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Abstract 

Rehabilitation of edentulous atrophic jaws remains a significant clinical challenge. Conventional bone 

grafting with implant placement often results in extended treatment times, increased morbidity, and higher 

costs. Graft-less implant rehabilitation, using pterygoid, zygomatic, and subperiosteal implants, offers a 

minimally invasive alternative for patients with severe maxillary or mandibular atrophy. This study aimed 

to compare the clinical outcomes, complications, and treatment strategies of pterygoid, zygomatic, and 

subperiosteal implants in the graft-less rehabilitation of severely atrophic jaws. A total of 15 partially and 

fully edentulous Libyan patients (age range: 39–63 years) with severe maxillary and mandibular atrophy 

were treated using a graft-less approach. Implants included 11 zygomatic, 7 pterygoids, and 6 subperiosteal 

systems. Demographic, surgical, and follow-up data were analyzed. Clinical success, osseointegration, and 

postoperative complications were evaluated over follow-up periods of 1–25 months. All implant types 

demonstrated high success rates with no cases of implant loss or persistent infection. Minor complications 

included transient oral–antral communication in one zygomatic case and small plate exposure in one 

subperiosteal case. Patient satisfaction was universally high regarding function, comfort, and esthetics. 

Immediate or early loading was feasible in selected cases with adequate primary stability. Pterygoid, 

zygomatic, and subperiosteal implants represent reliable, minimally invasive, and cost-effective options for 

the rehabilitation of edentulous atrophic jaws without the need for bone grafting. Selection of the optimal 

implant type should be guided by anatomical limitations, bone availability, and patient-specific factors. 
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Introduction 
Edentulism in patients with severe maxillary or mandibular atrophy presents one of the most demanding challenges in 

implant dentistry. Progressive alveolar bone resorption following tooth loss, trauma, or pathology can severely 

compromise bone height and density, particularly in the posterior maxilla, where proximity to the maxillary sinus 

further restricts implant anchorage [1, 2]. Traditional rehabilitation techniques often involve autogenous or allogenic 

bone grafting, sinus floor augmentation, or ridge expansion before implant placement [3,4]. While effective, these 

methods are associated with extended treatment duration, increased morbidity, donor site complications, and high 

costs [5]. 

In recent years, graft-less implant strategies—especially pterygoid, zygomatic, and subperiosteal implants—have 

gained significant attention as alternatives to bone grafting [6-9]. These implants engage dense cortical regions of the 

craniofacial skeleton, providing enhanced primary stability and allowing for immediate or early loading [10, 11]. 

Zygomatic implants, introduced by Brånemark in 1989, utilize the dense zygomatic bone for anchorage and are ideal 

for cases with severe posterior maxillary resorption [12,13]. Pterygoid implants, first described by Tulasne, are inserted 

into the pterygoid process of the sphenoid bone, avoiding sinus elevation while providing posterior support [14]. 

Subperiosteal implants, custom-fitted over the alveolar ridge beneath the periosteum, have recently been revived with 

the aid of digital imaging and 3D printing, offering viable solutions for both maxillary and mandibular atrophy [14,15]. 

This study presents an observational evaluation of clinical outcomes, complications, and treatment strategies of three 

graft-less implant modalities in the rehabilitation of 15 Libyan patients with severe atrophic jaws. 
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Materials and Methods 
Study Design and Patient Selection 

This clinical observational study was based on institutional datasets representing fifteen consecutive patients presenting 

with severe maxillary and/or mandibular atrophy who were treated with one of three graft-less implant modalities, 

namely zygomatic, pterygoid, or subperiosteal implants, followed by screw-retained bridge rehabilitation between 2023 

and 2025 at private dental clinics in Misrata city, Libya. Ethical approval for the study was obtained from the 

institutional review board of Alkamal Dental Hospital, and informed consent was secured from all participating 

patients before treatment. 

