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Abstract

Background. Amputation was historically the primary surgical intervention for children with limb bone
sarcomas. However, the development and refinement of chemotherapy and radiotherapy protocols, along with
advances in surgical techniques and implants, have significantly altered the treatment landscape for these
patients. Currently, limb-sparing oncologic arthroplasty is the preferred surgical approach for treating limb
sarcomas in children.

The aim of the systematic review is to analyse the outcomes of oncologic arthroplasty in children and
adolescents.

Methods. A comprehensive literature search was performed in Google Scholar, PubMed, ScienceDirect,
and eLIBRARY databases focusing on the keywords “endoprostheses, tumors, children”, from 2000 to
2024. Data collection included patient demographics (number of patients, gender, age), follow-up period,
disease diagnosis, tumor location, type of endoprosthesis, complications, functional outcomes based on the
Musculoskeletal Tumor Society score (MSTS) in percentage, overall survival rates, and prosthesis survival
rates.

Results. The review included the data from 30 articles on a total of 792 patients aged 2 to 18 years, with 422
males and 370 females. The average age was 11.4 years, and the average follow-up period was 6.5 years.
Osteosarcoma was the most common diagnosis, accounting for 716 (88.8%) cases, followed by Ewing sarcoma
with 67 (8.3%) cases. Distal femoral arthroplasties were performed most frequently (573 cases, 71.1%), followed
by proximal tibial arthroplasty (148 cases, 18.3%). The most commonly used type of endoprosthesis was the
non-invasively extendable type (540 cases, 67%). A total of 756 complications were recorded, resulting in a
complication rate of 96%. The complications were predominantly oncologic (188 cases, 25%) and pediatric
orthopedic (166 cases, 22%). The 5-year and 10-year overall survival rates were 81.68% and 77.63%, respectively,
with an average prosthesis survival rate of 53.93%.

Conclusion. The data obtained indicate an extremely high frequency of complications during oncologic
arthroplasty in children, mainly of an orthopedic profile, which requires analysis and development of measures
to prevent them, as well as organizational solutions for the correction of these disorders.
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Pedepar

AxmyansHocms. [Tpy capkoMax KOCTelt KOHEUHOCTe y IeTeit onepanyeii Bpibopa g0 1980-x IT. IBjsIach aM-
nytanus. Co3maHue U COBepIIeHCTBOBaHMe IIPOTOKOIOB XMMMOTEePAInH, IyueBoii Tepanuu, pa3BuTue Xupyp-
TMYeCcKOi TEXHUKY U MMIUIAHTATOB KapAMHAIbHO M3MEHWIM BO3MOKHOCTM U Pe3y/abTaThl OKa3aHMsI TTIOMOIIN
JaHHOI IpyTIe NaluKueHTOB. B HacTosIlee BpeMs OPraHOCOXPAaHSIOIAS TeXHOIOTUS OHKOJIOTMUECKOro SHIO-
MPOTE3UPOBAHUS SIBJISIETCSI METOAOM BbIOOpA B XMPYPTUMUECKOM JIEUEHUY JTeTEli C CApKOMaMy KOHEYHOCTE.
Ilensto cucmemamuueckozo 0630pa SBJIIETCS aHAIU3 VICXO0B OHKOJIOTMYECKOTO SHAOMPOTE3UPOBAHMS Y Jie-
Tel U MOLPOCTKOB.

