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Abstract 

Introduction: Extra-articular resection (EAR) of the hip joint is prone to significant complications and morbidity. Thus, 
this study evaluates the cumulative incidences and main reasons of reoperation following EAR of primary malignant 
bone tumors (PMBT) of the hip to determine whether the outcomes are different between EAR of the pelvis and that 
of the proximal femur.

Patients and methods: Thirty-three patients presented with a PMBT of the proximal femur or pelvis were included in 
this study. Among all PMBTs, 58% originated from the pelvis and 42% were from the proximal femur. Twenty patients 
had chondrosarcomas (61%), 10 had osteosarcomas (30%), and 3 had sarcomas of another histological subtype (9%).

Results: The mean follow-up was of 76 months (range: 24–220 months). The cumulative probabilities of revision for 
any reason were 52% (95% confidence interval [CI] 30–70%) 5 years after surgery. The 5-year cumulative probabilities 
of revision were 13% (95% CI 4–27%), 24% (95% CI 10–42%), and 34% (95% CI 14–56%) for mechanical, infectious, 
and tumoral reasons, respectively. The 5-year cumulative probabilities of revision for any reason were 78% (95% CI 
37–94%) and 14% (95% CI 2–38%) for the pelvis and proximal femur, respectively (p = 0.004). Posterior column preser-
vation was significantly associated with more mechanical complications even after adjusting for the resection site (p 
= 0.043).

Conclusion: Half of patients undergoing EAR of the hip joint for PMBT of the proximal femur or acetabulum will 
require another operation. EAR of the pelvis is associated with significantly worse outcome than EAR of the proximal 
femur.
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Introduction
Bone sarcomas are rare cancers, accounting for less 
than 0.1% of all cancers [1]. The proximal distal femur, 
proximal tibia, proximal humerus, and pelvis are the 
most common anatomical sites for bone sarcomas. 

Osteosarcoma, chondrosarcoma, and Ewing sarcoma are 
the most common histologies. The surgical control of a 
bone sarcoma requires resection of the affected bone 
with only an approximately 1–2-cm margin at the bony 
cuts [2] and may require an extensive soft-tissue resec-
tion depending on the size and location of the tumor. 
Despite the development of imaging techniques and 
increase in the effectiveness of chemotherapy, none of the 
many reconstructive options described has been estab-
lished nowadays as a gold standard procedure follow-
ing resection of periacetabular primary malignant bone 
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tumors (PMBTs) due to the challenging aspect of these 
procedures and the high rate of postoperative complica-
tions. However, when a bone sarcoma invades a joint, an 
extra-articular resection (EAR) (viz. en bloc resection) 
of the affected bone, joint, and part of the adjacent bone 
should be performed to obtain adequate margins [3].

EAR of the joint decreases the risk of local recurrence 
when joint contamination is suspected [4]. Before sur-
gery, the necessary means must be employed to rule out 
joint contamination. A significant joint effusion on clini-
cal examination should be considered a potential joint 
contamination. Imaging studies, including MRI, radiog-
raphy, and CT, are paramount to suspect an invasion of 
the joint by the tumor, and eventually, biopsy should be 
performed through the joint.

EARs of the joint are technically challenging and prone 
to significant complications and morbidity [5]. The most 
commonly performed EAR of the joint is that of the knee 
joint with a bone sarcoma affecting either the proximal 
tibia or the distal femur [6–8]. When performed in an 
expert centre, EAR of the joint is associated with ade-
quate margins and little local recurrence. EAR and wide 
resection of the hip joint have been reported in few series 
[4, 5, 9], without a significant difference in outcomes 
between resections of PMBTs located in the pelvis and 
proximal femur. Deep infection, mechanical failure, and 
local recurrences seem to be the main reasons for revi-
sion and reoperation following this surgically demand-
ing procedure [4, 5, 9]. Given the limited information 
available on this difficult technique, we decided to report 
our experience to provide information on the technical 
aspects and expected results of such a procedure.

Therefore, this study evaluates the cumulative inci-
dences of reoperation following EAR of the hip and 
determines the main reasons for reoperation to compare 
the different outcomes between EAR of the pelvis and 
EAR of the proximal femur.

