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Abstract
Purpose  Children diagnosed with bone tumors or soft tissue sarcomas often undergo limb salvage surgery or amputation, 
procedures that shape long-term functioning and quality of life (QOL). Patient-reported and caregiver-reported outcomes 
(PROs) provide essential insight into physical, psychosocial, and participation impacts, yet existing evidence is dispersed 
and methodologically heterogeneous. This scoping review mapped the PRO literature for children, survivors, and caregivers 
following cancer-related limb surgery and identified gaps limiting clinical care and research advancement.
Methods  Six databases were searched. Eligible studies included children with bone or soft-tissue sarcomas and their fam-
ily caregivers that reported PROs or needs related to limb salvage or amputation. Two reviewers independently screened 
studies and charted data. Quantitative and qualitative findings were summarized descriptively and synthesized narratively 
across QOL domains.
Results  Twenty-seven studies fulfilled inclusion criteria. Physical functioning was the most assessed domain, with generally 
moderate-to-good outcomes and limited differences between limb salvage and amputation. Pain remained common months 
to years post-surgery. Psychosocial findings were mixed, reflecting peer acceptance but also body image, recreation, and 
school participation challenges. Only four studies included caregivers, who reported anxiety, depression, financial strain, and 
shifting family roles. Across studies, PRO measurement was highly heterogeneous, with inconsistent domains of assessment, 
measurement tool use, and timepoints.
Conclusions  Children and families experience complex functional and psychosocial impacts after limb surgery, underscoring 
needs for enhanced rehabilitation, pain care, school reintegration, and caregiver support.
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Introduction

Childhood bone tumors and soft tissue sarcomas—most 
commonly osteosarcoma and Ewing sarcoma—require 
multimodal therapy that often includes limb-directed sur-
gery. Over the last decades, advances in chemotherapy pro-
tocols, prosthetic technology, and surgical techniques have 
expanded the use of limb salvage procedures, with amputa-
tion remaining necessary in certain clinical contexts [1, 2]. 
These approaches aim to maximize survival but inevitably 
shape the daily functioning and quality of life (QOL) of 
patients and survivors—affecting mobility, independence, 
pain, participation at school and in recreation, body image, 
social relationships, and long-term wellbeing [3–6]. Under-
standing impacts across surgery types from the perspectives 
of children, survivors, and their family caregivers is essen-
tial. Patient-reported outcomes (PROs) capture how health 
status and treatment effects are experienced in everyday 
life, while reports from caregivers who provide practical, 
emotional, and advocacy support can illuminate needs that 
clinician reports and the medical record may miss [7, 8].

Still, despite the critical importance of understand-
ing child function and participation, evidence is dispersed 
across disciplines and study designs. Outcomes beyond 
physical function, including psychosocial health, schooling 
and employment, and caregiver perspectives, are inconsist-
ently assessed and reported. The fields of pediatric surgical 
oncology care and research lack consensus on which PRO 
measures (PROMs) are practical to administer and which 
capture the domains that matter most to children and fami-
lies. A comprehensive map of what has been studied, how it 
has been measured, and where the gaps remain is required 
to inform practice and guide research, including by guiding 
PRO measure selection and administration, as well as fam-
ily-centered support. By charting the nature of research in 
this area and identifying child-reported, survivor-reported, 
and caregiver-reported post-surgical outcomes, a coherent 
agenda for interdisciplinary clinicians and researchers work-
ing at the intersection of pediatric oncology, surgery, and 
rehabilitation can be developed.

This review was guided by the following research ques-
tions: (1) What health outcomes, reported by children diag-
nosed with bone tumors or soft tissue sarcomas, survivors of 
such cancers, and their family caregivers, are associated with 
having undergone limb-salvage surgery or cancer-related 
amputation? (2) What gaps exist in the evidence related to 
measuring PROs and their measurement approaches in these 
groups that might limit current clinical care efforts or future 
evidence generation?

Methods

Framework

The scoping review followed the framework developed 
by Levac et al. (2010), encompassing question forma-
tion, study identification and selection, data charting, and 
synthesis [9]. Reporting adhered to the PRISMA Exten-
sion for Scoping Reviews and the PRISMA Extension for 
Searching guidelines [10, 11] (Electronic Supplementary 
Material 1). The review protocol was pre-published on 
Open Science Framework (https://​osf.​io/​f8a94).

