
ABSTRACT
Reconstructing extremities following tumor resection poses significant challenges, particularly when balancing limb preservation with effective 
cancer control. This report details the treatment of a 59-year-old male diagnosed with a malignant giant cell tumor of bone in his right distal 
forearm and hand. The therapeutic approach involved tumor excision and frozen radioulnar autografting to preserve the limb's structural in-
tegrity. The initial reconstruction using a latissimus dorsi flap resulted in flap necrosis, likely due to compromised blood flow, insufficient tissue 
coverage, and excessive tension. This complication highlighted the necessity for improved intraoperative monitoring to swiftly identify and 
mitigate potential perfusion issues. In the subsequent revision surgery, the team implemented a pedicled transverse rectus abdominis myocu-
taneous flap, enhanced with supercharging and superdrainage techniques, to better maintain the remaining tissues. This adjustment facili-
tated the patient’s functional recovery, enabling a quick return to chemotherapy. Four months after surgery, the patient started a structured 
rehabilitation program to accommodate functional changes. By the one-year follow-up, he achieved moderate independence, evidenced by an 
Eastern Cooperative Oncology Group (ECOG) performance status of 1 and a Disabilities of the Arm, Shoulder, and Hand (DASH) score of 34.2 
out of 100. These results highlight the significant impact of innovative flap design, reconstructive techniques, and comprehensive rehabilitation 
in improving outcomes for complex limb reconstructions in oncological settings. Ethical considerations were central throughout the treatment, 
particularly due to the patient’s potentially limited life expectancy. Decision-making prioritized maximizing palliative benefits and improving 
the patient’s quality of life, demonstrating a compassionate approach to care in complex cases.

INTRODUCTION

Managing Malignant Giant Cell Tumor of Bone
Recent advancements in surgical techniques, imaging technologies, and 
adjunct therapies have markedly transformed the management of ma-
lignant giant cell tumors of bone. Traditionally, these tumors necessitated 
limb amputation, but current approaches favor limb-preserving proce-
dures that significantly enhance both functionality and quality of life for 
patients [1,2]. However, reconstructing complex upper extremity defects 
after tumor resection presents considerable challenges for surgeons. 
These include meticulous soft tissue repair and the strategic selection of 
flap techniques, both crucial for protecting vital structures and ensuring 
the long-term viability of the limb.

Gaps in Flap Reconstruction Techniques
Flap transfer plays a pivotal role in soft tissue repair within reconstructive 
surgery by providing crucial coverage for critical structures such as nerves 
and blood vessels, and it offers adaptable tissue coverage across joints. 
Although free flap procedures are versatile and capable of addressing 
large defects, they demand significant resources, including specialized 
surgical teams and equipment. Moreover, these procedures are associat-
ed with a higher risk of complications such as flap failure due to vascular 
compromise, which can result in substantial morbidity for patients [3].

In contrast, pedicled flap techniques, utilizing tissue with an intact 
blood supply from a nearby site, generally provide more reliable vascular-
ization. Nonetheless, these methods come with their own set of challeng-
es, including the need for multiple surgeries and prolonged immobiliza-
tion periods that may delay recovery and rehabilitation [4]. These issues 
highlight the critical need for continual refinement of flap reconstruction 
methods to enhance their safety, efficiency, and applicability across a 
broader range of clinical scenarios. Improving these techniques could 
decrease the rate of complications and enhance the success rates of re-
constructive surgeries, particularly for complex cases requiring extensive 
tissue coverage.