Mamepuan u memodel. ITloMCK MCTOYHMKOB BBITIONIHSUICS B 6Gasax naHHbIXx Google Scholar, PubMed,
ScienceDirect, eLIBRARY 1o kioueBbiM cioBaMm «endoprosthesis, tumors, children, sugomnpoTess, 370Kave-
CTBEHHbIE OITYyXOJIM, IeTu» ¢ TIy6MHOoIt moucka ¢ 2000 mo 2024 r. BeIMOMHSIICS aHAIN3 CIeOYIONIMX JaHHbIX:
KOJIMYECTBO TAaI[MeHTOB, I10JI, BO3PAaCT, Iepuof, HabOMogeHus, AMArHo3, JOoKaIM3auus OIyXoidu, TUIl yCTa-
HaBJIMBAEMOTr0 3HIONPOTEe3a, HAJIMUMe OCIOKHEHWI, pe3ylbTaThl OLeHKY (PYHKUMM KOHEUHOCTU IO ILKajie
Musculoskeletal Tumor Society (MSTS) B mpolieHTax, 06111ast BBIXKMBaeMOCTb ¥ BbIKMBAEMOCTb SHIOIIPOTE3a.
Pesynomamel. B aHanu3upyeMblii MaTepuan BOILIM AaHHble u3 30 cTareii, BKIIOUAOIINX Bcero 792 mamu-
eHTa B Bo3pacTe OT 2 10 18 seT, 3 Hux 422 manbunka u 370 geBouyek. Cpeguuii Bo3pact — 11,4 rona, cpefi-
HUiT mepuopn HabmomeHuss — 6,5 jgeT. Ha mepBoM MecTe MO BCTPEUAEMOCTM PAaCIIOIOXMUIACH OCTEOCapKO-
Ma — 716 (88,8%) Habmomenmii, Ha BTOpoM — capkoma IOuHra — 67 (8,3%). Uallle BCEro BBITIOIHSIIOCH
SHJIOTIPOTE3MPOBAHME AUCTATBLHOIO OTHeNa 6empeHHOI Koctu — 573 (71,1%), a Takke MPOKCUMAIbHOTO OT-
Iena 6omblnebepiioBoit KocT — 148 (18,3%). Hanboee 4acTo MCITOMb3yeMblii TUIT SHIOIIPOTE3a — HEeMHBa-
3UBHO yajinHsIeMblit — 540 (67%). Bbuto 3admkcupoBaHo 756 oc/oskHeHUit, yacToTa BCTpeyaeMocT — 96%.
B cTpykType OC/IOXHeHUI TMpeobnamasu OHKOJIOTMYeCcKuMe U OpToIeAndeckue OCAOKHeHMS Ha ¢doHe po-
cTa pebenka — 188 (25%) u 166 (22%) coorBeTcTBeHHO. O6Ias BbIKMBAeMOCTb MalleHTOB 3a 5 u 10 yneT
coctaBmiia B cpegHeM 81,68% u 77,63% COOTBETCTBEHHO P CpeJHEM 3HaUEHMM BbDKMBAEMOCTY SHA0IPOTE3a
53,93% 3a mecsITWIeTHUI TIepUOS,

3axnroyenue. [lomyueHHble JaHHbIE CBUAETENbCTBYIOT O KpaliHe BbICOKO YacTOTe OC0KHEHMI TPy OHKOIIPO-
Te3UPOBAHUU Y AeTell, MPeuMyleCTBeHHO OpTOIleAuYecKux, UTo TpedyeT aHain3a 1 pa3paboTKy Mep M0 UX
MpenyrnpexIeHuIo, a Tak)ke OpraHM3alMOHHBIX pellleHNi 1J11 KOpPeKUUYM JaHHbIX HapylIeHUiA.
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INTRODUCTION

Primary malignant bone tumors account for
0.001% of all newly diagnosed malignant
neoplasms. The incidence rate is 1 case per
100,000 population, with the majority occurring
in children and adolescents [1]. In the past, the
only treatment option was amputation of
the affected limb. Even with such a radical
intervention, the 5-year survival rate after
amputation remained consistently low, especially
in children, not exceeding 20% [2].

With the development of chemotherapy
and improved survival rates for patients with
musculoskeletal tumors, the issue of alternative
treatments to amputation arose. Currently,
there is no convincing evidence of differences
in survival rates and local recurrence frequency
between patients who undergo limb amputation
and those who receive limb-sparing operations
[3]. However, arthroplasty in this patient group is
associated with a high rate of complications that
often require additional surgical interventions
and may hinder the achievement of satisfactory
functional outcomes [3].

Specific complications, such as limb length
discrepancy (LLD), occur when treating pediatric
patients. For example, resection of the distal
femur in children under 10 years old can result in
limb growth retardation of up to 1.6 cm per year,
potentially leading to a limb length discrepancy
of 10-20 cm by the end of skeletal growth [3].
Small sample sizes and their heterogeneity in
various publications make it difficult to fully
analyse the outcomes of oncologic arthroplasty
in children and adolescents, complicating the
determination of treatment strategies for this
patient group [4].

The aim of this review was to analyse the
outcomes of oncologic arthroplasty in children
and adolescents.

METHODS

A literature search was performed in the Google
Scholar, PubMed, ScienceDirect, and eLIBRARY
electronic databases using the following
keywords: “endoprostheses, tumors, children”,
from 2000 to 2024.

Inclusion criteria for publications in the
systematic review:

1) articles in Russian or English;

2) full text available;

3) patients’ age under 18 years;

4) publication type: case-control studies,
clinical series studies, clinical observations.

Exclusion criteria:

1) duplicates;

2) sources without mentions of tumors or
endoprostheses;

3) when examining the text, it was found that
oncologic arthroplasty had not been performed
or had been performed only on adults;

4) no data on complications, or reports only
on infectious complications;

5) mixed results of arthroplasty in adults and
children.

