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ABSTRACT

Introduction: Pelvic reconstruction following bone sarcoma resection presents significant challenges. This study evaluates the
outcomes of using 3D-printed custom-made prostheses and cutting guides to improve surgical precision and functional results
in periacetabular reconstructions. Therefore, in this study, we asked: (1) What is the cumulative incidence of reoperation for
any reason following pelvic resection and reconstruction with a custom-made 3D-printed prosthesis involving the acetabulum
in patients with primary bone sarcoma, and what factors contribute to an increased risk of reconstruction failure? (2) Does the
use of 3D custom-made cutting guides, combined with a 3D custom-made hemipelvis prosthesis, ensure the attainment of safe
resection margins and allow for anatomical reconstruction with optimal fit at the bone-prosthesis interface? (3) What were the
observed outcome scores as measured by the Musculoskeletal Tumor Society (MSTS) Score? Additionally, how do the type of
resection and the volume of the primary bone sarcoma affect the outcomes in relation to the type of reconstruction?

Materials and Methods: We conducted a retrospective review of 24 patients treated for primary bone sarcomas at our insti-
tution from January 2013 to December 2023. Each patient received a 3D-printed cutting guide and a 3D-printed custom-made
prosthesis tailored to their specific anatomical needs, based on high-resolution imaging and computer-aided design.

Results: The use of custom-made 3D prostheses resulted in a reoperation rate of 46%, primarily due to complications such as in-
fection and mechanical failures. Specific complications included an 8% rate of deep infections and mechanical issues like aseptic
loosening. Local recurrence was observed in 5 patients (21%) at a median time of 5 months post-surgery. Despite these challenges,
the average MSTS score was 83.7%, indicating a high level of functional recovery post-surgery.

Conclusions: The integration of 3D printing in pelvic reconstructions for bone sarcomas significantly enhances anatomical and
functional outcomes. However, the technology demands further refinement to reduce complication rates. Continued advance-
ments in 3D-printing materials and techniques are crucial to maximizing the benefits of this innovative approach in orthopedic
oncology.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,
provided the original work is properly cited.
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1 | Introduction

Although the pelvis is a rare site for primary bone sarcoma, with
an incidence of 5%-10% of all malignant bone tumors [1], when
the periacetabular region is involved, hip reconstruction follow-
ing bone resection presents some of the most difficult challenges
for musculoskeletal oncologists in terms of reconstruction lon-
gevity, joint function preservation, and obtaining wide tumor
resection margins [2, 3]. Advances in neoadjuvant therapies and
preoperative imaging techniques have made limb-salvage sur-
gery more feasible, reducing the need for hindquarter amputa-
tions in cases of unresectable tumors involving neurovascular
structures [4].

Image processing and 3D printing have enabled the possibility
of performing bone resections and reconstructing bone defects
with personalized, custom-made cut guides and pelvic pros-
theses [5]. 3D-printed cut guides offer potential advantages in
obtaining adequate surgical margins compared to intraop-
erative navigation systems, which are limited by cost, a steep
learning curve, and a time-consuming registration procedure.
Augmented reality systems are still in an experimental phase
[6]. Moreover, there is no consensus on the best reconstruction
technique. The main challenges in pelvic reconstruction are
achieving good primary stability of the implant and ensuring
progressive integration at the prosthesis-bone interface [7]. The
use of massive allografts [8, 9], allograft composite prostheses
[10, 11], autografts [12], and hemi-pelvic prostheses [13, 14] is
often complicated by loosening, dislocation, infection, and non-
union. The porous surface of a 3D-printed prosthesis ensures
accurate matching with the resected bone surface and stimu-
lates osteointegration between the implant and the host bone,
while the accurate modeling of the prosthesis allows for the res-
toration of pelvic anatomy and function [15-17]. However, little
is known about the long-term durability of these implants.

