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Abstract
Background/ Aims:

This study investigates long-term clinical and functional outcomes of the Global Modular Replacement System
(GMRS) in patients with complex knee pathologies and massive bone loss.

Materials and Methods:

A cohort of 36 knees in 35 patients who underwent limb salvage using GMRS between 2007 and 2020 was
retrospectively reviewed. The study assessed outcomes using the Knee Society Score (KSS), Oxford Knee Score
(OKS), Musculoskeletal Tumor Society (MSTS) score, range of motion (ROM), and radiographic evaluations.

Results:

Significant improvement was observed across all measures at a mean follow up of 10.6 +4.4 years. The KSS improved
from 40.1 + 21.6 preoperatively to 88.1 + 6.4 postoperatively. Similarly, the OKS increased from 10.9 +4.1
preoperatively to 39.7 + 3.9 postoperatively, and the MSTS score rose from 9.9 + 3.0 to 27.6 + 3.3, indicating significant
functional gains. The mean ROM improved from 62.8° + 33.6° preoperatively to 96.1° + 18.4° postoperatively. The
overall complication rate was 14.28%, with no instances of aseptic loosening or mechanical failure.

Conclusion:

GMRS is a reliable and effective option for limb-salvage procedures in complex knee cases, offering substantial
improvement in pain relief, knee function and mobility. It has low complication rates in the long-term follow-up.

Keywords: global modular replacement system; complex knee pathology; massive bone loss; limb salvage surgery;

functional outcomes; revision knee surgery

Abbreviations:

GMRS- Global Modular Replacement System

KSS- Knee Society Score

OKS- Oxford Knee Score

MSTS- Musculoskeletal Tumor Society Score

TKA- Total Knee Arthroplasty

ROM- Range of Motion

DAIR- Debridement Antibiotic and Implant Retention
ORIF- Open Reduction and Internal Fixation

GCT- Giant Cell Tumor
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Introduction

Advancements in medical oncology, surgical techniques, and reconstruction
options have made limb-salvage surgery the preferred treatment over
amputation [1,2]. Several reconstructive strategies are available for
managing bone defects, including autografts, allogeneic bone grafting, bone
transport, and the use of standard or megaprostheses. While modular
megaprostheses are commonly used following bone tumor resection, they
also provide an effective limb-salvage solution in complex cases following
trauma and revision total knee arthroplasty (TKA) [3]. A key advantage of
megaprostheses is their intraoperative flexibility, allowing surgeons to
reconstruct large bone defects [3,4,5]. Early knee megaprostheses, featuring
either fixed or rotating hinge articulation, were custom-made and primarily
used for limb salvage after distal femoral or proximal tibial tumor resections
[6,7,8]. However, technological advancements and growing expertise in limb
salvage procedures have increased the demand for modular revision
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implants. Systems like Global Modular Replacement System (GMRS), Mu-
tars, Compress, Stanmore, and Exactech modular implants are integral to
limb salvage surgeries, offering tailored solutions to address a wide range of
bone deficiencies and ensuring effective treatments for patients with
complex bone conditions [9].These implants are now used for metastatic
disease, comminuted periarticular fractures, knee non-union following failed
open reduction and internal fixation (ORIF), and salvage revision TKA
[10,11,12,13]. The GMRS features a dual-axis rotating hinge, which better
replicates physiological knee motion and minimizes torsional stress at the
implant-bone interface, unlike fixed-hinge systems, which are associated
with higher rates of aseptic loosening and mechanical complications [6, 7,
14]. It additionally offers extensive modularity and incorporates a
hydroxyapatite-coated collar to promote biological fixation, contributing to
its durability and favourable long-term outcomes in both oncologic and non-
oncologic reconstructions [9, 15, 16]. A key strength of the present study lies
in its inclusion of a heterogeneous cohort with diverse and complex
indications ranging from oncologic resections to peri articular comminuted
fractures, non- union and failed arthroplasties, all characterized by massive
bone loss around the knee joint. This clinical diversity underscores the
versatility and adaptability of the GMRS system in addressing extensive
skeletal defects where conventional reconstructive options are insufficient.

Copy rights@ Ashok Rajgopal,

The aim of this study was to evaluate the long-term clinical and functional
outcomes of the GMRS in patients with complex knee pathology, not
amenable to standard TKA implants.

Hypothesis: The use of the Global Modular Replacement System in
complex knee pathologies with massive bone loss is a promising option and
offers good outcomes that are sustained over a long term follow up.

Materials and methods:

Following institutional review board (IRB) approval, we conducted a
retrospective study of 36 knees in 35 patients who underwent limb salvage
surgery using the GMRS between 2007 and 2020. The study was conducted
in accordance with the Helsinki Declaration. One patient underwent bilateral
reconstruction. Data was collected from institutional records. The average
follow-up was 10.6 + 4.4 years (Range: 4 — 17).

Patient Demographics:

The mean age at surgery was 51.1 years (range: 15-75), with a median age
of 55 years (IQR: 45-65).The cohort consisted of 29 females (82.9%) and 6
males (17.1%). Patient demographics are tabulated in Table 1.