Advanced Limb Reconstruction Techniques
This case report evaluates advanced limb reconstruction techniques in 
the treatment of malignant giant cell tumors of bone. Initially, the surgi-
cal team utilized a latissimus dorsi (LD) flap for primary reconstruction, 
aiming to preserve limb functionality while ensuring effective oncologi-
cal control. The discussion further explores challenges encountered with 
flap viability, detailing strategic responses including the use of a pedicled 
transverse rectus abdominis myocutaneous (pTRAM) flap enhanced by 
supercharging and superdrainage techniques. These modifications sub-
stantially improved vascular perfusion, contributing to both limb preser-
vation and functional recovery. This advancement in flap reconstruction 
for complex surgical scenarios underscores the dynamic evolution of 
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surgical strategies, offering essential insights for refining reconstruction 
techniques in the field of orthopedic oncology.

CASE PRESENTATION

Ethical Compliance
The Research Ethics Committee of National Taiwan University Hospital 
granted approval for this study (project approval number 202404041W), 
recognizing that it met the exemption criteria under applicable govern-
mental laws and regulations. This exemption is typically granted for stud-
ies presenting minimal risk to participants, facilitating compliance with 
ethical standards without necessitating a full committee review.

Patient History
This case report explores the management of a malignant giant cell tumor 
of bone in a 59-year-old slender male with a body mass index (BMI) of 
22.3. The tumor was located in his right distal forearm and hand. The pa-
tient had a significant history of smoking, consuming a pack of cigarettes 
daily for 20 to 30 years, and occasionally engaged in social alcohol use. 
Importantly, he had no other underlying health conditions such as diabe-
tes, hypertension, or cardiovascular disorders that could have influenced 
the treatment approach.

T1-weighted magnetic resonance imaging (MRI) with contrast en-
hancement revealed a large, expansile, and destructive tumor in the right 
forearm (Figure 1). The tumor displayed heterogeneous signal intensity, 
suggesting varied tissue characteristics. It had extensively invaded adja-
cent structures, including the distal ulna, carpal bones, metacarpal bases, 
and surrounding soft tissues. Aggressive infiltration into nearby muscles 
and displacement of the distal ulna resulted in joint incongruity at the 

radiocarpal interface. This disruption, coupled with notable soft tissue 
swelling, emphasized the invasive nature of the tumor. Measuring ap-
proximately 20 cm in diameter, the mass posed significant challenges for 
surgical intervention and treatment planning.

Initial Treatment Challenges
Upon the final diagnosis of a malignant giant cell tumor of bone, the 
patient was treated with chemotherapy using ifosfamide and epirubi-
cin. However, after five cycles of this chemotherapy regimen, the tumor 
showed significant resistance, marked by the continued growth of the 
primary tumor and worsening of lung metastases. This lack of response 
indicated the ineffectiveness of the chemotherapy, necessitating a shift in 
treatment strategy.

Surgical intervention was thus recommended, focusing primarily on 
palliative locoregional control rather than curative intent. The surgery 
aimed to reduce the tumor burden, alleviate symptoms such as pain, and 
enhance the patient’s quality of life by managing the local effects of the 
tumor, rather than attempting to eradicate the disease or prevent further 
metastasis.

This approach underscores the importance of balancing aggressive 
treatment options with palliative care in cases of advanced cancer, aiming 
to enhance the patient’s quality of life even when the disease remains 
incurable.

Patient-Centered Surgical Decision-Making
Thorough discussions with the patient and his family were crucial for ob-
taining informed consent for the surgical procedure. These conversations 
ensured that all parties fully understood the potential risks, benefits, and 
alternative options, leading to an informed decision. The expected im-
provements in the patient’s quality of life, especially enhanced function-

Figure 1. Preoperative T1-weighted magnetic resonance imaging (MRI) of the right forearm. This MRI with contrast enhancement reveals a large, expansile, and destructive tumor 
in the right forearm. The image displays heterogeneous signal intensity within the tumor, indicating varied tissue responses. Extensive involvement of surrounding anatomical struc-
tures includes the distal ulna, carpal bones, bases of the metacarpals, and adjacent soft tissues. The aggressive nature of the tumor is evident from its invasion into nearby muscles 
and the displacement of the distal ulna. This displacement causes joint incongruity at the radiocarpal interface, which is the joint between the radius and wrist bones, and is further 
complicated by significant soft tissue swelling around the tumor. The diameter of approximately 20 cm underscores the substantial size of the tumor and the complexity it adds to 
surgical intervention and treatment planning.
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ality and pain relief, were emphasized, given the advanced stage of the 
patient’s cancer.

