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Abstract

Background: The rehabilitation of severely atrophic maxillae with extra-maxillary zygomatic implants often poses challenges due to insufficient soft tissue volume, resulting in implant body exposure and increased risk of gingival recession, peri-implant mucositis, and chronic inflammation, which can potentially compromise implant survival. Objective: This prospective clinical split-mouth study aimed to evaluate the effectiveness of the buccal fat pad flap (BFPF) in minimizing gingival recession and improving peri-implant soft tissue outcomes in patients receiving extra-maxillary zygomatic placement for severe maxillary atrophy. Methods: Four patients presenting with Cawood and Howell Class IV–VI maxillary atrophy were rehabilitated using the quad-zygomatic implant technique. Each patient received bilateral zygomatic implants; on one side, the implant was covered with a buccal fat pad (BFP) over the externalized implant, while the contralateral side served as a control and underwent conventional mucoperiosteal soft-tissue closure. Gingival recession, peri-implant tissue conditions, modified bleeding index (mBI), presence of suppuration, and implant survival were assessed at 3, 6, and 12 months postoperatively. Results: The BFPF group demonstrated significantly less gingival recession at all follow-up intervals (P < 0.05) and lower mBI scores. Suppuration was absent in both groups. Although harvesting time for the BFPF was slightly longer, it did not significantly prolong the overall surgery. Conclusion: The pedicled buccal fat pad flap is a promising adjunct for enhancing soft tissue outcomes in atrophic maxillae rehabilitation, reducing gingival recession, and reducing peri-implant soft tissue complications.
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Introduction
Extra-maxillary zygomatic implants (EZIs) are a surgical protocol in which implants are anchored in the zygomatic bone through the alveolar ridge or buccal side, bypassing the maxillary sinus. This approach provides a less invasive alternative to traditional intra-sinus techniques [1]. This approach reduces sinus-related complications, such as chronic sinusitis. However, it increases the risk of peri-implant soft tissue recession, dehiscence, implant exposure, and peri-implantitis [2,3]. According to the zygomatic anatomy-guided approach (ZAGA) classification, ZAGA Types 3–4 patients, who have significant maxillary bone loss and concave lateral maxillary walls, are ideal candidates for extra-maxillary zygomatic implant placement because their anatomical configuration renders an intra-sinus zygomatic implant approach less feasible [4,5].
The buccal fat pad (BFP) is a specialized, encapsulated adipose structure commonly used for intraoral reconstruction following tumor resection [6,7]. It offers numerous advantages, being easily harvestable, well-vascularized, associated with minimal donor site issues, and capable of forming tissue like normal oral mucosa within a few weeks [8], and it is associated with a lower risk of postoperative complications, such as infection or hematoma [9].
These advantages make the BFP a valuable option to mitigate soft tissue breakdown, reduce the risk of peri-implant complications, and improve both functional and esthetic outcomes in patients with severe maxillary atrophy [10–12]. However, the effectiveness of applying the BFP as an adjunct in zygomatic implant–supported prosthetic rehabilitation to overcome complications associated with the extra-maxillary technique, particularly soft tissue recession, remains unclear. This is a split-mouth study, and to the best of our knowledge, no previous split-mouth investigation has evaluated whether the use of the buccal fat pad for coverage of extra-maxillary implants yields superior outcomes compared with conventional soft-tissue closure techniques.
Therefore, the present study aimed to investigate whether using a pedicled fat pad with EZIs could effectively prevent or reduce gingival recession compared with standard extra-maxillary placement.
Materials and methods
Study design/sample
This prospective, split-mouth clinical study evaluated 16 zygomatic implants placed in four patients presenting with Cawood and Howell Class IV–VI maxillary atrophy. The side designated for the test intervention was randomized preoperatively, with the contralateral side serving as the control. All procedures were performed at the Department of Oral and Maxillofacial Surgery, Faculty of Dentistry, Cairo University, Egypt, between August 2024 and April 2025. Written informed consent was obtained from all participants. The study protocol was approved by the Cairo University Ethics Committee in 2023 (approval number: 5-7-23).
