantations or
osteosynthesis were treated only with extraoral surgical drainage, mostly under intubation
anesthesia but also with a laryngeal mask when possible.

A difficult airway was defined by the presence of difficult ventilation, difficult laryn-
goscopy, or difficult intubation, according to the current German guidelines [13]. A difficult
airway was defined after traditional mask ventilation and intubation using direct laryn-
goscopy was attempted by a board-certificated anesthetist. Ventilation using the face mask
or an extraglottic airway device was defined as difficult or impossible if ventilation was
insufficient or completely unsuccessful because of leakage or/and resistance during in-
spiration or expiration. Ventilation was also defined as difficult if several attempts were
needed to place the extraglottic airway device. Difficult laryngoscopy was defined as
Cormack-Lehane grade of III or IV and was identified via direct laryngoscopy [18]. The
laryngoscopic view was assessed and graded according to the final intubation attempt after
each intubation was finished. Difficult endotracheal intubation was defined by the need for
several intubation attempts.

Emergency tracheotomy was performed in an awake setting in patients with a clearly
compromised airway, who could either be sufficiently ventilated or intubated preoper-
atively. A secondary tracheotomy was performed during the post-operative stay at the
intensive care unit (ICU) electively in patients with resistant soft tissue swelling and high
infection parameters, who required prolonged intubation. All tracheotomized patients
were decanulated according to regressed soft tissue swelling and normal respiratory con-
dition, and the tracheostoma was primarily surgically closed before discharge. Primary
tracheotomized patients and patients with a difficult airway, concomitant comorbidities
and extended orofacial infection who required advanced respiratory support were admitted
at the ICU post-operatively for further respiratory monitoring and surveillance. Patients
who were admitted at the surgical ward post-operatively were closely monitored by the
nursing staff via continuous control of the oxygen saturation and respiratory condition
including supporting oxygen administration if needed. The attended oral and maxillofacial
surgeon also re-evaluated the patient closely to ensure a safe post-operative course. In case
of a respiratory emergency (e.g., desaturation, shallow respiration and shortness of breath),
the anesthesiologic team was promptly informed.
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2.2. Data Collection

Data were collected from patients’ electronic hospital charts and patients were
anonymized before data analysis. Extracted data comprised patient age, patient gen-
der, antithrombotic medication, body mass index (BMI), the localization of the infection,
clinical symptoms at admission (dysphagia, dyspnea, and stridor), relevant clinical find-
ings (palpability of the mandibular rim and extension of mouth opening), etiology of
the abscess, ASA grade, Mallampati score, Cormack-Lehane grade, airway management
(difficult/regular), the ventilation method, laryngoscopy and intubation (difficult/regular),
and the outcome (admission to the ICU, length of hospitalization, rate of surgical revision,
or in-hospital mortality) [18,19]. The Mallampati score or Cormack-Lehane grade could
not be ascertained if direct intraoral visualization was not possible because of a restricted
mouth opening.

We collected all CT scans prescribed by the attending clinician after the clinical evalu-
ation. To measure interrater reliability, each case was interpreted by two board-certified
radiologists. We abstracted all radiological findings that were relevant to abscess forma-
tion in the spaces around the mandible (paramandibular, submandibular, perimandibular,
mouth floor, submental, massetericomandibular, pterygomandibular, and parapharyngeal
space). The exact diagnosis and localization of the infection were determined from the
operation and radiological report.

2.3. Statistical Analysis

Data were centralized in an electronic format using Microsoft Excel software and
analyzed descriptively. Statistical analysis was performed using SAS®, Release 9.4 software
(SAS Institute Inc., Cary, NC, USA). Descriptive statistics were used to describe baseline
patient characteristics. All categorical variables were expressed as absolute values (1) and
relative incidences (%). For metric variables, the standard deviation was calculated. A
multivariable analysis was performed to find associations between the possible influencing
variables and a difficult airway. Associations between categorical variables were described
with cross-tabulations, and chi-square tests were used to investigate a potential association
between infection localization, clinical features and a difficult airway. Fisher’s exact test
was used to compare smaller subgroups. The Cochran—Armitage trend test was used
to detect associations between age, BMI, Mallampati score, Cormack-Lehane grade, and
the intubation modality. A t-test was used to compare the length of hospital stay in
tracheotomized and non-tracheotomized patients. A two-sided p value of less than 0.05
was considered statistically significant.