Therefore, in this study, we asked: (1) What is the cumulative in-
cidence of reoperation for any reason following pelvic resection
and reconstruction with a custom-made 3D-printed prosthesis
involving the acetabulum in patients with primary bone sar-
coma, and what factors contribute to an increased risk of recon-
struction failure? (2) Does the use of 3D custom-made cutting
guides, combined with a 3D custom-made hemipelvis prosthe-
sis, ensure the attainment of safe resection margins and allow
for anatomical reconstruction with optimal fit at the bone—pros-
thesis interface? (3) What were the observed outcome scores as
measured by the Musculoskeletal Tumor Society (MSTS) Score?
Additionally, how do the type of resection and the volume of
the primary bone sarcoma affect the outcomes in relation to the
type of reconstruction?

2 | Material and Methods
2.1 | Study Design and Setting

We conducted a retrospective study analyzing patients who
underwent pelvic reconstruction with a 3D custom-made
prosthesis involving the periacetabular area after primary
bone sarcoma resection, at a single institution, from January
2013 to December 2023. The inclusion criteria were as follows:

patients with primary bone tumor of the pelvis affecting the
acetabular area, who had a follow-up of at least 6 months or
until death, and whose resections were performed using a 3D-
printed custom cutting guide. Exclusion criteria were patients
who underwent surgeries other than resection for primary
sarcoma, those treated for solitary metastasis of the pelvis, or
those with previous bone loss due to osteomyelitis or prosthe-
sis removal.

2.2 | Participants

We collected data from 24 patients who met the inclusion
criteria. The demographic and clinical information gath-
ered included the patients’ age at the time of surgery, gender,
diagnosis, disease stage, location and size of the bone lesion,
functional status, as well as any adverse reactions, side ef-
fects, and follow-up details. Descriptive characteristics of the
patients are reported in Table 1. The mean age at the time
of surgery was 42.5+15.3years. The mean follow-up was
60+ 41 months.

TABLE 1 | Characteristics of patients undergoing hemipelvis
replacement surgery.

All patients

Characteristic (N=24)
Gender

Male 16 (66.7%)

Female 8 (33.3%)
Age (years) 42.5+15.3
Follow-up (months) 60+41
Tumor histology

Osteosarcoma 4(16.7%)

Ewing’ sarcoma 3(12.5%)

Chondrosarcoma grade 2 13 (54.2%)

Chondrosarcoma grade 3 2(8.3%)

Aggressive osteoblastoma 2(8.3%)
Neoadjuvant chemotherapy 9 (37.5%)
Type of resection according®

Type II 4(16.7%)

Type I+11 4(16.7%)

Type 11+ 111 12 (50%)

Type I+ 114111 4(16.7%)
Oncologic status at the end of follow-up

NED 20 (83.3%)

AWD 1(4.2%)

DOD 3(12.5%)

Abbreviations: AWD =alive with disease; DOD =dead for progressive disease;
NED =no evidence of disease.
aAccording to the Enneking-Dunham Classification system [18].
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2.3 | Descriptive Data

There were 4 patients who presented with osteosarcoma, 3 with
Ewing sarcoma, 13 with chondrosarcoma Grade 2, 2 with chon-
drosarcoma Grade 3, and 2 with aggressive osteoblastoma. All
nine patients with malignant sarcoma underwent pre- and post-
operative chemotherapy; none received pre- or postoperative ra-
diotherapy. The type of pelvic resection was classified according
to the system proposed by Enneking and Dunham [18], as fol-
lows: PI (ilium), PII (periacetabular), PIII (pubic rami), and PIV
(sacrum). Surgical margins were evaluated on the basis of sur-
gical and pathological reports according to the system described
by Enneking [19].

2.4 | Preoperative Planning

A 3D model of the pelvic bone was generated from CT scans
with slice thickness less than 2mm. Concurrently, the 3D model
of the tumor was segmented from MRI data using the ITK-Snap
Insight segmentation and registration toolkit, which includes
Snake automatic partitioning (Penn Image Computing and
Science Laboratory, University of Pennsylvania) [20]. The align-
ment of CT-based and MRI-based models was carried out using
Geomagic software (Geomagic Freeform; 3D Systems Inc.). The
same surgical team (DD, BS) planned the tumor resections for
all patients, focusing on the location and orientation of the os-
teotomy cuts. Their goal was to ensure both thorough tumor
removal and enhanced contact between the host bone and the
prosthesis, thereby optimizing osteointegration. To ensure onco-
logical safety, the planned bone resection includes a minimum
margin of 2cm from the tumor. This precaution accounts for the
potential growth of the lesion during the interval between pre-
operative planning and surgical intervention, in order to avoid
an inadequate resection.

