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ABSTRACT

This quantitative cross-sectional study evaluated the diagnostic accuracy, surgical
efficacy, and long-term outcomes of patients with bone and soft tissue disorders,
integrating pathological, surgical, and clinical perspectives. The objectives were to
(1) assess the accuracy and effectiveness of diagnostic techniques—including
histopathology, immunohistochemistry, and molecular profiling—in identifying and
classifying musculoskeletal pathologies; (2) analyze the impact of surgical
reconstruction strategies on structural restoration, function, and quality of life; and
(3) evaluate long-term medical outcomes and complications following surgical
management. Data were collected from 210 patients treated at three tertiary
hospitals between 2018 and 2024, using purposive sampling and structured record
review. Diagnostic accuracy was analyzed using descriptive statistics, Pearson
correlation, and ANOVA, while multiple regression examined predictive
relationships among diagnostic precision, surgical technique, and recovery
indicators through SPSS version 26. Results revealed that combined diagnostic
approaches yielded the highest mean accuracy (94.58%) compared with
histopathology (82.45%) and immunohistochemistry (87.33%). Advanced surgical
methods such as vascularized bone transfer achieved superior functional (91.48%)
and HRQoL scores (92.95%) with lower complication rates (9.7%). Long-term
outcomes indicated high functional recovery (88.73%) and patient satisfaction
(89.12%), though recurrence (11.42%) and chronic pain (14.27%) persisted as
clinical concerns. The study concludes that integrated molecular diagnostics and
innovative reconstructive strategies significantly improve diagnostic reliability,
recovery rate, and quality of life among patients with bone and soft tissue disorders.

INTRODUCTION

influences treatment planning and prognostic outcomes

Bone and soft tissue disorders comprise a diverse group of
pathological entities that include both benign and
malignant lesions, degenerative conditions, and traumatic
injuries. These disorders affect the skeletal and connective
tissues such as bone, cartilage, muscle, adipose tissue, and
fibrous connective structures, posing significant
diagnostic and therapeutic challenges for clinicians and
pathologists alike [1]. Accurate pathological diagnosis
requires a multidisciplinary approach integrating clinical
findings, radiological imaging, histopathology, and
increasingly, molecular and immunohistochemical
analysis. The advent of next-generation sequencing and
advanced molecular profiling has revolutionized the
diagnostic accuracy of bone and soft tissue tumors,
enabling more precise subtyping, which directly
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[2].

Following diagnosis, surgical reconstruction plays a
critical role in restoring structural integrity, function, and
aesthetics after the removal or repair of diseased bone and
soft tissues. The scope of surgical interventions ranges
from simple bone grafting and orthopedic fixation to
complex microvascular reconstructions, allografts, and
endoprosthetic replacements [3]. Modern reconstructive
surgery emphasizes not only the mechanical stability of
the skeletal framework but also soft tissue coverage,
vascular supply, and long-term functional rehabilitation.
For instance, biological reconstruction following the
resection of malignant bone tumors has demonstrated
encouraging functional recovery, although it remains
associated with substantial complication rates, such as
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non-union, infection, or graft resorption [4].

Long-term medical outcomes remain a central focus in the
management of bone and soft tissue disorders. Patients
undergoing extensive reconstructive procedures or living
with chronic musculoskeletal diseases often experience
prolonged rehabilitation, pain, psychological distress, and
diminished quality of life [5]. Studies assessing health-
related quality of life (HRQoL) in patients treated for bone
and soft tissue tumors show persistent reductions in
physical functioning, social participation, and mental well-
being compared to the general population [6]. These
findings underscore the need for lifelong multidisciplinary
follow-up, combining orthopedic, oncological, and
rehabilitative care to ensure optimal outcomes [7].
Epidemiology and Clinical Scope: Bone and soft tissue
disorders cover a broad clinical spectrum that includes
benign tumors, malignant neoplasms, traumatic injuries,
congenital defects, degenerative conditions, and metabolic
skeletal diseases. Many of these disorders are relatively
rare, especially the malignant soft tissue sarcomas and
primary bone tumours, which require specialised centres
for diagnosis and management. The overall burden is
significant because even benign lesions, or post-traumatic
soft tissue injuries, can lead to functional impairment, long
treatment courses, and high healthcare costs [8].