Patients over 18 years of age, of both sexes, with Cawood and Howell Class IV–VI maxillary atrophy were included in this study. Participants needed to be in good systemic health and committed to complying with scheduled follow-up visits. Exclusion criteria comprised individuals with systemic conditions that could impair hard or soft tissue healing, such as uncontrolled diabetes mellitus, or those taking medications known to negatively affect wound repair, including long-term corticosteroids or immunosuppressive agents. Patients with intrabony lesions or active oral infections, detrimental habits such as smoking, and a history of head and neck radiotherapy within the past 10 years were also excluded.
The 16 zygomatic implants were divided into two groups: the control group, which included 8 implants placed using the standard extra-maxillary zygomatic implant technique, and the intervention group, which included 8 implants placed using a pedicled pad of fat in conjunction with EZIs.
Surgical procedure
All surgical procedures were performed by the same operator. Postoperative clinical evaluations were conducted by a different oral and maxillofacial surgeon from the same department, and this evaluator remained consistent throughout the study to minimize assessment bias.
All patients underwent a standardized preoperative protocol that included detailed history taking, clinical examination, fabrication of diagnostic acrylic dentures, and acquisition of a preoperative cone-beam computed tomography (CBCT) scan. CBCT was performed using the Planmeca ProMax® 3D Mid unit (Planmeca Oy, Helsinki, Finland) at a voxel size of 0.3 mm. Digital imaging data were imported into Blue Sky Plan® software 4.0 (Blue Sky Bio, LLC, USA) for virtual surgical planning [13] (Fig. 1), with bilateral zygomatic implants placed using the quad zygomatic technique in fully edentulous cases.
All patients underwent surgery under general anesthesia with nasal endotracheal intubation. Local anesthesia consisting of 2% lidocaine with 1:100,000 adrenaline (Arab Drug Company for Pharmaceuticals, Cairo, Egypt) was infiltrated intraorally along the planned incision lines to achieve hemostasis. Surgical procedures involved the elevation of a full-thickness mucoperiosteal flap, exposure of the zygomatic buttress, and placement of JD Zygoma implants (JDentalCare Srl, Modena, Italy) with diameters of 3.9 and 4.3 mm and lengths ranging from 30 to 57.5 mm. The JD implant is designed with a smooth cervical body and a threaded, tapered apex. The implants were inserted following an extra-maxillary trajectory that was virtually simulated using Blue Sky software, guided by anatomical landmarks as described by Rigolizzo et al. [14] and Rossi et al. [15] (Fig. 2). Implants were fitted with abutment screws and healing abutments.
In the intervention group, a pedicled buccal fat pad was harvested and advanced to cover the exposed implant surface, providing vascularized soft tissue protection. The flap was sutured to the palatal mucosa (Fig. 3). Flaps were sutured using resorbable sutures to ensure a tension-free closure. Vicryl® sutures 4-0 (polyglactin 910) on a non-cutting round needle (Ethicon, Johnson & Johnson, USA) were used to secure the pedicled buccal fat pad flap, while chromic catgut 4-0 (Ethicon, Johnson & Johnson, USA) was used for mucosal suturing. Postoperative care included amoxicillin/clavulanic acid 625 mg every 8 h for 5 days (Augmentin®, GlaxoSmithKline, UK), ibuprofen 600 mg every 8 h for 3 days (Brufen®, Abbott Laboratories, USA) for pain control, and 0.12% chlorhexidine gluconate mouthwash twice daily for 14 days (Corsodyl®, GlaxoSmithKline, UK).
Patients were followed up at 1 week, 3 months, 6 months, and 12 months. The zygomatic implants were left unloaded during the healing phase, with no provisional implant-supported prosthesis; some patients wore a pre-existing complete denture for temporary esthetic and functional replacement. At 6 months, prosthetic rehabilitation was initiated. A CBCT scan was obtained, and digital impressions were captured using scan bodies to digitally fabricate a full-arch implant-supported hybrid prosthesis. The primary outcome was gingival recession measured at 3, 6, and 12 months postoperatively using clinical parameters and 6-month CBCT, including peri-implant mucosal recession (PISTR), peri-implant soft tissue condition (PISTC), modified bleeding index (mBI), suppuration, and implant survival rate. The secondary outcome was the effect of harvesting on surgical time. The study variables were assessed using the criteria established by Hernaández-Alfaro et al. [11].
	[image: Thumbnail: Fig. 1 Refer to the following caption and surrounding text.]	Fig. 1 Virtual preoperative planning for zygomatic implants using Blue Sky software.



