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Abstract
Post-COVID mucormycosis has resulted in a significant increase in patients presenting with complex maxillary defects, necessitating exploration of effective reconstructive and rehabilitation strategies. This case report describes the microvascular reconstruction of an oroantral defect in a 52-year-old male following subtotal maxillectomy for rhino-maxillary mucormycosis. The patient initially underwent reconstruction using a patient-specific implant (PSI) to restore skeletal continuity; however, functional deficits persisted due to soft tissue deficiency. The defect measured approximately 8 × 4 cm and was subsequently reconstructed using a radial forearm free flap.
The surgical procedure involved flap harvesting with a long vascular pedicle, followed by microvascular anastomosis to the facial vessels and precise intraoral inset to re-establish palatal integrity. Postoperative recovery was uneventful, with no evidence of flap compromise. At the three-month follow-up, the patient demonstrated complete resolution of nasal regurgitation, significant improvement in speech articulation, and restoration of mastication.
This case highlights the limitations of PSI in addressing soft tissue defects and underscores the importance of microvascular reconstruction in achieving functional rehabilitation. Alternative rehabilitation options, including obturator prostheses, implant-supported prostheses, and regional flaps, should be considered based on defect size and patient factors. The radial forearm free flap remains a reliable and versatile option for restoring oral function and improving quality of life in patients with post-mucormycosis maxillary defects.
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Introduction
Mucormycosis is a rapidly progressive and potentially life-threatening opportunistic fungal infection caused by organisms of the order Mucorales. It is characterized by angioinvasion, resulting in vascular thrombosis, tissue ischemia, and extensive necrosis of affected structures [1,5,12]. The disease predominantly affects immunocompromised individuals, particularly those with uncontrolled diabetes mellitus, haematological malignancies, organ transplantation, or prolonged corticosteroid therapy [1,12].
During the coronavirus disease 2019 (COVID-19) pandemic, a dramatic surge in mucormycosis cases was reported, especially in countries such as India. This rise has been attributed to immune dysregulation caused by SARS-CoV-2 infection, widespread corticosteroid use, and hyperglycaemia, which together create a favourable environment for fungal proliferation [2,3,41,42]. As a result, post-COVID mucormycosis has emerged as a significant clinical challenge, frequently requiring aggressive surgical management.
Rhino-orbital-cerebral mucormycosis is the most common presentation, often involving the nasal cavity, paranasal sinuses, orbit, and maxilla [3,4]. The maxilla is particularly susceptible due to its porous structure and proximity to the sinonasal region, allowing rapid spread of infection [4,8]. Surgical management typically involves aggressive debridement or partial maxillectomy to control disease progression, often resulting in extensive maxillary defects [5,8,9].
These defects frequently lead to oroantral or oronasal communications, which significantly impair essential oral functions such as speech, mastication, and swallowing, and may result in nasal regurgitation and compromised facial aesthetics [6,18]. Rehabilitation of such defects remains a major challenge, as both structural integrity and functional restoration must be achieved.
Various reconstructive and rehabilitative approaches have been described, including local flaps such as buccal fat pad flaps, regional flaps such as temporalis muscle flaps, and prosthetic rehabilitation using obturators or implant-supported prostheses [18,21,22,29,30]. While these methods may be effective in selected cases, they may not provide optimal outcomes in large composite defects, particularly when significant soft tissue loss is present.
Patient-specific implants (PSIs) have gained popularity in recent years for restoring skeletal continuity and facial contour. However, they are limited in their ability to address associated soft tissue defects and restore functional separation between the oral and nasal cavities. Consequently, patients may continue to experience functional impairment despite adequate bony reconstruction.
In this context, microvascular free tissue transfer has emerged as the gold standard for reconstruction of complex maxillofacial defects, as it provides well-vascularized tissue capable of restoring both anatomical continuity and function [16,31,32]. Among the available options, the radial forearm free flap is particularly advantageous due to its thin, pliable tissue, long vascular pedicle, and reliable vascular anatomy, making it highly suitable for intraoral reconstruction [10,13,17].