The surgical model was sent to the prosthesis engineering
team for printing, both as the cutting guide and as the custom-
made titanium prosthesis. The cutting guide was printed to
match the exact shape of the bone, ensuring it could be po-
sitioned uniquely on the host bone (Figure 1). Although no
formal 3D deviation analysis was performed between the vir-
tual plan and the achieved osteotomy, the guide positioning
was validated using printed anatomical bone models, and
intraoperative adjustments were based on preoperative simu-
lations. Minor discrepancies due to tumor extension or asym-
metry were compensated through flexible adaptation of the
implant design, allowing for optimal contact with the residual
bone. These steps, although not quantified numerically, follow
principles similar to those proposed in ICP-based validation
workflows [21] and contribute to ensuring surgical accuracy
despite anatomical variability.

2.5 | Surgical Technique

The patient was placed in a semi-lateral decubitus position, with
the ipsilateral hip elevated. An inverted “J” incision is made
on the skin, beginning 5cm ahead of the posterior-superior
iliac spine and tracing along the iliac crest toward the anterior-
superior iliac spine. Once reaching the anterior-superior iliac

spine, the incision continued along the lateral third of the ingui-
nal ligament, extending approximately 10-15cm down into the
adductor region of the thigh.

After the iliac crest is exposed, the interval between the ab-
dominal and gluteal muscles is developed to reveal the ex-
ternal surface of the iliac wing. Medially, the abdominal
musculature must be carefully dissected from the iliac crest.
The inguinal ligament is then detached from the anterior-su-
perior iliac spine and reflected proximally. Subsequently, once
the iliopsoas and the femoral bundle have been identified and
protected, the pubic symphysis is exposed, and the adductor
and pectineus muscles are detached from their insertions on
the pelvis.

The cutting guides are designed using stable and easily identi-
fiable bony landmarks—such as the iliac crest, anterior supe-
rior iliac spine, and acetabular margin—to ensure precise and
reproducible positioning. These anatomical reference points
must be carefully exposed through meticulous soft tissue
dissection prior to guide placement. The three-dimensional
geometry of each guide is engineered to fit uniquely onto
the host bone, eliminating the possibility of misalignment.
Additionally, the guide's design is optimized to avoid inter-
ference with surrounding soft tissue masses, even in cases of
large tumor volume.

During surgery, the guide fits precisely onto the bone surface
by conforming to the landmarks defined during preoperative
planning. This ensures accurate replication of the planned os-
teotomy. Once correctly positioned, the guide is secured to the
bone with cortical screws, providing full stability throughout
the cutting procedure.

The pubic branch guide is utilized in type II resections, but is not
employed in type III resections, where the specimen is detached
at the level of the pubic symphysis. Upon completion of the oste-
otomy, the specimen is removed, and the anatomy of the pelvic
ring is reconstructed using a patient-specific custom-made pros-
thesis. A standard femoral stem is then implanted to complete
the hip replacement [5].

To ensure a precise fit between the host bone and the prosthesis,
both the osteotomy planes and implant geometry were planned
with a tolerance not exceeding 1 mm. All patients underwent a
postoperative CT scan of the hip to assess the accuracy of the
bone osteotomy and the fit of the prosthesis.

To assess conformity to the preoperative surgical planning,
we relied on three main criteria: histopathological confirma-
tion of wide resection margins, absence of gaps greater than
1mm between the bone and the prosthesis on postoperative
CT imaging, and radiological assessment consistent with the
absence of macroscopic residual disease in the host bone on
CT scans.

