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Primary malignant bone tumors are rare 
entities, accounting for approximately 0.2% of all 
neoplasms.[1,2] Upper extremity tumors, whether 
malignant (e.g., osteosarcoma, Ewing sarcoma) or 
benign (e.g., simple bone cysts, enchondromas), 
typically occur during childhood and early 
adulthood.[3] The most common presenting 
complaints in patients with musculoskeletal tumors 
are pain and restricted range of motion.[4,5] The 
upper limb plays a central role in activities of daily 
living, occupational tasks, and social interaction; 
therefore, surgical interventions in this region may 
have a greater impact on functional independence 
than similar procedures in the lower extremity.[6]

Assessment of health-related quality of life 
(HRQoL) has become an essential component 

Objectives: This study aims to evaluate health-related quality of life 
(HRQoL) in patients who underwent surgical treatment for upper 
extremity bone tumors, using validated patient-reported outcome 
measures, and to explore clinical factors associated with better or 
worse outcomes.
Patients and methods: Between January 2015 and January 2024, 
a total of 55 patients (26 males, 29 females; mean age: 42.4 ± 19.0 
years; range, 16 to 81 years) who were treated surgically for 
upper extremity bone tumors and evaluated at least six months 
postoperatively were included. The patients completed the EuroQol 
EQ-5D-5L and the Short Form-12 (SF-12) questionnaires. Clinical 
variables included age, sex, tumor site, pathology, treatment 
modality, and adjuvant or neoadjuvant therapies. 
Results: The humerus was the most frequent tumor site (60%), 
and joint involvement was present in 80% of cases. Benign tumors 
accounted for two-thirds of patients, while malignant tumors 
represented one-third. Curettage-based procedures predominated, 
and only two patients required amputation. Postoperative 
complications and recurrences were both observed in 7.3% of 
patients. On the EQ-5D-5L, 65.5% of patients reported no difficulty 
with mobility or self-care, but half experienced limitations in usual 
activities. Pain and discomfort were reported by 74.5%, and anxiety 
or depression by 67.3%. The mean EQ-5D-5L index was 0.55 ± 0.49 
and the mean EQ-VAS was 70.9 ± 20.1. The mean SF-12 physical 
component score (PCS) and mental component score (MCS) were 
42.6 ± 11.3 and 47.0 ± 11.2, respectively, indicating that physical 
functioning was more impaired than mental well-being. Correlation 
analyses demonstrated strong associations between EQ-5D-5L, 
EQ-VAS, and SF-12 scores, supporting convergent validity. Subgroup 
analyses revealed that younger patients (< 50 years), those with 
benign pathology, and individuals without adjuvant or neoadjuvant 
therapies reported significantly higher HRQoL scores. 
Conclusion: Patients undergoing surgery for upper extremity bone 
tumors frequently experience pain and psychological distress despite 
preserved independence in mobility and self-care. Age, pathology, 
treatment intensity and tumor location were associated with HRQoL. 
These findings highlight the importance of rehabilitation and 
psychosocial support in postoperative care, alongside oncological 
and surgical management.
Keywords: Bone tumors, EQ-5D-5L, health-related quality of life, patient-
reported outcome measures, SF-12, upper extremity.
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of evaluating the effectiveness of modern 
healthcare.[7-10] In the field of orthopedic oncology, 
the goals of surgical treatment extend beyond 
local tumor control and limb preservation; equally 
important is the restoration of function and the 
improvement of patient-reported quality of life.[11] 
Given the anatomical and functional complexity of 
the upper extremity, surgical interventions, whether 
for malignant or benign tumors, can significantly 
impact patients’ ability to perform daily tasks. 
Moreover, HRQoL data are increasingly incorporated 
into health-economic analyses, serving as a key 
parameter for determining the cost-effectiveness of 
orthopedic oncologic interventions.

The EuroQol-5 Dimension (EQ-5D) instrument 
is widely used in orthopedic practice, particularly 
in evaluating outcomes after hip and knee 
arthroplasty and in patients with low back pain.[8,9] 
These studies have demonstrated that the EQ-5D is 
a practical and reliable tool for monitoring changes 
in overall health status and quality of life. Despite 
this, little is known about its validity in patients 
with upper extremity bone tumors. Similarly, the 
Short Form-12 (SF-12) survey has been frequently 
used to assess HRQoL in orthopedic trauma 
populations, and its psychometric properties have 
been found adequate in diverse musculoskeletal 
conditions.[10] However, evidence regarding its 
application in upper extremity tumors remains 
scarce. Tumor location, joint involvement, and the 
use of adjuvant therapies are considered to play an 
important role in long-term function and quality 
of life. Yet, these associations have not been 
systematically examined in patients with upper 
extremity bone tumors.

