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Abstract: Limb-salvage surgery is the first choice for treatment of primary or metastatic bone tumors when
possible to perform. Rehabilitation plays a major role after surgery, with the aim of improving function and
maintaining the highest possible quality of life. Megaprostheses are currently the most frequent type of limb
reconstruction used to treat the bone defect after tumor resection and The Modular Universal Tumor And
Revision System (MUTARS®)is currently among the most used tumor and revision systems. Several studies
have evaluated the causes and rate of failure of this system, but only few studies investigated the rehabilitative
outcomes in terms of function and quality of daily life. The aim of this narrative review is to explore the
correlations between functional outcomes and quality of life after implant of MUTARS® prostheses surgery in
patients with bone tumor of the lower extremities. A comprehensive search was conducted on PubMed and

voou ”oou

Scopus using the following MESH terms: “MUTARS”, “Megaprosthesis”, “bone”, “tumors”, “metastasis”,

”ou ”oou

“lower limb”, “rehabilitation”, “outcome”, “quality of life”, and 12 studies were included. The most frequent
oncological pathology was found to be primitive bone tumors treated with modular prosthesis. Outcome
measures used were Henderson et al classification, HHS, MSTS, VAS, ROM,LSR, KPS and quality of life
questionnaire. Reconstruction of the lower limbs with the MUTARS® system seemed to be a valid treatment
option after bone tumor resection. Rehabilitation after MUTARS® surgery is very relevant, but currently,
functional and rehabilitative outcomes are inadequately represented in the literature. Therefore, further studies

are needed to define best rehabilitation protocols in clinical practice after oncological orthopedic surgery.
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1. Introduction

Primary bone tumors account less than 1% of all cancers while bone metastasis, especially in
adults, are much more common. Over the past half century there have been enormous advances in
the treatment of bone tumors as a result of advances in diagnosis, therapies and prosthetic design for
reconstruction of musculoskeletal defects. Despite the advances in therapies and surgical techniques,
long-term functional outcomes have been little studied. Therefore, it is increasingly important to
investigate this domain to ensure patients a good quality of life beyond survival.

The three most common primary bone cancers are Osteosarcoma, Ewing sarcoma, and
Chondrosarcoma, with different age and site distribution: Osteosarcoma occurs most often in
children and young adults, with a peak incidence at ages 10 to 14 years and occurs most commonly
around the knee; Ewing sarcoma is most common in teenagers and occurs most commonly in long
bones; Chondrosarcoma typically occurs in patients 40 years and older and it usually arise in the
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pelvis or long bones [14]. Considering the site, the most common in malignant bone tumors of lower
limbs is distal femur and proximal tibia [13]

Whenever is possible,in patients with primary or metastatic bone tumors limb-sparing surgery
is performed. The Modular Universal Tumor And Revision System (MUTARS®)is currently among
the most used tumor and revision systems. Megaprosthesis are modular endoprostheses consisting
of several different components in promptly available sets, which can be assembled in different
combinations to fit the specific skeletal defect allowing limb sparing. It offers the ability to vary the
lengths and angles, thus allowing intraoperative adaption to the individual patient's defect [15,16]. Is
worth noting that many complications occur after prostheses replacement as tumor surgery is a very
traumatic surgery including greater bone and soft tissue resection, blood loss, long time operation
with larger exposure range which combined with frequent radio and chemotherapy results in higher
rate of post-operative infections, higher risk of loosening and peri-prosthetic fractures. These
complications also affect the rehabilitation and have also a potential risk of secondary revision or
amputation.

The aim of this narrative review is to describe the short- and long-term functional and
rehabilitative outcomes of patients affected by primary or metastatic bone tumor in the lower limb
surgically treated with MUTARS® prostheses.

2. Methods

A comprehensive search was conducted on Pubmed and Scopus using following MESH terms:
“MUTARS”, “Megaprosthesis”, “bone”, “tumors”, “metastasis”’, “lower limb”, “rehabilitation”,
“outcome”, “quality of life”, in human, in oncological disease without other limits.

A number of 24 articles were assessed for eligibility. After removal of studies considered not
relevant -not concern oncological patients or not cited outcome measures of interest- we selected 12
papers by title and abstract, and analyzed them.

