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Abstract
Background: Prosthetic reconstruction after periacetabular tumor resection likely yield good function.
However, complications with this technique are common. Therefore, alternative prosthetic design and surgical
technique warrant study.

Methods: Six patients were retrospectively reviewed with malignant periacetabular tumors who received
reconstruction using 3D-printed prostheses assisted by osteotomy guide plates via two approaches between
July 2017 and June 2020. The surgical data, including operative duration and intraoperative blood loss were
recorded. Preoperative and postoperative pain at rest was examined using the visual analog scale (VAS). The
postoperative functional outcomes were evaluated using the Musculoskeletal Tumor Society (MSTS) scoring
system, and the postoperative complications were analyzed.

Results: The mean follow-up was 19 months (range, 3-36 months). The mean intraoperative blood loss was
1416 ml (range, 600-2000 ml), and the mean operative duration was 333 min (range, 300-370 min).
Satisfactory surgical margins were achieved in all patients. Six patients complained of severe pain
preoperatively (VAS score, mean, 6; range, 4-8) and described signi�cant alleviation of pain at 4 weeks
postoperatively (VAS score, mean, 2; range, 0-5). At the 12 weeks after surgery, the mean MSTS score was
15.6 (range, 5-27). Local recurrence occurred in one patient at 3 months after surgery.

Conclusions: The 3D-printed prosthesis represents a potential alternative for reconstruction after malignant
periacetabular tumor resection. The design of the two approaches and the use of osteotomy guide plates can
yield good functional results, as well as low rate of complications.

Trial registration: This study has been granted an exemption from requiring ethics approval by the ethics
committee of Tianjin Hospital.

Background
The pelvis is the third most common area of bone metastasis and accounts for 10–15% of primary malignant
bone tumors [1–4]. Wide en bloc resection is a standard treatment for malignant periacetabular tumor. Once
pelvic integrity is disrupted, it often results in fecal/urinary incontinence, prolapse and hernia [5–7]. Thus,
bone defect reconstruction after tumor resection is critical for patients with malignant pelvic tumors.
Considering the complex anatomy of the pelvis, the reconstruction after Enneking type  resection, in
particular, pose great challenges to orthopedic oncologists [8, 9]. As a result of severe physical and
psychological disability following hemipelvectomy [10–12], limb-salvage procedures have gradually become
more recommended by surgeons [12–14].

Some biological and prosthetic reconstructive techniques [1, 3, 11, 15–23] have been used in malignant
periacetabular bone tumor surgery. Nevertheless, a high rate of 75% complications inevitably occurs after
reconstructive surgery with these techniques [8, 24]. Although pelvic reconstruction using 3D-printed
prostheses assisted by a surgical navigation system can enable precise osteotomy and implant installation, it
may increase the operative duration and blood loss [25], which negatively impact the rate of infection and
wound-related complications [2, 26]. Thus, the optimal technique for reconstruction remains controversial.
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Therefore, we performed reconstruction after malignant periacetabular tumor resection with 3D-printed
prostheses assisted by osteotomy guide plates via two approaches (Fig. 1). The purpose was to 1) introduce
the procedure of malignant periacetabular tumor resection and reconstruction via two approaches and 2)
evaluate the preliminary results with this new technique.

Methods

Patient Characteristics
We retrospectively reviewed patients who underwent surgery for malignant periacetabular tumors between
July 2017 and June 2020 and ultimately enrolled 6 patients in the study. According to the Enneking staging
system [27], one patient with acinar soft tissue sarcoma was stage III, and the other three primary tumors were
stage IIB. The patient demographic data was summarized in Table 1.

Table 1
clinical characteristics of the patients

patient

number

Age

(years)

Gender Histologic

type

Stage

type

Adjuvant

therapy

Resection

tpye

Surgical

margin

Tumor
size

(cm3)

1 32 F Soft tissue
Sarcoma

Yes + Marginal 9.5 × 
7 × 6

2 69 M Renal cancer # No + Wide 12 × 9 
× 5

3 69 F Breast cancer # No + Wide 7.5 × 
5 × 3.2

4 34 M chondrosarcoma B No + Wide 4 × 2 
× 2

5 57 M chondrosarcoma B No + Wide 5 × 4 
× 2

6 52 F osteosarcoma B Yes + Wide 14.5 × 
12 × 
7.3

 

Preoperative planning

Osteotomy Guide Planning
Before the operation, a proportional 3D pelvic model was reconstructed based on the original CT data (Fig. 2).
When ascertaining the osteotomy planes, the spread of the tumor within the bone must be taken into account.
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Meanwhile, tumor cutting lines should be kept 30 mm from the tumor response zone to maintain a tumor-free
margin. Then, osteotomy guide plates were manufactured by a 3D printing machine (Fig. 3a 3b).