In the postoperative period, a hip cast was applied for 6 weeks.
Subsequently, the patient commenced the rehabilitation pro-
gram. Protected weight bearing with crutches was permit-
ted 45days after surgery, alongside protected and assisted hip
mobilization.
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FIGURE1 | A 60-year-old male patient with Grade 2 chondrosarcoma. High-intensity signals were observed in the coronal (A) and transverse (B)
MRI images (T1-fat suppression with contrast) in the left hemi-pelvis, involving the periacetabular area but without infiltration into the hip joint. 3D
computer renderings for the frontal (C) and lateral (D) views of the left hemi-pelvis show the planned P1-P2-P3 resection highlighted [in red] and
the planned 3D-printed custom-made cutting guide positioning and fixation [in white]. (E) 3D computer renderings post-tumor resection depict the
insertion of the 3D-printed prosthesis and its fixation points. The actual cutting points were confirmed using a 3D-printed bone model. The fixation
points for the cancellous screws and stems were also determined, allowing for the calculation of the appropriate lengths for drilling and the sizes of
the planned screws or stems. (E) Postoperative CT 3D reconstruction after the tumor resection and prosthetic reconstruction. It should be noted that
the screw on the ischial branch is not included in the figure, as resection was extended intraoperatively and fixation omitted in that region, following

soft tissue disease progression observed during chemotherapy.

2.6 | Follow-Up

Clinical and radiological outcomes were evaluated during out-
patient visits at 45days postoperatively, every 3 months for the
first year, every 4 months during the second and third years, and
every 6 months thereafter.

Senior authors (LC, DD, BS) clinically evaluated all the cases,
considering pain, functional ability, walking ability, and gait.
These data were collected according to the modified 30-point
scoring system of the Musculo Skeletal Tumor Society [22] at 3, 6,
and 12 months than at last alive follow-up. The evaluations were
expressed as a percentage of the optimal score of 30, using the
revised 30-point functional evaluation system. Complications
were categorized according to the Henderson et al. [23] clas-
sification as follows: type I (soft tissue failure), type II (aseptic

loosening), type III (breakage), type IV (infection), and type V
(local recurrence).

2.7 | Primary and Secondary Study Outcomes

Our primary study goal was to evaluate the cumulative inci-
dence of reoperation for any reason after pelvic resection and
reconstruction with a 3D-printed custom-made prosthesis in
patients with a primary bone tumor. We documented the rea-
sons for reoperation, including complications such as instability,
aseptic loosening, implant breakage, local recurrence, or infec-
tion, and recorded the time until the first reoperation, whether
it involved removal of the reconstruction or not. Reoperations
were categorized as any additional surgeries required after the
initial procedure due to complications, regardless of whether the
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original construct was retained. We also detailed the timing of
these reoperations.

Our secondary study objectives include evaluating the func-
tional outcomes of the reconstruction, assessing the oncolog-
ical adequacy of resections performed with cutting guides for
local disease control, and examining the fit between the bone
and prosthetic interface. We used the revised 30-point func-
tional evaluation system of the MSTS scores [24] as a percentage
of the best possible score of 30. We characterized the status of
the hip by considering pain, function, walking ability, and gait.
Two authors (DD, BS) visited all patients and collected data on
their functional abilities. MSTS scores were collected at 12 and
24 months, and then at the last outpatient check. In the event of
implant removal or hindquarter amputation, the MSTS scores
were collected at the last check before surgery.

Axial CT scans were analyzed to assess prosthesis-host integra-
tion, using criteria such as the absence of a radiolucent line at
the bone-prosthesis interface, the presence of a bridging callus
across three of the four cortices, and the continuity of the bone-
prosthesis margin within 9 months post-surgery. The senior au-
thors (DD, BS, LC) reviewed and confirmed the results of all CT
images.

2.8 | Ethical Approval

The ethical committee of the institution approved the prospec-
tive data collection (General protocol no. EM468/2021_47/2014/
Oss/IOR_EM1), and informed consent was obtained from
each patient. This study was conducted in accordance with the
Declaration of Helsinki.