3. Results
3.1. Demographic Distribution

A total of 361 patients were included in the analysis. There were more males (196/361;
54.3%) than females (165/361; 45.7%) and the male:female ratio was 1.18:1. The patients” age
at the time of injury was 5-92 years, and the mean + SD age was 47.75 £ 19.57 years. Most
patients (46.8%) were older than 50 years. The mean 4 SD BMI at the time of admission
was 26.8 & 6.59. The baseline patient characteristics are presented in Table 1.

Table 1. Baseline demographics, clinical and anesthesiologic findings and outcome of the overall

study population.
Study Population
n %
Total 361 100.0%
Gender
male 196 54.3%
female 165 45.7%
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Table 1. Cont.

Study Population
n Y%
Age
<30 years 79 21.9%
<30-50 years 113 31.3%
>50 years 169 46.8%
BMI
<249 160 44.3%
<25-29.9 106 29.4%
>30 95 26.3%
ASA
1 87 24.1%
2 218 60.4%
3 55 15.2%
4 1 0.3%
Infection localization
paramandibular 3 0.8%
submandibular 111 30.7%
perimandibular 168 46.5%
mouth floor 5 1.4%
Submental 36 10.0%
Massetericomandibular 7 1.9%
pterygomandibular 17 4.7%
parapharyngeal 14 3.9%
Infection etiology
chronic apical parodontitis 270 74.8%
Antiresorptiv-related osteonecrosis of the jaw 7 1.9%
osteomyelitis 6 1.7%
post-osteotomy 60 16.6%
post-implantation 7 1.9%
post-osteosynthesis 2 0.6%
sialadenitis from submandibular gland 2 0.6%
Unknown 7 1.9%
Clinical symptoms
dysphagia 330 91.4%
dyspnea 12 3.3%
stridor 4 1.1%
Clinical findings
mandibular rim non-palpable 295 81.7%
restricted mouth opening 348 96.4%
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Table 1. Cont.

Study Population
n %
Mallampati score
1 29 8.0%
2 98 27.1%
3 59 16.3%
4 42 11.6%
5 1 0.3%
No ascertainable 132 36.6%
Cormack-Lehane grade
1 167 46.3%
2 91 25.2%
3 57 15.8%
4 12 3.3%
No ascertainable 34 9.4%
Admission disposition
surgical ward 345 95.6%
ICU 16 4.4%
surgical revision 22 6.1%
Death 1 0.3%

Abbreviations: 7 = number; % = percentage; BMI = body mass index; ASA = American Society of Anesthesiology.

3.2. Etiology and Localization of Infection

The most common etiology of infection was chronic apical periodontitis (n = 270;
74.8%), followed by infections post-osteotomy (1 = 60; 16.6%). Infections were most
common in the perimandibular space (n = 168; 46.5%), followed by the submandibu-
lar space (n = 111; 30.7%) and the submental space (n = 36; 10%) (Table 1). Dysphagia
was detected significantly more often in patients with submental infections (Fischer’s
exact test: p = 0.0065), while a non-palpable mandibular rim was documented signifi-
cantly more often in patients with infections of the submandibular space (Chi-square test:
p < 0.0001), perimandibular space (Chi-square test: p < 0.0001), mouth floor (Fischer’s
exact test: p = 0.0002), submental area (Chi-square test: p = 0.0373), and parapharyngeal
area (Fischer’s exact test: p < 0.0001). Dyspnea and stridor were not associated with the
localization of infection (Fischer’s exact test: p = 0.6486 and p = 0.4418, respectively).

3.3. Airway Management

Cervical surgical drainage was performed within the first 24 h after admission in
all patients.

Ventilation was defined as difficult in 10.2% (n = 37/361) of patients and an extraglottic
airway device was used. Laryngoscopy was difficult in 28.5% (n = 103/361) of patients
and intubation was difficult in 19.9% (n = 72/361) of patients. A difficult airway was
documented in 121 (33.5%) patients (Figure 1).
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Figure 1. Airway modality regarding ventilation, laryngoscopy and intubation according to the
study’s definition criteria of a difficult airway.