During the decision-making process, the advantages of surgery, such 
as symptom relief and improved limb function, were carefully weighed 
against potential challenges, including the risks associated with surgery 
and the possibility of incomplete tumor removal. The patient’s personal 
goals and palliative care needs were thoughtfully considered, ensuring 
that the treatment plan aligned with his values and preferences. This ap-
proach was guided by key ethical principles, including respect for patient 
autonomy, the pursuit of beneficence by acting in the patient’s best in-
terest, and the principle of non-maleficence, aimed at minimizing harm. 
These considerations allowed for the development of a personalized sur-
gical plan that sought to balance the goals of improving the patient’s qual-
ity of life and managing disease progression.

Below-Elbow Amputation
The surgical team initiated the procedure with a below-elbow amputation 
at the mid-forearm level to effectively remove the tumor (Figure 2). During 
the surgery, the team cut the ulna approximately 8 cm from the tip of the 
olecranon, aiming to maintain as much structural integrity of the limb as 
possible. In contrast, they completely removed the radius, which the tu-
mor extensively involved, to ensure total removal of the malignant tissue 

and reduce the risk of residual disease.
This approach balanced the need for thorough tumor resection with 

the objective of preserving limb structure. By retaining a portion of the 
ulna, the surgery enhanced the potential for future reconstructive proce-
dures. This decision allows for greater structural support within the limb, 
which can facilitate the attachment of prosthetic devices or enable addi-
tional reconstructive surgeries that might help improve the limb’s func-
tionality and appearance.

Frozen Radioulnar Autograft for Limb Preservation
After excising the tumor, the team preserved the radioulnar autograft by 
freezing it in liquid nitrogen, a process known as frozen autografting. This 
method eliminates any residual tumor cells while preserving the bone’s 
structural integrity. Once thawed to room temperature, the autograft was 
secured using an AO olecranon locking plate, providing essential support 
and ensuring proper alignment.

Furthermore, surgeons reattached the biceps brachii muscle to the 
radial tuberosity and annular ligament, enhancing both the structural in-
tegrity and functionality of the limb. This comprehensive approach main-
tained the limb’s structural framework and preserved crucial functional 
capabilities for the patient.

Flap Design and Reconstruction
Following the amputation, immediate reconstruction was undertaken us-
ing an LD flap, designed in an inverted T-shape with dimensions of 12 
cm × 6.5 cm for the vertical strip and 20 cm × 7 cm for the double wings 
(Figure 3A). This design, chosen for extensive tissue coverage and optimal 
blood flow, is crucial for healing and minimizing the risk of flap necrosis 
(Figure 3B). The precise execution of the flap placement ensures the res-
toration of functionality and long-term viability of the reconstructed area 
by maintaining adequate vascularization.

Early Flap Complications
On the first postoperative day, compromised distal perfusion was detect-
ed, likely due to excessive tension on the flap and inadequate soft tissue 
coverage over the exposed bone. This condition, worsened by pressure 
from the bone graft and soft tissue edema, further impeded circulation. 
As the week progressed, these issues led to progressive partial necrosis, 
affecting approximately 60% of the flap, particularly in the distal double 
wings. Despite early detection, the extensive tissue damage necessitated 
immediate corrective measures to prevent further complications.

Revision Surgery
To address the critical complications, a flap revision was performed one 
week after the initial surgery. The corrective procedure utilized a pTRAM 
flap, based on the superior epigastric vessel, to provide additional vas-
cularized tissue. The pTRAM flap was enhanced with supercharging and 
superdrainage techniques, establishing additional vascular connections 
between the deep inferior epigastric and brachial vessels (Figure 4A).