Study identification

A health sciences librarian developed and executed de 
novo searches on June 26, 2024, across Ovid MEDLINE, 
CINAHL, APA PsycInfo, Cochrane CENTRAL, Social 
Services Abstracts, and ASSIA, using tailored subject 
headings and keywords without filters or limits. The 
MEDLINE strategy was peer reviewed using PRESS (Peer 
Review of Electronic Search Strategies) guidelines [55] 
before translation to other databases. Search completeness 
was assessed through retrieval of known studies and dual 
screening the first 200 records per database. Reference 
lists of included studies and relevant reviews were also 
screened. Search strategies are presented in Electronic 
Supplementary Material 2.

Eligibility criteria

Eligibility was defined using the PCC (population, con-
cept, context) framework. The population was children and 
adolescents (≤ 18 years at surgery) who underwent limb-
directed surgery of either the upper or lower extremity 
for bone or soft tissue cancers, including amputation and 
limb salvage procedures (e.g., endoprosthetic reconstruc-
tion, biological reconstruction, rotationplasty), and their 
family caregivers (individuals providing primary parental 
care but not necessarily biological parents). The concept 
was studies of childhood bone tumors and soft tissue sar-
comas, as classified in the International Classification of 
Childhood Cancer (3rd edition) reporting PROs (defined 
as health information coming directly from patients or 
caregivers) and needs (subjective states prompting use of 
medical or other resources). The context was all health-
care settings and qualitative or quantitative study designs, 
excluding single case reports (< 10 participants), com-
mentaries, protocols, discussion papers, book chapters 
and conference abstracts. No restrictions were applied by 
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data or language; for non-English studies, translation was 
planned. Studies without explicit age ranges were included 
if the mean plus SD was ≤ 18.9 years.

Study screening

Records were managed in Covidence. Duplicates were 
removed and titles, abstracts, and full texts were inde-
pendently screened by two reviewers, with disagreements 
resolved by a third reviewer.

Data abstraction and charting

A standardized Excel abstraction form with an embedded 
coding manual was piloted on five studies and revised itera-
tively. Two reviewers independently abstracted data, with 
disagreements resolved by consensus. Study authors were 
contacted for clarification where necessary. Extracted data 
items were publication metadata, study design data, and par-
ticipant characteristics. Health outcomes were coded with 
details on measurement tools and reported results.

Data synthesis and reporting

Quantitative data were summarized descriptively. Qualita-
tive data were synthesized descriptively and organized in 
a matrix of outcomes and needs by participant type and 
domain. Given heterogeneity in study design, results were 
synthesized narratively with subgroup patterns explored 
where data permitted.

Patient and public involvement

This review was initiated by a patient and public part-
ner (LD) and funded by the Strategy for Patient-Oriented 
Research–Evidence Alliance (SPOR-EA), which is jointly 
supported by the Canadian Institutes of Health Research 
(CIHR) and 41 public and not-for-profit partners across 
Canada [12]. The SPOR-EA invited public submissions of 
research questions to guide literature reviews and the topic 
of PROs in the context of pediatric oncological surgery was 
proposed by LD based on her experience as the mother of a 
child with a cancer-related amputation (ED) and the need to 
improve access to high-quality evidence.

The project was co-led by LD and LJ with contribu-
tions from ED. Partners were full team members, provid-
ing input across every review phase—such as the creation 
of the search strategy, study screening, data interpretation, 
and dissemination of findings. Patient and public partner 
contributions are reported using the Guidance for Reporting 
Involvement of Patient and the Public (GRIPP)−2 short form 
[13] (Electronic Supplementary Material 3).