Age No. of patients %

<21 years 3 patients 8.6%
21-30 years 3 patients 8.6%
31-40 years 2 patients 5.7%
41-50 years 3 patients 8.6%
51-60 years 12 patients 34.3%
61-70 years 10 patients 28.6%
70 years 2 patients 5.7%

Table 1: Patient Demographics

Inclusion Criteria:

Patients with complex knee pathology unsuitable for conventional TKA,
including:

e  Aggressive peri-articular bone tumors
e  Extensive bone loss due to metastatic disease

e Failed previous TKA with extensive bone loss (AORI
classification Type 2B and 3)[17]

e  Comminuted periarticular fractures

e Non-union after failed ORIF

Exclusion Criteria:

e Active systemic or local infection
e Inadequate soft-tissue envelope precluding reconstruction
e Severe neurovascular compromise

Patients underwent preoperative clinical evaluation, radiographic imaging,
and oncologic staging when applicable. All procedures were performed by a
single surgeon. The selection of GMRS components was individualized
intra-operatively, tailored to anatomical and defect-specific considerations.
Indications for using the GMRS components in this study included revision
TKA, malignancies and Giant Cell Tumors (GCT) of the distal femur and
proximal tibia, and peri- articular trauma around the knee. These indications
are tabulated in Table 2.

z
o

Condition

Cases

Revision TKA

10

Distal Femur Osteosarcoma

Osteoblastoma Distal Femur

Chondrosarcoma Proximal Tibia

Distal Femur Metastases

Distal Femur Giant Cell Tumor (GCT)

Proximal Tibia GCT

Comminuted Distal Femur Fracture

O |IN|O|OR|WIN(FIWV

Distal Femur Non Union

(W | lW[(Fk|F~

Table 2: Indications for GMRS

All patients operated for malignancies underwent intraoperative marrow
biopsy and frozen section to confirm disease free margins.

Postoperative care followed a standardized rehabilitation protocol, with early
mobilization based on intraoperative stability and patient-specific factors.
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Patients were evaluated at 3 months, 6 months, 12 months, and annually
thereafter.

Outcome Measures:

e Kbnee Society Score (KSS) [18]
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e  Oxford Knee Score (OKS) [19]
e Musculoskeletal Tumor Society (MSTS) score [20]
e Kbnee range of motion (ROM), measured with a goniometer[21].

e  Radiographic assessment at each follow-up to evaluate implant
positioning, loosening, and complications such as infection or
periprosthetic fracture.

Statistical Analysis:

Statistical analysis was conducted using SPSS version 24.0 (IBM Corp.,
Armonk, NY). The analysis included demographic profiling of patients,
along with clinical and functional measures. Quantitative data were
summarized as means with standard deviations, while categorical data were
presented as absolute numbers and percentages. Preoperative and
postoperative scores for the Knee Society Score (KSS), Oxford Knee Score
(OKS), Musculoskeletal Tumor Society (MSTS) score, and range of motion
(ROM) were compared using paired t-tests to assess significant changes over
time. Cross-tabulation was performed, and Chi-square tests were used to
evaluate associations between categorical variables. A p-value of less than
0.05 was considered statistically significant. The clinical relevance of
improvements in functional scores (KSS, OKS, MSTS) and ROM was
assessed using 95% confidence intervals (Cls) and mean differences.
Additionally, complication rates were calculated as proportions.

Results:

Mean follow-up in years was 10.6 * 4.4 years (Range: 4 — 17), and
favourable clinical and functional outcomes were achieved in the majority of
patients. The KSS, OKS and MSTS scores were further categorised into
Excellent, Good, Fair and Poor based on classifications by Miralles-Mufioset
al. [22], Edmondson et al. [23] and Enneking et al. [20] respectively.

KSS improved from preoperative values of 40.1 + 21.6 to 88.1 + 6.4 at the
last follow up. This improvement was statistically significant with p<0.001,
indicating substantial clinical and functional recovery.

o  Excellent (90-100): 23 patients (65.7%)

100
90
80
70

88.1

Mean Scores
o

o

Pre-op Post- op

KSS

Pre-op
OXFORD

Post- op
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o Good (77-89): 9 patients (25.7%)
o Fair (65-76): 1 patient (2.9%)
o Poor (<65): 2 patients (5.7%)

The OKS improved from 10.9 + 4.1 preoperatively to 39.7 + 3.9 at the last
follow up (95% CI: =30.3 to —27.2; t = —38.000; p < 0.001).

o  Excellent (OKS 40-48): 21 patients (60.0%)
o Good (30-39): 11 patients (31.4%)

o Fair (20-29): 3 patients (8.6%)

o  Poor (<20): 0 patients (0%)

The MSTS score improved significantly from 9.9 + 3.0 preoperatively to
27.6 = 3.3 at the last follow-up (p < 0.001; 95% CI: -18.8 to —16.7; t = —
33.968). The MSTS scoring system evaluates six parameters (pain, function,
emotional acceptance, supports, walking, and gait), each graded 0-5, for a
total maximum score of 30 [20].

o  Excellent (23-30): 11 patients (31.4%)
o Good (21-22): 20 patients (57.1%)

o  Moderate (18-20): 2 patients (5.7%)
o Fair (15-17): 2 patients (5.7%)

o Poor (<15): 0 patients (0%)

The mean ROM improved from 62.8° £ 33.6° preoperatively to 96.1° + 18.4°
at last follow up. (mean difference —33.3° + 4.8°, 95% CI: —43.0 to —23.7; t
=-6.997; p <0.001).

All functional scores demonstrated statistically significant improvement
from baseline, confirming the efficacy of GMRS in complex knee
reconstruction across a spectrum of challenging indications.

The improvement in outcome scores is shown in Figure 1

96.1
62.8
60
50 40.1 39.7
40
0 276
2 10.9 9.9 I
1
. | |

Pre-op
MSTS

Post- op Pre-op

ROM

Post- op

Different Scores

Figure 1: Improvement in Outcome Scores

The overall complication rate in our study was 14.28 %.