The present case is unique in demonstrating the limitations of PSI-based reconstruction in achieving functional rehabilitation and highlights the role of radial forearm free flap in successfully restoring palatal integrity and oral function. This report contributes to the growing body of literature by emphasizing the importance of soft tissue reconstruction in post-mucormycosis maxillary defects and provides clinical insight into selecting appropriate reconstructive strategies in such complex cases.
Case Report
A 52-year-old male presented to the Department of Oral and Maxillofacial Surgery with complaints of hyper nasal speech, nasal regurgitation of fluids, and difficulty in mastication following previous treatment for rhino-maxillary mucormycosis. The patient had no significant medical, family, or psychosocial history and no known comorbidities. The patient had undergone aggressive surgical management, including right-sided subtotal maxillectomy with debridement of necrotic bone, followed by systemic antifungal therapy with liposomal amphotericin B.
Approximately six months prior, reconstruction using a patient-specific implant (PSI) had been performed to restore midfacial skeletal continuity. Although the implant provided structural support, the patient continued to experience functional impairment due to persistent soft tissue deficiency and oroantral communication.
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Fig 1 : Pre – operative CBCT image showing partial maxillectomy has been done, and PSI was placed in the earlier surgery

Clinical Examination
Intraoral examination revealed a persistent oroantral defect associated with palatal tissue loss, resulting in inadequate separation between the oral and nasal cavities. 
This contributed to impaired speech resonance and nasal regurgitation.
Radiological Assessment
Computed tomography (CT) of the maxillofacial region demonstrated extensive post-infective osteonecrosis with destruction of the maxillary alveolus, sinus walls, and involvement of the orbital floor, resulting in a persistent oroantral communication. The previously placed patient-specific implant (PSI) was visualized, restoring skeletal continuity; however, it failed to address the associated soft tissue defect, correlating with the patient’s functional impairment.
Treatment Planning
Considering the persistent functional deficit and soft tissue deficiency, definitive reconstruction using a microvascular free flap was planned. A radial forearm free flap was selected due to its thin, pliable nature and reliable vascular anatomy, making it suitable for intraoral reconstruction. No significant diagnostic challenges were encountered.
Preoperative evaluation included routine hematological investigations, cardiopulmonary assessment, and vascular assessment of the donor limb using Allen’s test and Doppler ultrasonography, which confirmed adequate collateral circulation.
Timeline
· Initial diagnosis of rhino-maxillary mucormycosis → Surgical debridement and subtotal maxillectomy
· Postoperative antifungal therapy with liposomal amphotericin B
· 6 months later → Reconstruction with patient-specific implant (PSI)
· Persistent functional deficit (nasal regurgitation, speech difficulty)
· Presentation to our department
· Definitive reconstruction with radial forearm free flap
· 3-month follow-up → Successful functional rehabilitation
Surgical Procedure
A multidisciplinary approach was adopted for surgical planning, involving oral and maxillofacial surgeons, anaesthesiologists, and physicians. Preoperative evaluation included routine haematological investigations, cardiopulmonary assessment, and vascular assessment of the donor limb using Allen’s test and Doppler ultrasonography, confirming adequate collateral circulation. A fasciocutaneous radial forearm free flap was designed over the non-dominant forearm to minimize donor-site morbidity. The flap dimensions measured approximately 8 × 4 cm, corresponding to the size of the intraoral defect.
The skin paddle was carefully marked to include reliable perforators from the radial artery. Dissection was performed in a subfascial plane, with meticulous identification and preservation of the radial artery and its venae comitantes. The vascular pedicle was traced proximally to obtain a length of approximately 10–12 cm, ensuring tension-free microvascular anastomosis.
[image: ][image: ]Following elevation, flap perfusion was confirmed. The donor site defect could not be closed primarily and was resurfaced using a split-thickness skin graft harvested from the abdominal region. The graft was secured and immobilized to facilitate optimal healing and graft take.