Results

Study characteristics

The search identified 11,403 records, of which 27 were 
included (Fig. 1). Studies were published between 1989 
and 2023 (Fig. 2) and conducted in North America (USA, 
Canada), Europe (Netherlands, UK, Italy, France, Spain, 
Germany), Asia (China, Turkey, Iran), South America (Bra-
zil, Peru), and Australia. Study details are summarized in 
Table 1, with extracted data presented in Electronic Sup-
plementary Material 4. Designs varied considerably, with 
cross-sectional (n = 11; 41%) [14–24] and retrospective 
(n = 8; 30%) studies most common [25–32]. Three studies 
(11%) were prospective or longitudinal cohorts [33–35], two 
(7.4%) were descriptive [38, 40], one was a case-control 
(4%) [36], and two were randomized controlled trials (7%) 
[34, 37]. Sample sizes ranged from 11 to 181 participants 
(median, 37; IQR, 20–72.5).

Patient and survivor characteristics

Characteristics are shown in Table 1. Where reported, sex/
gender distribution varied across studies but males and 
females were generally reflected in equal proportions. Mean 
age at surgery mostly ranged from 10 to 15 years, although 
demographic reporting was inconsistent across studies. Oste-
osarcoma (20 studies; 71%) and Ewing sarcoma (15 stud-
ies; 54%) were most frequently represented. Where reported, 
mean age at surgery ranged from 10 to 15 years [15, 33, 
39]. Limb salvage, including rotationplasty, was described 
in 22 studies (82%), particularly in more recent cohorts [16, 
37]. Amputation was described in 16 studies (59%), with 
older studies focusing exclusively on this approach [23, 
31]. Lower extremity resections were reported in 20 studies 
(74%) [14, 15, 17–23, 25–29, 33, 34, 36–39]. Upper extrem-
ity procedures were examined in three studies (11%), within 
mixed-site populations [30, 35, 36]. Four studies did not 
report surgical site (15%) [24, 31, 32, 40].

Caregiver characteristics

Caregivers were included in four studies (15%) [23–25, 39]. 
In all cases, caregivers were mothers or fathers.

Outcome measures

Outcome measures were heterogeneous (Table 1). Multi-
dimensional QOL or functional tools included the Toronto 
Extremity Salvage Score (TESS) and parent-proxy TESS 
(pTESS), used in seven studies (26%) [15, 20, 28, 30, 33, 
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35, 37]; the Short Form Health Surveys (SF-12 or SF-36), 
used in seven studies (26%) [17, 19, 21, 22, 28, 33, 38]; the 
Musculoskeletal Tumor Society (MSTS) tool, used in eight 
studies (30%) [20, 22, 28, 29, 33, 36, 36, 37]; and the Pedi-
atric Outcomes Data Collection Instrument (PODCI), used 
in two studies (7%) [26, 29]. Other validated instruments 
less frequently used included the PROMIS short forms [16], 
the Child Health Questionnaire (CHQ)[40], and the Pediat-
ric Quality of Life Inventory (PedsQL) [27]. Psychological 
or symptom-specific measures were also used to measure 
PROs, such as the Hospital Anxiety and Depression Scale 

(HADS) [39] and the pain intensity Visual Analog Scale 
[34]. Eight studies (30%) incorporated qualitative or mixed 
methods, including interviews, open-ended questionnaires, 
and telephone surveys [15, 17, 18, 23, 25, 27, 35, 38]. One 
study used medical records and physician notes to source 
PRO data [31].

Patient and survivor outcomes

Twenty-five studies (93%) reported patient or survivor out-
comes (Table 2). Outcomes were primarily self-reported 

Identified studies: n=11,403 

Embase (n = 5677)

MEDLINE (n = 4448)

CINAHL (n = 928)

Cochrane (n = 276)

PsycINFO (n = 58)

ASSIA (n = 14)

Social Services Abstracts (n = 2)

Duplicate records removed: n=3,946

Records screened at abstract level: n 

=7,457
Studies excluded: n=7,326 

Reports assessed for eligibility at 

full-text level: n=131

Reports excluded:

Adult population (n = 40)

Wrong outcomes (n = 33)

Wrong patient population (n = 8)

Conference proceeding,  editorial, 

dissertation (n = 13)

Wrong study design (n = 4)

Sample size <10 (n = 3)

No full-text (n = 3)