No cases of aseptic loosening, mechanical prosthetic failure, or
periprosthetic fractures occurred during the follow-up period. Figure 2 shows
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pre and post-operative X-Ray images of a patient with osteosarcoma right
distal femur at ten years follow up.
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Figure 2: Pre- and Post-Operative X-Rays at 10 years

One patient, who underwent distal femoral replacement for osteosarcoma,
required hip disarticulation for an aggressive recurrence.

One patient, with a distal femoral replacement for post traumatic bone loss,
sustained a patellar tendon rupture following a fall eight years
postoperatively which was successfully managed with surgical
reconstruction using a Tendo Achilles allograft. One patient developed
postoperative stiffness due to non-compliance to physiotherapy protocols. A

deep surgical site infection occurred in one case and was treated with early
debridement, antibiotics and implant retention (DAIR procedure).
Intravenous antibiotics were administered for 6 weeks, followed by oral
antibiotics for a further 6 weeks. One patient sustained an intraoperative
popliteal artery injury during revision TKA, which was managed
successfully with immediate vascular repair. Complications are tabulated in
Table 3.

Complications Treatment No. of patients
1. | Recurrence Disarticulation 1 patient
2. | Patellar tendon rupture Reconstruction of patellar tendon 1 patient
3. | Stiff knee Refused intervention 1 patient
4. | Infection DAIR and antibiotics 1 patient
5. | Popliteal artery injury intra-operatively Vascular repair 1 patient
Table 3: Complications
Discussion: particularly the high rate of excellent outcomes, highlight the efficacy and

The results of this study demonstrate that the GMRS offers favourable mid
to long-term outcomes in patients with complex knee pathologies that are not
amenable to standard TKA. Significant improvements were observed across
multiple functional scores, including the KSS, OKS, MSTS score, and ROM,
which were sustained over the study period. These favourable outcomes
warrant further discussion in terms of their clinical relevance, particularly in
comparison with existing literature. Our findings are similar to those of
Capanna et al. [5], who reported excellent functional outcomes and high
implant survival rates in patients undergoing lower limb reconstructions
using modular megaprostheses. Bernthal et al. [4] reported high MSTS
scores and acceptable complication rates for endoprosthetic reconstructions
following tumor resection, consistent with our results, where 31.4% of
patients achieved excellent and 57.1% achieved good MSTS outcomes.
Holm et al. [24] reported an improvement in the MSTS score to 20.2 (67%)
in a cohort of 72 patients at a mean follow up of six years. Our study
demonstrated significantly higher MSTS scores, with a mean of 27.6 + 3
(92%) at a mean follow up of 10.6 +4.4 years, which was statistically
significant. Pala et al. [14] reported an improvement in the functional MSTS
score to 24.5 (81.6%), in a series of 295 patients, utilising the GMRS for
reconstruction of bone defects, further supporting its efficacy. Nongdamba
et al. [30] reported an average MSTS score of 28.35 + 9 in 30 patients
undergoing megaprosthetic reconstruction for tumors around the knee, with
functional outcomes comparable to those reported by us. Marczak et al. [25],
reported on a small cohort of nine patients (average age 73.7 years) achieving
a mean KSS of 77.9 at a mean follow-up of five years, reflecting satisfactory
functional outcomes. Our study demonstrated a more pronounced functional
improvement, with KSS increasing from a preoperative mean of 40.1 + 21.6
to 88.1 £ 6.4 postoperatively, with 65.7% of the patients achieving excellent
results. Ben Bouzid et al. reported a lower average KSS of 58.4 in a series of
28 patients, corresponding to a poor functional outcome [32]. Despite the
longer follow-up in our study, the consistently favourable results,
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durability of the GMRS system in managing complex knee pathologies.
These findings are further supported by Park et al. [6], who demonstrated
high levels of patient satisfaction and prosthesis survival in cases managed
with massive endoprostheses for metastatic bone disease, consistent with our
observation that 91.4% of patients achieved good to excellent outcomes
based on KSS. Appleton et al. [10] highlighted the utility of rotating hinge
prostheses in elderly patients with distal femoral fractures, lending further
support to the role of GMRS in complex fracture scenarios where
conventional arthroplasty may not be feasible.