One hundred and ten patients (30.5%) underwent nasotracheal intubation, 243 pa-
tients (67.3%) underwent orotracheal intubation and seven patients (1.9%) were fitted
with a laryngeal mask. One patient (0.3%) with a paraphyryngeal abscess was primarily
tracheotomized in an awake setting by a “cannot intubate, cannot ventilate” situation. In pa-
tients anesthetized with a laryngeal mask, only extraoral surgical drainage was performed
without intraoral intervention. Rapid-sequence induction was performed in seven patients
(1.9%) because of extensive swelling and progressive dyspnea. Intubation was laryngo-
scopic in 295 patients (81.7%), bronchoscopic in 17 patients (4.7%), and awake-fiberoptic in
41 patients (11.4%) (Figure 2).

Modes of Airway Management

bronchoscopical intubation Ml 4.7%
laryngoscopical intubation I 3 1.7%
awake fiberoptic intubation I 11.4%
tracheostomy MW 1.9%
primary tracheostomy | 0.3%
laryngeal mask W 1.9%
nasotracheal intubation | 30.5%
orotracheal intubation I 6 7.3%

0 50 100 150 200 250 300 350

Figure 2. Different modes of airway management in the study population.

Of the patients, 345 (95.5%) were extubated immediately after surgery and 16 patients
(4.5%) remained intubated and were admitted to the ICU for further observation. Secondary
tracheotomy was performed in six (1.6%) patients during the ICU stay because of resistant
swelling and the need for prolonged intubation.
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Of 121 patients with a difficult airway, 10.5% (1 = 13) required post-operative mon-
itoring in the ICU and 89.5% (n = 108) were transferred to the normal surgical ward.
Only 1.2% of patients with regular airway management (n = 3/240) needed intensive care,
and 98.8% (n = 237/240) were transferred to the normal surgical ward (chi-square test:
p =0.0001).

3.4. Multivariable Analysis

The multivariable analysis revealed older age, restricted mouth opening, higher Mal-
lampati scores, and higher Cormack-Lehane classification grades as significant predictors
of difficult intubation.

Difficult intubation was documented in 5/79 (6.3%) patients younger than 30 years
of age, in 22/113 (19.4%) patients aged between 30 and 50 years, and in 45/169 (26.6%)
patients older than 50 years. Increasing age significantly increased the risk of difficult
intubation (Cochran—Armitage trend test: p = 0.0002). Difficult intubation was detected in
17.5% (28/160) of patients with a BMI of < 24.9, in 19.8% (21/106) of patients with a BMI of
25-29.9, and in 24.2% (23/95) of patients with a BMI of > 30 (Cochran—Armitage trend test:
p =0.2013).

Difficult intubation was most common in patients with infections of the masseterico-
mandibular space (42.6%), followed by patients with infections of the mouth floor (40%)
and pterygomandibular space (23.5%), but these differences were not significant (p > 0.05)
(Table 2).

Table 2. Correlation between infection localization and intubation modality.

Infection Localization Intubation

Difficult Regular Total p Value
nl% nl%
paramandibular 0 0% 3 100% 3 **+1.000
submandibular 19 17.1% 92 82.9% 111 *0.3703
perimandibular 35 20.8% 133 79.2% 168 *0.6934
mouth floor 2 40.0% 3 60% 5 **0.2610
submental 7 19.4% 29 80.6% 36 *0.9369
massetericomandibular 3 42.6% 4 57.4% 7 **0.1451
pterygomandibular 4 23.5% 13 76.5% 17 **(.7554
parapharyngeal 2 14.2% 12 85.8% 14 **0.7449
Total 72 19.9% 289 80.1% 361

Abbreviations: n = number; % = percentage; significance level = 0.05. * Chi-square test. ** Fischer’s exact test.

We also examined the correlation between patient’s symptoms at the initial examina-
tion and the occurrence of difficult intubation (Table 3). Of the patients, 25% (n = 3/12)
with dysphagia and 25% (n = 3/12) with dyspnea experienced a difficult intubation. A
difficult intubation was also observed in two out of four (50%) patients with initial stridor.
Difficult intubation occurred in 21% (62/295) of the patients in whom the mandibular rim
could not be consistently palpated during clinical examination and in 15.2% (1 = 10/66) of
patients with a consistently palpable mandibular rim. Difficult intubation was detected in
18.9% of patients with a restricted mouth opening (1 = 66/348). Only a restricted mouth
opening was significantly associated with an increased rate of difficult intubation.
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Table 3. Correlation between infection-relevant clinical symptoms/findings and intubation modality.