Additionally, a split-thickness skin graft (STSG) was harvested from 
the right lateral thigh. The graft, measuring about 0.2 millimeters in thick-
ness, was carefully meshed and applied to cover the exposed area of the 
pTRAM flap (Figure 4B). This intensive surgical approach concluded with 
the division of the externalized pedicle four weeks later, marking the final 
step in the revision process.

Surgical Outcomes and Oncological Treatment Progress
One month after the pTRAM revision surgery, the flap had fully healed, 
indicating a favorable recovery. The wound was stabilized with no signs 
of further complications, enabling the patient to seamlessly resume his 
oncological treatment. Consequently, he commenced the sixth cycle of 
chemotherapy, which included ifosfamide and epirubicin, without any 

Figure 2. Intraoperative photograph following below-elbow amputation of the right fore-
arm. This photograph shows a 20 cm x 15 cm tumor that predominantly involves the 
entire radius and affects approximately 70% of the distal ulna, taken after a below-elbow 
amputation of the right forearm. The image highlights the extensive nature of the tumor 
resection. Following the resection, surgeons secure the radioulnar autograft, recycled via 
liquid nitrogen freezing, to the remaining forearm stump using a locking plate. Addition-
ally, they reattach the biceps brachii muscle to ensure functional restoration.
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delays. This timely recovery was crucial for maintaining the continuity of 
cancer treatment and enhancing the overall treatment outcome.

Rehabilitation and Performance Status
Four months after surgery, the patient began a structured rehabilitation 
program that included preparation for prosthesis fitting. This program 
was crucial for helping the patient adapt to the functional changes result-
ing from the amputation and for optimizing his ability to perform daily 
tasks. At the one-year follow-up, the patient maintained an Eastern Coop-
erative Oncology Group (ECOG) performance status of 1.

The ECOG performance status is a standardized tool used to assess a 
patient’s physical capability, particularly their ability to care for themselves 
and perform everyday activities [5]. The scale ranges from 0 to 5, with 0 
indicating full activity without restriction and 5 indicating death. A status of 
1 signifies that the patient is limited in physically strenuous activities but 
remains ambulatory and capable of light or sedentary work.

This status reflects the patient’s resilience in overcoming the physical 
challenges post-surgery and underscores the effectiveness of the rehabil-
itation program. Maintaining an ECOG score of 1 highlights the success 
of the surgical and rehabilitative interventions in enabling the patient to 
achieve a satisfactory level of independence and functionality.

Functional Recovery and Prosthesis Use
At the one-year postoperative assessment, the patient effectively used a 
functional prosthesis, as demonstrated by a Disabilities of the Arm, Shoul-
der, and Hand (DASH) score of 34.2 out of 100. 

The DASH score, a widely recognized and standardized tool, assesses 
upper-limb disability and symptoms [6]. It is extensively applied in both 
clinical practice and research to evaluate patient outcomes and functional 
recovery. The assessment includes 30 items that measure the patient’s 

ability to perform daily activities, the severity of symptoms, and the impact 
on social and occupational roles. Scores on the DASH scale range from 0 
to 100, where lower scores indicate better function and fewer disabilities, 
and higher scores suggest greater disability and functional limitations.

A score of 34.2 indicates moderate disability. This underscores that 
although the patient experienced some functional limitations, he was still 
capable of performing certain tasks independently. This score provides 
valuable insight into the patient’s level of functional recovery and the ef-
fectiveness of the prosthesis in helping him regain a degree of indepen-
dence in daily activities.