Studies included in review: n=27 

Identification of studies via daomases and registers
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Fig. 1   Study identification process
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(n = 18/25; 72%), with fewer joint patient-caregiver reports 
(n = 5/25; 20%) or caregivers-only reports (n = 3/25; 12%). 
Thirty-six distinct PROMs were used, most commonly 
the TESS (n = 8/25; 32%), SF-36 (n = 7/25; 28%), PODCI 
(n = 3/25; 12%), and semi-structured interviews (n = 3/25; 
12%). Reporting of respondent type (child vs. proxy) was 
inconsistent and discrepancies between reporters were sel-
dom analyzed. Timing of PRO assessment varied widely 
across studies, ranging from perioperative measurement 
through early recovery (≤ 60 days) to long-term survivor-
ship (> 10 years post-treatment), with most studies assess-
ing outcomes at a single survivorship timepoint ≥ 1–5 years 
following surgery. Longitudinal outcome trajectories were 
uncommon, limiting insight into critical windows such as 
pre-operative period, early rehabilitation, return to school, 
or transition to survivorship.

Physical functioning

Physical functioning was the most evaluated domain, 
assessed in 23 studies (85%). Within the domain, the most 
assessed aspects were mobility/function (n = 17/23; 74%), 
independence (n = 17/23; 74%), and pain (n = 13/23; 56%).

Females reported lower physical QOL and general 
health than males in two studies [21, 22], while no func-
tional differences were observed between limb salvage 
and amputation groups [15]. Survivors generally reported 
lower health-related QOL (HRQOL) than healthy controls 
[15, 32]. Many patients described being unable to run, 
having trouble climbing stairs, or struggling to sit on the 

floor [17, 18]. One study found that the physical function-
ing and pain significantly improved from surgery to 6 and 
12 months post-surgery, with overall HRQOL being lower 
in bone tumor patients than the general population [21].

Patient and survivor functional independence was eval-
uated through general indicators (e.g., need for assistive 
devices) and specific tasks such as housework, childcare, 
and physically navigating different terrains. Three longitu-
dinal studies documented improvements in independence 
over time [21, 23, 37], with others noting that independ-
ence was closely linked to mobility aid use [15, 23, 27].

Pain was common and persisted months or years post-
surgery [23, 32]. Pain was described both as continuous 
and episodic (e.g., occurring after physical exertion or in 
cold weather) [17]. Limb-sparing procedures were associ-
ated with pain, hypersensitivity, numbness, and stiffness 
[18]. Three investigations explicitly assessed phantom 
limb pain [23, 31, 34]. One study found that pediatric 
cancer amputees were four times more likely to report 
phantom limb pain than those with trauma-related ampu-
tations, especially amongst those exposed to chemotherapy 
[31]. Another study found that gabapentin was effective in 
preventing acute post-operative phantom limb pain [34].

Few studies evaluated physical functioning longitudi-
nally. Within repeated-measures studies, improvements in 
mobility, independence, and pain were observed between 
early post-operative assessment and 6–12 months follow-
ing surgery, with functional outcomes generally stabilizing 
thereafter; however, heterogeneity in timing of assessment 

Fig. 2   Study publications over 
time
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and limited long-term follow-up restricted conclusions 
regarding longer-term trajectories [21, 33, 37].

Social and occupational functioning

Sixteen studies (59%) evaluated patient or survivor social 
and occupational functioning. The outcomes most frequently 
examined were in the social or relational domains (n = 11/16; 
69%), which included family involvement, peer relation-
ships, and social activities. Social functioning improved 
following surgery, particularly among males treated with 
limb-sparing procedures [21, 22, 29, 32]. Social confidants 
were primarily identified as mothers, with peers described 
as being helpful, fearful, avoidant, and pitying after surgery 
[23]. Survivors also described social discomfort, noting that 
others appeared uneasy discussing their illness [23].

Educational and occupational outcomes were reported in 
seven studies (n = 7/16, 44%). School challenges included 
learning difficulties, absenteeism, and repeating grades [15, 
17]. Compared to non-amputees and healthy siblings, ampu-
tees were less likely to graduate high school or college [32]. 
School absences among amputees were commonly attributed 
to fear of injury or difficulties using stairs [17, 24]. Employ-
ment outcomes, assessed in three studies (n = 3/16, 19%), 
indicated lower employment rates among survivors relative 
to siblings [17, 23, 32]. Although one study found no overt 
hiring discrimination, survivors reported job loss due to their 
surgery or restricted mobility [23]. While many survivors 
reported their opportunities as constrained, some described 
their experiences as influencing career choices, particularly 
toward health and social sciences [17].