Clinical Symptoms/Findings Intubation
Difficult Regular Total p Value
nl% nl%
dysphagia es 3 25% 9 75% 12
YRS Y **0.7123
no 69 19.8% 280 80.2% 349
dyspnea es 3 25% 9 75% 12
ysp y *0.7123
no 69 19.8% 280 80.2% 349
stridor yes 2 50% 2 50% 4
**0.1791
no 70 19.6% 287 80.4% 357
mandibular rim not palpable 62 21.% 233 79% 295
*0.2810
palpable 10 15.2% 56 84.8% 66
restricted mouth opening yes 66 18.9% 272 81.1% 348
**0.031
no 6 46.1% 7 53.9% 13
Total 72 19.9% 289 80.1% 361

Abbreviations: n = number; % = percentage; significance level = 0.05. * Chi-square test. ** Fischer’s exact test.

Higher Mallampati scores and Cormack-Lehane classifications were significantly
associated with an increased risk of difficult intubation (Cochran—-Armitage trend test:
p <0.0001) (Table 4).

Table 4. Correlation between Mallampati and Cormack-Lehane classification grade and intuba-
tion modality.

Mallampati Score Intubation
Difficult Regular Total p Value
nl% nl%
1 1 3.5% 28 96.5% 29
2 10 10.2% 88 89.8% 98
3 12 20.3% 47 79.7% 59
4 20 47.65 22 52.4% 42 *<0.0001
5 1 100% 0 0% 1
No ascertainable 28 21.2% 104 78.8% 132
Total 72 19.9% 289 80.1% 361
Cormack-Lehane grade Intubation
difficult regular Total p value
n/% n/%
1 5 3% 162 97% 167
2 7 7.7% 84 92.3% 91
3 27 47.4% 30 52.6% 57 ¢ £ 0.0001
4 11 91.7% 1 8.3% 12
No ascertainable 22 64.7% 12 35.3% 34
Total 72 289 361

Abbreviations: n = number; % = percentage; significance level = 0.05. * Cochran-Armitage trend test.
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3.5. Post-operative Outcome

The mean post-operative length of hospitalization was 6.08 days (range: 1-66 days).
The length of stay was significantly shorter for patients without a tracheostomy (mean:
5.5 days; range: 1-20 days) than for tracheotomized patients (mean: 35.4 days; range:
9-66 days) (t-test: p = 0.0194) (Figure 3).

Post-operative lenght of hospital stay with and without tracheostomy
(mean in days)

40.00

35.4*

35.00
30.00
25.00
20.00
15.00

10.00
5.5

5.00 -
0.00

without tracheostomy with tracheostomy

Figure 3. Comparative analysis of mean post-operative length of hospital stay in patients with and
without tracheostomy. * t-test: p = 0.0194.

Of the 121 patients with a difficult airway, 10.5% required monitoring in the ICU and
89.5% were transferred to the normal surgical ward after surgery. Only 1.2% of patients with
regular airway management required intensive care; the remaining 98.8% (n = 237 /240)
were transferred to the normal surgical ward (Fischer’s exact test: p < 0.0001). In total,
11 out of 72 patients (15.3%) with a difficult intubation and 5 out of 189 patients (1.7%) with
a regular intubation were admitted post-operatively to the ICU for further observation
(Fischer’s exact test: p < 0.0001). The 16 intubated patients were treated in the ICU for a
mean period of 6.6 days (range: 1-23 days). Seven of the tracheotomized patients stayed for
amean period of 11.7 days (range: 1-23 days) and nine of the patients without tracheostomy
stayed for a mean period of 2.7 days (range: 1-5 days).

The in-hospital mortality rate was 0.3% (n = 1/361). A 56-year-old male with a
parapharyngeal infection of unknown origin who initially presented with dysphagia,
dyspnea, and stridor died 3 days post-operatively after developing cardiogenic shock.
Twenty-two patients (6.1%) underwent surgical re-drainage during hospitalization because
of persistent swelling and elevated laboratory infection parameters.