Rebuilding Function Through Multi-Stage Surgery
One year after surgery, the patient regained the ability to perform tasks 
such as writing and holding a cup, which represents a notable improve-
ment in his recovery (Figure 5). This progress highlights the success of the 
surgeries, designed both to alleviate symptoms and achieve local onco-
logical control, and to enhance hand functionality through a tailored pros-
thesis. The strategy effectively balanced oncological management with 
reconstructive outcomes, prioritizing the improvement of the patient’s 
quality of life by restoring intricate hand movements. Through careful 
planning and skilled execution, the surgical team significantly improved 
the patient’s physical independence and overall well-being.

DISCUSSION

Challenges in Extremity Reconstruction After Amputation
Recent advancements in the survival rates of patients with malignant 
giant cell tumors of the bone have underscored the need for durable 
and functional reconstruction methods following tumor resection [2]. As 

Figure 3. Flap design of the extended pedicle latissimus dorsi myocutaneous flap. (A) The flap includes an inverted T-shaped skin paddle featuring a 12 cm x 6.5 cm vertical strip over 
the muscle and 20 cm x 7 cm double wings for extensive tissue coverage. (B) The postoperative image demonstrates successful coverage of the radioulnar autograft with the flap, 
without any signs of plate exposure or ischemia, highlighting the design's effectiveness in enhancing vascularization and healing.
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treatments evolve, the emphasis has shifted towards enhancing long-term 
functionality and improving quality of life for patients undergoing extensive 
surgeries. Effective techniques must not only achieve the primary oncolog-
ical goal of tumor removal but also ensure the structural and functional 
rehabilitation of the affected limb.

However, reconstructing extremities post-amputation remains chal-
lenging due to limited availability of soft tissue and the presence of exposed 
bone or hardware, which complicates healing and increases the risks of in-
fection and graft failure. Additionally, exposed hardware can disrupt tissue 
integration, leading to further complications such as wound dehiscence. 
Developing innovative reconstruction strategies to address these issues is 
critical for optimizing both patient outcomes and long-term limb viability.

Innovative Techniques for Reconstruction
To address challenges in reconstructing extremities with limited soft tissue 
and exposed bone, Igarashi et al. introduced frozen autografting in 1999 
[7]. This method involves freezing excised bone in liquid nitrogen after cu-
rettage for later re-implantation. The autograft, once thawed, is secured 
with locking plates and screws to maintain structural integrity in the ab-
sence of ample soft tissue. This technique reduces local recurrence risks 
and supports complex reconstructions involving exposed bone.

In our case, frozen autografting combined with stabilization using an 
AO olecranon locking plate effectively preserved the limb’s structural in-
tegrity after excising a malignant giant cell tumor. Reattaching the biceps 
brachii to the radial tuberosity and annular ligament also restored limb 
functionality, demonstrating the technique’s ability to maintain both struc-
ture and function.

A retrospective multicenter study by Takeuchi et al. supports the use 
of tumor-devitalized autografts, analyzing 310 patients with benign and 
malignant bone tumors [8]. The study reported graft survival rates of 87% 
at five years and 81% at ten years, proving frozen autografting to be a reli-
able method for preserving bone integrity and function over the long term. 
These findings emphasize the durability and clinical utility of frozen auto-
grafts in complex bone reconstructions post-tumor resection.

Flap Choice for Soft Tissue Coverage
Innovative techniques such as frozen autografting provide robust solu-
tions for bone integrity and functional restoration. However, ensuring 
adequate soft tissue coverage remains a critical aspect of successful 
limb reconstruction. It is essential to provide sufficient soft tissue to cov-
er exposed bones and hardware to prevent complications like infection, 
wound dehiscence, and mechanical failure of the reconstruction. While 
preserving bone structure through autografting is crucial, the significance 
of soft tissue reconstruction, especially in cases requiring large donor ar-
eas for optimal coverage, is paramount.