Data extracted from the selected studies were: type of study (retrospective or prospective),
patients characteristics (number, sex, mean age), type of bone tumors of the lower limb (histological
characteristics and distribution between primary and metastatic lesions), the model of prosthesis
used for surgical replacement, the outcome measures, timing of follow-up, and the results. The main
results are summarized in Table 1.

3. Results

The analysis of the selected papers about functional outcomes of patients affected by lower limb
primary and/or metastatic bone tumors treated with MUTARS® is summarized in Table 1.

Table 1. Description of the included studies.
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MUTARS: Modular Universal Tumor And Revision System; GMRS: Global Modular Replacement System; TKA:
Total Knee Arthroplasty; MSTS: Modular Universal Tumor And Revision System; HHS: Harris Hip Score; M-
HHS: Modified-HHS; VAS: Visual Analogue Scale; OKS: Oxford Knee Score; KPS: Karnofsky Performance Scale;
ECOG: Eastern Cooperative Oncology Group; TESS: Toronto Extremity Salvage Score; SPPB: Short Physical
Performance Battery; SF-36: Short Form Health Survey — 36.

In our review we included 10 full-text articles [1-4,6-10,12] and 2 papers [5,11] evaluated by title
and abstract. The studies we selected were: eight retrospectives [1,2,4-8] and five prospective [3,9-
12].

The retrospective analysis of the studies selected covers a period between 1992 and 2019. A total
number of 963 patients are included, everyone surgically with treated with modular prostheses of
lower limbs. The sample size of the studies appears variable, ranging from a minimum of 21[12] to a
maximum of 250 subjects [4].

The demographic characteristics of the sample ranges from 4 years to 89 years, so the review
covers both pediatric and adult age; mean age of the studies population is 42,1 years old, excluded
one article [11] where no data are available. Females are more represented than males in the
considered papers, contrary to major epidemiological data. The types of bone tumors included in the
studies are disparate, both in histological terms and primary or secondary nature: four papers
[2,4,9,11] analyze only primary tumors, two articles study only metastatic lesions [5,8], while most
studies collect data regarding both primary and secondary bone lesions [1,3,12]and the remaining
articles don’t report these informations [6,7,10]. Histological tumors reported are: metastatic bone
tumors, osteosarcoma, leiomyosarcoma, chondrosarcoma, giant cell tumors, lymphomas and other
primary bone tumors. The most frequent tumor found is Osteosarcoma, in accordance with current
epidemiology.

Regarding the site of MUTARS® implant, authors report prostheses replacement of the knee
region [2,6,7,10,11], of the hip region [3,5,8], while the remaining articles consider multiple sites of
the lower limbs affected by bone tumor [1,4,9,12]. The available evidence in literature, accord to which
distal femur and proximal tibia are the most common site of bone tumors in lower limbs [13]. The
modular endoprostheses reported in the article are diverse and not always described: 273 cemented,
45 uncemented, 154 silver coated, 42 hydroxyapatite (HA) coated. Furthermore some papers [5,8,10]
report also the use of other types of mega-prostheses implants (Global Modular Replacement
System®, the Megasystem C®) without comparisons between them in terms of functional outcome.

The outcome measure used are heterogeneous from multiple points of view, showing
considerable variability. There are surgical outcomes as Henderson et al classification in three studied


https://doi.org/10.20944/preprints202405.0248.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 6 May 2024

9

[1,2,6]; oncological outcomes as No Evidence of Disease (NED), Died With Disease (DWD) and
Alive With Disease (DWD) used in four papers [1,2,6,7]. With regard to the aim of this research, the
rehabilitation outcomes are so summarized: functional measures as Harris Hip Scale (HHS) in three
studies [3,5,8], Harris Hip Scale Modified (m-HHS) in one study [3], Oxford Knee Score (OKS) in one
article [7]; objective measures as gait analysis in two studies [10,12], stabilometry and Short Physical
Performance Battery (SPPB) both in one study [12]; Visual Analogue Scale (VAS) for the subjective
pain in four studies [3,5,8,12]; the range of motion (ROM) of the considered joint in four studies
[6,7,10,12]; SF-36 questionnaire for quality of life in one study [10]. Some studies use functional
measures specifically for this type of patients: Musculo-Skeletal Tumor Society score (MSTS) in 6
papers [1,4,5,7-12], Karnofsky Performance Scale (KPS) in two studies [8,12], Enneking score in one
study [4], Toronto Extremity Salvage Score (TESS) and Eastern Cooperative Oncology Group (ECOG)
both in the same study [12].