4. Discussion

We aimed to specify the clinical features that predict a difficult airway and difficult
intubation in patients with orofacial infections originating in the mandible. Our results
provide valuable insights into how preoperative evaluation of these patients can increase
the safety of airway management during surgical treatment of orofacial infections. Con-
sidering the challenges and features of personalized medicine and dentistry nowadays,
through this article we aimed to apply our collective knowledge with regard to precise risk
factors to enable an individualized therapy and develop precision health care [17].

Most reported orofacial infections have an odontogenic cause, and chronic apical
periodontitis was the most common cause of infection in our study [1-4]. This is in
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agreement with the findings of Tapiovaara and Kinzer et al., who found that odontogenic
infections can lead to necrotizing fasciitis with a mediastinal extension [11,20]. Postsurgical
infection (such as after osteotomies, dental implantations, or trauma surgery) was the
next most common cause of infection in our cohort, followed by antiresorptiva-related
osteonecrosis of the jaw. These findings show a high possibility of severe infection after
oral surgery; therefore, we recommend intensive post-operative care and evaluation to
avoid this, especially in immunosuppressed patients.

The affected anatomic space is important for the surgical and anesthesiologic treat-
ment of an infection. In our study, more than 75% of infections were detected in the
perimandibular and submandibular space. These spaces are likely commonly affected
by infection because of their close anatomic relationship with the roots of the posterior
mandibular molars [1]. However, contrary to our initial hypothesis, the localization of
infection was not correlated with an increased risk of difficult intubation. We agree with
Bowe et al., that trismus is more severe when more spaces are involved [1]. Infection of
the masticatory muscles can reduce mouth opening, thereby restricting intraoral access for
anesthesiologic management. In these cases, fiberoptic intubation and an experienced con-
sultant anesthetist is needed. In our study, 11.4% of the patients needed awake fiberoptic
intubation. This was decided for patients with extended abscesses and combined trismus,
who had a history of a difficult airway after previous operations or with a clear risk of an
impossible direct laryngoscopy determined in advance. We encourage awake fiberoptic
intubation in high-risk patients because intubation can be performed prior to the induc-
tion of general anesthesia with its possible risks of inadequate oxygenation, loss of upper
airway consistency, and failed intubation. However, an adequate time for preparation
and a cooperative patient are required for a safe and successful procedure. We agree
with Bowe et al., that using CT scans to monitor orofacial infections is a valuable way to
indicate potential airway compromise [1]. Based on these observations, we recommend
close preoperative communication between anesthesiologists and surgeons to guarantee
the best post-operative outcome, especially in cases of perimandibular and submandibular
abscesses.

Surgical drainage of abscesses in the lower orofacial spaces is a short procedure, and
the airway tract is often edematous, which increases the risk of airway compromise [14].
Careful preoperative assessment is crucial in these patients to select the appropriate airway
modality. Clinical features for assessing airway difficulty include the mouth opening, the
Mallampati score, palpability of the mandibular rim, and symptoms such as dysphagia,
dyspnea, and stridor. All patients in this study were referred with definitive infection-
related swelling that required surgical drainage. Cervical access was necessary for drainage
because the extended trismus prevented intraoral access.

In our study, most intubations were laryngoscopic and 33.5% of patients had a compro-
mised airway. These findings cannot be compared with those of other studies because the
published definitions of a difficult airway vary widely [13]. Problems during endotracheal
intubation are often referred to as “difficult intubation” without distinguishing between
“laryngoscopy” and “intubation”. These terms need to be separated because anatomical
and optical axes converge in laryngoscopy and an acceptable laryngoscopic result can lead
to a successful intubation. The rate of difficult ventilation was 10.2% in our study, which
is higher than the rates published in other studies [13,21,22]. We also reported a higher
rate of difficult direct laryngoscopy (28.5%) than did other studies (1.5-13.45%) [13,23,24].
However, our findings cannot be directly compared with those of other studies because of
differences in protocol and patient sample.

We performed surgery under laryngeal mask airway in only seven cases. These
patients received extraoral drainage of abscesses following dental implantations or den-
toalveolar procedures without further intraoral intervention. The use of a laryngeal mask
can be useful in emergency cases of difficult or impossible intubation, when the patient
appears to be in stable condition, and the duration of the planned surgical procedure is
quite short. However, this airway management method does not support intraoral inter-
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ventions and should not be preferred when the intraoral infective source has to be removed
simultaneously.