2.9 | Statistical Analysis

In our study, we presented continuous variables using the me-
dian and range, while categorical variables were expressed as
percentages and frequencies. We calculated cumulative inci-
dence curves to estimate the likelihood of discontinuation due
to competing events, such as patient death. All statistical anal-
yses were performed with IBM SPSS Statistic 21.0 (IBM Corp,
Armonk, NY). The primary outcome was how long the recon-
struction lasted before any further surgery, and the secondary
outcome concerned the duration until a reoperation was neces-
sary. We tracked each participant until their last follow-up or
until their death, with a significance level set at p=0.05.

3 | Results

3.1 | Reoperations, Complications,
and Reconstruction Removal

The cumulative incidence of reoperation after the first surgery
was 46% (95% confidence interval: 26%-66%). The leading rea-
son for additional surgeries was delayed wound healing (21%;
n=>5), followed by local disease recurrence (16%; n=4), deep
infection (8%; n=2), and dislocation (4%; n=1). The mean time
to reoperation was 14 + 16 months, with 55% occurring within 3

months post-surgery. Although the reoperation rate was higher
among patients who underwent total hemipelvis reconstruction
(P1-P2-P3 areas) compared to those with partial hemipelvis re-
construction (P1-P2 or P2-P3), this difference was not statisti-
cally significant.

The cumulative incidence of implant removal was 21% (95% con-
fidence interval: 5%-37%; n=>5). The median time to implant
removal was 17 months. Deep infection was the most common
cause for implant removal (three patients), followed by local re-
currence (two patients). Patients with recurrence and one with
deep infection underwent hindquarter amputation, while in
the remaining two patients, the implant was replaced with an
antibiotic-loaded cement spacer. Once the infection was con-
trolled, a flail hip procedure was performed.

The cumulative incidence of postoperative complications not re-
quiring further surgery was 33% (95% confidence interval: 14%-
52%; n=38). Aseptic loosening was observed in two patients (8%).
It occurred at the interface between the pubic symphysis and the
prosthesis, resulting in the breakage of the fixation screw. No
loosening was observed at the sacral or iliac area and the pros-
thesis. Surgical intervention was not carried out due to the ab-
sence of symptoms and because the stability of the implant was
not compromised. No hardware breakage was observed during
the observation time. Five out of eight experienced common pe-
roneal nerve palsy, and one had femoral nerve palsy, affecting
both sensory and motor branches post-surgery. The patient with
femoral nerve palsy fully recovered, whereas the patients with
common peroneal nerve palsy suffered permanent effects.

3.2 | Disease Control and Implant Evaluation

Histologically negative margins (R0) were achieved at both bone
resection sites in all patients. Soft tissue margins were classi-
fied according to the Enneking surgical system [25], with 96%
considered wide and 4% marginal. All patients underwent sur-
gery using a custom-made iliac cutting guide. A pubic branch
cutting guide was designed in 20 out of 24 cases (83%), as the
remaining 4 cases (17%) required resection at the level of the
pubic symphysis. Among the 20 patients who received a pubic
branch guide, disease progression relative to the preoperative
plan was noted intraoperatively in two cases. In both instances,
the osteotomy line was manually extended beyond the guide to
achieve appropriate oncologic margins. Postoperative CT scans
demonstrated an adequate fit between the implant and the host
bone at the level of the iliac osteotomy in all cases. At the sacro-
iliac interface, a gap greater than 1 mm between the prosthesis
and the bone was observed in seven cases (29.1%). In two cases
(8.3%), the osteotomy was performed beyond the preoperatively
planned line.

Local recurrence was observed in five patients (21%) at a median
time of 5months post-surgery; four of these patients had wide
surgical margins at histology, while one had wide bone margins
but marginal soft tissue margins. Three patients underwent
hindquarter amputations, one surgical excision of the recur-
rence (hindquarter amputation was carried out for subsequent
deep infection), and one underwent palliative radiation therapy.
Three out of five patients succumbed to disease progression
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following recurrence: one with osteosarcoma and another with
dedifferentiated chondrosarcoma died 41 and 67 months after
surgery, respectively, due to metastatic disease. Another patient,
initially presented with lung metastasis, experienced a recur-
rence 2months post-surgery and died 1 month later.