4. Discussion

The results of the included studies are mainly focused on the orthopedic goals, to improve the
surgical techniques or to reduce the complications, while the rehabilitative aspects are very poorly
represented. Certainly, rehabilitation cannot be separated from the evaluation of surgical, oncological
and functional outcomes in orthopedics. Comparison of all the studies is laborious because of all the
differences in age, timeframe of follow-up,and individuality

Functional Outcomes

The most cited functional measures is MSTS score [1,4,5,7-12]. It is a well-accepted psychometric
properties scoring system, although this is not validated in Italy. In all of the studies MSTS score
results were good to excellent in the populations who implanted a lower limb megaprosthesis.
Particularly in Lopresti et al. paper, MSTS score showed statistically significant higher scores in
patients that followed a physiotherapy program after surgery. In Hardes J et al study [7] they
considered not only the MSTS score but also the OKS. They observed that although the achievement
of good functional results after extra-articular resection, the rates of complications and subsequent
amputation were higher than in patients treated with intra articular resection. They also reported that
despite the good functional results, several patients needed support when walking and had problems
with kneeling, limping and descending stairs.

In Pellegrino et al. study, after the rehabilitation process of a limb-sparing surgery, a good
percentage of patients reached a medium-high functionaloutcome and degree of satisfaction, as
demonstrated by MSTS results.

The reduction of pain is evaluated with the Visual Analogical Scale in four studies [3,5,8,12]. All
the results showed a low pain after the implantand at the same time a good physical performance.
Guzik et al. demonstrated an accordance between the improvement of the function (evaluated by
KPS and MSTS score) and pain.

Such good outcomes were also supported by SF-36 scores. Subjective functional activity of
patients who underwent megaprosthesis implant was assessed through the MSTS score: the mean
value was 79.2 + 3.9%. The category that obtained better results was ‘stability’, while the score was
heavily influenced by poor results in ‘strength’ and ‘emotional acceptance’. A collateral information
about the quality of life is reported in Hardes et al. study. They report the employability after
intervention of their sample: of the evaluable 21 patients, 52% (n = 11) worked fulltime and only one
was not able to work at all.

In three articles [3,5,8] HHS is assessed and in article [3] is also evaluated the modified-HHS.
The HHS is a reliable investigation as to the domains of pain, function, absence of deformity, is
associated the physical examination with the range of motions.

In Kaminski et al. patients with tumor metastasis and patients underwent revision surgery due
to implant loosening showed statistically significant improvements in pain and HHS scores at follow-
up at one year after the procedure.

d0i:10.20944/preprints202405.0248.v1
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All parameters assessed except for prolonged comfortable sitting, putting on shoes and socks,
and the ability to use public transport. Everyday self-care required more focus on pain reduction
(confirmed also in the VAS scale) and the ability to walk, including climbing stairs, in those after
revision arthroplasty, as well as the oncological patients with maintaining and improving comfort of
walking. It should be remembered that expectations of patients undergoing another implant revision
surgery differ from those of oncological patients or patients after primary arthroplasty.

Also, patients after revision arthroplasty needed for longer rehabilitation due to the need of
longer hospitalizationfollowing the procedure. This is explained because of multiple surgical
procedures of the musculo-skeletal system conducted during surgerythat affected the
baselinefunction of the patients, who thus required longer rehabilitation.