Recreational ability was measured in five studies 
(n = 5/16, 31%), with children often reporting minimal 
difficulties with activities of daily living such as bathing 
or dressing [27]. However, significant restrictions were 
reported for high-demand tasks such as sports and physical 
recreation, often accompanied by regret and frustration [15, 
17, 18, 27].

Financial impacts were described in one study (n = 1/16, 
6%) with survivors describing prostheses as expensive to 
purchase and maintain [23]. No studies assessed spiritual 
outcomes.

Emotional functioning

Emotional functioning was assessed in 15 studies (58%). 
Mental health outcomes were assessed in 13 studies 
(n = 13/15, 87%). One study reported that survivors sought 
psychiatric help to address intense fears of disease recur-
rence [17], with one showing improvement in mental health 
outcomes with time post-surgery [10].

Self-image and self-esteem were examined in eight stud-
ies (n = 8/15, 53%). Findings included dissatisfaction with 

physical appearance, prostheses, or scars, alongside chal-
lenges with maturation. While many patients were satisfied 
with their physical appearance overall, perceptions of body 
image varied widely [26]. Attitudes toward scars varied 
and included embarrassment, indifference, and pride [17, 
27, 38]. Three studies highlighted clothing restrictions and 
embarrassment in specific contexts such as swimming [17, 
23, 38]. Two studies suggested that self-acceptance was ini-
tially difficult but improved with age [26, 38]. Self-esteem 
was generally comparable across ages and genders, with 
slightly higher ratings among patients without internally 
implanted devices (i.e., endoprostheses) [26, 40].

Self-efficacy was examined in two studies (n = 2/15, 
13%). Findings indicated that pain interference and fear of 
injury constrained participation in daily and recreational 
activities, reflecting low self-efficacy for activity engage-
ment [16, 18]. Satisfaction with surgical outcomes was cap-
tured in six studies (n = 6/16, 40%). Three studies indicated 
high overall satisfaction with limb salvage surgical results 
[26, 27, 29]. Two studies reported most patients as satis-
fied with choosing limb salvage over amputation [17, 38]. 
Despite this, one study revealed that fewer than two-thirds of 
amputees felt they had adequately understood the functional 
consequences prior to surgery, but following surgery most 
felt their prostheses allowed engagement in desired activi-
ties [23]. One study evaluated cognition (n = 1/16, 6%)  and 
found it to be lower in patients aged 8–15 years compared 
to healthy controls, though not statistically significant [15].

Caregiver outcomes

Four studies assessed caregiver outcomes (15%), involv-
ing 126 parents (with incomplete reporting in two stud-
ies) (Table 1). Outcomes were self-reported by caregivers 
(n = 34; 75%) or reported by patients regarding their car-
egivers (n = 1/4, 25%). Across these studies, six different 
PROMs were used.

Emotional functioning was the most frequently studied 
caregiver domain, reported in three studies (n = 3/4, 75%). 
One longitudinal study documented increasing parental 
anxiety and depression symptoms 3 years after their child’s 
surgery [39]. Qualitative interviews revealed that parents 
often expressed denial of the diagnosis, fears about termi-
nal outcomes, and distress about their own inability to cope 
[23, 25]. Caregiver self-efficacy was reported in one study 
(n = 1/4, 25%), where parents present in the operating room 
described feeling better prepared to support their child post-
surgery [25]. Satisfaction with surgery was measured in one 
study (n = 1/4, 25%), in which parents reported more positiv-
ity when their child’s amputation appeared less severe than 
anticipated [25].

Financial health as an outcome was reported in one study 
(n = 1/4, 25%), showing that 57% of parents experienced 
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limits on insurance coverage for child prostheses, and 38% 
reported having paid out-of-pocket for prostheses [24]. Fam-
ily functioning was addressed in one study (n = 1/4, 3.7%), 
where patients described changes in parental behavior 
post-surgery, including becoming more protective or sub-
missive [23]. No studies assessed caregiver physical health 
outcomes.