These disorders often affect a wide age range—from
paediatric patients with skeletal dysplasias or congenital
soft tissue anomalies, to older adults with degenerative
bone and soft tissue problems such as fractures around
arthroplasties or sarcomas in older age. The heterogeneity
of patient age, lesion location, and tissue type means that

multidisciplinary =~ expertise is required across
orthopaedics, oncology, pathology, radiology, and
rehabilitation.

Anatomically, the skeletal system and its associated soft
tissues (muscles, tendons, ligaments, adipose tissue,
synovium, peripheral nerves) form a highly integrated and
mechanically stressed unit [9]. Disorders affecting one
part often have cascade effects on adjacent tissues—for
example, a bone tumour may prompt soft tissue invasion
and vice versa. Because of this, the classification,
management, and outcome tracking of these disorders
demand a unified approach.

Finally, with advances in imaging, surgical techniques, and
molecular diagnostics, more patients now survive longer
after treatment for bone and soft tissue disorders. This has
shifted the clinical focus not just to survival but to
functional outcomes, quality of life, and long-term
complications, thereby increasing the importance of
systematic long-term follow-up and outcome research
[10].

Pathological Diagnosis: Accurate pathological diagnosis
is foundational in the management of bone and soft tissue
disorders. For tumours in particular, morphological
evaluation under the microscope (histology) remains the
cornerstone. However, the challenges are numerous: many
lesions are rare, multiple entities show overlapping
histologic features, the samples may be small (especially
biopsies), and decalcification of bone can degrade tissue
quality [11].

Increasingly, pathology laboratories now integrate
immunohistochemistry, fluorescence in situ hybridisation

(FISH), and next-generation sequencing (NGS) into their
workflows. These molecular and genetic tools help refine
classification, detect specific translocations, gene
amplifications, or chromosomal rearrangements, and can
point to prognostic or therapeutic implications. For
example, methylation profiling has shown promise in sub-
typing bone and soft tissue tumours [12].

But these advances also bring challenges: cost, specimen
requirements, turnaround time, and interpretation of
complex results. Not all laboratories are equally equipped,
and the pathologist must integrate molecular findings with
morphology, radiological information, and clinical context
to render an “integrated diagnosis”. The updated WHO
classifications emphasise this integrative approach [7].
Moreover, for non-tumour bone and soft tissue disorders
(e.g, metabolic bone disease, chronic soft tissue
degeneration, traumatic defects), pathology can also play
a role in assessing tissue quality, degree of degeneration,
inflammatory status, vascularity, and viability. These
pathological insights help guide surgical planning and
prognostication beyond tumour settings [13].

Surgical Reconstruction: Once a diagnosis is established,
surgical reconstruction often becomes the central
therapeutic pillar. In the context of bone and soft tissue
disorders, this may involve excision of tumours and
subsequent limb-salvage procedures, repair of large bone
defects after trauma or infection, soft tissue reconstruction
for coverage of implants or grafts, and restoration of
mechanical and biological function. The surgeon must
consider not only the excised tissue and replaced
structure, but also remaining muscle, tendon attachments,
neurovascular integrity, and the need for soft tissue
coverage [11].

Techniques in bone reconstruction include autografts,
allografts, bone transport (e.g., distraction osteogenesis),
segmental prosthetic replacements (megaprostheses),
and composite reconstructions (allograft-prosthesis
composites). For soft tissue, reconstruction may involve
local or free flaps, biologic meshes, tendon transfers, and
vascularised bone transfers. The success of these
reconstructions  depends on  achieving  stable
biomechanical fixation, maintaining or restoring vascular
supply, and securing durable soft-tissue coverage [14].

