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Purpose of the Study

Patients undergoing ablative tumor surgery of the midface are faced with functional and esthetic issues. Various reconstructive strategies, such as implant-borne obturator prostheses or microvascular tissue transfer, are currently available for dental rehabilitation. The present study shows the first follow-up of patients treated with patient-specific implants (IPS Implants® Preprosthetic) for the rehabilitation of extended maxillary defects following ablative surgery.



Patients and Methods

All patients treated with patient specific implants due to postablative maxillary defects were included. 20 implants were placed in the 19 patients (bilateral implants were placed in one of the cases). In 65.75% of the cases, resection was performed due to squamous cell carcinoma. In addition to the primary stability, the clinical implant stability, soft tissue management, successful prosthodontic restoration, and complications were evaluated at a mean follow-up period of 26 months.



Results

All patient-specific implants showed primary stability and were clinically stable throughout the observation period. Definitive prosthodontic restorations were performed in all patients. No implant loosening was observed. Major complications occurred only in previously irradiated patients with insufficient soft tissue conditions (p = 0.058). Minor complications such as exposure of the underlying framework or mucositis were observed, but they never led to failure of restorations or implant loss.



Conclusions

Treatment of postablative maxillary defects with patient-specific implants offers a safe alternative with predictable results for full and rapid dental rehabilitation, avoiding time-consuming augmentation procedures and additional donor-site morbidity.
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Introduction

Ablative tumor surgery of the midface often leads to esthetic and functional limitations that burden patients physically as well as psychologically (1). In addition, reconstruction of these defects is challenging, and a wide variety of reconstructive procedures have been described (2–4). Management of extended maxillary defects symbolizes technical achievements in maxillofacial surgery over the last 100 years. It started with obturating intra-oral defects and the use of prosthesis, followed by techniques of pedicled and free tissue transfer (5, 6). However, the overall goal is the full dental rehabilitation of compromised patients with implant-borne prostheses. The technique of subperiosteally placed but not bone-anchored implants was described as early as the 1940s, but was subsequently abandoned due to high complication rates (7, 8). The most technically advanced concept to achieve this goal was introduced by Dennis Rohner and Beat Hammer by combining the idea of immediate dental rehabilitation following a prosthodontic backwards planning protocol with the insertion of conventional dental implants into the fibula; prelaminating the perimplant soft tissues around the fibula with skin grafts and in a second stage, harvesting of the fibula bone flap using patient-specific cutting guides to accomplish the backwards-planned design; and mounting the individual prostheses onto the osseointegrated dental implants with plate fixation of the microvascular bone flap and into the maxillary defect site (9, 10). This technique was first published in 2000 and has only two potential drawbacks: first, microvascular bone transfer is mandatory, and second, to achieve a stable result of the backwards planned dental rehabilitation concept, the patients’ biology has to comply without forming pseudarthroses in the area of the fibular “wedge” cuts as well as the contact zones between the bony recipient site and bone flap. However, in cases where the patient is not eligible for harvesting a microvascular bone flap, the whole technique cannot be used. Nevertheless, this concept was unique in times of analogous planning and was benchmarked as the most advanced concept for rehabilitating patients with extended maxillary or mandibular defects. Today, this protocol can be realized using virtual planning and digital 3D printing technology to fabricate patient-specific cutting guides or plates (11–13). In cases where bony reconstruction was either not possible or failed and conventional implants were not an option, the bail-out strategy limited to the lateral maxilla was the insertion of zygomatic implants to enable prosthodontic restoration (14).

Recently, subperiostally placed and multi-vector anchored patient-specific implants with immediate loading for a one-step reconstruction of the maxilla (IPS Implants® Preprosthetic, KLS Martin, Tuttlingen, Germany) have become available (15, 16). The authors present the first follow-up of patients treated with this type of implants following ablative surgery of the maxilla.