Literature reports a wide range of infection rates with incidences varying
between 2% and 14% [14,15, 26, 27, 28]. In this present study, we observed
a relatively low infection rate of 2.87%, which s comparable to some of the
other studies [28]. Yilmaz et al. [15], in their nationwide cohort study of 119
patients, reported a 5-year revision rate of 14% and a 5-year amputation rate
of 8%. In our study, while we had no revisions, one patient (2.87%)
underwent a hip disarticulation due to recurrence of aggressive osteosarcoma
in the distal femur. Both studies highlight favourable long-term outcomes for
patients undergoing limb-sparing surgeries using GMRS. The differences in
complication rates may be attributed to the inclusion of both oncologic and
non-oncologic cases in our cohort. However, not all studies report uniformly
positive outcomes. Unwin et al. [7] noted higher rates of aseptic loosening
and mechanical failure in earlier generations of custom prostheses. This
discrepancy may reflect advancements in modular implant design and
surgical technique since the 1990s. Wunder et al. [8] observed mixed results
in functional recovery, particularly following extensive oncologic resections,
a subset less prevalent in our study population. Our results also compare
favourably with those of Fakler et al. [11], who studied distal femoral
replacements for complex fractures in 14 patients and reported moderate
outcomes. We report higher mean functional scores and a lower complication
rate, likely attributable to the use of GMRS components and a standardized
surgical protocol. Jamshidi et al. [16] reported a 92% survivorship at five
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years in his series of 21 patients. He also reported a complication rate of
28.6%. Sambri et al. in a systematic review of 2,598 cases involving
megaprosthetic reconstructions, reported a complication rate of 19.7% [31].
In our study, the complication rate was significantly lower at 14.28%, with
successful management of complications such as patellar tendon rupture and
deep infection. Our outcomes reinforce that the GMRS is a more reliable
option compared to other reconstruction methods in complex knee
pathologies involving massive peri- articular bone loss. The absence of
aseptic loosening in our cohort further underscores the mechanical reliability
of GMRS in carefully selected patients. The rate of aseptic loosening in
tumor prostheses varies from 2% to 11% [14, 27, 29], with extensor
mechanism disruption being the most common complication, emphasizing
the technical challenges associated with these complex reconstructions. The
strength of this study lies in the inclusion of patients with diverse and
complex indications involving massive bone loss around the knee joint and
demonstrating the versatility of GMRS in addressing a broad spectrum of
challenging clinical scenarios. Although the retrospective, non-randomized
design and absence of a control group remain limitations, the heterogeneity
of indications reinforces the generalizability and practical applicability of our
findings across a wide clinical spectrum. It is noteworthy that the majority
of comparable studies, such as those by Bernthal et al. [4], Marczak et al.
[25], Holm et al. [24] and Jamshidi et al. [16] are based on relatively small
patient cohorts, yet the consistency of their findings with ours reinforces the
external validity and clinical reliability of GMRS in managing complex knee
reconstructions.

Conclusion:

Given the promising results of this study, the GMRS should be considered
an effective solution for complex knee reconstructions, particularly in cases
where standard TKA is unsuitable. This study demonstrates good functional
outcomes, with significant improvement in movements, pain relief and
independent ambulation. However, future research with larger cohorts, multi
centric randomized controlled trials and longer follow ups are needed to
evaluate long- term outcomes and survivorship of this option.

Conflict of interest: None of the authors have any potential conflict
of interest.

Funding: This study did not require any funding
References:

1. Erstad, D.J., Ready, J., Abraham, J., Ferrone, M. L., Bertagnolli,
M. M. et al. (2018). Amputation for Extremity Sarcoma:
Contemporary Indications and Outcomes. Annals of surgical
oncology, 25(2), 394-403.

2. Groundland, J. S., Ambler, S. B., Houskamp, L. D. J., Orriola, J.
J. etal. (2016). Surgical and Functional Outcomes After Limb-
Preservation Surgery for Tumor in Pediatric Patients: A
Systematic Review. JBJS reviews, 4(2), e2.

3. Calori, G. M., Colombo, M., Ripamonti, C., Malagoli, E.,
Mazza, E. et al. (2014). Megaprosthesis in large bone defects:
opportunity or chimaera? Injury, 45(2), 388-393.

4. Bernthal, N. M., Greenberg, M., Heberer, K., Eckardt, J. J., &
Fowler, E. G. (2015). What are the functional outcomes of
endoprosthestic reconstructions after tumor resection?. Clinical
orthopaedics and related research, 473(3), 812-819.

5. Capanna, R., Scoccianti, G., Frenos, F., Vilardi, A., Beltrami, G.
et al. (2015). What was the survival of megaprostheses in lower
limb  reconstructions after tumor resections?. Clinical
orthopaedics and related research, 473(3), 820-830.

6. Park, D., Jaiswal, P., Al-Hakim, W., Stokes, O., Jagiello, J. et al.
(2008). THE USE OF MASSIVE ENDOPROSTHESIS FOR
THE TREATMENT OF BONE METASTASES. Orthopaedic
Proceedings, 90-B(SUPP_II), 395-395.

7. Unwin, P. S., Cannon, S. R., Grimer, R. J., Kemp, H. B., Sneath,
R. S. et al. (1996). Aseptic loosening in cemented custom-made

Auctores Publishing LLC — Volume 7(2)-132 www.auctoresonline.org
ISSN: 2694-0248

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Copy rights@ Ashok Rajgopal,

prosthetic replacements for bone tumours of the lower limb. The
Journal of bone and joint surgery. British volume, 78(1), 5-13.

Wunder, J. S., Leitch, K., Griffin, A. M., Davis, A. M., & Bell,
R. S. (2001). Comparison of two methods of reconstruction for
primary malignant tumors at the knee: a sequential cohort
study. Journal of surgical oncology, 77(2), 89-100.

Pala, Elisa & Trovarelli, Giulia & Angelini, Andrea & Maraldi,
Marco & Berizzi, Antonio & Ruggieri, Pietro. (2017).
Megaprosthesis of the knee in tumor and revision surgery. Acta
bio-medica : Atenei Parmensis. 88. 129-138.

Appleton, P., Moran, M., Houshian, S., & Robinson, C. M.
(2006). Distal femoral fractures treated by hinged total knee
replacement in elderly patients. The Journal of bone and joint
surgery. British volume, 88(8), 1065-1070.

Fakler, J. K., Hepp, P., MarquaR, B., von Dercks, N., & Josten,
C. (2013). Ist der distale Femurersatz als
extremitatenerhaltendes Verfahren nach komplexen Frakturen
am distalen Femur geeignet? [Is distal femoral replacement an
adequate therapeutic option after complex fractures of the distal
femur?]. Zeitschrift fur Orthopadie und Unfallchirurgie, 151(2),
173-179.