The following data were analyzed: number
of patients, gender, age, follow-up period,
diagnosis, tumor location, type of prosthesis,
presence of complications, limb function
assessment results using the Musculoskeletal
Tumor Society (MSTS) scoring system (in
percentage), patient survival rates, duration of
revision-free survival of prostheses, frequency,
and structure of complications after arthroplasty.

For the description and classification of
complications in oncologic arthroplasty,
the Henderson classification was used in
the analysed literature. According to this
classification, five types of complications are
defined. In 2014, the International Society
of Limb Salvage (ISOLS) supplemented this
classification with a sixth type — pediatric
complications.  This  category includes
complications related to growth plate blocking
and deformity formation, as well as dysplastic
joint changes associated with arthroplasty [5].

Statistical analysis

The collection, storage, and analysis of the
obtained data were carried out using Microsoft
Excel 2019. Absolute and relative values of
various characteristics, as well as the median
(Me) and interquartile range, were used to
describe the data. The Mann-Whitney U test was
employed to test null hypotheses. Differences
were considered statistically significant at a two-
sided significance level of p < 0.05.

RESULTS

From all identified publications, 30 articles were
selected after applying exclusion criteria, from
which the relevant data collection and analysis
were carried out [1, 6-34].
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The selection scheme of publications with
quantitative data representation is shown in
Figure 1.

The selected sources included data on 792
patients aged 2 to 18 years, with an average age
of 11.4 years. Gender distribution was 422 boys
and 370 girls. The average follow-up period for pa-
tients mentioned in the publications was 6.5 years.

The studies were conducted by oncologic and
orthopedic centers as well as specialized university
clinics. Quantitatively, the majority of publications
originated from authors in China [10, 25, 29,
32, 33], the United Kingdom [21, 24, 26, 27, 30],
the USA [9, 11, 22, 23], Egypt [7, 34], the Russian
Federation [1, 8], Poland [15, 20], and Lebanon
[12, 18, 28]. More detailed information on the
geographic distribution, number, and volume of
publications by patients is presented in Figure 2.

Keyword search in systems:
ScienceDirect, Google Scholar, PubMed,
eLIBRARY. Search depth 2000-2024
1.869 publications

Excluded 289

L

h /
[ 1.580 publications ]

Excluded 1476

Y

[ 104 publications ]

Excluded 74

L

j;( Mixed data on children and adults — 74

Y
30 publications

n =792 patients
m/f=422/370

Figure 1. Flowchart of literature screening rocess

The structure of morphological diagnoses
reflects known statistics for malignant tumors
of the musculoskeletal system in children and
adolescents. Osteosarcoma predominated with
716(88.8%) cases, followed by Ewing sarcoma— 67
(8.3%) cases. Other musculoskeletal tumors were
extremely rare: embryonal rhabdomyosarcoma
— 1 case, chondrosarcoma — 3 cases, malignant
giant cell tumor — 1 case, pleomorphic sarcoma
— 5 cases. Additionally, there were 13 cases where
patients had bone metastases with a primary
diagnosis of osteosarcoma or Ewing sarcoma.

The location of tumors treated with
arthroplasty is shown in Figure 3, with distal
femoral and proximal tibial regions being
predominant.

In limb-sparing surgery for malignant limb
tumors in children, the most utilized prosthesis

Jg( Removal of duplicates ]

¢ Article language is neither Russian nor English — 174;
¢ content does not pertain arthroplasty, or patient age is
over 18 years — 1191;

¢ no data on complications in arthroplasty groups — 8;

« literature review publication type — 68;

« full text unavailable — 35

Figure 2. Geographic distribution
of studies included in the systematic
review (indicating the number

of studies/number of patients)
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type was a non-invasively extendable one with
a magnetic extension mechanism. According
to the publication analysis, it was used in 540
(67%) patients. Surgically (minimally invasive
or via limited approach) extendable prostheses
were significantly less common, used in 42

2 -
31 19 59z
(71,1%)
2 =148
(18,3%)
.
b, 14

Figure 3. Tumor location

(5.2%) patients. Modular implants were applied
in 211 (26.2%) cases. In one study, monolithic
endoprostheses manufactured by 3D printing
were mentioned — 13 (1.6%) cases.