Patients and Methods

This is a retrospective single-center study, which included patients treated with a patient-specific implant (IPS Implants® Preprosthetic) in course of secondary reconstruction after ablative surgery of the maxilla, at Hannover Medical School (Germany).The exclusion criteria were implant insertion without previous tumor resection, for example due to a failed augmentative procedure or a defect caused by trauma or cleft lip and palate. 20 of these patient-specific implants were included in this study, which were placed in 19 patients (10 males and 9 females) as one bilateral implantation was performed. The mean age of the patients at the time of surgery was 65 years (30–85 years). Most of the defects were due to a malignant tumor; in 65.75% of the cases, resection was performed due to squamous cell carcinoma, but rare tumor entities or benign lesions were also etiological for the defects. Depending on the underlying pathology, five patients received adjuvant radiotherapy prior to implant placement, and in most cases, primary reconstruction included free tissue transfer (Table 1). The defects were classified according to Brown’s classification, in which the number describes the vertical extent of the defect and the letter indicates the resected part of the alveolar process or palate, as shown in Figure 1 (17).


Table 1 | Synopsis of patients.






Figure 1 | Examples of different Brown’s classifications (defect size marked with red circles). (A) Class 1 without oroantral fistula. (B) Class 2 after resection of parts of the maxillary sinus and covering with microvascular anastomosed soft tissue flaps. (C) Class 3 with resection of the orbital floor (arrow: patient-specific orbital implant). *Radiopaque scanning templates for prosthodontic backwards planning of IPS Implants® Preprosthetic.



The implants used for reconstruction were digitally backwards-planned based on the subsequent prosthodontic restoration as shown in Figure 2. The manufacturing process using selective laser melting allows 3D printing of a one-fit-only implant, which is placed subperiostally and anchored multi-vectorially by osteosynthesis screws, especially in the area of the load-bearing paranasal and lateral facial buttresses as well as implementing other features such as functionalization e.g. due to positioning aids in the area of the piriform aperture, tapering implant edges or a protruding pillar alignment to compensate for the maxillary tissue deficit. Depending on the defect or compromise of the load-bearing buttresses, the design of the patient-specific implant has to be adapted. With a higher Brown´s class 1 often a more distant anchorage is required, so that the implant is extended over the zygomatic arch, for example. The implementation of numerous screw holes guarantees multi-vector anchorage even in patients with poor bone quality. The authors prefer not to place under 20 screws, if this is possible.




Figure 2 | Examples of patient-specific implants from stereolithographic biomodels (A, B) as well as digital planning (C, D). *Additional anatomical landmarks are included in the implant design as little flanges on both sides of the piriform aperture. Arrow: protrusion of the antagonizing implant against the massive (pseudo-) class III relationship.



Using a standardized protocol, the clinical implant stability as well as insertion of the definitive prosthodontic restoration were documented during follow-up as primary outcome variables. The duration of the operation, the number and size of the osteosynthesis screws, and the need for additional soft tissue procedures, such as local flaps, as well and complications were assessed as secondary variables. Descriptive statistical analyses were performed using Microsoft Excel 2010 and SigmaStat 4.0. Group comparisons were performed using the Fisher’s exact test. Statistical significance was set at p < 0.05, based on a 95% confidence interval. Written informed consent from the patients and ethical approval from the institutional ethics committee were obtained (reference number 8552_BO_K_2019).



Results

Most of the patients were assigned to Brown’s class 2, suggesting that although the maxillary sinus was affected, the orbital floor remained intact. Table 2 shows an overview of the extent of defects in the examined patient population.


Table 2 | Defects according to Brown’s classification.



At the time of surgery, the average age of the patients was 65 years (30–87 years). The observation period was 6–74 months, with an average of 26 months. Adapted to the defect, the implants were designed with 2–4 posts. The average operating time was 127 min (69–205 min). A multivectorial screw-based anchoring of the subperiosteally placed implants was performed using an average of 22 (16–48) partly locking screws sized 1.2–2.0 mm, which always resulted in primary stability. In order to achieve soft tissue coverage of the implants, local flaps (n = 14), such as gingival advancement flaps (n = 11) were used just as regional flaps (n = 8), for example, by mobilization of Bichat’s fat pad (n = 6) or by using palatine artery flaps (n = 2) (Figure 3).