In recent years, the interface between soft tissue and
implants has become a key focus: for example, how
tendons attach to prosthetic surfaces, how muscle
coverage influences prosthetic longevity, and how soft
tissue integration affects implant survival and function.
While many technological advances (e.g, improved
materials, custom implants, tissue engineered constructs)
show promise, many reconstructions still face
complication rates that remain substantial (e.g., non-
union, infection, prosthesis loosening, soft-tissue failure)
[15].

The significance of this study lies in its integrative
examination of bone and soft tissue disorders from
pathological, surgical, and long-term management
perspectives. Despite major advances in diagnostic
imaging, molecular pathology, and reconstructive surgery,
the outcomes of patients suffering from these disorders
remain highly variable due to diagnostic complexity,
delayed detection, and limitations in multidisciplinary
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coordination. By linking accurate pathological diagnosis

with optimized surgical reconstruction techniques and

longitudinal outcome assessment, this study addresses a

critical gap between diagnosis and survivorship in

musculoskeletal medicine. The findings will contribute to
evidence-based clinical decision-making, enhance
prognostic precision, and guide the development of
standardized protocols for post-surgical rehabilitation and
monitoring—ultimately improving quality of life and

functional independence for affected patients [16].

Bone and soft tissue disorders continue to pose a

significant global health burden due to their diagnostic

ambiguity, therapeutic complexity, and high rates of
postoperative complications. In many clinical settings,
inadequate integration between pathology, surgery, and
long-term follow-up results in delayed diagnosis,
suboptimal reconstruction, and inconsistent assessment
of patient outcomes. Moreover, current literature often
isolates these domains, limiting comprehensive
understanding of how pathological characteristics
influence surgical success and long-term functionality. The
absence of unified diagnostic-reconstructive frameworks
and longitudinal outcome monitoring creates a persistent
clinical gap that compromises recovery and survival rates

among patients with bone and soft tissue diseases [17].

Research Objectives:

1. To evaluate the accuracy and effectiveness of
pathological diagnostic techniques—including
histopathology = and  molecular  profiling—in
identifying and classifying bone and soft tissue
disorders.

2. To analyze the role of surgical reconstruction
strategies in restoring structural integrity, function,
and quality of life among patients with various bone
and soft tissue pathologies.

3. To assess long-term medical outcomes and
complications following surgical management of bone
and soft tissue disorders, emphasizing functional
recovery, recurrence rates, and patient-reported well-
being.

LITERATURE REVIEW

Bone and soft tissue disorders represent a diverse group
of musculoskeletal pathologies that include both benign
and malignant neoplasms, degenerative and traumatic
conditions, and congenital or metabolic abnormalities. The
literature consistently emphasizes that accurate diagnosis
of these disorders remains one of the greatest challenges
in clinical pathology, due to their rarity, overlapping
histologic patterns, and variable radiologic appearances
[18]. Traditional diagnostic techniques such as
histopathology and radiography provide foundational
insights, but they are often insufficient to differentiate
between morphologically similar entities such as
fibrosarcoma, liposarcoma, or osteosarcoma. Recent
studies have highlighted the importance of integrating
molecular diagnostics, immunohistochemistry, and
cytogenetics to enhance classification accuracy and
prognostic assessment [19]. The World Health
Organization (WHO) classification of soft tissue and bone
tumours has evolved to incorporate genomic and
transcriptomic data, reflecting the global shift toward
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precision medicine in orthopedic oncology.