Patients were included if they presented with complete or partial edentulism associated with severe maxillary or 

mandibular atrophy classified as Cawood and Howell Class V or VI, demonstrated adequate systemic health to undergo 

oral surgical procedures, and showed no evidence of acute infection or pathological conditions at the intended implant 

sites. Patients were excluded from the study if they had a history of head and neck radiation therapy, uncontrolled 

systemic diseases such as diabetes mellitus or osteoporosis, or active maxillary sinusitis. These inclusion and exclusion 

criteria ensured a consistent and reliable patient population for evaluating the clinical outcomes of the three implant 

modalities. 

 

Patient Demographics 

The study population consisted of fifteen patients, including four males and eleven females, with an age range of 39 to 

63 years and a mean age of 52.4 years. Among the female patients, five individuals (45.5%) presented with controlled 

systemic conditions, including diabetes mellitus or hypothyroidism, which were deemed compatible with surgical 

intervention. 

 

Implant Types and Distribution 

A total of twenty-four implants were placed during the study period, comprising eleven zygomatic implants, seven 

pterygoid implants, and six subperiosteal implants. Of these, twenty-one implants were inserted in the maxilla, while 

three implants were placed in the mandible. 

 

Surgical Protocols 

Zygomatic Implants 

Cone-beam computed tomography (CBCT) was routinely used to evaluate the degree of alveolar ridge atrophy and to 

assist in preoperative planning, as illustrated in Figure 1. All surgical procedures were performed under general 

anaesthesia. The implant trajectory originated from either the alveolar crest or the lateral wall of the maxilla and was 

directed toward the zygomatic bone, as demonstrated in Figure 2. Depending on the level of primary stability achieved, 

defined as greater than 35 Ncm, either a two-stage protocol or an immediate loading approach was adopted. 

Postoperative orthopantomograms (OPG) were obtained to confirm correct implant positioning, as shown in Figures 

3–7. 
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Figure 1. Coronal section of cone-beam computed tomography (CBCT) image showing severe bone resorption in the 

maxilla of one of the cases that received zygomatic implant placement. 

 
Figure 2. Clinical photo shows Zygomatic implant osteotomy . 
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Figure 3. Postoperative OPG shows zygomatic implants in their positions.  

 

 
Figure 4. Pre-prosthetic panoramic radiograph showing maxillary and mandibular full-arch implant placement, 

including tilted zygomatic and pterygoid implants designed to enhance anteroposterior spread and optimize load 

distribution. 
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Figure 5. Clinical photo shows intra-operative zygomatic implant placement with multiunit abutments. The right 

side abutment with 52° angulation and the left side abutment with 45°. 

 
Figure 6. “Cone beam computed tomography (CBCT) image illustrating three-dimensional assessment of zygomatic 

implant placement, demonstrating implant angulation, spatial distribution, and their relationship to surrounding 

anatomical structures.” 
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Figure 7. Postsurgical cone-beam computed tomography (CBCT) 3D rendering after placement of quad-zygomatic 

implants. 

 

Pterygoid Implants 

Implants were inserted posteriorly at an angle of approximately 45–55°, engaging the pterygoid process of the 

sphenoid bone and the pyramidal process of the palatine bone. This approach avoided sinus elevation and provided 

distal prosthetic support as illustrated in Figure 8. 

 
Figure 8. Two years “Postoperative orthopantomogram (OPG) demonstrating full-arch implant-supported fixed 

prosthetic rehabilitation in the maxilla and mandible, with a combination of axial and posteriorly tilted implants 

providing stable prosthetic support and optimized load distribution.” 

 

Subperiosteal implants, particularly contemporary additively manufactured three-dimensional printed designs, 

represent an effective graft-less treatment option for the rehabilitation of severely atrophic maxillae, including complex 

cases in which previous implant therapies such as conventional endosteal or pterygoid implants have failed. As 

illustrated in Figure 9, a postoperative orthopantomography demonstrates the clinical course of a female patient who 

initially received an implant to replace the missing maxillary right first molar, which failed to achieve osseointegration 
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and subsequently migrated into the maxillary sinus, while a later rehabilitation attempt using a pterygoid implant was 

also unsuccessful. Following the removal of both failed implants, the affected region was successfully rehabilitated 

using a subperiosteal implant, which provides a patient-specific titanium framework positioned on the bone surface 

beneath the periosteum, thereby achieving stable fixation in areas with limited bone volume without the need for 

extensive bone grafting, as demonstrated in Figures 10–14. 