Patients and methods
Study design, setting, and participants
This retrospective study involved patients treated 
between 2000 and 2016 at a tertiary care centre special-
izing in treating musculoskeletal tumors. Patients who 
presented with a PMBT of the proximal femur or pelvis 
and were treated with EAR of the hip joint for articular 
invasion were included in this study. Those who were 
<15 years of age, those who presented with a local recur-
rence after a previous operation and those who presented 
a non-malignant primitive bone tumor were excluded 
from the study. All eligible patients, identified using our 
electronic hospital records, were included. Treatment 
decisions were discussed at a multidisciplinary team 
meeting; four senior surgeons with specific expertise 

in musculoskeletal orthopedic oncology performed all 
surgeries.

Surgical technique and postoperative care
A prophylactic antibiotic therapy including metronida-
zole and cefazolin for 24 h was started at the time of anes-
thetic induction. The patients were placed on the lateral 
recumbent position to allow for the necessary surgical 
exposures, and the surgical approach varied depending 
on the tumor location. Proximal femoral tumors were 
approached through a single posterolateral incision (n 
= 7) or both posterolateral and inguinal incisions (n = 
7). Pelvic tumors were approached through a utilitarian 
incision (n = 7) or both posterolateral and ilio-inguinal 
incisions (n = 12). For both femoral and pelvic tumors, 
the involved bone and soft tissue were dissected based 
on oncological principles that a 1–2-cm margin should 
be retained when possible depending on the extent of the 
tumor. For proximal femoral tumors, the posterior col-
umn, the superior part of the acetabulum, and the iliopu-
bic ramus were freed from soft-tissue attachments, and 
osteotomies were performed the same way as a periac-
etabular osteotomy; the acetabulum was then mobilized 
together with the proximal femur, and the specimen was 
removed and sent to pathology. In one case, the posterior 
column was not preserved (7%). For pelvic tumors, the 
proximal femur was exposed, and a vertical osteotomy in 
the plane of the greater trochanter was performed, and a 
horizontal, or short oblique, osteotomy was performed at 
the upper level of the lesser trochanter; the femoral neck 
and joint capsule were mobilized together with the pel-
vic resection, and the specimen was removed and sent to 
pathology. The posterior column was preserved in two 
cases (10.5%).

For every patient, reconstruction was performed simul-
taneous to the resection. Proximal femoral resections 
were reconstructed using endoprostheses in five cases 
(Fig. 1), using allograft–prosthesis composites in six cases 
and using a standard stem in three cases. On the pelvic 
side, an ice-cream cone reconstruction was performed 
in 10 cases (Fig. 2), an acetabular cemented reconstruc-
tion with an allograft and acetabular ring was performed 
in three cases, and an uncemented reconstruction in one 
case. Pelvic resections were reconstructed using an ice-
cream cone in eight cases [10], a saddle prosthesis in four 
cases, an acetabular cemented reconstruction with an 
allograft in one case, and no reconstruction (medialisa-
tion) in six cases. A standard stem was used in all cases 
where a saddle prosthesis was not used (15 cases).

Postoperative care included prophylactic anticoagula-
tion for 6 weeks, standard wound care, and removal of 
the suction drains between postoperative days 2 and 5. 
For 28 patients (85%), bed rest was maintained for 7–15 
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days with a transtibial suspension, while wound care was 
performed in bed. All but one patient had a fibreglass hip 
spica applied until the sixth postoperative week. Weight 
bearing was resumed depending on the reconstruction 
performed. For five patients (15%), bed rest was contin-
ued until the patient was comfortable enough to mobi-
lize, and weight bearing was resumed immediately. The 
standardized postoperative follow-up includes clinical 
and imaging evaluation (pelvic and hip radiography and 
pelvic CT or MRI and chest CT) 6 weeks after surgery, 
then every 4 months during the first 2 years, every 6 
months until the fifth year and every year after that.