In the literature, there is no study jointly 
examining the comparative utility of EQ-5D-5L and 
SF-12 for postoperative outcomes in patients with 
upper-extremity bone tumors. Taken together, there 
is a clear knowledge gap regarding patient-reported 
outcome measures (PROMs) in upper-extremity 
bone tumors, and the performance of EQ-5D-5L 
and SF-12 across key clinical strata (site, joint 
involvement, pathology, and (neo)adjuvant therapy) 
remains insufficiently defined. In the present 
study, we hypothesized that malignant pathology, 
humeral/joint involvement, and systemic therapies 
would be associated with lower HRQoL. We, 
therefore, aimed to quantify HRQoL using EQ-5D-5L 
and SF-12 in patients surgically treated for upper-
extremity bone tumors and examined associations 
with tumor site, joint involvement, pathology, and 
(neo)adjuvant therapy.

PATIENTS AND METHODS

This single-center, descriptive, cross-sectional 
study was conducted at Dr. Abdurrahman Yurtaslan 
Oncology Training and Research Hospital, 
Department of Orthopedics and Traumatology 
between January 2015 and January 2024. During 
the study, a total of 67 patients underwent surgery 
for upper-extremity bone tumors. Only those aged 
≥ 16 years were included, as the EQ-5D-5L and 
SF-12 are adult self-report HRQoL tools; younger 
patients typically require age-specific instruments 
and consent/assent procedures.[12,13] Accordingly, 
11 patients were excluded due to the age criteria, 
and one patient died before follow-up. Additional 
exclusion criteria were the inability to complete 
the questionnaires and refusal to participate. 
Finally, a total of 55 patients (26 males, 29 females; 
mean age: 42.4 ± 19.0 years; range, 16 to 81 years) were 
included in the final analysis. A written informed 
consent was obtained from each patient. The study 
protocol was approved by the Dr. Abdurrahman 
Yurtaslan Ankara Oncology SUAM Non-
Interventional Clinical Research Ethics Committee 
(Date: 19.09.2024, No: 2024-09/117). The study was 
conducted in accordance with the principles of the 
Declaration of Helsinki.

Data were collected using a structured 
questionnaire designed by the investigators. 
It consisted of three sections: sociodemographic 
information, clinical characteristics, and PROMs. 
The latter included the Short Form-12 (SF-12) 
Health Survey and the EuroQol EQ-5D-5L. All 
questionnaires were administered at or beyond six 
months after surgery (≥ 180 days postoperatively). 
When the routine six-month follow-up visit was not 
available, the first available visit after six months 
was used. Questionnaires were administered during 
the outpatient visit in a quiet room under researcher 
supervision.

The SF-12, developed by Ware et al.[12] as a 
shortened version of the SF-36, provides two 
component scores: the Physical Component Summary 
(PCS) and the Mental Component Summary (MCS). 
Higher scores indicate better health status in the 
respective domains. The Turkish version of the 
SF-12, validated by Soylu and Kütük,[14] was used in 
this study.

The EQ-5D-5L, developed by the EuroQol Group, 
is a generic instrument measuring HRQoL across 
five domains: mobility, self-care, usual activities, 
pain/discomfort, and anxiety/depression.[15-17] Each 
item is rated on a five-level scale ranging from “no 
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problems” to “extreme problems.” Additionally, 
the Visual Analog Scale (EQ-VAS) enables 
patients to rate their current health on a scale of 
0 (worst imaginable) to 100 (best imaginable). The 
validated Turkish translation of the EQ-5D-5L 
was employed.[18] Since an official EQ-5D-5L value 

set for Türkiye has not yet been published, we 
employed an interim, approximate approach to 
calculate utility indices.[19] Specifically, we applied 
the coefficients from the Turkish EQ-5D-3L value 
set[20] and converted 5L responses to 3L levels using 
the crosswalk method described by van Hout et 
al.[21] in 2012, thereby deriving approximate index 
values. In this approach, VAS-based valuations 
from Turkish respondents were calibrated to the 
United Kingdom TTO-based value set via a linear 
‘exchange-rate’ transformation; thus, while the 
coefficients reflect Turkish preferences, they do 
not constitute an independent TTO-based Turkish 
set.[22] We acknowledge this as a methodological 
limitation and report the resulting indices as 
approximate estimates. When a Turkish EQ-5D-5L 
value set becomes available, we plan to reanalyze 
the results accordingly.