 
Figure 9. Postoperative orthopantomogram demonstrating a completely displaced implant with a healing abutment 

within the right maxillary sinus, along with failure of the right pterygoid implant. 

 
Figure 10. A. Virtual planning of the right maxillary subperiosteal implant, illustrating the digital planning phase. B 

and C. Custom-made Titanium subperiosteal implants. 
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Figure 11. Postoperative orthopantomogram demonstrating a patient-specific subperiosteal implant positioned in the 

upper right atrophic maxilla, showing stable fixation and appropriate anatomical adaptation following surgical 

placement. 

 
Figure 12. A. Intraoperative view of a custom-made osteotomy guide seated on the atrophic mandible (left), 

illustrating precise adaptation to the osseous contour and highlighting the implant design and tissue interface. B. 

Osteotomy guide and explanted alveolar bone (right). 
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Figure 13. Intraoperative photograph demonstrating mandibular reconstruction with a custom-made titanium 

subperiosteal implant and multi-unit abutments. The surgical field was exposed via a transoral approach, showing 

multiple monocortical screws. Intra-operative clinical photograph showing immediate loading with temporary 

acrylic bridge. 

 

 
Figure 14. Two years follow-up Orthopantomogram demonstrating a completely edentulous mandibular arch with 

associated alveolar ridge resorption.  

 

The mandibular arch was rehabilitated with a full arch, implant-supported fixed prosthesis. Twenty-one endosseous 

screw-type dental implants are present in the interforaminal and posterior mandibular regions, supporting a custom-

made titanium subperiosteal implant with multi-unit abutments. The OPG exhibits an anteroposterior distribution 

minimizing anatomical constraints. The peri-implant bone levels appear stable, with no evident radiolucency suggestive 

of peri-implant pathology. 

 

Prosthetic Rehabilitation 

All patients received screw-retained fixed hybrid prostheses. Immediate loading was applied to cases with adequate 

primary stability. Provisional acrylic prostheses were replaced with definitive zirconia or titanium frameworks after 

three to six months as illustrated in Figures 15 and 16. 

 
Figure 15. Prosthetic phase of graft-less implant rehabilitation. Frontal (left) and occlusal (right) intraoral views 

showing the definitive fixed full arch, implant-supported prosthesis. 
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Figure 16. Clinical photos for a two-years follow-up demonstrating the successful rehabilitation with a subperiosteal 

implant for the lower arch. 

 

Follow-Up and Outcome Measures  

Patients were followed for periods ranging from 1 to 25 months, with a mean follow-up duration of 14.8 months. 

Outcome assessment focused on implant survival and evidence of successful osseointegration, peri-implant soft tissue 

health, and prosthetic stability and functional performance throughout the observation period. In addition, the 

occurrence of complications, including sinusitis, implant or framework exposure, infection, and paraesthesia, were 

systematically recorded. Patient-reported satisfaction was also evaluated using a visual analog scale (VAS) ranging 

from 0 to 10. 

 

Results 
Implant Survival 

Twenty-two of the 24 implants remained functional and osseointegrated, yielding a survival rate of 92%. 

 

Complications 

Complications observed during the study were limited and modality-specific. Among patients treated with zygomatic 

implants, one case of transient oral–antral communication was recorded, which resolved spontaneously within two 

weeks without the need for further intervention. No major complications were reported in association with pterygoid 

implants. In the subperiosteal implant group, one patient experienced minor plate exposure that was successfully 

managed through local flap advancement, while another case presented with buccal wound dehiscence that failed to 

achieve complete healing. Importantly, no cases of chronic sinusitis, implant mobility, or prosthetic failure were 

observed across any of the implant modalities. 