Variables, data sources, and measurements
Demographic information, clinical findings, and treat-
ment details were retrieved from the patients’ medical 
records. All operating notes and pathology reports were 
reviewed. Histology was defined by one of two patholo-
gists specializing in the bone and soft-tissue tumors 
from the resection specimen using the residual tumor 
(R) classification: R0, no residual tumor; R1, microscopic 

residual tumor; and R2, macroscopic residual tumor. 
Radiographic contamination was suspected based on 
the following criteria: an intra-articular fracture of the 
affected bone or direct visualization of the tumor in the 
joint. Histological articular contamination was then con-
firmed, or not, from the resection specimen. The patients’ 
status was that reported at the time of last review. The 
following criteria were used for the diagnosis of surgical 
site infection: A definite surgical site infection was con-
sidered if there was a sinus tract communicating with the 
surgical site; if a pathogen was isolated by culture from 
at least two separate tissue or fluid samples obtained 
from the affected prosthetic joint/surgical site; or based 
on clinical, biologic, and histopathologic exams under 
review by the multidisciplinary infectious (MDI) board.

These criteria are in accordance, although not strict, 
with previous published recommendations [11]. How-
ever, given the large time span of the study, from 2000 to 
2016, we did not adhere to a specific publication guide-
line; moreover, all infections, or suspected infections, 
were reviewed by our MDI board.

Fig. 1 On the left, proximal femur pathologic fracture on a chondrosarcoma. On the right, extraarticular resection and reconstruction with an 
endoprosthetic reconstruction and ice-cream cone prosthesis performed for the same patient. The posterior column was preserved

Fig. 2 On the left, zone 2 and 3 pelvis chondrosarcoma. On the right, extraarticular resection and reconstruction with an ice-cream cone prosthesis 
and standard cemented femoral stem performed for the same patient
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Mechanical failure included aseptic loosening and 
hip dislocation requiring open reduction. Local tumor 
recurrence was usually suspected on imaging follow-
up studies and confirmed using percutaneous biopsy. A 
reoperation was defined as any surgical procedure per-
formed under general anesthesia of the previous surgical 
site and included open hip reduction. No complication or 
revision surgeries were excluded in the final analysis even 
if they occurred less than 1 year postoperatively. Inves-
tigations were conducted in accordance with the ethical 
standards of the 1964 Declaration of Helsinki. The ethi-
cal approval was not required according to the MR-004 
reference methodology; the study was registered in the 
Commission nationale de l’informatique et des libertés 
database register (n°2215812), and each patient was indi-
vidually informed and consented before any data collec-
tion [12]. Analyses used R software (R Foundation for 
Statistical Computing, Vienna, Austria). The significance 
threshold was set at p < 0.05.

Statistical analysis and data collection
Continuous data are presented as median with the first 
and third quartile values (Q1–Q3); categorical data are 
presented as counts and proportions. The cumulative 
incidence rates of reoperation for infection, mechanical 
failure, and any reason and the cumulative incidence rate 
of local recurrence were presented as defined by Prentice 
et al. [13]. The cumulative incidence rates of events were 
estimated from the date of EAR of the hip to either the 
event, competing event (death), or last news when nei-
ther event nor death was experienced (censored observa-
tion). Point estimates with 95% exact confidence intervals 
(CIs) are reported. Patient survival was estimated accord-
ing to the Kaplan–Meier method [14] from the date 
of EAR of the hip to either death or last news for living 
patients (censored observation). The log-rank test was 
used to test for differences between categories of a vari-
able in survival times.

Results
The median follow-up period was 76 months with a min-
imum follow-up period of 24 months and a maximum 
follow-up period of 220 months. In total, 33 patients 
(Table 1) were enrolled in this study, including 14 women 
and 19 men, with a median age of 52 years (interquar-
tile range (IQR), 44–61 years). Nineteen tumors origi-
nated from the pelvis (58%), and 14 tumors were from 
the proximal femur (42%). For the 19 pelvic tumors, in 
three cases, the lesions were type I+II (16%); in ten cases, 
the lesions were type II+III (52%); and in six cases, the 
lesions were type I+II+III (32%), according to Enneking 
and Dunham [15]. Among the 33 lesions, 20 were chon-
drosarcomas (61%), 10 were osteosarcomas (30%), and 

three were sarcomas of another histological subtype (9%). 
Thirteen tumors were high grade (39%). The median size 
in the larger axis of the bone tumors was 83.7 ± 38.2 mm 
(IQR: 50–100 mm). Two patients (6%) presented with 
metastatic disease at the time of surgery. Ten patients 
had preoperative chemotherapy (30%), and two had pre-
operative radiation (6%). Nine patients presented with a 
pathological fracture (27%). Articular contamination was 
suspected on imaging in 28 patients (85%), and among 
them, 13 (93%) presented with proximal femur bone 
tumors (93%) and 15 (79%) presented with periacetabular 
localisation.