	[image: Thumbnail: Fig. 2 Refer to the following caption and surrounding text.]	Fig. 2 Quad extra-maxillary zygomatic implants in situ, with healing abutments in place.



	[image: Thumbnail: Fig. 3 Refer to the following caption and surrounding text.]	Fig. 3 The pedicled buccal fat pad flap covered the zygomatic implants on one side and was sutured to the palatal mucosa with resorbable sutures.



Outcome assessment criteria
The implant survival rate was defined as the number of implants remaining stable without mobility. The PISTR was assessed through clinical examination and categorized as follows: Grade I = no recession, Grade II = slight recession with the implant head visible, and Grade III = recession with up to seven exposed threads. The PISTC was also evaluated clinically and scored as follows: 0 = normal mucosa, 1 = minimal inflammation with minor edema, 2 = moderate inflammation with edema and glazing, and 3 = severe inflammation with bleeding without probing. The mBI was determined by inserting a UNC-15 periodontal probe (Hu-Friedy) 1 mm into the sulcus surrounding the implant. Bleeding was evaluated 15 s after gentle probing and recorded on a scale from 0 to 3, where 0 = no visible bleeding, 1 = isolated bleeding spot, 2 = blood forming a confluent red line along the gingival margin, and 3 = heavy or profuse bleeding. Suppuration was assessed by applying gentle finger pressure to the peri-implant mucosa and was recorded as either present or absent.
Statistical analysis
Statistical analysis was performed using SPSS v26 (IBM Inc., Chicago, IL, USA). Shapiro-Wilk was used to evaluate the normality of data. Quantitative parametric data were presented as mean and standard deviation (SD). Qualitative variables were presented as frequency and percentage (%). Student’s t-test was used to analyze the differences between continuous data. The chi-square test (χ2) was used for comparison of categorical data. Statistical significance was set at P ≤ 0.05.
Results
This study included 16 zygomatic implants in 2 males and 2 females, with a median age of 55.9 yr. All patients were diagnosed with Cawood and Howell Class IV–VI maxillary atrophy and were classified as ZAGA III–IV. The 16 zygomatic implants were divided into two groups: control group: 8 implants placed using the standard extra-maxillary zygomatic implant technique, and intervention group: 8 implants placed using a pedicled pad of fat in conjunction with the externalized zygomatic.
The intergroup comparison between the standard EZI and the BFPF approach revealed comparable implant survival rates, with both groups achieving 100% survival and no statistically significant difference (P = 1.000). However, significant differences were observed in peri-implant soft tissue outcomes: the BFPF group demonstrated significantly less soft tissue recession across all time points. At 3 months (P = 0.005) (Fig. 4), at 6 months (P = 0.007), and at 12 months (P = 0.001) (Fig. 5). Similarly, PISTC was significantly better in the BFPF group at 6 months (P = 0.007) and at 12 months (P = 0.014) (Tab. I). Additionally, the BFPF group also exhibited significantly lower mBI scores than the EZI group at 3 months (P = 0.016), at 6 months (P = 0.005), and at 12 months (P = 0.005). Regarding suppuration, no suppuration was observed in either group at any follow-up time point; consequently, there were no statistically significant differences between groups (P > 0.05) (Tab. II).
The difference in operative time between the two surgical procedures was statistically significant (P < 0.0001). Although there was a minor increase in time, the mean surgery time for the BFPF technique was significantly longer than that of the standard EZI approach (59.87 vs. 65.25 min).
Table 1 
Comparison between the study groups regarding implant survival rate, PISTR, and PISTC

Table 2 
Comparison between the study groups regarding mBI and Suppuration

	[image: Thumbnail: Fig. 4 Refer to the following caption and surrounding text.]	Fig. 4 Clinical photograph taken three months postoperatively illustrating the right side, where the BFPF was utilized to cover the EZI, demonstrating enhanced mucosal coverage and increased soft tissue thickness compared with the contralateral side (left), which exhibits visible gingival recession.



	[image: Thumbnail: Fig. 5 Refer to the following caption and surrounding text.]	Fig. 5 A six-month postoperative intraoral photograph shows sustained mucosal coverage and increased soft tissue thickness on the right side treated with the BFPF, contrasting with gingival recession on the left side.