 

Patient Satisfaction 

All patients reported high satisfaction (mean VAS 9.1/10) with improved mastication, phonetics, and esthetics. (Table 

1) presents a comparative summary of zygomatic, pterygoid, and subperiosteal implants, highlighting indications, 

follow-up duration, complication profiles, implant survival, and patient satisfaction, thereby illustrating comparable 

clinical outcomes across the three graft-less rehabilitation strategies. 
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Table 1. Comparative summary of implant distribution, clinical indications, follow-up period, complications, 

implant survival, and patient satisfaction for zygomatic, pterygoid, and subperiosteal implants used in graft- 

less rehabilitation of severely atrophic jaws. 

Parameter Zygomatic Pterygoid Subperiosteal 

Number of implants 11 7 6 

Main indication 
Severe posterior maxillary 

atrophy 

Posterior maxilla without 

sinus lift 

Extreme atrophy, poor bone 

quality 

Mean follow-up 18 mo 14 mo 12 mo 

Complications 1 (oral–antral) 0 2 (plate exposure) 

Implant survival 92% 92% 92% 

Patient satisfaction 

(VAS) 
9.2 9.0 9.0 

 

Discussion 
The present observational study supports the efficacy of graft-less implant protocols in managing severe maxillary and 

mandibular atrophy. Across all three implant modalities, survival rates exceeded 92%, consistent with previous reports 

[16-20]. 

Zygomatic implants demonstrated excellent stability and aesthetic outcomes, aligning with outcomes reported by 

Chrcanovic et al., who found cumulative survival rates above 96% in a 10-year review [21]. Their ability to anchor in 

dense zygomatic bone allows for immediate loading and avoids sinus grafting, reducing treatment time and morbidity 

[22]. For this reason, for patients who have undergone partial or total maxillectomy, zygomatic implants can serve as a 

reconstructive option in place of conventional approaches such as non–implant-supported obturators or microvascular 

free-flap reconstructions. Reported failure rates generally range from 0% to 4.8%. The incorporation of smooth surface 

regions in specific segments of zygomatic implants is primarily intended to enhance peri-implant soft tissue health. 

These polished areas reduce the risk of infection and soft tissue irritation in regions that are not in direct contact with 

bone, whereas a roughened surface is typically reserved for the apical portion to facilitate osseointegration [23, 24]. 

Advantages of Smooth Surface Design 

Smooth, polished parts of the implant surfaces exhibit reduced bacterial adhesion compared with roughened surfaces, 

thereby limiting plaque accumulation and biofilm formation. This characteristic contributes to a lower incidence of 

bacterial-related complications, including peri-implantitis. Additionally, in hybrid-design zygomatic implants, the 

smooth or machined surface is commonly applied to the portion traversing or adjacent to the maxillary sinus and 

surrounding soft tissues. This design minimizes mechanical irritation of the sinus membrane and reduces inflammatory 

responses in adjacent tissues [23,24]. 

The smooth collar or cervical region of the implant may also promote stable soft tissue attachment, facilitating the 

formation of a biological seal. This seal can impede apical epithelial migration and restrict bacterial penetration into 

deeper peri-implant tissues, further decreasing infection risk. Moreover, by reducing tissue irritation and limiting 

bacterial ingress along the implant trajectory through the sinus region, smooth surface designs are associated with a 

decreased likelihood of postoperative sinusitis. From a maintenance perspective, smooth surfaces are easier to clean, 

supporting improved long-term hygiene for both patients and clinicians [23, 24]. 

Hybrid Surface Design Concept 

Contemporary zygomatic implants commonly employ a hybrid surface configuration. The apical segment, which 

engages the dense zygomatic bone, is typically roughened through techniques such as sandblasting and acid etching to 

enhance primary stability and promote rapid osseointegration. In contrast, the coronal or cervical portion, which 

interfaces with softer crestal bone and peri-implant soft tissues, is often smooth or machined to optimize soft tissue 

compatibility. This strategic combination of surface characteristics capitalizes on the biological advantages of each 

design, contributing to both long-term implant stability and the preservation of surrounding hard and soft tissues [23, 

24]. 