The cumulative probabilities of revision for any reason 
were 45% (95% CI 26–62%), 52% (95% CI 30–70%), and 
52% (95% CI 30–70%) one, 2 and 5 years after surgery, 
respectively. The cumulative probabilities of revision for 
mechanical reasons were 13% (95% CI 4–27%), 13% (95% 
CI 4–27%), and 13% (95% CI 4–27%) 1, 2, and 5 years 
after surgery, respectively. The cumulative probabilities 
of revision for infection were 18% (95% CI 7–33%), 24% 
(95% CI 10–42%), and 24% (95% CI 10–42%) 1, 2, and 5 
years postoperatively, respectively. The cumulative prob-
abilities of local recurrence were 15% (95% CI 4–31%), 
27% (95% CI 10–48%), and 34% (95% CI 14–56%) 1, 2, 
and 5 years postoperatively, respectively. The cumulative 
incidences of the main reasons for reoperation after EAR 
of the hip are represented in Fig. 3.

Significant differences in outcomes were observed 
between EAR of the pelvis and EAR of the proximal 
femur. The 5-year cumulative probabilities of revision 
for any reason were 78% (95% CI 37–94%) and 14% (95% 
CI 2–38%) for EAR of the pelvis and EAR of the proxi-
mal femur, respectively (p = 0.004). The 5-year cumula-
tive probabilities of revision for mechanical reasons were 
12% (95% CI 2–32%) and 14% (95% CI 2–38%) for EAR 
of the pelvis and EAR of the proximal femur, respectively 
(p = 0.8). The 5-year cumulative probabilities of revision 
for infection were 41% (95% CI 16–64%) and 0% for EAR 
of the pelvis and EAR of the proximal femur, respectively 
(p = 0.05). The 5-year cumulative probabilities of local 
recurrence were 54% (95% CI 20–80%) and 29% (95% 
CI 6–58%) for tumors of the pelvis and proximal femur, 
respectively (p = 0.03). Differences between EAR of the 
pelvis and EAR of the proximal femur are shown in Fig. 4. 
The preservation of the posterior column was signifi-
cantly associated with more mechanical complications, 
including dislocation and aseptic loosening, even after 
adjusting for the resection site (pelvis or femur) (haz-
ard ratio [HR] = 0.05; 95% CI = 0.003–0.91; p = 0.043); 
when performing the analysis among patients who had a 
reconstruction (n=23), the effect remained similar but 
was not significant (hazard ratio [HR] = 0.13; 95% CI = 
0.008–2.2; p = 0.16).
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Other relevant findings
There was no correlation between the tumor grade, the 
surgical approaches, and the method of reconstruction 
with the final outcomes for both techniques. The median 
surgery length was 300 min (Q1–Q3: 230–360). A mean 
number of four packed red blood cells were transfused 
(Q1–Q3: 3–5). Significant intraoperative complications 
including injuries to the internal iliac vein (n = 1), femo-
ral vein (n = 1), and ureter (n = 1) were observed. All 
injuries were repaired during the procedure. Accidental 
intraoperative joint effraction occurred in eight patients: 
two (11%) during EAR of the pelvis (capsule dissection) 
and six (43%) during EAR of the proximal femur (bone 
osteotomies in two cases and capsule dissection in four 
cases); this difference was statistically significant (p = 
0.047). Among them, only one (12.5%) has had a revi-
sion surgery for hindquarter amputation 3 months after 

the initial resection. Despite these patients, R0 resection 
was confirmed in 91% of the patients (30/33) after histo-
logical examination of the specimens. At the last follow-
up, seven patients passed away, and the 5-year survival 
probability was 76% (61–95%). The Table  2 summarizes 
the number and ratio of the encountered complications 
at the last follow up for the pelvis and proximal femur 
tumors.