Regarding gait alterations after the surgery, in one article [8] 15 out of 64 patients ambulated
efficiently withoutcrutches, 39 patients used one crutch or a walking canewhen walking over longer
distances and 10 patients walked with two crutches; muscle strength of the operated limb was lower
in all patients; a positive Trendelenburg’s sign wasobserved, indicating impaired gluteus function;
thepatients were able to use stairs with alternating gait(37 patients) or by leading with the healthy
limb andfollowing with the affected limb (27 patients); therewere no knee contractures which would
make itdifficult or impossible for the patients to get up from a chair. Gait analysis is investigated in
Pellegrino et al. study. They compared gait alterations between patients who had megaprosthetic
replacement for tumors around the knee and patients who had total knee arthroplasty (TKA) for
osteoarthritis (AO). The results showed that standard TKA and mega-prosthetic implants led to
partially similar gait alterations. All patients walked slower than healthy people and cancer group
had slow gait velocity because of less strength due to extensive muscle resections and bone sacrifice.
In the OA group the limbs tended to adapt with similar stance values by sacrificing speed and
increasing the double stance phase, while in the cancer group the stance difference is balanced by the
healthy limb so as to maintain a relatively higher velocity. The results showed that gait pattern
abnormalities do not affect patients with a megaprosthetic replacement more significantly than
patients undergoing TKA. In one article [9] is reported that, at a mean of 13.2 years from the
endoprosthetic reconstruction, patients with proximal/distal femoral replacements and proximal
tibia replacements, all walked efficiently. In particular patients with proximal tibia replacements had
more muscle weakness about the knee, but all groups remained similarly active at home and in the
community.

ROM is evaluated in four articles [6,7,10,12]. Pellegrino et al. investigated ROM of the knee in
patients withmegaprosthetic replacement for a tumor comparing them with patients with total knee
arthroplasty due to osteoarthritis, with no significant difference between the two implants. Ferrara et
al investigated the hip and the knee flexion range of movement in a population with MUTARS®
reconstructions after proximal or distal lower limb tumor resection. The results showed a significant
improvement of hip flexion ROM at the second evaluation at three months, after rehabilitation. There
was an increase of the quadriceps muscle strength between T1 and T2, close to the significance (p-
value 0.08). The improvement of ROM and muscle strength was progressive, like the self-sufficiency
and psychophysical conditions evaluated by SPPB, MSTS and TESS score in the first six months after
surgery. Despite ROM after MUTARS® implant was partially limited because of surgical reasons and
structural needs of the prosthesis, they found a nearly significant hip flexion ROMs increase after
three months from surgery and rehabilitation. In one article [6], after intra-articular knee resection,an
active extension deficit of more than 10° is reported only in 6 patients over 98 (6%).In another article
[7], after extra-articular knee resection, an extensor lag > 10° was noted in 10 patients over 59 (17%)
resulting in functional deficiency.

Ferrara et al. at stabilometry evaluation reported significant increase in balance at the evaluation
at two and three months after surgery. The SPPB values increased (p-value 0.09) at three months and
a significant increase (p-value 0.01) at six months after surgery, with better results in balance, walking
time and "sit to stand" ability. Moreover, this study showed a significant increase in TESS scale (p-
value 0.03) at three months after surgery.
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Activities of daily living are described only in two articles [8,12] and the results, using the KPS
[8,12], ECOGG [12], scales were all good, giving an overview on the fundamental activities of daily
living required for an independent care wich has possibly the highest impact on the quality of life.
It is important to notice thatquality of life is investigated only in one article [10]. Pellegrino et al.
demonstratedthat modular prostheses considerably improved patients’quality of life. Another
important domain investigated the employability after intervention[7]. Harders ] et al. demonstrated
that 52% of their population worked full time after recovery and only one was not able to work at all.

Surgical Outcomes

Surgical complications are reported in three articles according to Henderson et al classification
[1,2,6], while in one [7] are defined as major (peri-prosthetic infection, aseptic loosening, peri-
prosthetic fracture) or minor (change of the bushings, wound healing disturbances).

Reducing the rate of infections has been widely studied. As known in literature [17-19],
materials such as iodine, Defensive Antibacterial Coating (DAC) or Silver Coating reduce the risk of
infection avoiding biofilm formation on implant surface. Pala et al. study supported this evidence,
showing that silver coated MUTARS® prosthesis are related with a lower incidence of infection, even
if not statistically significant, as it inhibits bacterial colonization of the prosthetic body, without
toxicological side effects. Therefore, in higher risk patients, silver-coated prostheses are the preferable
choice, particularly in sites such as distal femur and proximal tibia, where it prevents infections better
than in other sites. They reported that infections weremore frequent in the lower limbs than in the
upper limbs, with no difference in in survival to infection (p-value 0.76). They also reported that
silver-coated prostheses two-stage revision and prostheses implantation, showed a lower incidence
of secondary amputation compared to thetitanium implants.