Prostheses Manufacture
According to mirror imaging of the unaffected hemi-pelvic combined with the projected osteotomy extent, we
designed 3D individualized titanium alloy prostheses adaptable to the residual pelvis using electronic beam
melting technology. At the implant-bone interface, a porous structure was designed to promote bone in-growth
(Fig. 3c). The pore diameter and porosity were set to 500 µm and 70%, respectively. Several screw holes for
�xation were predrilled in the prostheses. The position and length were planned based on the bone thickness,
residual bone mass and loading orientation to minimize shear stress (Fig. 3d). Surgeons simulated the
osteotomy procedure in a hemi-pelvic model of the affected side with projected osteotomy guide plates and
validated the compatibility of the prostheses with the bone defect multiple times.

Surgical Procedure

Ilioinguinal approach
After general anesthesia, the incision started at the anterosuperior iliac spine and progressed over the inguen
to the pubic symphysis. Care was taken to identify and protect the iliopsoas tendon and femoral
neurovascular bundles. Part of or the whole iliac muscle was divided from the iliac inner plate. The gluteus
maximus and medius were preserved, and the gluteus minimus was usually detached to obtain a wide
surgical margin. Then, the sciatic notch and sciatic spine were visualized. For II + III resection, the pubis ramus
and even the contralateral pubis were exposed. The upper iliac and pubis osteotomy guide plates were seated
and �xed using 2.0-mm Kirschner wires.

Kocher-Langenbeck approach
Then, the patient was placed in a slight anteversion position, and the Kocher-Langenbeck approach was
adopted. The hip joint capsule was exposed and subsequently incised after removing the external rotation
muscle group. Osteotomy of the femoral neck was carried out 15 mm above the lesser trochanter. Following
femoral head removal, the contour of the tumor was thoroughly visualized. The other osteotomy guide plates
were �rmly placed on the surface of the ischium. Assisted with these guide plates, we conducted osteotomy
precisely with a 1.0-mm oscillating saw. The sacrotuberal and sacrospinal ligaments needed to be dissected
from the safe nontumor margin before the intact tumor was removed.

Prostheses positioning
Microwaves were also taken into account to ascertain whether a safe resection margin had been achieved. A
3D-printed individualized prosthesis was selected to �t the contour of the residual pelvic. Before �xation, the
inclination and anteversion of the acetabular cup were evaluated, and cancellous screws were used to
augment the prostheses through predrilled holes. Subsequently, conventional total hip arthroplasty was
carried out. The ultimate goal was to regain the integrity of the pelvic ring and function of the hip joint.
(Fig. 4). An additional movie �le shows this in more detail [see Additional �le 1].
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Postoperative Management
Two drainage tubes were routinely placed during surgery and were removed when the daily volume was < 
30 ml. Compression bandages were sometimes needed to diminish dead space. First-generation
cephalosporins was administered until the drainage tube removed. Patients were advised to walk with a
crutch or walking aid 4 weeks after surgery, and full weightbearing was encouraged 6 weeks postoperatively.

Follow-up
All patients were available for scheduled follow-up visits for a maximum of 36 months (mean, 19 months;
range, 3–36 months). Clinical and radiological examinations were conducted every two months in the �rst
year and four times each year thereafter.

Results

Oncological outcome
At the �nial follow-up, three patients with primary tumors were alive with no evidence of disease. One patient
with metastatic renal cancer was alive with no recurrence. One patient with acinar soft tissue sarcoma had a
local recurrence and metastasis at 3 months and died of the disease at 12 months postoperatively. The other
one patient with metastatic breast cancer died of the disease at 28 months after surgery.

Operative Outcome
The mean intraoperative blood loss was 1416 ml (range, 600–2000 ml), and the mean operative duration was
333 min (range, 300–370 min). (Table 2). Satisfactory surgical margins were achieved in all patients,
including wide margins in 5 patients (83.3%) and marginal margins in 1 patient (16.7%). The patient with
acinar soft tissue sarcoma underwent marginal excision because the tumor had invaded the sciatic nerve.
However, the patient had a good preoperative response to chemotherapy.