Discussion
In the treatment of periacetabular bone tumors, a wide 
variety of treatment possibilities exist depending on the 
type of lesion. In case of locally aggressive bone tumor, 
for example in case of chondroblastoma located in the 
epiphysis of the proximal femur, an intralesional curet-
tage with cement or synthetic bone substitute to fill 
the bone defect can be used with good results [16]. For 

Table 1 Characteristics of the population

ASA Physical Status Score: American Society of Anaesthesiologists physical status classification

Characteristics Total (n=33) Femur (n=14) Pelvis (n=19) p value

Median age (Q1–Q3) 52 (44 to 61) 52 (42 to 58) 52 (45 to 62) 0.99

ASA Physical Status Score 0.65

 I 15 (46) 5 (36) 10 (52)

 II 12 (36) 6 (43) 6 (32)

 III 6 (18) 3 (21) 3 (16)

Localization -

 Pelvis 19 (58) - 19 (100)

 Proximal femur 14 (42) 14 (100) -

Enneking and Dunham -

 I–II 3 (16) - -

 I–II–III 6 (32) - -

 II–III 10 (52) - -

 Average size in mm (Q1-Q3) 80 (50 to 110) 85 (49 to 128) 79 (52 to 100) 0.37

Histology 0.11

 Chondrosarcoma 20 (61) 6 (43) 14 (74)

 Ewing sarcoma 1 (3) - 1 (5)

 Ostéosarcoma 10 (30) 7 (50) 3 (16)

 Other sarcoma 2 (6) 1 (7) 1 (5)

Preoperative metastasis 0.17

 No 31 (94) 12 (86) 19 (100)

 Yes 2 (6) 2 (14) 0 (0)

Preoperative radiation 1

 No 31 (94) 13 (93) 18 (95)

 Yes 2 (6) 1 (7) 1 (5)

Preoperative chemotherapy 0.057

 No 23 (70) 7 (50) 16 (84)

 Yes 10 (30) 7 (50) 3 (16)

Articular contamination (imaging) 0.37

 No 5 (15) 1 (7) 4 (21)

 Yes 28 (85) 13 (93) 15 (79)
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some tumors with important local extension, amputation 
may be indicated with its own morbidity. Sometimes, it 
may also be possible to proceed to other reconstruction 
strategy as a plastic lengthening amputation with vascu-
larized bone graft to preserve the knee joint function in 

selected bone sarcoma patients and for fixing the arti-
ficial limb well [17]. When a bone sarcoma invades a 
joint, EAR should be performed to obtain adequate mar-
gins to decrease the risk of local recurrence [4, 6, 7, 18]. 
EARs of the joint are technically challenging and prone 

Fig. 3 Cumulative incidence of revision for any reason, for mechanical reason, for infection, and local recurrence

Fig. 4 Cumulative incidences of revision for pelvis EAR and proximal femur EAR
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to significant complications and morbidity [4, 6–8, 18]. 
Although the technique is well known for the knee joint, 
fewer information exists with regard to its use in the hip 
joint [4, 5, 9]. For periacetabular bone tumors, an image-
guided core biopsy and immunohistochemistry over 
a fine needle aspiration cytology are recommended to 
prevent any mis diagnosis that may lead to an unneces-
sary surgery for example in case of a primary sacral non-
Hodgkin’s lymphoma that may be firstly consider as a 
metastasis for example [19].

Li and colleagues have reported their experience on 
18 patients who presented with either pelvic sarcoma or 
proximal femur sarcoma and suspicion of joint invasion 
[4]. They reported one (6%) postoperative death. Wide 
margins were achieved in 72% of cases, and the propor-
tion of local recurrence was 24% after a mean follow-up 
period of 35 months. In their series, Li and colleagues did 
not preserve the posterior column when the tumor origi-
nated from the proximal femur. However, Rudiger and 
colleagues have reported two cases of EAR of the hip joint 
with preservation of the posterior column [20]. Inter-
estingly, we showed that preserving the posterior col-
umn was associated with significantly more mechanical 

failures. This could be because surgeons tended to use 
the remaining, probably fragile, posterior column as a 
means of fixation when it is in fact counterproductive.