We had one unexpected “cannot intubate, cannot ventilate” situation in our cohort,
in a patient with a paraphyryngeal abscess [13,23]. This patient received a primary tra-
cheostomy. This is similar to the findings of Motahari et al. and Kataria et al., who reported
peritonsillar abscesses requiring primary tracheostomy in 1% and 5% of patients [25,26].
We did not observe enough tracheostomy cases to determine the correlation between the
localization of infection and rate of tracheostomy. In our cohort, 6/16 patients who were
admitted to the ICU were tracheotomized because of persistent swelling and prolonged
intubation. We agree with Tapiovaara et al., that tracheostomy can avoid laryngeal injury
in patients needing prolonged intubation, thereby reducing the need for sedation and
mechanical ventilation [11]. Early tracheostomy has been correlated with lower mortality
rates in patients with deep neck infections [27]. However, we believe that tracheostomy can
be avoided by proper preoperative airway planning. If emergency intubation is needed,
for example in more challenging patients, we recommend securing the patient’s airway via
awake intubation and video laryngoscopy under sedation by experienced anesthesiologists.

We identified four predictors of difficult intubation: older age, limited mouth opening,
a higher Mallampati score, and a higher Cormack-Lehane grade. These predictors may be
able to be used to identify patients with difficult intubation following either conventional
direct laryngoscopy or indirect laryngoscopy with fiberoptic methods. These factors can
also be used to identify patients at risk of a difficult airway in the preoperative anesthesio-
logic assessment. Unexpectedly, a higher BMI was not associated with an increased rate of
difficult intubation. Similarly, dysphagia, dyspnea, stridor and a non-palpable mandibular
rim as clinical symptoms of a difficult airway that could be assumed in advance were also
not correlated to higher risk for difficult intubation. Further studies are needed to develop
an intubation prediction score for determining the risk of difficult intubation in patients
with orofacial infections.

We found that difficult intubation was more common in patients older than 50 years
than in younger patients. This finding is consistent with that of previous studies that have
shown an association between increased age and difficult airway management [21,22,24].
The increased risk of a difficult airway in older individuals could be due to age-related
changes in the airway anatomy of these individuals, such as decreased elasticity, decreased
muscle tone, and decreased neck mobility. The increased risk of difficult intubation in older
individuals may be due to the anterior shift of the mandible relative to the maxilla caused
by the attrition of the molar cusps and the regeneration of the cementum [28]. Intubation
difficulties may also be caused by age-related disc displacement and osteoarthritis of the
temporomandibular joint, which can restrict mouth opening, as well as by mandibular
resorption and alveolar remodeling, which can cause jaw retraction and drooping, making
mask ventilation and laryngoscopy more difficult [28]. Kyphotic deformities and poor neck
mobility may also contribute to this problem [21,22,24]. In addition, fibroblast proliferation
decreased with age, which reduces the flexibility and elasticity of the oral cavity, thereby
limiting mouth opening. This may also contribute to difficult airway management in older
individuals [29].

The risk of difficult intubation was higher in patients with a BMI of > 30. These
findings are consistent with those of previous studies [30,31]. Difficult airway management
in obese patients may be caused by the larger neck circumference, increased fat deposition
in the upper airway, and decreased lung volume in these individuals. We also observed a
significantly higher rate of difficult intubation in underweight patients in out cohort, likely
due to the smaller dimensions of the lower face.

Surprisingly, we found no correlation between the localization of the infection and
modality of the intubation. We expected patients with abscesses in the mouth floor, pterygo-
mandibular space, or parapharyngeal space to have a more demanding airway because of
tissue edema, an obstructed upper airway, and jaw immobility, but this was not confirmed—
possibly because we only had a few patients with these infections in our cohort. As
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expected, patients with paramandibular and submental abscesses had the lowest risk of
having a difficult airway, likely because these spaces are anatomically more distant from
the respiratory tract and mouth-opening muscles.