Functional Outcome

MSTS score
At the 12weeks after surgery, the mean Musculoskeletal Tumor Society (MSTS) score [28] was 18.7 (range,
13–27). (Table 3). Three patients could walk without any aids, two patients could walk with one crutch, and
one patient could walk with two crutches.

VAS Score
In the study, six patients complained of severe pain preoperatively (visual analog scale (VAS) score, mean, 6;
range, 4–8) and needed anti-in�ammatory drugs. They described signi�cant alleviation of pain at 4 weeks
postoperatively (VAS score, mean, 2; range, 0–5).
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Complications
As the classi�cation described by Henderson [29], complications of this series were recorded in Table 3.

Table 2
The studies of surgical details in literatures

Study Case

numbers

Reconstructive

method

Operative
time(mins)

Intraoperative blood loss
(ml)

Current study 6 3D printed prosthesis 333 1416

Ji et al [22] (2020) 80 Modular prosthesis 445 2230

Park et al [7]
(2020)

12 3D printed prosthesis 206 #

Wang et al [21]
(2018)

11 CAD prosthesis 271 3236

Irene et al [19]
(2017)

10 Ice-Cream Cone
prosthesis

419 2585

Cernat et al [36]
(2016)

4 APCs 446 1982

Guo et al [32]
(2010)

18 Combined prosthesis 291 3130

Dai et al [11]
(2007)

10 Custom-made
prosthesis

# 6210

# = not mentioned in studies.
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Table 3
The studies of the follow-up data in literatures

Study Case
numbers

Follow-
up

(months)

MSTS

score

Complications

Type 1 Type 2 Type
3

Type 4 Type 5

Current study 6 19.6 62.3% 0 (0%) 0 (0%) 0
(0%)

0 (0%) 1 (16%)

Park et al [7]
(2020)

12 17.8 87.2% 1 (8.3%) 1
(8.3%)

0
(0%)

0 (0%) 0 (0%)

Wang et al [21]
(2018)

11 15.5 64% 1 (9.1%) 2
(18.2%)

0
(0%)

0 (0%) 1
(9.1%)

Liang et al [23]
(2017)

35 20.5 63.7% 9(25.7%) 0 (0%) 0
(0%)

0 (0%) 0 (0%)

Irene et al [19]
(2017)

10 37 63.3% 4(40%) 0 (0%) 0
(0%)

4(40%) 3(30%)

Guo et al [32]
(2010)

18 41 71.7% 4
(22.2%)

1
(5.6%)

0
(0%)

0 (0%) 4
(22.2%)

Witte et al [24]
(2009)

40 24 50% 1 (2.5%) 3
(7.5%)

0
(0%)

18(45%) 7
(17.5%)

Dai et al [11]
(2007)

10 34.3 # 4(40%) 1(10%) 0
(0%)

0 (0%) 3(30%)

Hillmann et al
[38] (2003)

16 45.5 37% 1(6.3%) 0 (0%) 0
(0%)

6(37.5%) 3(18.8)

#= not mentioned in study

Discussion
Wide en bloc resection is critical for both primary malignant bone tumors and solitary bone metastases [30].
As the standard technique allows visualization of the osteotomy bone surface only through healthy and
uncontaminated tissue, sometimes for large soft tissue masses, more soft tissue exposure is required [26]. In
addition, the placement of osteotomy guide plates and prosthesis is often limited to the surgical window and
surrounding soft tissue [31]. Therefore, we initially designed two combined approaches for tumor resection
and pelvic reconstruction. Only one patient who underwent marginal excision developed local recurrence at 3
months after surgery. This complication did not occur in the other �ve patients, even including the patient who
had died at the last follow-up. This is not surprising because previous studies have veri�ed that there is a
signi�cant relationship between the incidence of local recurrence and the surgical margin [32], with 70%-100%
of local recurrence cases resulting from marginal and intralesional resection [33]. In addition, there were no
cases of nerve damage, skin necrosis or dislocation in the study. Some advantages of this combined
approaches were observed. First, it could achieve the adequate exposure of soft tissue and facilitate the
positioning of the guide plates and prostheses. Second, the contour of the tumor was visualized through
different windows; as a result, the traction of the muscles and neurovascular bundles could be reduced. Third,
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this approach could reduce the risk of intraoperative tumor contamination, resulting in a lower rate of tumor
recurrence. Last, it could e�ciently preserve the blood supply by alleviating skin tension.