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Fig.2 : Intra – operative image showing the submandibular incision and removal of the submandibular gland.


Recipient Site Preparation and Reconstruction
At the recipient site, fibrotic tissue surrounding the palatal defect was excised, and wound margins were refreshed to create a well-vascularized bed. The radial forearm flap was transferred to the intraoral defect and carefully contoured to recreate the separation between the oral and nasal cavities.
A submandibular incision was made to expose recipient vessels. The facial artery and vein were identified, and to facilitate adequate access and tension-free pedicle positioning, the submandibular gland was excised.








Fig. 3: Marking and harvesting of the radial forearm flap: The skin paddle is outlined over the non-dominant forearm, incorporating the radial artery and venae comitantes. Flap elevation provides a long, reliable pedicle with predictable vascularity, making it a dependable option for head and neck reconstruction.
Microvascular anastomosis was performed under magnification. The radial artery was anastomosed end-to-end to the facial artery, and the venae comitantes were anastomosed to the facial vein, ensuring reliable arterial inflow and venous drainage.
The flap was tunnelled into the oral cavity and inset into the palatal defect. Precise suturing was performed to achieve stable fixation and optimal mucosal adaptation, successfully restoring the palatal partition and intraoral continuity.
Postoperative Management
The patient was monitored in the intensive care unit for the first 72 hours. Monitoring included continuous hemodynamic observation, strict fluid and electrolyte balance, adequate analgesia, and administration of prophylactic antibiotics and anticoagulation therapy.
Flap viability was assessed hourly during the first 24 hours and subsequently every 2–4 hours. Parameters monitored included flap color, temperature, capillary refill time, turgor, and bleeding on pin-prick testing.
[image: ]Enteral feeding via a nasogastric tube was maintained for one week, followed by gradual reintroduction of oral feeding after confirmation of satisfactory flap integration.






Fig. 4: Postoperative picture showing a tension free closure of the RFFF to close the OAC.
Outcome
The postoperative course was uneventful, with no evidence of vascular compromise or flap necrosis. The donor site healed satisfactorily without a functional deficit.
At follow-up, the reconstruction demonstrated stable flap integration with effective separation of the oral and nasal cavities. The patient showed complete resolution of nasal regurgitation, significant improvement in speech articulation, and restoration of mastication.
Overall, microvascular reconstruction using a radial forearm free flap successfully restored both anatomical continuity and oral function, effectively overcoming the limitations of prior patient-specific implant (PSI)-based reconstruction.
No adverse or unanticipated events were observed. The patient demonstrated good compliance and tolerated the procedure well.

Discussion
Mucormycosis is an aggressive opportunistic fungal infection characterized by angioinvasion, vascular thrombosis, and rapid tissue necrosis. The surge in mucormycosis cases during the COVID-19 pandemic, particularly in India, has been attributed to immune dysregulation, corticosteroid therapy, and uncontrolled hyperglycaemia [2,3,41,42]. As a result, an increasing number of patients are undergoing extensive surgical debridement or maxillectomy, leading to complex maxillofacial defects that require functional and aesthetic rehabilitation.
Reconstruction of post-mucormycosis maxillary defects presents a unique clinical challenge due to the combined loss of bone and soft tissue, as well as compromised vascularity of the surrounding tissues. These defects frequently result in oroantral or oronasal communications, leading to significant functional impairment, including nasal regurgitation, hyper nasal speech, and difficulty in mastication [6,18].
Several reconstructive options have been described depending on the size and complexity of the defect. Local flaps such as buccal advancement flaps and buccal fat pad flaps are suitable for small defects, while regional flaps such as the temporalis muscle flap may be used for moderate defects [29,30]. Prosthetic rehabilitation using obturator prostheses or implant-supported prostheses offers a non-surgical alternative, particularly in medically compromised patients [18,21,22]. However, these approaches may not provide adequate functional or aesthetic outcomes in large composite defects.