Discussion

This review synthesizes three decades of patient-reported 
and caregiver-reported outcomes following limb salvage 
or amputation for pediatric bone and soft tissue sarcomas. 
Physical functioning was generally moderate to good with 
small or inconsistent differences between procedures. The 
predominance of lower-extremity procedures reflects the dis-
tribution of pediatric bone and soft tissue sarcomas, which 
often arise in lower limbs. Pain, including phantom pain, 
often persisted and affected participation. Psychosocial 
outcomes varied, with some children and survivors report-
ing acceptance and others noting body-image concerns and 
activity limits. Caregiver distress and financial strain were 
evident but infrequently measured. Evidence gaps remain-
ing include heterogeneous PROM use, limited assessment 
of priority domains, and minimal attention to caregivers—
restricting comparability and impeding family-centered care.

Our review highlights the evolving nature of outcome 
measurement over time. Early studies focused primarily 
on physical functioning using orthopedic or general health 
measures (e.g., MSTS, TESS, SF-36), reflecting emphasis 
on surgical success and functional recovery. Although these 
outcomes remain dominant, more recent studies show some 
expansion to psychosocial domains such as self-image, par-
ticipation, and emotional wellbeing, as well as the intro-
duction of pediatric PROMs. Despite increasing attention 
to survivorship, longitudinal and mixed-methods studies 
remain relatively uncommon and caregiver outcomes remain 
sparsely assessed across decades.

Our findings highlight the functional and QOL-related 
impacts of both limb salvage and amputation. Results further 
suggest that rehabilitation, symptom control, and environ-
mental accommodations at home, school, and in the com-
munity may have a substantial influence on lived experi-
ence. This aligns with biopsychosocial models of disability 
in which impairments, activity limitations, and participation 
restrictions are shaped by contextual facilitators and barri-
ers [52]. It also underscores the importance of anticipatory 
preoperative guidance that maintains a focus on realistic 
post-surgical expectations for mobility, stamina, and par-
ticipation—regardless of procedure [53].

Several areas for improving family-centered care were 
identified. Pain management requires sustained attention 

across the surgical continuum. Early identification of phan-
tom limb and neuropathic pain, education about pain trig-
gers, and timely referral to interdisciplinary services may 
reduce constraints on participation post-surgery. Evidence 
from long-term survivors indicates that upwards of 41% 
report chronic pain decades after diagnosis, with one-quarter 
experiencing severe interference with activities of daily liv-
ing—and that a history of amputation or limb-sparing sur-
gery increases the odds of daily pain interference [41, 42]. 
School and recreation reintegration also requires structured 
planning, including graded return to physical education 
and close coordination with teachers and coaches [43–45]. 
Addressing body image and visible differences through strat-
egies including scar normalization and peer education may 
ease social discomfort [46, 47]. Finally, families could ben-
efit from financial and system navigation support, particu-
larly around prosthesis costs and insurance access barriers.

A wide range of PROMs was used, often without justifi-
cation for domain selection or consideration of psychometric 
suitability for pediatric oncology or survivorship. Across 
studies, TESS/pTESS, MSTS, SF-36, PODCI, PROMIS, 
and PedsQL were the most frequently used and appear 
most promising for future research. A combined approach 
including a limb-specific functional measure (e.g., TESS/
pTESS), a multidimensional pediatric QOL measure (e.g., 
PROMIS or PedsQL), and targeted symptom and psycho-
social health measures (e.g., pain, emotional functioning) 
may best capture the multidimensional outcomes relevant 
to this population.

Several pediatric cancer-specific PROMs exist (e.g., bone 
tumor DUX [Bt-DUX] for QOL). However, these were not 
represented in studies meeting our eligibility criteria, high-
lighting limited uptake of disease-specific and age-specific 
instruments in this surgical context. Key domains identified 
by children, adolescents, survivors, parents, and clinicians 
as research priorities (e.g., mental health, participation, edu-
cational and employment engagement, financial strain, and 
caregiver outcomes) [54] were only inconsistently assessed, 
and spiritual well-being was not evaluated at all.