3.3 | Functional Outcome

The mean MSTS scores at 12 months were available for 21 out of
24 patients (87.5%), at 24 months for 16 patients (66.6%), and at
the final follow-up for 17 patients (70%). Mean follow-up duration
was 66.4months (range 13-137 months). The mean scores were
25.1 out of 30 points (83.7%; range 53%-100%) at 12 months, 25.2
out of 30 points (84%; range 37%-100%) at 24 months, and 25.1
out of 30 points (83.7%; range 33%-100%) at the final follow-up.

4 | Discussion

This study was not designed to quantify surgical accuracy or
to compare techniques, but rather to document the feasibility
and oncological/functional outcomes of 3D-assisted pelvic re-
constructions in a consecutive clinical series. The treatment of
pelvic bone tumors, necessitating complete resection of the ace-
tabulum and surrounding areas, poses significant challenges in
maintaining pelvic continuity and long-term hip functionality.
Utilizing custom 3D-printed prostheses and surgical guides of-
fers a flexible approach to reconstruction, effectively addressing
various defects resulting from tumor removal [26-30]. Surgery
involving these methods carries a significant risk of complica-
tions, including infection, hardware failure, and aseptic loosen-
ing, occurring in 30%-65% of cases [31].

Our study aims to explore: (1) What is the cumulative incidence
of reoperation for any reason following pelvic resection and re-
construction with a custom-made 3D-printed prosthesis involv-
ing the acetabulum in patients with primary bone sarcoma, and
what factors contribute to an increased risk of reconstruction
failure? (2) Does the use of 3D custom-made cutting guides, com-
bined with a 3D custom-made hemipelvis prosthesis, ensure the
attainment of safe resection margins and allow for anatomical
reconstruction with optimal fit at the bone-prosthesis interface?
(3) What were the observed outcome scores as measured by the
MSTS score? Additionally, how do the type of resection and the
volume of the primary bone sarcoma affect the outcomes in re-
lation to the type of reconstruction?

4.1 | Limitations

We recognize several limitations in our study. One drawback
of this study is the limited number of participants. Also, we in-
cluded heterogeneous diagnoses in this study. Despite this, we
consider the sample size adequate to support our conclusion
that discontinuing this procedure is warranted. Additionally,
the retrospective nature of the study could have heightened the
possibility of selection bias. Typically, selection bias might exag-
gerate the perceived benefits of a new method. The small scale
of the study precluded a gender-based analysis (boys vs. girls),
and it is imprudent to assume that results from a mixed-gender

group are applicable to each gender individually. While we do
not anticipate that gender significantly influenced the results,
its exact impact remains unclear. It should also be noted that
this procedure was performed over the years by the same team
of surgeons, which is a valuable aspect as it minimizes poten-
tial variations in surgical technique that could occur if multiple
surgeons were involved. This study lacks a control group treated
with traditional reconstruction techniques, which limits our
ability to directly compare outcomes. However, given the rar-
ity of pelvic sarcomas and the heterogeneity of resection types,
prospective multicenter registries may represent a more feasible
and ethically appropriate path for future comparative analyses.

4.2 | Reoperations, Complications,
and Reconstruction Removal

Pelvic surgery carries a substantial risk of complications that
may require additional interventions. In our cohort, we observed
a complication rate of 46%, which falls within the range reported
in the specialized literature for this type of surgery. However, it
is crucial to acknowledge the difficulty of comparing our results
with those of other studies, as the existing literature on surgeries
involving custom 3D-printed pelvic prostheses remains limited,
and patient populations are highly heterogeneous (Table 2).