In recent years, patient-specific implants (PSIs) have gained popularity for reconstructing maxillary defects due to their ability to restore skeletal contour and facilitate dental rehabilitation. However, a key limitation of PSI-based reconstruction is its inability to address soft tissue deficiencies and re-establish functional separation between the oral and nasal cavities. In the present case, although PSI restored midfacial structural continuity, the patient continued to experience significant functional deficits, including nasal regurgitation and impaired speech. Possible reasons for PSI failure in such cases include poor vascularity of post-mucormycosis tissues, increased risk of infection, and the inability of alloplastic materials to provide dynamic soft tissue reconstruction.
Microvascular free tissue transfer has therefore emerged as the gold standard for reconstruction of complex maxillofacial defects. Free flaps provide well-vascularized tissue, improve resistance to infection, and enable restoration of both structural integrity and function [16,31,32]. Among the available options, the radial forearm free flap is particularly advantageous due to its thin, pliable skin paddle, long vascular pedicle, and consistent vascular anatomy [10,13,17]. These characteristics make it especially suitable for intraoral reconstruction, where precise contouring and reliable vascular supply are critical.
Alternative free flap options such as the anterolateral thigh flap and fibula free flap may be considered depending on the nature of the defect [11,28]. However, in cases primarily requiring soft tissue reconstruction and restoration of palatal integrity, the radial forearm free flap offers superior adaptability and functional outcomes. In the present case, the flap provided effective separation of the oral and nasal cavities, resulting in significant improvement in speech and mastication.
The postoperative outcome observed in this case is consistent with previous reports demonstrating high success rates and reliable functional outcomes with radial forearm free flap reconstruction [13,33]. At three-month follow-up, the patient showed complete resolution of nasal regurgitation, improved speech articulation, and satisfactory restoration of oral function. These findings highlight the importance of selecting an appropriate reconstructive modality based not only on structural requirements but also on functional considerations.
Strengths and Limitations
A key strength of this case report is the detailed documentation of a clinically relevant reconstructive challenge in the post-COVID era, along with a clear demonstration of the limitations of PSI-based reconstruction and the effectiveness of microvascular free tissue transfer in achieving functional rehabilitation.
However, certain limitations should be acknowledged. This report describes a single clinical case, and therefore, the findings cannot be generalized. Additionally, the follow-up period was limited to three months, and longer-term outcomes regarding flap stability, functional performance, and patient satisfaction require further evaluation.
Conclusion
Post-COVID mucormycosis has led to a significant increase in complex maxillary defects requiring comprehensive rehabilitation. While patient-specific implants can effectively restore skeletal continuity, they may not adequately address associated soft tissue deficiencies or restore functional separation between the oral and nasal cavities.
Microvascular reconstruction using a radial forearm free flap provides a reliable and versatile solution for such defects, enabling restoration of both anatomical integrity and oral function. The present case highlights the importance of individualized treatment planning and underscores the critical role of vascularized soft tissue reconstruction in achieving optimal functional outcomes.
This case emphasizes that successful rehabilitation of maxillary defects extends beyond structural reconstruction and requires careful consideration of functional restoration, thereby contributing valuable clinical insight for the management of post-mucormycosis defects.
Patient Perspective
The patient reported significant improvement in quality of life following the reconstructive procedure. He expressed satisfaction with the restoration of speech and the absence of nasal regurgitation, which had previously affected daily activities. The patient was also pleased with the functional and aesthetic outcome of the treatment.
Future Directions
Advances in digital surgical planning, three-dimensional imaging, and patient-specific implant technology are expected to play an increasingly important role in maxillofacial reconstruction. Integration of computer-assisted design with microvascular free tissue transfer may enhance surgical precision and improve functional outcomes in complex craniofacial defects.
Furthermore, emerging biomaterials and tissue engineering approaches hold promise for the simultaneous restoration of both skeletal and soft tissue components. Continued research, along with multidisciplinary collaboration, will be essential to optimize reconstructive strategies for patients with mucormycosis-associated defects and similar complex maxillofacial conditions.
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