Statistical analysis

Statistical analysis was performed using the 
IBM SPSS version 20.0 software (IBM Corp., 
Armonk, NY, USA). Descriptive data were 
presented in mean ± standard deviation (SD), 
median (min-max) or number and frequency, 
where applicable. Normality was tested using 
the Shapiro-Wilk test. Two-group comparisons 
were performed using the Mann-Whitney U test 
(two-tailed). Correlations were assessed using the 
Spearman rank. A p value of < 0.05 was considered 
statistically significant.

RESULTS

The humerus was the most frequent tumor 
site (60%), followed by the phalanx (18.2%) 
and metacarpals (9.1%). Joint involvement was 
present in 80% of cases. Benign tumors accounted 
for two-thirds of the cohort, while malignant 
tumors represented 32.7%. Curettage with or 
without fixation was the most common surgical 

TABLE I

Patient demographics, tumor/treatment characteristics-values

Variables n %

Sex
Female 29 52.7
Male 26 47.3

Age group (year)
< 50 32 58.2
≥ 50 23 41.8

Tumor site
Humerus 33 60.0
Phalanx 10 18.2
Metacarpal 5 9.1
Radius 3 5.5
Clavicle 2 3.6
Ulna 1 1.8
Scapula 1 1.8

Laterality
Right 26 47.3
Left 29 52.7

Joint involvement
Absent 11 20.0
Present 44 80.0

Pathology
Benign 37 67.3
Malignant 18 32.7

Treatment
Curettage + graft 24 43.6
Curettage + fixation 20 36.4
Arthroplasty 9 16.4
Amputation 2 3.6

Neoadjuvant therapy
None 46 83.6
CT 6 10.9
RT 3 5.5

Adjuvant therapy
None 48 87.3
CT 2 3.6
RT 2 3.6
CT + RT 3 5.5

Complications
None 51 92.7
Present 4 7.3

Recurrence
None 51 92.7
Present 4 7.3

CT, chemotherapy, RT, radiotherapy.

TABLE II
EQ-5D-5L domain summary (No vs. Any problem)-

percentages per domain

No problem Problem present

Domain n % n %

Mobility 36 65.5 19 34.5

Self-care 36 65.5 19 34.5

Usual activities 27 49.1 28 50.9

Pain/discomfort 14 25.5 41 74.5

Anxiety/depression 18 32.7 37 67.3

EQ-5D-5L, EuroQol EQ-5D-5L.
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procedure, whereas only two (3.6%) patients 
underwent amputation. Most patients did not 
receive neoadjuvant or adjuvant therapy. The rates 
of postoperative complications (7.3%) and local 
recurrence (7.3%) were low (Table I).

Evaluation of the EQ-5D-5L domains showed 
that 65.5% of patients reported no difficulty in 
mobility or self-care. By contrast, limitations in 
usual activities were observed in 50.9% of the 
cohort. Pain and discomfort were the most frequent 
problems, reported by 74.5% of patients, followed by 
anxiety/depression in 67.3% (Table II). 

A more detailed distribution of responses across 
each EQ-5D-5L domain is presented in Table III, 

which illustrates that while most patients maintained 
independence in mobility and self-care, pain and 
emotional distress were prevalent.

The mean EQ-5D-5L index score was 
0.55 ± 0.49, while the mean EQ-VAS score was 
70.9 ± 20.1. The SF-12 PCS and MCS were 42.6 ± 11.3 
and 47.0 ± 11.2, respectively (Table IV). Both SF-12 
summary scores were below the population mean 
of 50, indicating marked impairment in health 
status.[23] The decrement was larger for physical 
health (PCS 42.6) than for mental health (MCS 
47.0); however, high rates of EQ-5D pain/discomfort 
(74.5%) and anxiety/depression (67.3%) confirm that 
both domains were substantially affected.