In our case, the unique dome shape of the remaining forearm stump 
necessitated a larger donor tissue area compared to a simpler, flat defect. 
Initially, we considered free flaps such as the LD myocutaneous flap, deep 
inferior epigastric perforator flap, and anterolateral thigh flap. However, 
due to concerns over potential flap loss, treatment delays, and the techni-
cal demands of these procedures, we explored alternative solutions. We 
ultimately selected the pedicled LD flap, which provided significant vas-
cularized muscle volume for effective radioulnar graft coverage without 
the need for microvascular anastomosis [9]. We also evaluated simpler 
elevation pedicled flaps like the thoracodorsal artery perforator flap and 
lateral intercostal artery perforator flap, but their smaller volumes made 
them less suitable [10].

This focus on flap selection underscores a key aspect of this case, as 
successful soft tissue coverage significantly impacts overall outcomes in 
extremity reconstruction. Achieving optimal results in complex limb re-
constructions demands a careful balance between advanced bone recon-
struction techniques and strategic flap selection.

Advancements in Flap Monitoring Techniques
Despite rigorous preoperative planning, we encountered partial flap 
loss, likely due to compromised blood flow from extended harvest times. 
This highlights the importance of advanced intraoperative monitoring to 
promptly detect perfusion issues. Indocyanine green angiography (ICGA) 

Figure 4. Revision surgery using a pedicled transverse rectus abdominis myocutaneous flap. (A) Intraoperative application of supercharge and superdrainage techniques between 
the deep inferior epigastric and brachial vessels to enhance vascular supply to the flap. (B) Externalized rectus abdominis pedicle, later covered with a split-thickness skin graft har-
vested from the right lateral thigh.
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stands out as a valuable tool in this context. It provides objective assess-
ment of vascular patency in free flaps and identifies ischemic areas in 
pedicle flaps. By offering real-time data on blood flow, ICGA can identify 
intraoperative hypoperfusion, a key factor that significantly increases the 
risk of distal flap necrosis and healing delays [11,12].

The utility of ICGA in reducing postoperative flap necrosis has been 
substantiated by clinical studies. A Cochrane review of nine non-random-
ized cohort studies, involving 1,589 women and 2,199 breast reconstruc-
tions, compared the efficacy of ICGA with traditional clinical evaluations 
[13]. The review indicated that ICGA might reduce the incidence of necro-
sis, reoperation, and infection. Although promising, further investigation 
via randomized controlled trials is crucial to comprehensively validate the 
benefits of ICGA in surgical outcomes.

As we refine our flap monitoring techniques, the team continues to 
evaluate potential modifications to the fasciocutaneous component of 
the LD flap to enhance perfusion in its distal regions. These enhance-
ments are designed to increase blood flow, which may reduce complica-
tions such as flap necrosis and improve overall tissue integration. How-
ever, it is vital to carefully assess these modifications, as they could lead 
to increased morbidity at the donor site. A comprehensive evaluation of 
these risks versus the benefits is essential to ensure that any changes do 
not compromise patient safety and recovery.

Enhancing pTRAM Flaps: Supercharging and Superdrainage
To address the partial loss of the initial LD flap, we utilized a pTRAM flap 
based on the superior epigastric vessel. This approach provides addition-
al vascularized tissue and ensures adequate perfusion. Unlike traditional 
breast reconstruction, which enhances vascular supply through a subcu-
taneous tunnel, our method employs an externalized pTRAM flap. This 
allows for direct visualization of both arterial inflow and venous outflow, 
facilitating improved monitoring and reducing the risk of vascular com-
promise due to soft tissue pressure.

Since Hartrampf et al. introduced the pTRAM flap in 1982, it has seen 
various modifications, including adaptations for free flaps, aimed at re-
ducing donor-site morbidity and enhancing flap viability [14]. However, 
maintaining sufficient distal perfusion remains challenging, particularly 

when the flap relies on a single vascular anastomosis. In response, Bee-
gle introduced the “supercharging” technique in 1991 [15]. This method 
creates an additional anastomosis between the epigastric system and ei-
ther the internal mammary or thoracodorsal systems, thereby enhancing 
blood flow to the distal regions of the flap. Several case reports have af-
firmed the effectiveness of this technique in improving perfusion [16,17].