Rigorous preoperative planning is crucial in pelvic tumor surgery. Using a 3D-printed proportional pelvic
model, surgeons can simulate hands-on surgical resection and reconstruction prior to the real operation [33].
Some cadaveric studies have already proven noninferior osteotomy accuracy using 3D-printed guide plates
compared to navigation systems [31, 34]. Nevertheless, because of the complicated preparation for the
navigation procedure, the operative duration may increase and result in more bleeding [25]. In addition, the
cost is another great disadvantage of surgical navigation system [35]. Gerant et al. [36] reported that major
blood loss occurred during osteotomy. Osteotomy guide plates can help surgeons perform multiplanar
osteotomy, achieve precise resection margins, shorten the operative duration and reduce intraoperative blood
loss. In our series, pathological margins were negative after bone tumor resection. According to previous
studies, the mean operative duration and intraoperative blood loss ranged from 258–445 min and 2206–
6210 ml, respectively [7, 11, 19, 21, 22, 32, 36]. In the current study, the mean operative duration and
intraoperative blood loss were reduced to 333 min and 1416 ml, respectively. Thus, the use of 3D-printed
osteotomy guide plates was considered a key point to accelerate the osteotomy procedure.

Consideration should be taken by surgeons that many various complications may occur following pelvic
reconstruction. In a systematic review [8], the overall complication rate after pelvic reconstruction was 50%. As
the most common, deep infection accounted for 14% of complications. Ji et al. [22] noted that neoadjuvant
chemotherapy could have a negative in�uence on wound-related complications. In our series, no wound-
related complications, such as necrosis, seroma or dehiscence, were identi�ed. Moreover, there were no cases
of infection, even in the two patients who accepted preoperative neoadjuvant chemotherapy. We contributed
these results to the use of intraoperative osteotomy guide plates and the design of the two combined
approaches, which reduced the operative duration, blood loss and impact on soft tissue. Six patients all
described signi�cant alleviation of pain after surgery. The mean VAS score at 4 weeks and the mean MSTS
score at 12 weeks postoperatively were 2 and 15.6, respectively, which are similar to those in the other studies
[7, 11, 19, 21–24, 32, 38].

As another complication after pelvic reconstruction surgery, aseptic loosening occurs in up to 12% of patients
due to the poor matching degree of conventional prostheses [36]. In our series, no cases of aseptic loosening,
screw breakage, heterotopic ossi�cation or periprosthetic fracture occurred. 3D-printed prostheses can
precisely match any shape of residual pelvic and avoid repeated adjustments. The design of a porous metal
surface permits osseointegration at the bone-implant interface, which is vital for implant longevity [2, 11, 26,
39]. In addition, poly-axial screws can also minimize shear stress to provide mechanical stability. Aside from
these factors, the short follow-up period may be another reason for these results. Caution is advised if
unexpected bone loss occurs during the operation, as it may be di�cult to adapt the 3D-printed prostheses to
the bone defect.

This study has some limitations. First, our 3D models were generated merely based on CT data, which may
neglect the spread of the tumor within the bone. Second, the small sample size with a short follow-up limited
this study. More cases should be included for further study, and we will continue to follow these patients.
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Conclusion
The 3D-printed prosthesis represents a potential alternative for reconstruction after malignant periacetabular
tumor resection. The design of the two approaches and the use of osteotomy guide plates can yield good
functional results, as well as a low rate of complication.

List Of Abbreviations
MSTS score, VAS score.
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Figure 1

The design of two approaches: ilioinguinal approach (green arrow) and Kocher-Langenbeck approach (red
arrow).

Figure 2
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A man aged 69 years with a metastatic renal cancer involved the acetabulum. (a) Preoperative CT scan
shows the malignant tumor has invaded the peri-acetabular region. (b) MRI shows tumor involvement of the
acetabulum with an extensive soft-tissue mass.

Figure 3

Preoperative planning. (a) The contour of the tumor is visualized in 3D models. (b) The osteotomy guide
plates are designed based on the CT data. (c) An individualized prosthesis with a porous structure is
manufactured. (d) The position and length were planned based on the bone thickness, residual bone mass
and loading orientation to minimize shear stress.



Page 15/15

Figure 4

Preoperative and postoperative radiography. (a c) The tumors involved the left and right acetabulum,
respectively. (b d) After surgery, the pelvic ring was obtained anatomic reconstruction and the inclination and
anteversion of acetabular cup was identical with the contralateral side.
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