A recent nationwide survey in 17 Japanese institutions 
on 80 prosthetic reconstructions using constrained-
type hip tumor prostheses following wide resection of 
periacetabular tumors with a mean follow-up period of 
65 months found a local recurrence rate of 26%, a deep 
infection rate of 39%, and the occurrence of prosthesis-
related complications requiring surgery in 9% of the case 
[9]. The rates of postoperative complications were still 
high, but comparable to those found in previous stud-
ies. Meanwhile, Fujiwara and colleagues have conducted 
a retrospective study involving a comparable number of 
patients (n = 34) and found a higher occurrence rate of 
complications in patients who underwent EAR of the hip 
joint for bone sarcomas involving the pelvis than that in 
patients who underwent EAR of proximal femur tumors 
with a shorter mean follow-up period of 38 months. No 
statistical differences were observed between pelvic EAR 
and proximal femur EAR (p = 0.116). Therefore, in this 
study, we described the outcomes of a large retrospective 
series of EAR of the hip in a single-center specializing 

Table 2 Total number and ratio for each complication encounter from the procedure to the last follow-up for total population, 
proximal femur, and pelvis tumors, respectively

Total (N = 33) Pelvis (N= 19) Femur (N= 14)

No. 
complication

No. patient % (range) No. 
complication

No. patient % (range) No. 
complication

No. patient % (range)

Revision surgeries any 
causes

29 17 51.5 % 22 13 68.4 % 7 4 28.6%

Mechanical complica-
tion

6 5 15.1 % 2 2 10.5 % 4 3 21.4 %

Dislocation reduced 
under anesthesia

3 3 9 % 0 0 0 3 3 21.4 %

Total dislocation 13 9 27.3 % 3 3 15.8 % 10 6 42.9%

Other mechanical 
revision

3 2 6 % 2 2 10.5 % 1 1 7.1 %

Total infection 12 9 27.3 % 10 8 42.1 % 2 1 7.1%

Wound surgeries 3 2 6 % 3 2 10.5 % 0 0 0 %

Deep infection 9 7 21.2 % 7 6 31.6 % 2 1 7.1 %

Local recurrence 7 4 12.1 % 7 4 21 % 0 0 0 %

Other surgeries 4 4 3 % 1 1 5.3 % 0 0 0

Neurological complica-
tion

2 2 6 % 2 2 10.5 % 0 0 0%

Hematoma 1 1 3 % 1 1 5.3 % 0 0 0

Parietal complication 1 1 3 % 1 1 5.3 % 0 0 0

Oncologic surgery 7 4 15.1 % 7 4 21 % 0 0 0 %

Per-operative compli-
cation

8 5 15.1 % 7 4 21 % 1 1 7.1%

Capsular effraction 8 8 24.2 % 2 2 10.5 % 6 6 42.9 %

Non R0 margin 3 3 9% 3 3 15.8% 0 0 0 %
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in this type of procedures and looked for differences 
between pelvic EAR and proximal femur EAR with a 
longer follow-up.

The overall 5-year cumulative probability of revision for 
any reason was 52% (95% CI 30–70%) with a significant 
difference between pelvic EAR and proximal femur EAR. 
The 5-year cumulative probabilities of revision for any 
reason were 78% following pelvic EAR and 14% follow-
ing proximal femur EAR. The reoperation rate is there-
fore high. Hoffmann et al. in a retrospective series of 241 
Ewing sarcomas of the pelvis have reported a 20% failure 
rate [21]. Brown and colleagues in a recent systematic 
review of the literature published between 1990 and 2017 
have analysed 1700 periacetabular oncological lesions 
with a mean follow-up period of 3.4 years [22]. They 
found a 50% complication rate. Hillmann and colleagues 
in a retrospective review of 110 cases have reported a 
58% complication rate after pelvic reconstruction [18]. 
Proximal femoral resection and reconstruction are asso-
ciated with significantly less complications. In a recent 
systematic review of 41 studies, Janssen and colleagues 
have reported a 10% revision rate (ranging from 0 to 69%) 
for endoprosthetic reconstruction [23]. At their last fol-
low-ups, Ogura et  al. and Fugiwara et  al. have reported 
59% and 69%, respectively, occurrence rates of complica-
tions requiring revision. Overall, the revision rate in this 
study is similar to those found in the literature although 
the patients in this study may have had more aggressive 
tumors and undergone more extensive surgeries follow-
ing the concept of EAR of the whole hip joint.