Discussion
BFPF technique involves using the patient's buccal fat pad, located within the masticatory space between the buccinator and masseter muscles, to cover damaged areas in oral reconstruction and to fill larger maxillary defects [16,17]. The BFP volume tends to remain relatively constant throughout adulthood, ranging between approximately 7 and 11 cm³ in adults, while elderly people show similar or increased BFP volume [18,19]. However, anatomical and radiological studies have demonstrated that several factors, such as age, sex, body mass index, nutritional status, and medical history, can influence its size and quality [19].
BFP transposition is a single-use procedure; once the fat pad has been mobilized and sutured to the repair site, it cannot be re-harvested laterally due to flap necrosis, infection, or peri-implant complications. This underscores the importance of careful surgical planning when considering BFP transposition [18].
In the present study, the intergroup comparison between the EZI and BFPF techniques demonstrated that both achieved 100% implant survival with no significant differences, indicating equal mechanical stability. Regarding the implant survival rate, our results came following previous research that stated that both BFPF and EZI methods reported a 100% implant survival rate, indicating that the BFPF technique does not compromise the success of the implants, confirming that both techniques are mechanically reliable and capable of achieving successful osseointegration, even in severely atrophic maxillae [10,20].
Regarding soft tissue recession, the BFPF demonstrated significantly better outcomes in soft tissue recession across all time points, indicating improved soft tissue coverage and protection over time. This highlights the protective role of the BFPF in maintaining mucosal volume and stability. Current research agrees with our findings, indicating that using the BFPF to cover extra-maxillary zygomatic implants results in a statistically significant reduction in soft tissue recession over 12 months compared with EZI approaches [11]. In the same context, larger retrospective studies and systematic reviews supported these findings, reporting very low rates of tissue retraction and implant thread exposure when the BFPF technique is used, compared with higher risks of recession and exposure with EZI placement [21].
According to soft tissue conditions, the BFPF group maintained healthier peri-implant conditions at both 6- and 12-month follow-ups compared with the EZI group, suggesting that the buccal fat pad’s vascularity, biological activity, and cushioning properties may contribute to reduced inflammation and enhanced soft tissue integration. These results are in agreement with Chrcanovic & Abreu [22] and Aparicio et al. [23], who highlighted the challenges of soft tissue management in EZI and suggested that inadequate soft tissue coverage increases the risk of soft tissue infection, dehiscence, mucositis at the abutment level, and sinusitis. Additionally, Aparicio & Aparicio [24] and Leroy et al. [25] reported that the buccal fat pad provides stable, vascularized coverage that improves soft tissue healing and reduces postoperative complications when used in maxillofacial reconstruction and implantology. Furthermore, Abdel-Fatah et al. [21] and Elwan et al. [26] reported that BFPF increased the thickness of the peri-implant soft tissue and contributed to better long-term implant stability, which protects against mucosal dehiscence, inflammation, and long-term exposure of the implant surface to the oral cavity conditions that can lead to peri-implantitis.
In the present study, the BFPF group demonstrated significantly lower mBI scores at all evaluated time points compared with the EZI group, reflecting healthier peri-implant soft tissues and reduced inflammatory response. To the best of our knowledge, this is the first investigation to assess the influence of the BFPF on mBI scores in comparison with conventional EZI closure, and the findings suggest a promising role of the BFPF in reducing peri-implant bleeding and inflammation. The lower bleeding scores observed in the BFPF group may be attributed to the flap’s ability to enhance soft-tissue thickness, reduce soft-tissue recession and implant exposure, and promote more stable healing, ultimately lowering rates of complications such as bleeding [10,27].
In terms of surgery time, our results found that the BFPF technique required a statistically significantly longer surgical time compared with the EZI placement. However, this difference (approximately 5.4 min) is statistically significant, but it is still clinically acceptable. This difference is attributed to the complexity and additional steps, including harvesting and securing the pedicled BFP. Importantly, this slight increase in operative duration is compensated by the clinical benefits observed, including reduced soft tissue recession, lower bleeding scores, and improved peri-implant soft tissue health over the follow-up period. Our results are supported by a study that found the BFPF technique involves isolating and mobilizing the fat pad while preserving its vascular pedicle, which is crucial for flap viability and requires careful dissection and positioning, potentially extending surgical time [28].
Conclusion
The pedicled buccal fat pad offers a biologically effective adjunct to extra-maxillary zygomatic placement, significantly reducing gingival recession and inflammation while preserving peri-implant soft tissue integrity. Despite a modest increase in operative time, this approach enhances long-term clinical and esthetic outcomes in patients with severe maxillary atrophy.
Limitations
The small sample size of this pilot study limits the generalizability of the findings and the long-term assessment of outcomes. Therefore, larger-scale longitudinal studies are needed to validate these preliminary results and to better understand the variability in clinical outcomes.
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      Table 1 