Another consideration about infections comes from Hardes et al. study [7]. They found out that
extra-articular knee resection, as alternative to amputation, had a higher rate of delayed wound
healing and associated peri-prosthetic infections than intra-articular resection. As a consequence of
peri-prosthetic infection and revisionin one case, they reportedflexion limitation of 20° in the ROM
of the knee. While in 38 patientswith no infection at final follow-up themean range of flexion was 72°
(10° to 100°) and a total of 25 of these had flexion of > 90°.In some cases, the infection and necrosis was
extensive at the point that in two patients was necessary amputation. In particular patients who
received radiotherapy developed peri-prosthetic infection, as a result of delayed wound healing.This
is in accordance also with the results of Hardes et al. study [6] according to whom a high BMI and
administration of radiotherapy are significant risk factors for the development of wound healing
disturbances.

In literature patellar tendon rupture (Type 1) is reported as a common complication inknee
replacements [20]; in Bus et al. study they did not observe any patellar tendon ruptures, probably
thank to the use of the attachment tube that allows for ingrowth of the extensor apparatus and
apparently ensures reliable, long-lasting fixation.

They also reported that uncemented HA-coateddistal femoral replacements had a lower risk of
loosening complication (Type2) (5%) than uncemented uncoated implants (31%) (p-value 0.060).

Regarding the coat, an observation comes from Kaminski et al. study. In the two groups of
patients with femoral resection prostheses (tumour metastasis and implant loosening), MUTARS®
stems, both press-fitcementless and cemented ones, allowed for immediate weight bearing. This is
particularly important, in fact not delay to load the limb soon after theprocedure improves the
patient’s quality of life andfacilitates continuation of specialist treatment of the underlying disease.

Another consideration come from the study of Gosheger et al., they reported that the hexagonal-
shaped design of the stem provides good rotational stability with reduced loosening rates and less
stem breakage. Also, using the Trevira tube (Implantcast), that makes muscle and tendon refixation
much easier, decreases dislocation and improve functional results in proximal femoral and tibia
replacements.

In three articles was also evaluated the limb survival rate [4,6,7] using the Kaplan-Meier
survivorship analysis. In one of these [4] 5-year limb survival rate evaluated was 87.1%. In the
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second [6] were 94.9%, 90.5% and 74.5% at one, two and ten years, respectively. In the third [7], the
rate of survival of the limb was 76% at 151 months; while the rate of survival of the prosthesis without
re-operation was 48% at two years and 25% at five years post-operatively

The authors of the first of these documents showed that prosthetic survival was adversely
influenced by radiation therapy and chemotherapy and the second confirmed that independent
significant risk factors on univariate analysis for subsequent amputationwere radiotherapy (p =
0.041), pathological fracture(p = 0.004), peri-prosthetic infection (p = 0.018) and theuse of a
reattachment tube (p = 0.01).

Oncological Outcomes

Only 4 papers [1,2,6,7] described the oncologic outcomes at follow-up. The timing of follow-up
is different between the four papers: mean follow-up are 3.4 years [1], 1 year [6] and 4.7 years while
median follow-up is 8.9 years [2].

We noted that, regardless of the timing of follow-up, in Pala et al. study the percentage of
patients with NED is well below than other two studies [6,7]. Likewise the DWD and the AWD
outcome.

Regarding overall survival at 5 and 10 years we noticed also a lower percentage of patients in
Pala et al. study (58% at 5 years; 54% at 10 years) compared to Hardes et al. (84.9% at 5 years; 80.1%
at 10 years). We partly explained this evidence by the mean age of the sample in the respective studies
(53 vs. 18 years old).