The local recurrence rate was 54% after pelvic EAR 
and 29% after proximal femur EAR, which is high after 
resection of a bone sarcoma. Guo and colleagues in a 
retrospective study involving a series of 30 patients with 
osteosarcoma have reported a 26% local recurrence rate 
[24]. Although their follow-up period was twice as short 
as ours, the local recurrence rate at the last follow-up in 
the study by Fujiwara et al. (21%) was less significant for 
both pelvic (23%) and proximal femoral (13%) locations 
[5]. Li and colleagues in their retrospective study on a 
series of 18 patients have reported a local recurrence rate 
of 18%; however, they did not mention joint invasion [4]. 
Bus and colleagues in a multicenter retrospective review 
of 162 primary central chondrosarcomas of the pelvis 
have reported a 38% local recurrence rate [25]. Similarly, 
the recurrence rate in this study is higher than that for 
EAR of the proximal femur. In our own experience of 
32 proximal femur resections for bone tumors, the local 
recurrence rate was 9% [26]. Although the aggressive-
ness of the tumor could explain these differences, the 
technical difficulties encountered during the procedure 
may also be an explanation. Indeed, preoperative joint 
effraction occurred in eight patients (24%). Interestingly, 

this complication was significantly more common after 
proximal femur EAR than after pelvic EAR; the addi-
tional procedure for an EAR of the hip is technically 
more challenging for a femur than for a pelvis. The use 
of navigation and robotics or the use of patient-specific 
cutting guides may improve the resection by joint inva-
sion at the bony cuts [27, 28]. As described in their retro-
spective review on 15 patients who underwent resections 
for primary tumors of pelvis or sacrum using canulated 
screws and Gigli saw to facilitate the directional control 
of the osteotomy, Ji et al. found an ideal resection accu-
racy with a high likelihood of negative margin resec-
tions. This effective method allows a precise control of 
the osteotomy and allow achievement of planned surgi-
cal margins and may be used for this indication [29]. The 
good functional and oncological outcomes of pasteurized 
autograft reconstruction after resection of periacetabular 
malignant bone tumors was demonstrated by Guo et al. 
with a relatively low incidence of complications. In their 
series, the mean time of bone union was 12 months after 
the operation [30].

This study has several limitations. First, a limited num-
ber of patients were included. This is due to the low inci-
dence of bone sarcomas of the pelvis or proximal femur 
with joint contamination. Li and colleagues have analyzed 
18 cases only among more than 1500 pelvic and proxi-
mal femur tumors [4]. Ogura and colleagues had a larger 
number of patients but from different centers, which may 
not ensure the reproducibility of the procedure, and the 
procedures were not performed in centers specializing 
in treating primary bone tumors [9]. We included 33 
patients over 16 years’ experience at our reference centre, 
which is a similar number of patients as that in the study 
by Fujiwara et al. but covering a shorter period. Second, 
the retrospective design of this study is a limitation to 
the type of data that may be collected. However, this is 
a common limitation in such rare conditions. Third, the 
heterogeneity in patients and the surgical techniques 
employed for resection or reconstruction are a limitation 
to providing guidelines after EAR of the hip; however, 
most procedures included non-constrained prostheses, 
which may have diminished the rate of mechanical fail-
ures of the reconstructions.

Conclusion
Half of the patients undergoing EAR of the hip joint for 
PMBTs of the proximal femur or acetabulum will require 
another operation. Pelvic EAR is associated with signifi-
cantly worse outcomes than proximal femur EAR. Sur-
geons should be aware that the procedure is technically 
challenging and that joint invasion is common. Preserv-
ing the posterior column may be attempted, but fixation 
should not rely on it.



Page 9 of 9Housset et al. World Journal of Surgical Oncology          (2022) 20:168  

Acknowledgements
None.

Authors’ contributions
VH wrote the manuscript. VH and DB analyzed and interpreted the patient’s 
data. AB, PA, and DB performed the surgeries. GA was a major contributor in 
writing the manuscript. The authors read and approved the final manuscript.

Funding
None.

Availability of data and materials
The datasets used and/or analyzed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Service de Chirurgie Orthopédique et Traumatologique, Hôpital Cochin, 
75013 Paris, France. 2 Service de Chirurgie Orthopédique et Traumatologique, 
Hôpital Henri Mondor, 94000 Créteil, France. 

Received: 21 October 2021   Accepted: 1 April 2022

References
 1. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2018. CA Cancer J Clin. 