In our implementation, we employed the supercharging technique to 
enhance arterial blood flow and secure the viability of the pTRAM flap. 
We also incorporated the “superdrainage” technique to improve venous 
outflow, critical for preventing venous congestion. Venous congestion can 
lead to complications such as flap edema and necrosis if not adequately 
managed. Despite the clear benefits of superdrainage, retrospective stud-
ies suggest that up to 38% of cases may still exhibit persistent or wors-
ened perfusion post-application [18]. This underscores the technique’s 
value and potential risks. Therefore, careful patient selection, precise sur-
gical execution, and thorough postoperative monitoring are imperative 
to minimize the risks associated with venous insufficiency and optimize 
overall flap outcomes.

Ethical Considerations in Advanced Cancer Surgery
Surgical intervention for advanced malignant giant cell tumor of bone 
presents significant ethical considerations, especially when weighing the 
limited life expectancy of patients against the potential benefits of surgery. 
The primary ethical challenge centers on the appropriateness of aggres-
sive surgical interventions, such as tumor resection and limb reconstruc-
tion, in cases where the disease is generally incurable. Although surgery 
can alleviate symptoms, enhance functionality, and potentially improve 
quality of life, it also prompts scrutiny over the physical burden and risks 
associated with extensive procedures given the patient’s prognosis.

The decision to proceed with surgery must prioritize patient autono-
my, informed consent, and alignment with the patient’s goals, ensuring a 
comprehensive understanding of the realistic outcomes and limitations. 
In this instance, despite the advanced stage of the disease, the surgery 
significantly improved daily function and quality of life, illustrating that 
surgery can offer substantial palliative benefits even with a limited life ex-
pectancy. However, such decisions should be made on an individual ba-
sis, supported by thorough multidisciplinary discussions that emphasize 
the ethical principles of beneficence and non-maleficence. This approach 
aims to maximize patient well-being while minimizing potential harm.

Study Limitations
This study underscores the collaborative efforts between orthopedic and 
plastic surgeons in employing multimodal complex flap reconstruction for 
extensive soft tissue and bony defects. While this approach resulted in a 
favorable functional outcome for the amputee patient, several limitations 
warrant mention. The preoperative planning was deemed adequate; 
however, the absence of advanced postoperative circulation monitoring 
tools, such as ICGA, limited early detection of perfusion-related issues. 
Earlier identification and intervention could potentially have mitigated 
the risk of tissue loss. Looking ahead, incorporating advanced monitoring 
technologies like ICGA is essential. These measures are expected to en-
hance flap viability and improve overall patient outcomes in similar com-
plex reconstructive surgeries. Focusing on these improvements is crucial 
for reducing complications such as necrosis and ensuring the long-term 
efficacy of surgical interventions.

CONCLUSIONS

This case illustrates the utilization of established reconstructive techniques, 
such as frozen autografting and LD flaps, in managing complex limb defects 
after tumor resection. Despite encountering complications like flap necro-
sis, revision surgery that incorporated pTRAM flaps with supercharging and 

Figure 5. Functional recovery of the patient one year after surgery, demonstrating the 
use of a prosthesis. (A) The patient is shown writing, illustrating restored hand function-
ality. (B) The patient independently holds a cup and drinks water, highlighting successful 
rehabilitation and improved daily living capabilities postoperatively.
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superdrainage techniques was crucial in restoring vascular perfusion and 
salvaging the limb. This strategic and adaptable approach underscores the 
importance of early detection of perfusion-related issues, multidisciplinary 
collaboration, and continuous refinement of existing flap techniques in 
complex reconstructions. Furthermore, this case highlights how patient-cen-
tered decision-making, careful surgical planning, and timely interventions 
can significantly enhance functional recovery in high-risk scenarios.
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