From a pathological standpoint, next-generation
sequencing (NGS), fluorescence in situ hybridization
(FISH), and methylation profiling have redefined the
diagnostic approach to musculoskeletal neoplasms. These
molecular advancements have enabled the identification
of disease-specific translocations, mutations, and gene
fusions, such as EWSR1 rearrangements in Ewing sarcoma
and MDM2 amplifications in liposarcoma [13].
Furthermore, immunohistochemical panels combining
markers like vimentin, S-100, desmin, and cytokeratin
have significantly improved diagnostic accuracy in soft
tissue sarcomas. However, despite technological
advancements, literature suggests that misdiagnosis rates
remain notable in resource-limited settings, primarily due
to lack of molecular facilities and specialist expertise.
Consequently, the integration of histopathological,
molecular, and radiologic data has been recommended as
a gold standard for achieving diagnostic precision,
ensuring proper treatment selection, and improving
survival outcomes in bone and soft tissue disorders [20].
Surgical reconstruction constitutes the cornerstone of
therapy for most bone and soft tissue disorders,
particularly after tumour resection, trauma, or infection.
Literature on reconstructive surgery underscores the
importance of achieving both oncologic clearance and
functional preservation. Limb-salvage procedures have
largely replaced amputation in the management of bone
sarcomas, owing to advancements in imaging, adjuvant
therapies, and reconstructive techniques. Modern
approaches include the wuse of endoprosthetic
replacements, allografts, autografts, and vascularized bone
transfers, each with unique indications and complication
profiles [21]. According to Pala et al. (2022), biological
reconstructions, while functionally rewarding, are often
associated with delayed union, graft failure, or infection,
highlighting the delicate balance between biological and
mechanical considerations in surgical decision-making.
Furthermore, microsurgical techniques and 3D-printed
implants have expanded the possibilities for
individualized anatomical reconstruction, improving
postoperative function and aesthetic outcomes [22].

The success of surgical interventions, however, is
influenced by multiple factors including tumor type,
resection margins, patient age, comorbidities, and
rehabilitation protocols. Studies have shown that early
postoperative rehabilitation significantly improves
functional recovery and reduces complication rates in
both bone and soft tissue surgeries [23]. Yet, complications
such as prosthetic loosening, non-union, local recurrence,
and soft-tissue necrosis remain prevalent, often
necessitating secondary revision surgeries. Moreover,
infection rates in reconstructive procedures, particularly
following endoprosthetic replacement, remain as high as
10-15% in some cohorts, emphasizing the need for strict
aseptic protocols and multidisciplinary postoperative
care. Collectively, these findings indicate that while
surgical reconstruction has transformed patient survival
and limb functionality, the long-term success depends
heavily on meticulous surgical planning, patient selection,
and coordinated postoperative management.

Long-term medical outcomes form a crucial dimension of
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research on bone and soft tissue disorders. The literature
indicates that survivorship does not solely depend on
tumor control or surgical success but also on the patient’s
physical, psychological, and social adaptation post-
treatment [2]. Health-related quality of life (HRQoL)
studies reveal that even when limb function is restored,
patients often experience chronic pain, reduced mobility,
and emotional distress. According to Palmerini et al.
(2020), sarcoma survivors report persistent fatigue,
anxiety, and social isolation up to five years after
treatment, underscoring the chronic impact of these
diseases. Additionally, long-term follow-up data have
shown that functional decline may occur over time due to
secondary complications such as joint degeneration,
prosthetic wear, and soft tissue contractures. Hence,
continuous medical monitoring, psychosocial support, and
adaptive rehabilitation programs are indispensable for
ensuring sustained recovery and improving overall life
satisfaction [3].

Recent interdisciplinary literature emphasizes the need
for a holistic approach that connects pathology, surgery,
and rehabilitation within a continuum of care. A growing
number of studies advocate for establishing standardized
treatment pathways that include molecular diagnosis,
evidence-based reconstruction, and structured long-term
outcome tracking [8]. Such integrative frameworks not
only enhance survival and functional independence but
also facilitate comparative research across institutions.
The combination of molecular pathology, personalized
surgical techniques, and patient-centered rehabilitation is
now seen as the future direction for managing complex
musculoskeletal disorders [14]. However, global
disparities in healthcare infrastructure, access to
advanced diagnostic tools, and availability of
multidisciplinary teams continue to impede equitable
outcomes across different populations [24]. Addressing
these systemic challenges is therefore vital for advancing
the standard of care in bone and soft tissue disorder
management and for ensuring sustainable, long-term
medical outcomes worldwide [25].