Nelson, C. L., Gioe, T. J., Cheng, E. Y., & Thompson, R. C., Jr
(2003). Implant selection in revision total knee arthroplasty. The
Journal of bone and joint surgery. American volume, 85-A Suppl
1, S43-S51.

Springer, B. D., Sim, F. H., Hanssen, A. D., & Lewallen, D. G.
(2004). The modular segmental kinematic rotating hinge for
nonneoplastic limb salvage. Clinical orthopaedics and related
research, (421), 181-187.

Pala, E., Henderson, E. R., Calabro, T., Angelini, A., Abati, C.
N., Trovarelli, G. et al. (2013). Survival of current production
tumor endoprostheses: complications, functional results, and a
comparative  statistical  analysis. Journal ~ of  surgical
oncology, 108(6), 403-408.

Yilmaz, M., Sgrensen, M. S., Saebye, C., Baad-Hansen, T., &
Petersen, M. M. (2019). Long-term results of the Global
Modular  Replacement System tumor prosthesis  for
reconstruction after limb-sparing bone resections in orthopedic
oncologic conditions: Results from a national cohort. Journal of
surgical oncology, 120(2), 183-192.

Jamshidi, K., Ammar, W., Kargar Shooroki, K., & Mirzaei, A.
(2024). Outcomes of Megaprosthesis Reconstruction for the
Salvage of Failed Osteoarticular Allograft Around the Knee
implanted before Skeletal Maturity in Primary Bone Sarcoma: A
Case-Series. The archives of bone and joint surgery, 12(3), 211—
218.

Engh, G. A., & Ammeen, D. J. (1998). Classification and
preoperative radiographic evaluation: knee. The Orthopedic
clinics of North America, 29(2), 205-217.

Insall, J. N., Dorr, L. D., Scott, R. D., & Scott, W. N. (1989).
Rationale of the Knee Society clinical rating system. Clinical
orthopaedics and related research, (248), 13-14.

Dawson, J., Fitzpatrick, R., Murray, D., & Carr, A. (1998).
Questionnaire on the perceptions of patients about total knee
replacement. The Journal of bone and joint surgery. British
volume, 80(1), 63-69.

Enneking, W. F., Dunham, W., Gebhardt, M. C., Malawar, M.,
& Pritchard, D. J. (1993). A system for the functional evaluation
of reconstructive procedures after surgical treatment of tumors
of the musculoskeletal system. Clinical orthopaedics and
related research, (286), 241-246..

Hancock, Graeme & Hepworth, Tracey & Wembridge, Kevin.
(2018). Accuracy and reliability of knee goniometry methods.
Journal of Experimental Orthopaedics. 5.

Miralles-Mufioz FA, Gonzalez-Parrefio S, Martinez-Mendez D,
Gonzalez-Navarro B, Ruiz-Lozano M, Lizaur-Utrilla A, Alonso-