      Comparison between the study groups regarding implant survival rate, PISTR, and PISTC

      
        


	Time
	Scores
	EZI
	BFPF
	chi square
	P value



	
	
	N
	%
	N
	%
	
	





	Implant survival rate:



	3M
	0
	0
	0
	0
	0
	0.000
	1



	
	1
	8
	100
	8
	100
	
	



	6M
	0
	0
	0
	0
	0
	0.000
	1



	
	1
	8
	100
	8
	100
	
	



	12M
	0
	0
	0
	0
	0
	0.000
	1



	
	1
	8
	100
	8
	100
	
	



	Peri-implant soft tissue recession (PISTR)



	3M
	I
	0
	0
	6
	75
	10.667
	0.005*



	
	II
	4
	50
	2
	25
	
	



	
	III
	4
	50
	0
	0
	
	



	6M
	I
	0
	25
	5
	62.5
	10.000
	0.007*



	
	II
	3
	37.5
	3
	37.5
	
	



	
	III
	5
	62.5
	0
	0
	
	



	12M
	I
	0
	0
	4
	50
	16.000
	0.001*



	
	II
	0
	0
	4
	50
	
	



	
	III
	8
	100
	0
	0
	
	



	Peri-implant soft tissue condition (PISTC)



	3M
	0
	2
	25
	6
	75
	4.667
	0.198



	
	1
	4
	50
	2
	25
	
	



	
	2
	1
	12.5
	0
	0
	
	



	
	3
	1
	12.5
	0
	0
	
	



	6M
	0
	0
	0
	6
	75
	10.000
	0.007*



	
	1
	6
	75
	2
	25
	
	



	
	2
	2
	25
	0
	0
	
	



	
	3
	0
	0
	0
	0
	
	



	12M
	0
	0
	0
	5
	62.5
	8.500
	0.014*



	
	1
	5
	62.5
	3
	37.5
	
	



	
	2
	3
	37.5
	0
	0
	
	



	
	3
	0
	0
	0
	0
	
	





      

      

P value for Chi-square test (χ2), significant at P<0.05





    

  
    
      Table 2 

      Comparison between the study groups regarding mBI and Suppuration

      
        


	Time
	Scores
	EZI
	BFPF
	chi square
	P value



	
	
	N
	%
	N
	%
	
	





	Modified Bleeding Index (mBI)



	3M
	0
	0
	0
	6
	75
	10.286
	0.016*



	
	1
	5
	62.5
	2
	25
	
	



	
	2
	2
	25
	0
	0
	
	



	
	3
	1
	12.5
	0
	0
	
	



	6M
	0
	0
	0
	6
	75
	10.667
	0.005*



	
	1
	4
	50
	2
	25
	
	



	
	2
	4
	50
	0
	0
	
	



	
	3
	0
	0
	0
	0
	
	



	12M
	0
	0
	0
	6
	75
	10.500
	0.005*



	
	1
	7
	87.5
	1
	12.5
	
	



	
	2
	1
	12.5
	1
	12.5
	
	



	
	3
	0
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P value for Chi-square test (χ2), significant at P<0.05





    

  
    
      Fig. 4 

      
        [image: Fig. 4 Refer to the following caption and surrounding text.]
      

      
        Clinical photograph taken three months postoperatively illustrating the right side, where the BFPF was utilized to cover the EZI, demonstrating enhanced mucosal coverage and increased soft tissue thickness compared with the contralateral side (left), which exhibits visible gingival recession.

      

    

  
    
      Fig. 5 

      
        [image: Fig. 5 Refer to the following caption and surrounding text.]
      

      
        A six-month postoperative intraoral photograph shows sustained mucosal coverage and increased soft tissue thickness on the right side treated with the BFPF, contrasting with gingival recession on the left side.
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