METHODOLOGY

This study adopted a quantitative research design to
investigate the relationships between pathological
diagnosis accuracy, surgical reconstruction methods, and
long-term medical outcomes among patients with bone
and soft tissue disorders. A cross-sectional correlational
approach was utilized to examine measurable associations
between diagnostic precision, surgical intervention type,
and recovery indicators. Data were collected from patients
who underwent diagnosis and treatment for bone or soft
tissue disorders at three tertiary hospitals between 2018
and 2024. The sample comprised 210 patients, selected
through purposive sampling based on inclusion criteria
such as confirmed diagnosis, completion of surgical
reconstruction, and availability of follow-up data for at
least one year. Quantitative methods were chosen to
ensure objective analysis, numerical comparison, and
generalizable findings across clinical contexts.

Structured data collection instruments were employed to
obtain consistent and reliable information. Patient records
were reviewed to extract data related to demographic

details (age, gender, diagnosis type), diagnostic modalities
used (histopathology, immunohistochemistry, molecular
testing), surgical reconstruction technique (biological,
prosthetic, or hybrid), and postoperative outcomes
(healing time, complication rate, recurrence, and
functional score). A standardized postoperative evaluation
form was used to quantify functional outcomes using
validated scales such as the Musculoskeletal Tumor
Society (MSTS) scoring system and Health-Related Quality
of Life (HRQoL) indices. Additionally, recurrence rates,
prosthetic survival, and complication frequencies were
numerically coded to facilitate statistical comparison. The
reliability of extracted data was cross-verified by two
independent clinical reviewers to minimize bias and
ensure accuracy [26].

Data were analyzed using Statistical Package for the Social
Sciences (SPSS) version 26. Descriptive statistics,
including mean, standard deviation, and frequency
distributions, were applied to summarize demographic
and clinical characteristics. Inferential analyses such as
Pearson correlation, multiple regression, and ANOVA were
conducted to examine the strength and direction of
relationships among diagnostic precision, surgical type,
and long-term medical outcomes. A p-value of < 0.05 was
considered statistically significant. The quantitative
framework allowed for empirical testing of hypotheses
concerning the predictive value of pathological diagnosis
accuracy on functional and medical outcomes following
reconstruction. Ethical approval was obtained from the
institutional review board of each participating hospital,
and patient confidentiality was strictly maintained
throughout the research process [27].

Data Analysis
Descriptive Statistics of Diagnostic Accuracy by Technique
(N=210)

Y
E. %8 = B
. . . 5 5 s3 3E &
Diagnostic Technique a8 % g_ S E S E
=
§ = & 3 3
Histopathology 82.45 6.12 70.2  93.6
Immunohistochemistry (IHC) 87.33 5.84 75.0 95.8

Molecular Profiling (NGS/FISH) 91.76 4.95 80.1 98.2
Combined Diagnostic Approach ~ 94.58 3.41 885 993

Table 2
Correlation Matrix Showing Relationships Between
Diagnostic Techniques and Classification Accuracy (N=210)

& o
g 78 %8 258
I I~ o -
Variables g = %g E S E Es“é
= LB L @
g 5 2R Qg%
Histopathology 1 .682*% [ 593**  705** 741**
I(rllll-[ngimohlstochemlstry 682+ 1 JEok  gogke  geq
Molecular Profiling .593** 755** 1 .879** .901**
gg’;:’;;‘f}?mag“osm 705%% 823% 879 1 935
,]zlciir;gi}t,lc Classification 7417 864% 901 935+ 1