Page 5 of 6


file:///C:/Users/user/Downloads/1.%09https:/doi.org/10.1245/s10434-017-6240-5
file:///C:/Users/user/Downloads/1.%09https:/doi.org/10.1245/s10434-017-6240-5
file:///C:/Users/user/Downloads/1.%09https:/doi.org/10.1245/s10434-017-6240-5
file:///C:/Users/user/Downloads/1.%09https:/doi.org/10.1245/s10434-017-6240-5
https://doi.org/10.2106/JBJS.RVW.O.00013
https://doi.org/10.2106/JBJS.RVW.O.00013
https://doi.org/10.2106/JBJS.RVW.O.00013
https://doi.org/10.2106/JBJS.RVW.O.00013
https://www.sciencedirect.com/science/article/pii/S0020138313004245
https://www.sciencedirect.com/science/article/pii/S0020138313004245
https://www.sciencedirect.com/science/article/pii/S0020138313004245
https://doi.org/10.1007/s11999-014-3655-1
https://doi.org/10.1007/s11999-014-3655-1
https://doi.org/10.1007/s11999-014-3655-1
https://doi.org/10.1007/s11999-014-3655-1
file:///C:/Users/user/Downloads/1.%09https:/doi.org/10.1007/s11999-014-3736-1
file:///C:/Users/user/Downloads/1.%09https:/doi.org/10.1007/s11999-014-3736-1
file:///C:/Users/user/Downloads/1.%09https:/doi.org/10.1007/s11999-014-3736-1
file:///C:/Users/user/Downloads/1.%09https:/doi.org/10.1007/s11999-014-3736-1
file:///C:/Users/user/Downloads/1.%09https:/doi.org/10.1302/0301-620X.90BSUPP_II.0900395b
file:///C:/Users/user/Downloads/1.%09https:/doi.org/10.1302/0301-620X.90BSUPP_II.0900395b
file:///C:/Users/user/Downloads/1.%09https:/doi.org/10.1302/0301-620X.90BSUPP_II.0900395b
file:///C:/Users/user/Downloads/1.%09https:/doi.org/10.1302/0301-620X.90BSUPP_II.0900395b
https://boneandjoint.org.uk/article/10.1302/0301-620X.78B1.0780005
https://boneandjoint.org.uk/article/10.1302/0301-620X.78B1.0780005
https://boneandjoint.org.uk/article/10.1302/0301-620X.78B1.0780005
https://boneandjoint.org.uk/article/10.1302/0301-620X.78B1.0780005
file:///C:/Users/user/Downloads/1.%09https:/doi.org/10.1002/jso.1076
file:///C:/Users/user/Downloads/1.%09https:/doi.org/10.1002/jso.1076
file:///C:/Users/user/Downloads/1.%09https:/doi.org/10.1002/jso.1076
file:///C:/Users/user/Downloads/1.%09https:/doi.org/10.1002/jso.1076
file:///C:/Users/user/Downloads/10.23750/abm.v88i2-S.6523
file:///C:/Users/user/Downloads/10.23750/abm.v88i2-S.6523
file:///C:/Users/user/Downloads/10.23750/abm.v88i2-S.6523
file:///C:/Users/user/Downloads/10.23750/abm.v88i2-S.6523
file:///C:/Users/user/Downloads/1.%09https:/doi.org/10.1302/0301-620X.88B8.17878
file:///C:/Users/user/Downloads/1.%09https:/doi.org/10.1302/0301-620X.88B8.17878
file:///C:/Users/user/Downloads/1.%09https:/doi.org/10.1302/0301-620X.88B8.17878
file:///C:/Users/user/Downloads/1.%09https:/doi.org/10.1302/0301-620X.88B8.17878
file:///C:/Users/user/Downloads/1.%09https:/doi.org/10.1055/s-0032-1328424
file:///C:/Users/user/Downloads/1.%09https:/doi.org/10.1055/s-0032-1328424
file:///C:/Users/user/Downloads/1.%09https:/doi.org/10.1055/s-0032-1328424
file:///C:/Users/user/Downloads/1.%09https:/doi.org/10.1055/s-0032-1328424
file:///C:/Users/user/Downloads/1.%09https:/doi.org/10.1055/s-0032-1328424
file:///C:/Users/user/Downloads/1.%09https:/doi.org/10.1055/s-0032-1328424
file:///C:/Users/user/Downloads/1.%09https:/doi.org/10.1055/s-0032-1328424
file:///C:/Users/user/Downloads/1.%09https:/doi.org/10.2106/00004623-200300001-00009
file:///C:/Users/user/Downloads/1.%09https:/doi.org/10.2106/00004623-200300001-00009
file:///C:/Users/user/Downloads/1.%09https:/doi.org/10.2106/00004623-200300001-00009
file:///C:/Users/user/Downloads/1.%09https:/doi.org/10.2106/00004623-200300001-00009
file:///C:/Users/user/Downloads/1.%09https:/doi.org/10.1097/01.blo.0000126306.87452.59
file:///C:/Users/user/Downloads/1.%09https:/doi.org/10.1097/01.blo.0000126306.87452.59
file:///C:/Users/user/Downloads/1.%09https:/doi.org/10.1097/01.blo.0000126306.87452.59
file:///C:/Users/user/Downloads/1.%09https:/doi.org/10.1097/01.blo.0000126306.87452.59
file:///C:/Users/user/Downloads/1.%09https:/doi.org/10.1002/jso.23414
file:///C:/Users/user/Downloads/1.%09https:/doi.org/10.1002/jso.23414
file:///C:/Users/user/Downloads/1.%09https:/doi.org/10.1002/jso.23414
file:///C:/Users/user/Downloads/1.%09https:/doi.org/10.1002/jso.23414
file:///C:/Users/user/Downloads/1.%09https:/doi.org/10.1002/jso.23414
file:///C:/Users/user/Downloads/1.%09https:/doi.org/10.1002/jso.25490
file:///C:/Users/user/Downloads/1.%09https:/doi.org/10.1002/jso.25490
file:///C:/Users/user/Downloads/1.%09https:/doi.org/10.1002/jso.25490
file:///C:/Users/user/Downloads/1.%09https:/doi.org/10.1002/jso.25490
file:///C:/Users/user/Downloads/1.%09https:/doi.org/10.1002/jso.25490
file:///C:/Users/user/Downloads/1.%09https:/doi.org/10.1002/jso.25490
file:///C:/Users/user/Downloads/1.%09https:/doi.org/10.22038/ABJS.2023.74212.3434
file:///C:/Users/user/Downloads/1.%09https:/doi.org/10.22038/ABJS.2023.74212.3434
file:///C:/Users/user/Downloads/1.%09https:/doi.org/10.22038/ABJS.2023.74212.3434
file:///C:/Users/user/Downloads/1.%09https:/doi.org/10.22038/ABJS.2023.74212.3434
file:///C:/Users/user/Downloads/1.%09https:/doi.org/10.22038/ABJS.2023.74212.3434
file:///C:/Users/user/Downloads/1.%09https:/doi.org/10.22038/ABJS.2023.74212.3434
file:///C:/Users/user/Downloads/1.%09https:/doi.org/10.1016/s0030-5898(05)70319-9
file:///C:/Users/user/Downloads/1.%09https:/doi.org/10.1016/s0030-5898(05)70319-9
file:///C:/Users/user/Downloads/1.%09https:/doi.org/10.1016/s0030-5898(05)70319-9
https://pubmed.ncbi.nlm.nih.gov/2805470/
https://pubmed.ncbi.nlm.nih.gov/2805470/
https://pubmed.ncbi.nlm.nih.gov/2805470/
https://boneandjoint.org.uk/article/10.1302/0301-620X.80B1.0800063
https://boneandjoint.org.uk/article/10.1302/0301-620X.80B1.0800063
https://boneandjoint.org.uk/article/10.1302/0301-620X.80B1.0800063
https://boneandjoint.org.uk/article/10.1302/0301-620X.80B1.0800063
https://journals.lww.com/corr/abstract/1993/01000/A_System_for_the_Functional_Evaluation_of.35.aspx
https://journals.lww.com/corr/abstract/1993/01000/A_System_for_the_Functional_Evaluation_of.35.aspx
https://journals.lww.com/corr/abstract/1993/01000/A_System_for_the_Functional_Evaluation_of.35.aspx
https://journals.lww.com/corr/abstract/1993/01000/A_System_for_the_Functional_Evaluation_of.35.aspx
https://journals.lww.com/corr/abstract/1993/01000/A_System_for_the_Functional_Evaluation_of.35.aspx
file:///C:/Users/user/Downloads/1.%0910.1186/s40634-018-0161-5
file:///C:/Users/user/Downloads/1.%0910.1186/s40634-018-0161-5
file:///C:/Users/user/Downloads/1.%0910.1186/s40634-018-0161-5
file:///C:/Users/user/Downloads/1.%09doi:%2010.1007/s00167-021-06563-2.%20Epub%202021%20Apr%2011.%20PMID:%2033839804
file:///C:/Users/user/Downloads/1.%09doi:%2010.1007/s00167-021-06563-2.%20Epub%202021%20Apr%2011.%20PMID:%2033839804