5. Conclusions

In conclusion MUTARS® implantation are certainly a good alterative for patients with primary
or metastatic bone tumors limb-sparing surgery. Extensive resections and prosthetic reconstructions
inevitably change the alignment, biomechanics and proprioception of the affected limb, resulting for
example in changes in walking patterns. MSTS score is a validate functional measure for orthopedics
and oncologist but more assessments of functional outcome are needed to identify specific problems
faced by patients. This information can be used to improve rehabilitation treatments and optimize
patient care after limb reconstruction and achieve not only a lower rate of complications, but also
satisfactory quality of life after cancer.

Author Contributions: SC, PFE, GR and MA designed the research study. AA and DP performed the
bibliographic research, assembled the tables and the graphical section of the manuscript. AA,DP and
MA wrote the manuscript. All authors read and approved the final manuscript. All authors have
participated sufficiently in the work and agreed to be accountable for all aspects of the work.

Funding: This research received no external funding.
Informed Consent: All authors declare informed consent.

Data Availability Statement: The data generated and analysed during this study are included on
this published article and are available from the corresponding author.

Conflict of Interest: The Authors declare no conflict of Interest.

Ethical Approval: N/A.

References

1. Pala E, Trovarelli G, Ippolito V, Berizzi A, Ruggieri P. A long-term experience with Mutars tumor
megaprostheses: analysis of 187 cases. Eur ] Trauma Emerg Surg. 2022 Jun;48(3):2483-2491. doi:
10.1007/s00068-021-01809-7. Epub 2021 Nov 2. PMID: 34727192.

2. Bus MP, van de Sande MA, Fiocco M, Schaap GR, Bramer JA, Dijkstra PD. What Are the Long-term Results
of MUTARS® Modular Endoprostheses for Reconstruction of Tumor Resection of the Distal Femur and
Proximal Tibia? ClinOrthopRelat Res. 2017 Mar;475(3):708-718. doi: 10.1007/s11999-015-4644-8. Erratum in:
ClinOrthopRelat Res. 2017 Mar;475(3):922. PMID: 26649558; PMCID: PM(C5289150.


https://doi.org/10.20944/preprints202405.0248.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 6 May 2024 d0i:10.20944/preprints202405.0248.v1

13

3. Kaminski P, Szmyd J, Ambrozy J, Jaworski JM, Franiczuk B. A Comparison of Outcomes of Treatment with
Resection Prosthesis of the Hip in Revision and Oncological Surgery. OrtopTraumatolRehabil. 2017 Apr
12;19(2):145-156. doi: 10.5604/15093492.1238002. PMID: 28508765.

4. Gosheger G, Gebert C, Ahrens H, Streitbuerger A, Winkelmann W, Hardes J. Endoprosthetic reconstruction
in 250 patients with  sarcoma. ClinOrthopRelat ~ Res. 2006 Sep;450:164-71. doi:
10.1097/01.b10.0000223978.36831.39. PMID: 16691142.

5. Pitera T, Guzik G, Biega P. Assessment of Post-operative Physical Performance in Patients after Resection
Arthroplasty of the Proximal Femur. OrtopTraumatolRehabil. 2017 Aug 31;19(4):333-340. doi:
10.5604/01.3001.0010.4642. PMID: 29086741.

6. Hardes], Henrichs MP, Gosheger G, Guder W, Nottrott M, Andreou D, Bormann E, Eveslage M, Hauschild
G, Streitbiirger A. Tumourendoprosthesis replacement in the proximal tibia after intra-articular knee
resection in patients with sarcoma and recurrent giant cell tumour. IntOrthop. 2018 Oct;42(10):2475-2481.
doi: 10.1007/s00264-018-3893-z. Epub 2018 Mar 22. PMID: 29569138.

7. Hardes ], Henrichs MP, Gosheger G, Gebert C, Holl S, Dieckmann R, Hauschild G, Streitbiirger A.
Endoprosthetic replacement after extra-articular resection of bone and soft-tissue tumours around the knee.
Bone Joint J. 2013 Oct;95-B(10):1425-31. doi: 10.1302/0301-620X.95B10.31740. PMID: 24078544.

8.  Guzik G. Treatment Outcomes and Quality of Life after the Implantation of Modular Prostheses of the
Proximal Femur in Patients with Cancer Metastases. OrtopTraumatolRehabil. 2016 May 5;18(3):231-238.
doi: 10.5604/15093492.1212867. PMID: 28157079.