TABLE III
Five-level EQ-5D-5L distribution (no/slight/moderate/severe/extreme-unable) 

for each domain

Domain Response categories n %

Mobility

Unable to walk 1 1.8

Severe problems walking 3 5.5

Moderate problems walking 7 12.7

Slight problems walking 8 14.5

No problems walking 36 65.5

Self-care

Unable to wash/dress 3 5.5

Severe problems 4 7.3

Moderate problems 7 12.7

Slight problems 5 9.1

No problems 36 65.5

Usual activities

Unable to perform 3 5.5

Severe problems 9 16.4

Moderate problems 7 12.7

Slight problems 9 16.4

No problems 27 49.1

Pain/discomfort

Extreme pain 5 9.1

Severe pain 3 5.5

Moderate pain 8 14.5

Slight pain 25 45.5

No pain 14 25.5

Anxiety/depression

Extreme 5 9.1

Severe 4 7.3

Moderate 15 27.3

Slight 13 23.6

None 18 32.7
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TABLE IV

HRQoL summary scores-EQ-5D-5L index, EQ-VAS, SF-12 PCS/MCS

Measure Mean ± SD Median IQR

EQ-5D-5L index 0.55 ± 0.49 0.74 0.27-0.90

EQ-VAS 70.98 ± 20.13 76.0 64.0-86.0

SF-12 PCS 42.62 ± 11.31 43.67 33.9-51.3

SF-12 MCS 47.05 ± 11.21 48.32 38.1-55.9

HRQoL, health-related quality of life; EQ-5D-5L, EuroQol EQ-5D-5L; VAS: Visual Analog 
Scale; SF-12, Short Form-12; PCS, physical component score; MCS, mental component 
score; IQR, interquartile range.

TABLE V
Correlations among instruments-Spearman’s ρ and p-values (two-tailed)

EQ-5D-5L index EQ-VAS SF-12 PCS SF-12 MCS

p p p p

EQ-5D-5L index - 0.859; < 0.001 0.787; < 0.001 0.644; < 0.001

EQ-VAS 0.859; < 0.001 - 0.699; < 0.001 0.521; < 0.001

SF-12 PCS 0.787; < 0.001 0.699; < 0.001 - 0.611; < 0.001

SF-12 MCS 0.644; < 0.001 0.521; < 0.001 0.611; < 0.001 -

EQ-5D-5L, EuroQol EQ-5D-5L; VAS: Visual Analog Scale; SF-12, Short Form-12; PCS, physical component score; MCS, mental 
component score.

TABLE VI
EQ-5D-5L index by clinical subgroups

EQ-5D-5L Index scores Statistical analysis U,(Z)

Variables n % Median IQR p

Sex
Female
Male

29
26

52.7
47.3

0.82
0.70

0.47-0.90
0.18-0.88 0.852; 0.394

Age group (year)
< 50
≥ 50

32
23

58.2
41.8

0.87
0.38

0.73-0.95
–0.18-0.70 4.039; < 0.001

Tumor site
Humerus
Other sites

33
22

60.0
40.0

0.52
0.87

0.06-0.90
0.72-0.94 2.141; 0.032

Pathology
Benign
Malignant

37
18

67.3
32.7

0.87
0.26

0.69-0.94
–0.31-0.74 3.339; < 0.001

Neoadjuvant therapy
Absent
Present

46
9

83.6
16.4

0.82
–0.18

0.47-0.94
–0.37-0.49 3.427; < 0.001

Adjuvant therapy
Absent
Present

48
7

87.3
12.7

0.80
–0.06

0.48-0.94
–0.31-0.18 2.970; 0.002

Complications
Absent
Present

51
4

92.7
7.3

0.74
0.62

0.27-0.94
0.03-0.87 0.568; 0.584

Recurrence
Absent
Present

51
4

92.7
7.3

0.74
0.31

0.35-0.94
–0.68-0.83 1.168; 0.261

EQ-5D-5L, EuroQol EQ-5D-5L; IQR, interquartile range. Mann-Whitney U test (two-tailed); exact p reported where applicable.
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All PROMs were positively correlated 
(Table V). The EQ-5D-5L index demonstrated a 
strong correlation with EQ-VAS (r = 0.859, p < 0.001), 
as well as with the SF-12 PCS (r = 0.787, p < 0.001) and 
MCS (r = 0.644, p < 0.001). These associations indicate 
consistency and convergent validity between the 
instruments used.