In our series, delayed wound healing occurred in 21% of pa-
tients. For comparison, Wang et al. [32] reported a 15% rate of
delayed wound healing in a series of 13 patients treated with a
custom-made 3D-printed pelvic prosthesis, without mentioning
other complications. Conversely, our deep infection rate was 8%,
which is notably lower than the 13%-30% range commonly re-
ported in similar contexts [33-38]. Despite this, the overall re-
operation rate (46%) remains on the higher end of the reported
spectrum. This may be partly attributed to the complexity of
the procedures, particularly those involving extensive acetabu-
lar and pubic resections, which are inherently associated with
higher technical risk.

Additionally, the absence of a control group treated with con-
ventional methods limits our ability to isolate the specific con-
tribution of 3D-printed technology to the observed outcomes.
While we believe that 3D printing enhances anatomical recon-
struction and supports prosthetic alignment, it does not elimi-
nate the multifactorial risks inherent to pelvic sarcoma surgery.
Notably, deep infection—despite its relatively low incidence in
our series—remained the leading cause of implant removal, ac-
counting for three cases.

We observed a 4% dislocation rate, which is consistent with re-
ported rates in the literature, ranging from 0% to 20% [33-36,
38-40]. Dislocation typically results from compromised muscle
function following extensive resection. In most instances, the
gluteus medius and minimus gluteus muscles were resected,
allowing the gluteus maximus origin to be sutured more ante-
riorly onto the abdominal muscles. This modification is an im-
portant step to increase the stability of the hip [41, 42].

The only implant-related complication observed in our cohort was
aseptic loosening, which occurred in 8% of cases, exclusively at the
site of pubic symphysis arthrodesis, and did not require revision
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surgery. This incidence represents one of the lowest rates reported
in the literature [35-37, 39, 41]. All patients who developed aseptic
loosening had received the initial implant design, in which fixa-
tion was achieved using one or two trans-pubic screws crossing
the contralateral ischiopubic ramus. This configuration resulted
in screw breakage and subsequent aseptic loosening at mid-term
follow-up. To address this complication, the prosthetic design was
revised: trans-osseous screws were replaced with a small fixation
plate secured superiorly to the contralateral pubic ramus using two
cortical screws. None of the patients treated with this modified de-
sign have shown signs of aseptic loosening to date. No evidence of
loosening was observed at the iliac or sacral sites. Fixation to the
iliac bone was achieved using custom-designed flanges with mul-
tiple screw holes, allowing for stable and secure anchorage. In the
sacral region, stability was ensured using long, obliquely oriented
flanges and screws directed toward the sacral body, providing ro-
bust and reliable fixation. Additionally, the trabecular titanium
structure of the prosthetic surfaces promotes bone ingrowth, fur-
ther enhancing implant stability over time. This is radiologically
confirmed by follow-up CT scans showing the disappearance of
the radiolucent line and the presence of newly formed bone along

the bone-implant interface (Figure 2). Successful osteointegration
at the iliac or sacral site is essential for ensuring optimal implant
stability.

Key factors influencing osteointegration include the precise
match between the osteotomy line and the prosthesis, ensured
by the 3D cutting guide, the porous structure of the 3D-printed
prosthesis that promotes bone integration, and the orientation
of custom ilio-sacral screws, which enhance the mechanical
stability of the acetabular region. The lack of hardware failure
further supports these findings. However, we acknowledge
that this study was not designed to quantitatively evaluate the
surgical precision of 3D-printed guides or implants. Although
we included radiological criteria such as the absence of gaps
>1mm and signs of bone ingrowth on CT scans, these indi-
cators remain indirect and descriptive. Further studies using
validated intraoperative navigation systems or 3D spatial de-
viation analysis are needed to assess resection accuracy more
objectively. The incidence of other complications, including
nerve palsy, falls within the expected range for this type of
surgery.

FIGURE2 | Postoperative CT images in (A) coronal, (B) axial, and (C) sagittal views show the interface between the implant and the host bone. A
radiolucent line is visible along the bone-prosthesis contact surface. CT images in (D) coronal, (E) axial, and (F) sagittal projections at 5-year follow-
up demonstrate the absence of the radiolucent line and the presence of newly formed bone, with clear evidence of bone ingrowth around the implant,

indicating stable and long-term osteointegration.
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4.3 | Disease Control and Implant Evaluation

We observed a local recurrence rate of 21%, which is compara-
ble to rates reported in the literature, ranging from 20% to 50%
[26, 43]. An adequate bone margin (R0) was achieved in 100% of
patients at the bone resection site, whereas an R1 margin was
observed in 96% of cases at the soft tissue site.