Treatment outcomes are intrinsically linked
to complications associated with arthroplasty.
The structure and statistics of complications
according to the Henderson—-ISOLS classification
[5] are provided in Table 1. A total of 756
complications were recorded in 792 patients,
accounting for 96%. Some patients experienced
two or more complications. Oncologic and
pediatric complications were the most prevalent.
Data on aseptic prosthetic loosening, though
less frequently reported, indicated that this
complication had occurred in approximately
1 out of every 10 patients. The detailed structure
of complications according to the Henderson-
ISOLS classification is shown in Figure 4.

Table 1

Structure of complications according to the Henderson-ISOLS classification

Type of complication

Variants and number of complications

1
Soft tissues
Total 82 (11%):
o functional — 34 (41%)
o defect of closure — 48 (59%)

I
Prosthetic aseptic loosening

111
Structural
Total 134 (17%):
o endoprosthesis-related (component failure or malfunction
of extension mechanism) — 94 (70%)
e bone-related (periprosthetic fracture) — 40 (30%)

1A%
Infectious complications
Total 112 (15%)

v
Oncologic complications
Total 188 (25%)

VI

Pediatric complications
Total 166 (22%)

Neuropathy — 15 (18%)

Joint stiffness — 25 (30%)

Defects of ligaments and tendons — 8 (10%)
Wound dehiscence — 12 (15%)

Necrosis — 12 (15%)

Delayed wound healing — 10 (12%)

Prosthetic loosening without structural or infectious causes in the
overall structure of complications — 74 (9,71%)

Failure of the extension mechanism — 41 (31%)
Prosthetic component failure — 53 (39%)
Periprosthetic fracture — 40 (30%)

Superficial soft tissue infection — 14 (12%)
Periprosthetic infection — 78 (70%)
Infection requiring amputation — 20 (18%)

Local recurrence — 160 (85%)
Metastatic recurrence — 28 (15%)

LLD > 2 cm — 138 (83%)

Limb deformity — 15 (9%)

Implant-associated joint dysplasia (endoprosthesis dislocation,
subluxation) — 13 (8%)
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Figure 4. The structure of complications by
their types according to the Henderson-ISOLS
classification

Based on data analysis, endoprosthesis and
patient survival rates were calculated. Prosthesis
survival rate was defined by cases necessitating
revision and replacement of implant components
associated with failure, deep infections, and other
causes. Assessment was performed over a 5-year
period from the time of prosthesis implantation.
During this period, 334 (42%) revisions were
required, resulting in a 5-year mean prosthesis
survival rate of 58%. Given the high frequency of
type V complications, patient survival rate at the
five- and ten-year marks was 80.0% and 78.5%,
respectively.

The quality of life was assessed in all publi-
cations using the Musculoskeletal Tumor Society
(MSTS) scale. Some authors used a system with
a maximum score of 30 points, while others
presented results as a percentage. To facilitate
data consolidation, all results were converted to
percentages, where the minimum result was 0%
and the maximum was 100%. Subsequently,
the data were grouped based on patient
follow-up duration: less than 6 years and more
than 6 years, with the average quality-of-life
scores being 85.23% and 80.77%, respectively
(Figure 5).

In terms of topography, neoplasms
predominantly affected the distal femur (DF)
and the proximal tibia (PT). Accordingly, the
tumors of the majority of patients experiencing
complications following arthroplasty had
these localizations. For DF, the total number
of complications was 340 (93.15%), while for
PT, it was 37 (72.54%). The quality-of-life score
according to the MSTS scale was statistically

significantly higher (p = 0.0256) in the DF group,
with an average score of 86.45% compared to
73.96% in the PT sarcoma group (Figure 6).

- 2 p=0.199
- —
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[ Average MSTS score < 6 years [El Average MSTS score > 6 years

Figure 5. Quality of life measured by the MSTS scale
with follow-up periods of less than 6 years and more
than 6 years
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Figure 6. Quality of life after operations on different
locations

The analysis of complication rate by
endoprosthesis type showed 538 complications
in 530 patients managed with non-invasively
extendable implants, amounting to 101.51%,
indicating that some patients had two or more
types of complications. In the group with invasive
and modular implants, 161 complications were
noted in 197 patients, representing 81.72%.
No significant differences in the quality of life
and 5-year implant survival rates were observed
based on the type of endoprosthesis (Table 2).
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Table 2

Comparison of different types of endoprostheses
. Non-invasively extendable p-value between
Comparison parameter . Others X
endoprosthesis comparison parameters
Median MSTS 85% 74.29% 0.1421
5-year endoprosthesis 54.3% 60.3% 0.3884
survival rate

DISCUSSION

The number of publications dedicated to the
treatment of osteosarcomata in children has
shown a progressive increase over the past decade,
highlighting both the relevance of the topic and
the accumulation and critical assessment of data
on this disease and modern treatment options.
Currently, limb-sparing surgery can be applied in
80-85% of cases in children with osteosarcomata
[35]. This emphasizes the importance of analysing
contemporary data on treatment outcomes.
Unfortunately, out of 1.869 publications, only
30 high-quality studies suitable for analysis were
found.