Figure 3 | Soft tissue coverage of the left side using the Bichat’s fat pad (green arrow) (A) and postoperative orthopantomogram of the patient (B). The red circle indicates the same implant area clinically and radiologically.



All implants showed clinical implant stability and were restored prosthetically. There were no clinical signs of implant loosening at any point of time, and no implant was lost. Figure 4 shows a clinical case, from resection to the final prosthodontic restoration.




Figure 4 | Patient with a multilocular malignant mucosal melanoma of the upper jaw (A), which was treated with extended maxillectomy (B) and a latissimus dorsi free flap (C). After irradiation, reconstruction using a patient-specific implant (IPS Implants® Preprosthetic) and bar suprastructure; arrows: separation of anatomical units anterior to the implant posts (D). Definitive palate-free prosthodontic restoration (E) and the clinical result (F).



In two cases, hardware related interventions had to be performed: in one case two exposed screws had to be removed as well as in the second case where in addition to screws a single implant post was reduced without affecting the stability of the implant or the prosthetic restoration per se. The implants are still in place, and patients are free of complaints. Partial exposure of the underlying framework was observed in nine cases (47.36%), without affecting implant stability or compromising a rapid prosthetic restoration (Figure 5). An additional soft tissue coverage using a radial free forearm flap was necessary in one case (with a history of radiotherapy in the course of tumor treatment). In the area of the soft tissue surrounding the implant posts that penetrate into the oral cavity, an inflammatory reaction in the form of mucositis was observed in some cases. The denture saddle should shield the soft tissues to prevent movement of the implant posts, especially if separation of the anatomical units is not guaranteed (Figure 5). Two postoperative infections in the form of abscesses were observed, both of which occurred in irradiated patients; one of the abscesses progressed to an extraoral fistula. A trend toward a higher rate of major complications in irradiated patients was observed (p = 0.058), without any influence on the endpoints, such as implant survival or final prosthetic restoration.




Figure 5 | Minor complications during follow-up. IPS Implants® preprosthetic with a bar-retained superstructure. The red circle shows mucositis of the soft tissue surrounding the dorsal post. The green arrow indicates an exposure of the underlying framework without any signs of inflammation.





Discussion

Autologous bone grafting and prosthodontic restoration using obturators represent the most commonly used techniques for post-ablative maxillary reconstruction (2). Both treatment options have individual disadvantages: in case of autologous bone grafts, there are issues of donor-site morbidity and risk of graft loss, and in case of obturators, nasal leakage as well discomfort (e.g., instability) may cause problems. Thus, valid recommendations regarding the best therapy, especially those concerning the quality of life, are still missing (18, 19). The use of patient-specific implants (IPS Implants® Preprosthetic) offers a one-step palate-free implant-borne prosthodontic restoration without any donor-site morbidity. In addition, time-consuming and invasive augmentative procedures, which pose a risk of graft loss and are often refused by patients, are avoided. The only prerequisite for this approach to rehabilitate patients with extended maxillary defects is that the compromised anatomical units should be separated by soft tissue reconstruction prior to IPS preprosthetic implant placement. Depending on the individual defect size and extent of tissue damage, including post-radiation sequelae, the surgeon has to move up the soft tissue repair scale, from local flaps to microvascular soft tissue free flaps (fasciocutaneous or myocutaneous), in patients with extended maxillary defects. However, microvascular bone flaps donor sites when compared to microvascular soft tissue flaps are much fewer and donor-site morbidity is significantly higher (20, 21). In addition, after tumor resection, patients often shy away from complex reconstructions requiring tissue transplantation or augmentative procedures. Such patients require an alternative strategy similar to those with a history of failed reconstructions. Furthermore, many tumor patients are not eligible for major surgical interventions because of their reduced general condition. The excellent survival rates up to a follow-up period of up to 74 months indicate that this method is safe, with predictable results in terms of implant stability and definitive prosthodontic restoration. With regard to the quality of life, initial data show that restoration with patient-specific implants achieves outcomes that are comparable or even superior to those of conventional implants (22). This treatment option appears at first glance to be similar to the previously used subperiosteal implants, that were abandoned due to high complication rates (23). However, this is not true because the multivectorial and distant fixation of the implant using the midfacial buttresses or even the lateral skull base in selected cases fundamentally differs as an average of 22 screws achieves primary stability and allows full and immediate loading. Due to the possibilities of digital technologies, the abandoned idea of subperiosteally placed implants has been revisited and several approaches have been published (24–26), whereby individual designs and anchoring methods differ significantly. It is precisely this distant fixation as well as the multivectoral alignment of the comparatively large number of screws that distinguishes the implant system used from others that initially may appear similar. Particularly in compromised bone conditions, as in the patient group studied, anchoring with only a few screws appears dangerous, since patient-specific implants - unlike osteosynthesis plates, for example - cannot be repositioned due to their “one-fit-only” design if a screw fails to tighten.