Among patients who experienced recurrence, four had an RO
margin, while one had an R1 in the soft tissue. However, the
evaluation of soft tissue margins relies primarily on preopera-
tive MRI imaging and the surgeon's experience. Intralesional
resection and positive margins identified through histological
examination were associated with local recurrence and poor
outcomes. These findings are consistent with the 82%-98% rate
of clear margins reported in the literature [7, 26, 28, 41, 44].
The cutting guides proved consistently accurate when used for
iliac resections. However, in two cases involving the ischiopu-
bic branch, intraoperative findings revealed that the extent of
the disease was greater than anticipated in the preoperative
planning. As a result, the osteotomy of the ischial branch was
performed manually, extending the resection beyond the area
defined by the guide. However, this intraoperative adjustment
did not compromise prosthesis implantation or final stability,
as the iliac osteotomy was accurately performed and ensured
proper matching and fixation of the implant.

This confirms that the use of patient-specific, custom 3D-printed
cutting guides is an effective strategy that enables surgeons
to achieve adequate bone resection margins during surgery.
Furthermore, the time required for cutting guide planning and
manufacturing (ranging from 3 to 6 weeks) does not appear to
have a negative impact on surgical radicality compared to other
techniques.

4.4 | Functional Outcome

We observed a mean MSTS score of 83.7% at the end of follow-up.
These data are consistent with the literature, which reports a
range of 40%-80% [28, 45, 46]. These results are superior to bio-
logical techniques such as bone allografts, which have been re-
ported to achieve a mean MSTS score between 60% and 70% [4].
While biological reconstruction has the theoretical potential for
permanent consolidation with the host bone, prosthetic recon-
struction enables early mobilization, immediate and long-term
stability, and satisfactory cosmetic and functional outcomes
[11, 34, 41]. Although this study did not include quantitative
measurements of surgical precision—such as spatial deviation
or RMS error between planned and executed resections—we
applied a clinically validated workflow based on preoperative
simulation, physical 3D models, and intraoperative verification.
These elements enabled a high degree of control over guide po-
sitioning and implant fit, and allowed for minor adaptations
during surgery to accommodate intraoperative findings. Such
flexibility is inherent to the CAD-based design process and of-
fers a pragmatic approach in complex anatomical scenarios. This
methodology may form the basis for future prospective studies
incorporating 3D quantitative validation metrics, as described in
recent experimental protocols [21]. The 3D printing technology

integrates the advantages of both approaches [7, 34, 37]. We
observed that the MSTS score reached 83.7% as early as 1 year
postoperatively and remained consistently high until the end of
follow-up. The high MSTS scores observed may be attributed to
the type of reconstructive approach adopted. In fact, the use of
3D-printed custom-made prostheses allows for accurate resto-
ration of hip biomechanics, which likely contributes to the favor-
able functional outcomes. However, further studies with larger
cohorts and longer follow-up are nonetheless warranted to bet-
ter investigate and confirm the functional benefits associated
with this reconstructive approach.

5 | Conclusion

The integration of 3D-printed custom cutting guides with per-
sonalized 3D-printed prostheses for reconstructing tumor-
induced bone defects in sarcoma patients has ushered in a new
era of limb salvage surgery. The porous structure of these im-
plants demonstrates excellent histocompatibility, promoting
bone and soft tissue ingrowth. The combination of a porous
bone-prosthesis interface, precise anatomical fit, and continu-
ous force transmission contributes to improved limb function
and manageable complication rates. Additionally, these im-
plants facilitate a quicker return to function in the postopera-
tive period. However, further research is required to objectively
assess their long-term durability and complication rates before
they can be widely adopted in routine clinical practice.
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