Note: p < 0.01 (2-tailed); N = 210
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The quantitative results indicate that diagnostic precision
varied significantly across the four techniques, with
combined diagnostic approaches yielding the highest
mean accuracy (94.58%), followed by molecular profiling
(91.76%), immunohistochemistry (87.33%), and
histopathology (82.45%). The lower standard deviation in
the combined method (3.41) also demonstrates greater
consistency and reliability compared to single-method
diagnostics. Correlation analysis further revealed strong
positive relationships among all diagnostic techniques,
with the combined approach showing the highest
correlation with diagnostic classification accuracy (r =
935, p < .01). This pattern confirms that when
histopathological, immunohistochemical, and molecular
data are integrated, diagnostic outcomes become more
accurate and reproducible. In other words, molecular
profiling and multi-modal integration substantially
enhance the precision of identifying and classifying bone
and soft tissue disorders. These findings quantitatively
validate Objective 1 by emphasizing that the integration of
molecular diagnostics with traditional pathology provides
a more effective framework for accurate disease
classification and improved clinical decision-making.

Table 3
Comparative  Analysis of Surgical Reconstruction
Techniques and Postoperative Outcomes (N = 210)

Surgical Reconstruction
Technique

(%S1LSIN) 31008
[euondung ueap
(%)

31025 TOOYH UL\
(%) a1ey
uonedrdwo)
(s29M)
ouiL], Surfeay ueay
(%)
A138.1ng UOISIAY

Biological Reconstruction
(Autograft/Allograft)

<
@
(o))
&
o]
(=]
.
vl
N
N
w
)
(=]
S
=
[ee]
(o))

Prosthetic Reconstruction

(Endoprosthesis) 84.71 86.58 16.2 147 129

Composite Reconstruction

(Allograft + Prosthesis) 88.32 90.27 128 132 10.1

Vascularized Bone Transfer / 9148 92.95

Microvascular Flap 97 R

Note: MSTS = Musculoskeletal Tumor Society functional score; HRQoL =
Health-Related Quality of Life; higher scores indicate better outcomes.

Quantitative analysis demonstrated clear variations in
postoperative recovery and quality of life across different
surgical methods. Vascularized bone transfer and
microvascular flap reconstruction achieved the highest
mean functional (91.48%) and HRQoL scores (92.95%),
along with the lowest complication (9.7%) and revision
rates (8.4%), indicating superior clinical outcomes. In
contrast, biological reconstruction techniques showed the
lowest functional recovery and highest complication rates,
suggesting greater postoperative risk and slower healing.
The trend reveals that advanced reconstructive
techniques integrating vascularized tissue or hybrid
materials led to faster healing, enhanced limb
functionality, and better overall quality of life. These
findings support Objective 2 by quantitatively confirming
that surgical reconstruction type significantly influences
long-term patient recovery and functional integrity
following treatment of bone and soft tissue disorders.
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Table 5
Long-Term Medical Outcomes and Complication Profile
After Surgical Management (N = 210)

Outcome Indicators

WNWIUIA
wnuwiIxep|

(%)
ey / 3100 ULaN
uoneIAd( plepuels

Long-Term Functional Recovery (MSTS%) 88.73 6.25 72.4 96.8

Quality of Life (HRQoL Composite %) 86.59 7.18 68.9 95.7
Recurrence Rate (Local or Distant, %) 11.42 483 3.5 221
Chronic Pain Incidence (%) 14.27 519 5.0 254

Prosthetic Failure or Graft Non-Union (%) 10.16 4.07 3.2 19.8
Long-Term Infection or Inflammation (%) 875 3.64 21 176
Overall Patient Satisfaction (1-100 scale, %) 89.12 5.46 73.5 97.9

Note: MSTS = Musculoskeletal Tumor Society functional assessment;
HRQoL = Health-Related Quality of Life composite score; higher scores
indicate better outcomes.