9. Bernthal NM, Greenberg M, Heberer K, Eckardt JJ, Fowler EG. What are the functional outcomes of
endoprosthestic reconstructions after tumor resection? ClinOrthopRelat Res. 2015 Mar;473(3):812-9. doi:
10.1007/s11999-014-3655-1. PMID: 24777730; PMCID: PMC4317426.

10. Pellegrino P, Conti A, Pautasso A, Boffano M, Ratto N, Carlone M, Beltramo C, Massazza G, Piana R. Gait
analysis: Comparative evaluation of conventional total knee replacement and modular distal femoral
megaprosthesis. Knee. 2020 Oct;27(5):1567-1576. doi: 10.1016/j.knee.2020.08.004. Epub 2020 Sep 2. PMID:
33010775.

11. Lopresti M, Rancati ], Farina E, Bastoni S, Bernabé B, Succetti T, Ligabue N, Panella L. I percorso
riabilitativo del paziente sottoposto a intervento di protesi da grandi resezioni di ginocchio per neoplasia
scheletrica [Rehabilitationpathwayafterkneearthroplasty with mega prosthesis in osteosarcomal.
RecentiProg Med. 2015 Aug;106(8):385-92. Italian. doi: 10.1701/1960.21306. PMID: 26228861.

12.  Ferrara PE, Salini S, Amabile E, Nigito C, Ferriero C, Maccauro G, Ronconi G. Functional outcome and
multidimensional evaluation of patients with Mutars® reconstructions post lower limb tumor resection
and rehabilitation: preliminary results. ] BiolRegulHomeost Agents. 2019 Mar-Apr;33(2 Suppl. 1):155-161.
XIX Congresso Nazionale SI.C.O.0.P. Societa' Italiana Chirurghi Ortopedici Dell'ospedalita’ Privata
Accreditata. PMID: 31172733.

13.  Wainman J, Kjartansdéttir S, Wolf O, Sundkvist ], Wennergren D, Mukka S. Age, sex, primary tumor type
and site are associated with mortality after pathological fractures: an observational study of 1453 patients
from the Swedish Fracture Register. ] Orthop Surg Res. 2023 Mar 1;18(1):150. doi: 10.1186/513018-023-03620-
z. PMID: 36859299; PMCID: PM(C9976455.

14. Keil L. Bone Tumors: Primary Bone Cancers. FP Essent. 2020 Jun;493:22-26. PMID: 32573183.

15. ] Schmolders, S Koob, P Schepers, S Gravius, D C Wirtz, C Burger, P H Pennekamp, A C Strauss The Role
of a Modular Universal Tumour and Revision System (MUTARS®) in Lower Limb Endoprosthetic
Revision Surgery - Outcome Analysis of 25 Patients.

16. Carsten Gebert, Martin Wessling, Christian Gotze,Georg Gosheger and Jendrik HardesThe Modular
Universal Tumour And Revision System (MUTARS®) in endoprosthetic revision surgery.

17.  Tsuchiya H, Shirai T, Nishida H, Murakami H, Kabata T, Yamamoto N, Watanabe K, Nakase J. Innovative
antimicrobial coating of titanium implants with iodine. ] Orthop Sci. 2012;17:595-604.

18. Mavrogenis AF, Pala E, Angelini A, Calabro T, Romagnoli C, Romantini M, Drago G, Ruggieri P. Infected
prostheses after lower-extremity bone tumor resection: clinical outcomes of 100 patients. Surg Infect
(Larchmt). 2015;16(3):267-75.

19. Donati F, Di Giacomo G, D’Adamio S, Ziranu A, Careri S, Rosa MA, Maccauro G. Silver-coated hip
megaprosthesis in oncological limb savage surgery. Biomed Res Int. 2016;2016:9079041.

20. Ruggieri P, Mavrogenis AF, Pala E, Abdel-Mota’al M, Mercuri M. Long term results of fixed-hinge
megaprostheses in limbsalvage for malignancy. Knee. 2012;19:543-549

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those
of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s)
disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or
products referred to in the content.


https://doi.org/10.20944/preprints202405.0248.v1