The incidence of difficult intubation was higher in patients with higher Mallampati
scores and Cormack-Lehane grades, which is in accordance with published findings [13].
We did not find any association between clinical symptoms (such as dysphagia, dyspnea,
and stridor) and intubation modality, possibly because of the small number of patients with
these symptoms. Only limited mouth opening was associated with increased intubation
difficulty, which has been confirmed in past studies [13,24]. However, we recommend
examining patients carefully for these symptoms as they may predict difficult or impossible
direct laryngoscopy or intubation.

As expected, difficult airway management was a significant risk factor for ICU ad-
mission after surgery. In our cohort, the rate of post-operative admission to the ICU was
4.4% and the mean ICU stay length was 6.6 days. This was higher than the ICU admission
rate of 0.4% and longer than the mean ICU stay length of 4 days reported by Bowe [1].
Tapiovaara et al. reported a longer median ICU stay of 7 days [11]. Case numbers were
too low to detect a correlation between the localization of infection and the duration of
ICU stay.

Patients who underwent tracheostomy had a significantly longer hospital stay than
did patients who did not undergo tracheostomy. This can be explained by the significantly
advanced disease that necessitates tracheostomy in the first place [11,32,33]. In support
of our findings, Nagarkar et al. also found a significantly longer hospital stay following
tracheostomy, but this was following head and neck cancer surgeries [14].

Delaying surgical treatment of orofacial infections can make anesthesiologic treatment
more challenging and increase the overall duration of hospital stay. Coexisting medical
conditions can also increase the risk of severe infection or sepsis. Most studies recommend
the immediate surgical drainage of abscesses combined with the intravenous administration
of antibiotics in odontogenic or deep neck infections; however, the optimal timing of
surgery is still under debate [2,7,34,35]. All patients in this cohort were operated on within
the first day of admission. In concordance with others, we strongly recommend early
surgical drainage and the simultaneous intravenous administration of antibiotics to avoid
compromising the airway further [36,37].

There are some limitations to this study. First, the study was restricted to one emer-
gency care unit so the results may not be generalizable to other centers. Second, the
retrospective nature of the research may have caused documentation bias; however, this
limitation was outweighed by the large study cohort. Third, the different level of educa-
tion and experience of the treating physicians in our study may have biased our results.
Data were collected from medical records completed by the intubator, which could have
caused observer bias with regard to the intubation approach. As a result, the choice of
airway management and its difficulty could only be evaluated subjectively. Fourth, several
evidence-based clinical predictors of a difficult airway, such as previous operations, radia-
tion of the head /neck area, sleep apnea syndrome, mandibular protrusion, thyreomental
distance, and macroglossia could not be extracted from the patients’ files. Fifth, we did
not compare our patient sample with a control cohort of patients with orofacial infections
originating in the maxilla or other anatomic spaces, so our findings are limited to infections
in the mandible. Sixth, we included patients of all ages, so our results cannot be generalized
to a specific age group. Finally, we did not evaluate the influence of the microbiological
examination of pus swabs and of systemic health on the duration of hospitalization in our
study. This could have introduced a bias to our findings since the length of stay does not
depend only on airway management [38]. Future prospective studies with standardized
protocols are warranted to validate our preliminary findings.
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5. Conclusions

The incidence of a difficult airway was 33.5% in our cohort of patients with orofacial
infections originating in the mandible. Factors increasing the risk of a difficult intubation
were older age, limited mouth opening, higher Mallampati scores, and higher Cormack-
Lehane grades. We recommend the careful evaluation of these factors preoperatively as
a way of reliably predicting difficult intubation. Difficult intubation was most common
in patients with infections of the massetericomandibular space, followed by infections
of the mouth floor and pterygomandibular space, albeit without statistical significance.
A higher BMI, dysphagia, dyspnea, stridor and a non-palpable mandibular rim did not
influence airway management. We highlight the importance of clear communication
between surgeons and anesthesiologists to determine the safest airway approach during
surgery. Fiberoptic orotracheal intubation is the most appropriate technique for managing
a difficult airway in patients with these orofacial infections. Although tracheostomy is
both rare and safe, individual assessment and proper preoperative planning is required.
The modalities of airway management and tracheostomy have a significant impact on the
post-operative length of hospital stay. These findings will help clinicians to reduce the risk
of complications and improve patient safety during airway management. Our preliminary
results and recommendations should be confirmed by well-designed prospective studies.
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