Occasionally, signs of inflammation around the soft tissue surrounding the post were observed, but in contrast to conventional dental implants, where local infection may lead to implant loss via peri-implantitis, this does not seem to occur in IPS preprosthetic implants. The posts are not anchored directly in the bone and due to the distant fixation by screws, inflammation seems to remain limited to the soft tissue only. In contrast to osseointegrated conventional implants mucositis does not spread to the bone. This may be one reason that long-term stable conditions could be achieved even with recurrent episodes of mucosal inflammation and superficial exposure of framework structures. Severe postoperative complications, such as abscesses or dehiscence, requiring additional microvascular tissue transfer, only occurred in previously irradiated patients in whom the need for soft tissue was primarily underestimated. The principle of separating the anatomical units prior to IPS implant placement has to be strictly followed. As well as in alternative procedures, a history of irradiation leads to a higher rate of complications (27, 28).

Zygomatic implants used for implant-borne prosthodontic restoration are quite technology-dependent and often require an additional equipment, such as intraoperative real-time navigation (29). Furthermore, multiple complications such as sinusitis or incorrect positioning have been described (30, 31). This did not occur in the present study. Since the IPS preprosthetic implants are inserted under direct vision, there is no need for such technical prerequisites. The technical requirements for planning patient-specific implants are also shifted from the surgeon toward industrial partners. Furthermore, 3D features such as flanges toward the piriform aperture or around the transition zone between the malar prominence and zygomatic arch guarantee a one-fit-only position of IPS preprosthetic implants, in contrast to conventional dental or zygomatic implants. In addition, the possibility of positioning the implant shoulder of zygomatic implants is only possible up to the molar or premolar region and not in the esthetic zone. Zygomatic implants also do not offer a real solution to compensate for the severe postablative (pseudo-) skeletal class III relation. Owing to the patient-specific design of the IPS preprosthetic implant, a massive protrusion of the implant posts is feasible, especially in the anterior part of the (former) maxilla, enabling a functionally and esthetically satisfactory result. In contrast to restoration with conventional dental implants, the posts are aligned parallel from planning to implant insertion and final restoration. The noticeably shorter and less invasive surgical procedure compared to microvascular tissue transfer were noted, with an average duration of approximately 2 hours. Thus treatment as an outpatient is feasible.

Postablative maxillary defects often result in facial disfigurement and compromised function (6). Patients’ desire for rapid functional and esthetic rehabilitation is often not possible with microvascular bone transplantation. After tumor resection or adjuvant therapy (in some cases), patients are often tired of treatment and shy away from complex reconstructions, especially after failure of tissue transfer or augmentation. Nevertheless, there is an understandable desire for dental rehabilitation with fixed palate-free dentures. The treatment algorithm presented here provides a predictable reconstruction, even after extended maxillary ablation, without time-consuming bone augmentation. With irradiated patients, the complication rate appears to increase, although all patients examined in this study were successfully rehabilitated. The patient cohort in this study is small, although the results are encouraging and the portfolio for the treatment of postablative maxillary defects is expanded. Especially if microvascular bone grafting seems not feasible or patients refuse such a procedure, secondary reconstruction using a patient-specific implant may be an alternative option.
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