Subgroup comparisons revealed that patients 
younger than 50 years had significantly higher 
EQ-5D-5L index scores than older patients 
(p < 0.001). Those with benign pathology reported 
better outcomes than patients with malignant 

tumors (p < 0.001). Patients who did not receive 
neoadjuvant therapy (p < 0.001) or adjuvant 
therapy (p = 0.002) also showed higher scores. 
Tumors located outside the humerus were 
associated with better HRQoL compared to 
humeral tumors (p = 0.032) (Table VI). Variables 
identified as associated with the EQ-5D-5L index 
score in univariate analyses were entered into 
a multivariate linear regression; in this model, 
older age and receipt of neoadjuvant therapy were 
independently associated with lower EQ-5D-5L 
index scores (Figure 1).

FIGURE 1. Health-related quality of life after surgery for upper-extremity bone tumors. (a) EQ-5D-5L domain profile (five levels). 
Pain/discomfort (74.5%) and anxiety/depression (67.3%) were the most affected domains; mobility and self-care problems were 
less frequent. Bars show the percentage of patients reporting ‘No’, ‘Slight', 'Moderate', 'Severe', or 'Extreme/Unable' problems. 
(b) Mean scores across instruments. EQ-5D-5L index 0.55 (shown as ~55 on a 0-100 scale), EQ-VAS 70.9 ± 20.1, SF-12 PCS 
42.6 ± 11.3, SF-12 MCS 47.0 ± 11.2. Both SF-12 summaries are below the population norm of 50, with a larger deficit in PCS. 
(c) Correlation heatmap. Measures were strongly correlated: EQ-5D-5L index with EQ-VAS r = 0.859, with SF-12 PCS r = 0.787, 
and with SF-12 MCS r = 0.644 (all p < 0.001). (d) Clinical subgroups (median, IQR). Higher EQ-5D-5L index scores were seen in 
patients <50 years (p < 0.001), with benign pathology (p < 0.001), without neoadjuvant (p < 0.001) or adjuvant therapy (p = 0.002), 
and with non-humeral tumors (p = 0.032). In multivariate analysis, older age and neoadjuvant therapy were independently 
associated with lower EQ-5D-5L index.
EQ-5D-5L, EuroQol EQ-5D-5L; PCS, physical component score; MCS, mental component score, SF-12, Short Form-12, VAS: Visual Analog Scale; IQR, 
interquartile range.

(a)

(c)

(b)

(d)

EQ-5D-5L Domain Profile (Five Levels)
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DISCUSSION

In the present study, we evaluated HRQoL using 
EQ-5D-5L and SF-12 in patients surgically treated 
for upper-extremity bone tumors and examined 
associations with tumor site, joint involvement, 
pathology, and (neo)adjuvant therapy. Our study 
results showed substantially impaired HRQoL 
compared to population norms, with pain and 
psychological distress being highly prevalent. 
Our findings confirm the convergent validity of 
EQ-5D-5L and SF-12 in this population and identify 
key clinical factors associated with poorer outcomes. 
In addition, the quality of life related to health was 
noticeably reduced: the average EQ-5D-5L index 
was 0.55, and both SF-12 summary scores fell below 
the general population norms (PCS 42.6, MCS 47.0). 
Pain/discomfort (74.5%) and anxiety/depression 
(67.3%) were common. The measures agreed well 
(EQ-5D-5L index with EQ-VAS r = 0.859, with 
PCS r = 0.787, with MCS r = 0.644; all p < 0.001). 
Higher scores were observed in patients younger 
than 50 years, with benign pathology, without 
neo/adjuvant therapy, and with non-humeral 
tumors. In the multivariate analysis, older age and 
neoadjuvant therapy were independently associated 
with lower EQ-5D-5L index scores. These findings 
suggest that postoperative HRQoL may be more 
adversely affected in older patients and in those 
receiving neoadjuvant therapy.

In the current study, the mean EQ-5D-5L index 
value of 0.55 observed in our cohort indicates 
a substantial level of health impairment. For 
comparison, similar EQ-5D index scores have been 
reported in patients with advanced hip or knee 
osteoarthritis awaiting joint replacement and in 
individuals recovering from major musculoskeletal 
trauma.[24-27] Therefore, the degree of impairment 
observed in patients treated for upper extremity 
bone tumors appears comparable to that seen 
in other severe orthopedic conditions known to 
markedly restrict daily function and overall well-
being.