J. Clinical Orthopedics and Trauma Care

23.

24.

25.

26.

27.

This work is licensed under Creative
BY Commons Attribution 4.0 License

To Submit Your Article Click Here:

Montero C. (2022). A validated outcome categorization of the
knee society score for total knee arthroplasty. Knee Surg Sports
Traumatol Arthrosc. Apr;30 (4):1266-1272.

Edmondson, M. C., Isaac, D., Wijeratna, M., Brink, S., Gibb, P.
(2011). Oxford unicompartmental knee arthroplasty: medial pain
and functional outcome in the medium term. Journal of
orthopaedic surgery and research, 6, 52.

Holm, C. E., Soerensen, M. S., Yilmaz, M., & Petersen, M. M.
(2022). Evaluation of tumor-prostheses over time:
Complications, functional outcome, and comparative statistical
analysis after resection and reconstruction in orthopedic
oncologic conditions in the lower extremities. SAGE open
medicine, 10, 20503121221094190.

Marczak, D., Kowalczewski, J., Czubak, J., Okon, T., Synder,
M., & Sibifiski, M. (2017). Short and mid term results of revision
total knee arthroplasty with Global Modular Replacement
System. Indian journal of orthopaedics, 51(3), 324-329.

Peel, T., May, D., Buising, K., Thursky, K., Slavin, M. et al.
(2014).  Infective  complications  following  tumour
endoprosthesis  surgery for bone and soft tissue

tumours. European journal of surgical oncology : the journal of
the European Society of Surgical Oncology and the British
Association of Surgical Oncology, 40(9), 1087-1094.

Ahlmann, E. R., Menendez, L. R., Kermani, C., & Gotha, H.
(2006). Survivorship and clinical outcome of modular

28.

29.

30.

31.

32.

Copy rights@ Ashok Rajgopal,

endoprosthetic reconstruction for neoplastic disease of the lower
limb. The Journal of bone and joint surgery. British
volume, 88(6), 790-795.

Torbert, J. T., Fox, E. J., Hosalkar, H. S., Ogilvie, C. M., &
Lackman, R. D. (2005). Endoprosthetic reconstructions: results
of long-term followup of 139 patients. Clinical orthopaedics and
related research, 438, 51-59.

Lang, N. W., Hobusch, G. M., Funovics, P. T., Windhager, R.,
& Hofstaetter, J. G. (2015). What sports activity levels are
achieved in patients with modular tumor endoprostheses of
osteosarcoma about the knee?. Clinical orthopaedics and
related research, 473(3), 847-854.

Nongdamba, H., Bondarde, P., Danish, V., Maheshwari, V.,
Karn, R. et al. (2023). Functional audit of the use of
megaprosthesis for limb reconstruction in musculoskeletal
tumors - A retrospective single-center study. Journal of
orthopaedics, 49, 123-127.

Sambri, A., Parisi, S. C., Zunarelli, R., Di Prinzio, L., Morante,
L. et al. (2023). Megaprosthesis in Non-Oncologic Settings-A
Systematic Review of the Literature. Journal of clinical
medicine, 12(12), 4151.

Yassine Ben Bouzid, Moulay Omar Lamrani (2025) “Knee
megaprosthesis: Analysis of clinical outcomes, Complications,
and implant survival across complex indications.” Journal of
Orthopaedic Reports, 4(2), 100632.

Ready to submit your research? Choose Auctores and benefit from:

Submit Manuscript

YV VYV VVYY

DOI:10.31579/2694-0248/132

fast, convenient online submission

rigorous peer review by experienced research in your field
rapid publication on acceptance

authors retain copyrights

unique DOI for all articles

immediate, unrestricted online access

At Auctores, research is always in progress.