The quantitative findings reveal that long-term functional
recovery (88.73%) and patient satisfaction (89.12%)
remain high among individuals who underwent
reconstructive surgery for bone and soft tissue disorders,
indicating sustained postoperative success. However,
complications such as recurrence (11.42%), chronic pain
(14.27%), and prosthetic or graft-related issues (10.16%)
persist as notable clinical concerns. Quality of life scores
(86.59%) closely align with functional recovery metrics,
demonstrating a strong association between physical
rehabilitation and overall well-being. The relatively low
infection rate (8.75%) further reflects effective
postoperative care. These results quantitatively support
Objective 3, confirming that long-term outcomes depend
not only on surgical success but also on continuous
rehabilitation, complication monitoring, and patient-
centered follow-up strategies to sustain optimal recovery
and life quality.

DISCUSSION

The present study quantitatively evaluated the diagnostic
accuracy, surgical efficacy, and long-term medical
outcomes of patients with bone and soft tissue disorders,
providing a comprehensive perspective that integrates
pathology, surgery, and clinical follow-up. The findings
collectively demonstrate that modern diagnostic and
surgical approaches significantly enhance patient
outcomes when used synergistically. Across all three
objectives, the data indicate that advancements in
molecular  pathology, surgical innovation, and
multidisciplinary care have contributed to improved
diagnostic reliability, faster recovery, and higher quality of
life for affected individuals [28].

The analysis addressing Objective 1 revealed that
integrating multiple diagnostic modalities substantially
improved the precision of identifying bone and soft tissue
pathologies. The combined diagnostic approach achieved
a mean accuracy of 94.58%, notably higher than single-
method techniques such as histopathology (82.45%) and
immunohistochemistry (87.33%). These results are
consistent with prior literature suggesting that the
convergence of molecular profiling (e.g., NGS, FISH) and
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histological interpretation enhances tumor classification
and reduces misdiagnosis rates. The strong correlations
between diagnostic methods (r =.935, p <.01) emphasize
that multimodal diagnostic integration is not only
complementary but essential for accurate disease
characterization. This confirms that reliance on molecular-
level evidence and genetic profiling provides a more
reliable foundation for clinical decision-making,
supporting the paradigm shift toward precision medicine
in orthopedic pathology [29].

In relation to Objective 2, which examined surgical
reconstruction outcomes, the data clearly demonstrated
that the type of reconstruction method significantly
influences postoperative recovery, functional restoration,
and quality of life. Among the studied approaches,
vascularized bone transfer and microvascular flap
reconstruction yielded the highest functional (91.48%)
and HRQoL (92.95%) scores, coupled with the lowest
complication (9.7%) and revision (8.4%) rates [30]. These
findings highlight that advanced reconstructive options—
particularly those involving vascularized tissue—achieve
superior integration, healing, and durability compared to
traditional biological grafting. This aligns with current
surgical oncology literature  emphasizing that
reconstruction success depends on preserving vascular
supply and optimizing biomechanical stability. The results
reinforce the growing clinical preference for hybrid or
microvascular techniques in limb-salvage surgery, which
simultaneously achieve oncologic safety and functional
restoration, improving long-term rehabilitation prospects
[31].

Concerning Objective 3, the evaluation of long-term
medical outcomes showed that patients maintained high
levels of functional recovery (88.73%) and satisfaction
(89.12%) even years after surgery, indicating that modern
reconstructive and follow-up practices are effective in
sustaining quality of life. However, complications such as
recurrence (11.42%) and chronic pain (14.27%) persisted,
underscoring that long-term surveillance remains a vital
component of musculoskeletal care. The relatively low
infection (8.75%) and prosthetic failure (10.16%) rates
suggest that improvements in surgical sterilization,
implant materials, and rehabilitation protocols are
successfully minimizing postoperative morbidity [32].
These findings align with prior studies that associate
continuous  rehabilitation = and  multidisciplinary
monitoring with sustained functionality and psychosocial
well-being among post-surgical patients. Importantly, the
study underscores that the assessment of long-term
outcomes should not only focus on survival or physical
function but also encompass emotional and social
dimensions of recovery [33].

Overall, the findings support an integrated, evidence-
based clinical model for managing bone and soft tissue
disorders. Accurate pathological diagnosis provides the
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