Pain and anxiety/depression were the most 
frequently reported problems in our study. This 
pattern is not surprising, as pain is often the 
dominant symptom both before and after tumor 
surgery, and psychological distress may persist 
despite good oncological outcomes. The high rates 
of pain/discomfort (74.5%) and anxiety/depression 
(67.3%) underline the importance of structured 
rehabilitation programs, including both physical 
therapy and psychological support, rather than 
focusing solely on surgical success. Similar 

observations have been reported in previous 
studies on survivors of extremity sarcomas, where 
residual symptoms often persist despite favorable 
oncological outcomes.[28] Previous research has 
explored patient-reported functional outcomes 
or provided overall assessments of perceived 
health.[29] However, patient-reported functional and 
quality of life outcomes subsequent to surgical 
intervention for benign bone tumors in the upper 
extremity have not been previously studied. 
Our results support these reports and point out 
the importance of rehabilitation programs that 
incorporate psychological support and effective 
pain management.

The strong correlations between EQ-5D-5L, 
EQ-VAS, and SF-12 scores confirm that these 
instruments are reliable for assessing quality of life 
in this patient group. This strengthens their validity 
for use in musculoskeletal oncology. In daily practice, 
either questionnaire may be sufficient, but the 
combined use of EQ-5D-5L and SF-12 can provide a 
broader view, particularly when designing follow-
up or rehabilitation strategies.

Furthermore, subgroup analyses revealed 
that younger patients, those with benign tumors, 
and patients who did not require adjuvant or 
neoadjuvant therapy reported better quality 
of life scores. These findings are in line with 
expectations, since malignant tumors and systemic 
treatments are usually associated with greater 
physical burden and side effects.[30,31] Moreover, 
patients with tumors located outside the humerus 
demonstrated higher scores. Given the humerus’ 
crucial role in shoulder and elbow mobility, 
surgical procedures in this region are more likely to 
compromise functional independence compared to 
interventions in the hand or forearm. Our findings 
are also consistent with literature showing that 
tumor site and surgical technique significantly 
influence postoperative function in the upper 
limb.[32,33] These results point out the importance of 
surgical planning that prioritizes joint preservation 
and early rehabilitation when feasible.

In our cohort, lower HRQoL was associated 
with older age, malignant pathology, humeral 
involvement, and receipt of neoadjuvant therapy. 
These markers can be used to risk-stratify patients 
preoperatively and tailor care pathways. Taken 
together, these results suggest that age, tumor 
type, treatment intensity, and anatomical location 
are associated with postoperative well-being. The 
practical implication is that surgical planning in the 
proximal humerus should prioritize joint-preserving 
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approaches whenever possible. Patients expected to 
receive systemic therapy may benefit from closer 
rehabilitation and psychosocial support.

Nonetheless, this study has certain limitations. 
First, the cohort was modest (n = 55) and 
several subgroups were small (e.g., adjuvant 
therapy n = 7); therefore, subgroup analyses are 
exploratory/hypothesis-generating and require 
confirmation in larger prospective cohorts. Second, 
multiple subgroup comparisons were performed; 
to avoid further loss of power we did not apply 
multiplicity corrections; therefore, all p values are 
two-tailed and unadjusted and should be interpreted 
with caution. Third, HRQoL was assessed at or 
beyond six months postoperatively, providing a 
single time point rather than longitudinal change. 
Preoperative HRQoL was unavailable; thus, 
within-patient change cannot be quantified and 
the relative contributions of disease, surgery, and 
adjuvant therapy to postoperative scores cannot 
be disentangled; values below population norms 
indicate impairment, not a measured decline. The 
causes of pain and anxiety were not clearly identified; 
we lacked detailed measures of nerve involvement 
and did not administer standardized psychological 
instruments, limiting interpretation of these domains. 
Additionally, residual confounding is possible 
(e.g., socioeconomic status, comorbidities, baseline 
function), and self-reported measures may introduce 
reporting bias. Finally, as this study is cross-sectional, 
it cannot establish causality. The links we observed 
(i.e., lower HRQoL in patients receiving neoadjuvant 
therapy) may reflect underlying differences such 
as tumor aggressiveness or patient frailty rather 
than a direct treatment effect. Further multi-center, 
large-scale, prospective studies with baseline and 
repeated assessments are needed to validate these 
observations and define longer-term outcomes.

In conclusion, patients undergoing upper 
extremity bone tumor surgery, particularly older 
individuals, those with malignant pathology or 
humeral involvement, and recipients of neoadjuvant 
therapy, represent a high-risk group for impaired 
HRQoL. A holistic postoperative management 
strategy incorporating structured, shoulder-focused 
rehabilitation, proactive psychosocial support, and 
PROM-guided follow-up is essential to optimize 
functional and quality of life outcomes alongside 
oncological control.
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