Until the 1970s, the predominant method of
surgical treatment for osteosarcomata achieved
5-year survival rates in no more than 25% of
cases [36]. Advances in modern chemotherapy
protocols and surgical technologies have led
to a 5-year survival rate of 70% for children
with this pathology [35, 37]. According to our
analysis, the 5-year survival rate for children
reaches 80%. These results allow us to focus not
only on life preservation but also on the quality
of life comparable to that of children in the
general population. The quality of life depends
on the treatment outcomes and the frequency
and nature of potential complications from
aggressive surgery and chemotherapy aimed at
achieving sustained remission.

According to our analysis, the primary type
of endoprosthesis used in treating sarcomata
in children is non-invasively extendable
implants, which allow for the lengthening of
the operated limb in line with the child’s growth
and development. Despite a high incidence of
structural complications, the quality-of-life
scores for this group were higher, confirming the
importance of minimally invasive approaches in

pediatric surgery and orthopedics. Unfortunately,
non-invasively extendable devices are currently
not manufactured in the Russian Federation.

The performed analysis revealed a very high
complication rate, consistent with the data from
certain clinical series presented in various studies
[7, 18]. Approximately 75% of all complications
were non-oncologic in nature, primarily related
to infections and, even more frequently, various
orthopedic complications.

According to the data, tumors most often
developed during growth spurts (average patient
age — 11.4 years), with primary tumor sites
typically located in growth zones characterized
by high activity and contributing significantly to
overall growth (distal femur and proximal tibia).
Type VI complications were the second most
frequent, raising the need for active involvement
of pediatric orthopedic specialists in post-
oncologic arthroplasty care. A.V. Petrichenko et
al. also emphasize this problem [38].

The high complication rate highlights the
quality-of-life scores measured by the MSTS
scale, averaging 86.3% for the first 6 years of
observation and 80.7% in subsequent vyears,
despite nearly half of the endoprostheses
failing within 5 vyears post-implantation.
Possible reasons for this discrepancy include
the subjectivity of the scale and the tendency
of children to overlook existing problems due
to high adaptability. Our study did not find any
publications addressing this issue. However,
M.G. Vitale et al. have raised questions about
the insufficient effectiveness of quality-of-
life scales for pediatric orthopedic patients
compared to adult patients, particularly the
SF-36 scale [39]. Similar traits may apply to
quality-of-life assessments in this group.
Methodological limitations tied to patient
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categories should not be excluded. For instance,
patients undergoing arthroplasty for the tumor
of the distal femur retain a higher quality of life
despite frequent oncologic complications. Given
that metastatic recurrence canresultina patient’s
death, further quality-of-life assessments
become impossible, leaving outcomes fixed at
a high level. Conversely, aseptic loosening is a
prolonged process, often spanning years (usually
2-3 years) [40, 41], masking clinical symptoms
and causing minimal concern for the child.

A key aspect of the study is the near-total
lack of research on patterns of orthopedic
complications, their prevention, and treatment
in pediatric patients. Despite the distraction
capabilities of modern devices, the lengthening
mechanism remains technically complex.
The analysis revealed frequent malfunctions,

preventing compensation for length
discrepancies in limbs. The engineering
solutions  enabling lengthening require

sufficient space, ultimately influencing the
extent of bone resection. One potential approach
to mitigating this limitation involves seeking
for more advanced technical solutions and,
where oncologically feasible, opting for surgical
procedures that preserve the growth zone and
joint. Studies focused on limited resections and
biological reconstruction surgical techniques
for pediatric musculoskeletal malignant tumors
remain highly relevant [42, 43, 44, 45].

CONCLUSIONS

The analysis of publications revealed a high level
of interest in pediatric arthroplasty for malignant
musculoskeletal tumors. However, the number
of comprehensive studies that allow for an in-
depth analysis of the accumulated global medical
practice is relatively limited. The conducted
analysis showed an extremely high frequency
of complications in oncologic arthroplasty in
growing children, primarily of a non-oncologic
nature. This highlights the need to improve
oncologic arthroplasty technologies, seek and
develop alternative solutions that preserve the
natural growth potential, and underscores the
importance of involving pediatric trauma and
orthopedic specialists in the treatment and
follow-up care of this patient category.
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