These gaps suggest the need for a measurement agenda 
in this area. First, efforts should coalesce around a core 
outcome set anchored to the World Health Organization 
(WHO)-endorsed International Classification of Function-
ing, Disability and Health (ICF) [48] and co-designed with 
patients, survivors and caregivers. Second, the core outcome 
set should include symptoms, activity, participation, physi-
cal, financial and social environments, and factors such as 
body image and self-efficacy. Longitudinal assessment time-
points should also be mapped to the surgical and overall 
cancer treatment journey to understand predictors of child 
and family outcomes, outcome trajectories, and supportive 
care needs. Third, PRO self-reporting should be encouraged 
whenever possible, with proxy reports used thoughtfully 
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given tendencies for caregivers to overestimate children’s 
cancer symptoms and underestimate function [49]. Fourth, 
transparent reporting of participant disease and demographic 
characteristics will enable equity-oriented analyses. At pre-
sent, signals in the current literature (e.g., lower physical 
QOL among females, insurance barriers) warrant confirma-
tion and targeted response.

The family caregiver literature is notably thin given par-
ents’ central roles in decision-making, clinical care, and 
advocacy. Where measured, anxiety and depressive symp-
toms were identified and preparedness for child limb sur-
gery appeared to shape care confidence. Additional research 
is needed to understand caregiver-reported outcomes and 
support needs over time, and to examine the efficacy of 
caregiver-centered wellness interventions [50].

Findings have direct clinical implications. In alignment 
with clinical practice guidelines [51], PRO collection should 
be embedded into routine practice to enable supportive care 
provision and to determine the effectiveness of administered 
interventions. Rehabilitation pathways should include early 
goal-directed mobility training, progressive return-to-activi-
ties, and coordination with schools. Pain care should include 
anticipatory management, timely treatment, and ongoing 
assessment. Psychosocial care should continue to focus on 
peer support, child self-esteem, family mental health, and 
resource navigation.

Parent and survivor involvement strengthened this review 
by ensuring the research questions, outcomes of interest, 
and data interpretation reflected real-world experiences of 
limb surgery. Parent and survivor contributions directed the 
assessment of PROs in domains often missed in the litera-
ture, such as school participation, family impacts, and long-
term psychosocial concerns, which directly shaped our syn-
thesis. A key lesson learned was the value of dedicating time 
and structure for meaningful engagement, including clear 
communication about review methods. Future work should 
prioritize partner representation and supportive processes to 
enable contribution to emotionally sensitive topics.

Additional review strengths include that we captured 
both patient and caregiver outcomes, allowing for a fam-
ily-centered understanding of the surgical experience. Our 
inclusion of both physical and psychosocial outcomes pro-
vides a more holistic understanding of the impact of limb 
surgery across these groups, which is crucial to direct clini-
cal care. Considering limitations, our synthesis is narrative 
and dependent on what studies chose to measure and report. 
Although no language limits were applied, practical con-
straints including our search strategy may still have favored 
English-language publications, and grey literature was not 
systematically searched.

This review highlights the requirement to better report 
the experiences and needs of childhood cancer amputees 
and their family caregivers. Few studies examined whether 

outcomes differed according to sex, gender, age at treatment, 
recurrence status, or surgical complexity, and longitudinal 
analyses were uncommon. These gaps limit understanding of 
which children may be at greatest risk for poorer functional 
or psychosocial outcomes and represent important priori-
ties for future prospective research. Future research should 
prioritize prospective, longitudinal, multi-site studies that 
adopt common data elements and core PRO sets to enable 
causal inferences and pooled analyses. Mixed-methods stud-
ies integrating child, survivor, and caregiver perspectives 
and narratives with longitudinal assessments will clarify 
mechanisms and contextual modifiers of outcomes. Finally, 
interventional and implementation studies are needed to 
ensure that improvements in child survival are matched by 
improvements in QOL and participation. Collaborations led 
by those with lived experience, researchers, and clinicians 
will be valuable in fulfilling research gaps and developing 
interventions that improve outcomes for both childhood can-
cer patients and their family caregivers.
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