Learn more https://auctoresonline.org/journals/journal-of-thoracic-disease-and-

cardiothoracic-surgery

Auctores Publishing LLC — Volume 7(2)-132 www.auctoresonline.org
ISSN: 2694-0248

Page 6 of 6


file:///C:/Users/user/Downloads/1.%09doi:%2010.1007/s00167-021-06563-2.%20Epub%202021%20Apr%2011.%20PMID:%2033839804
file:///C:/Users/user/Downloads/1.%09doi:%2010.1007/s00167-021-06563-2.%20Epub%202021%20Apr%2011.%20PMID:%2033839804
file:///C:/Users/user/Downloads/1.%09doi:%2010.1007/s00167-021-06563-2.%20Epub%202021%20Apr%2011.%20PMID:%2033839804
file:///C:/Users/user/Downloads/1.%09https:/doi.org/10.1186/1749-799X-6-52
file:///C:/Users/user/Downloads/1.%09https:/doi.org/10.1186/1749-799X-6-52
file:///C:/Users/user/Downloads/1.%09https:/doi.org/10.1186/1749-799X-6-52
file:///C:/Users/user/Downloads/1.%09https:/doi.org/10.1186/1749-799X-6-52
https://journals.sagepub.com/doi/abs/10.1177/20503121221094190
https://journals.sagepub.com/doi/abs/10.1177/20503121221094190
https://journals.sagepub.com/doi/abs/10.1177/20503121221094190
https://journals.sagepub.com/doi/abs/10.1177/20503121221094190
https://journals.sagepub.com/doi/abs/10.1177/20503121221094190
https://journals.sagepub.com/doi/abs/10.1177/20503121221094190
file:///C:/Users/user/Downloads/1.%09https:/doi.org/10.4103/0019-5413.205684
file:///C:/Users/user/Downloads/1.%09https:/doi.org/10.4103/0019-5413.205684
file:///C:/Users/user/Downloads/1.%09https:/doi.org/10.4103/0019-5413.205684
file:///C:/Users/user/Downloads/1.%09https:/doi.org/10.4103/0019-5413.205684
file:///C:/Users/user/Downloads/1.%09https:/doi.org/10.1016/j.ejso.2014.02.241
file:///C:/Users/user/Downloads/1.%09https:/doi.org/10.1016/j.ejso.2014.02.241
file:///C:/Users/user/Downloads/1.%09https:/doi.org/10.1016/j.ejso.2014.02.241
file:///C:/Users/user/Downloads/1.%09https:/doi.org/10.1016/j.ejso.2014.02.241
file:///C:/Users/user/Downloads/1.%09https:/doi.org/10.1016/j.ejso.2014.02.241
file:///C:/Users/user/Downloads/1.%09https:/doi.org/10.1016/j.ejso.2014.02.241
file:///C:/Users/user/Downloads/1.%09https:/doi.org/10.1302/0301-620X.88B6.17519
file:///C:/Users/user/Downloads/1.%09https:/doi.org/10.1302/0301-620X.88B6.17519
file:///C:/Users/user/Downloads/1.%09https:/doi.org/10.1302/0301-620X.88B6.17519
file:///C:/Users/user/Downloads/1.%09https:/doi.org/10.1302/0301-620X.88B6.17519
file:///C:/Users/user/Downloads/1.%09https:/doi.org/10.1302/0301-620X.88B6.17519
https://journals.lww.com/clinorthop/fulltext/2005/09000/Endoprosthetic_Reconstructions__Results_of.11.aspx
https://journals.lww.com/clinorthop/fulltext/2005/09000/Endoprosthetic_Reconstructions__Results_of.11.aspx
https://journals.lww.com/clinorthop/fulltext/2005/09000/Endoprosthetic_Reconstructions__Results_of.11.aspx
https://journals.lww.com/clinorthop/fulltext/2005/09000/Endoprosthetic_Reconstructions__Results_of.11.aspx
https://link.springer.com/article/10.1007/s11999-014-3788-2
https://link.springer.com/article/10.1007/s11999-014-3788-2
https://link.springer.com/article/10.1007/s11999-014-3788-2
https://link.springer.com/article/10.1007/s11999-014-3788-2
https://link.springer.com/article/10.1007/s11999-014-3788-2
https://link.springer.com/article/10.1007/s11999-014-3788-2
file:///C:/Users/user/Downloads/1.%09https:/doi.org/10.1016/j.jor.2023.11.069
file:///C:/Users/user/Downloads/1.%09https:/doi.org/10.1016/j.jor.2023.11.069
file:///C:/Users/user/Downloads/1.%09https:/doi.org/10.1016/j.jor.2023.11.069
file:///C:/Users/user/Downloads/1.%09https:/doi.org/10.1016/j.jor.2023.11.069
file:///C:/Users/user/Downloads/1.%09https:/doi.org/10.1016/j.jor.2023.11.069
file:///C:/Users/user/Downloads/1.%09https:/doi.org/10.3390/jcm12124151
file:///C:/Users/user/Downloads/1.%09https:/doi.org/10.3390/jcm12124151
file:///C:/Users/user/Downloads/1.%09https:/doi.org/10.3390/jcm12124151
file:///C:/Users/user/Downloads/1.%09https:/doi.org/10.3390/jcm12124151
https://www.sciencedirect.com/science/article/pii/S2773157X25000840
https://www.sciencedirect.com/science/article/pii/S2773157X25000840
https://www.sciencedirect.com/science/article/pii/S2773157X25000840
https://www.sciencedirect.com/science/article/pii/S2773157X25000840
file:///C:/C/Users/web/AppData/Local/Adobe/InDesign/Version%2010.0/en_US/Caches/InDesign%20ClipboardScrap1.pdf
https://auctoresonline.org/submit-manuscript?e=77
https://auctoresonline.org/journals/journal-of-thoracic-disease-and-cardiothoracic-surgery
https://auctoresonline.org/journals/journal-of-thoracic-disease-and-cardiothoracic-surgery