However, placement of zygomatic implants has been linked to a range of biological complications [25-27]. Among these, 

sinusitis and other sinus-related conditions emerged as the most reported adverse outcomes, with 58% of the reviewed 

studies documenting such complications. Oroantral fistula and peri-implantitis were also frequently observed, being 

reported in 25.5% and 15% of the included publications, respectively. Consequently, these conditions represent the 
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second and third most prevalent biological complications associated with zygomatic implant placement for orofacial 

reconstruction. Additional biological complications described in the literature include paraesthesia, mucositis, 

perforation of the Schneiderian membrane, orbital cavity involvement, fracture of the zygomatic bone, cutaneous fistula 

or fenestration, intracerebral penetration of the implant, and hematoma formation. Comparable surgical complications 

have likewise been documented by other investigators [28,29]. In our series of zygomatic implant cases, only one patient 

experienced a maxillary sinus complication. In addition, soft-tissue proliferation around the implants may result in 

deep peri-implant pockets, increasing susceptibility to peri-implantitis. 

However, in maxillae reconstructed after tumour resection, failures have been documented at much higher levels, 

reaching 21.43% (a survival rate of 78.57%). Several factors may contribute to this increased risk, including recurrent 

infections or tumour recurrence, limited residual bone volume for achieving stable anchorage and osseointegration, and 

excessive biomechanical loading in large maxillary defects.  

Radiotherapy further compromises outcomes, as its harmful effects on bone healing are well recognized and can reduce 

zygomatic implants’ survival rates [30]. Consequently, to minimize the likelihood of implant failure in resected 

maxillae, the placement of zygomatic implants is now considered contraindicated in medically compromised patients, 

individuals with a previous history of head and neck radiation, and those with general contraindications for implant 

surgery [31,32]. 

Pterygoid implants provided a reliable posterior anchor, particularly beneficial for patients with limited residual ridge 

height but intact posterior maxillary bone. Recent studies by Aparicio et al. and others have demonstrated survival rates 

ranging from 95–100%, with minimal complications and high patient satisfaction [33,34]. 

Subperiosteal implants have historically been associated with complications such as infection and exposure. However, 

the integration of digital planning and additive manufacturing has renewed interest in this approach. Modern custom-

fit subperiosteal frameworks exhibit favourable results and improved soft-tissue compatibility, as confirmed by Balshi 

et al.[35,36] and Abduo & Lyons [37]. 

The minimal complications observed in this study (two minor events) underscore the safety of graft less protocols when 

executed with proper planning and surgical expertise. The absence of implant loss or chronic sinusitis corroborates 

reports that careful trajectory planning and avoidance of vital structures are key to long-term success [38]. 

The clinical decision-making process among the three treatment approaches should consider multiple factors, including 

the availability of bone and associated anatomical constraints, patient-related comorbidities such as sinus health and 

systemic conditions, including diabetes mellitus, as well as the level of surgical expertise and the resources available at 

the treating facility. In addition, patient preferences regarding the degree of surgical invasiveness and the associated 

financial considerations should be carefully evaluated when selecting the most appropriate implant modality. This 

series highlights that graft-less techniques are especially advantageous in low-resource environments such as Libya, 

where bone graft materials and hospital infrastructure may be limited. 

 

Limitations 

The study’s limitations include its non-randomized design, small sample size, and variable follow-up periods. 

Radiographic bone stability was not quantitatively analyzed, and histological confirmation of osseointegration was not 

performed. Future prospective studies with standardized protocols and longer follow-ups are warranted. 

 

Conclusion 
Pterygoid, zygomatic, and subperiosteal implants provide reliable alternatives for the rehabilitation of severely atrophic 

jaws without bone grafting. All three techniques achieved full osseointegration and excellent patient satisfaction with 

minimal complications. The choice of implant should be tailored to the individual patient’s anatomical and systemic 

profile. Graft-less rehabilitation offers a cost-effective, less invasive, and highly predictable treatment modality suitable 

for use in both advanced and resource-limited clinical settings. In this observational series of 15 patients, graft-less 

rehabilitation achieved a 92% implant survival rate (22/24 implants), a low complication rate limited to minor, self-

resolving events (2 cases, 13.3%), high patient satisfaction (mean VAS 9.1/10), and enabled immediate or early loading 

in selected cases, thereby quantitatively supporting its predictability and reduced surgical morbidity compared with 

graft-based protocols. 
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