2018;68(1):7–30.
 2. Puri A 3rd. The principles of surgical resection and reconstruction of bone 

tumors. Orthop Traumatol. 2010;24:266–75.
 3. Cladière Nassif V, Anract P, Babinet A. Biau D Tumeurs malignes osseuses 

du fémurs proximal: exérèses et reconstruction. Encyclopédie médico-
chirurgicale. 2016.

 4. Li D, Xie L, Guo W, Tang X, Ji T, Yang R. Extra-articular resection is a 
limb-salvage option for sarcoma involving the hip joint. Int Orthop. 
2018;42(3):695–703.

 5. Fujiwara T, Tsuda Y, Evans S, Stevenson J, Parry M, Jeys L, et al. Extra-artic-
ular resection for bone sarcomas involving the hip joint. J Surg Oncol. 
2019.

 6. Anract P, Missenard G, Jeanrot C, Dubois V, Tomeno B. Knee reconstruc-
tion with prosthesis and muscle flap after total arthrectomy. Clin Orthop 
Relat Res. 2001;384:208–16.

 7. Capanna R, Scoccianti G, Campanacci DA, Beltrami G, De Biase P. Surgical 
technique: extraarticular knee resection with prosthesis-proximal tibia-
extensor apparatus allograft for tumors invading the knee. Clin Orthop 
Relat Res. 2011;469(10):2905–14.

 8. Zwolak P, Kühnel SP, Fuchs B. Extraarticular knee resection for sarcomas 
with preservation of the extensor mechanism: surgical technique and 
review of cases. Clin Orthop Relat Res. 2011;469(1):251–6.

 9. Ogura K, Susa M, Morioka H, Matsumine A, Ishii T, Hamada K, et al. Recon-
struction using a constrained-type hip tumor prosthesis after resection of 
malignant periacetabular tumors: a study by the Japanese musculoskel-
etal oncology group (JMOG). J Surg Oncol. 2018;117(7):1455–63.

 10. Issa S-P, Biau D, Babinet A, Dumaine V, Le Hanneur M, Anract P. Pelvic 
reconstructions following peri-acetabular bone tumour resections using 
a cementless ice-cream cone prosthesis with dual mobility cup. Int 
Orthop. 2018;42(8):1987–97.

 11. Parvizi J, Tan TL, Goswami K, Higuera C, Della Valle C, Chen AF, et al. 
The 2018 definition of periprosthetic hip and knee infection: an 

evidence-based and validated criteria. J Arthroplast. 2018;33(5):1309–
1314.e2.

 12. Journal Officiel de la République Française n°0189 du 14 août 2016. Texte 
N°77. legif rance. gouv. fr. Available at: https:// www. legif rance. gouv. fr/ affic 
hTexte. do? cidTe xte= JORFT EXT00 00330 28290 & dateT exte= & categ orieL 
ien= id. Accessed 01 Jan 2019.

 13. Prentice RL, Kalbfleisch JD, Peterson AV, Flournoy N, Farewell VT, Breslow 
NE. The analysis of failure times in the presence of competing risks. Biom-
etrics. 1978;34(4):541–54.

 14. Kaplan EL, Meier P. Nonparametric estimation from incomplete observa-
tions. J Am Stat Assoc. 1958;53(282):457–81.

 15. Enneking WF, Dunham WK. Resection and reconstruction for primary 
neoplasms involving the innominate bone. J Bone Joint Surg Am. 
1978;60(6):731–46.

 16. Outani H, Kakunaga S, Hamada K, Takenaka S, Nakai S, Yasuda N, et al. 
Clinical outcomes of chondroblastoma treated using synthetic bone 
substitute: risk factors for developing radiographic joint degeneration. 
World J Surg Oncol. 2020;18(1):47.

 17. Zhao Z, Jin Q, Xie X, Wang Y, Lin T, Yin J, et al. Plastic lengthening amputa-
tion with vascularized bone grafts in children with bone sarcoma: a 
preliminary report. World J Surg Oncol. 2020;18(1):246.

 18. Hillmann A, Hoffmann C, Gosheger G, Rödl R, Winkelmann W, Ozaki T. 
Tumors of the pelvis: complications after reconstruction. Arch Orthop 
Trauma Surg. 2003;123(7):340–4.

 19. Chigurupati SV, Shukla M, Pandey M. Primary sacral non-Hodgkin’s lym-
phoma: report of a case and systematic review of literature. World J Surg 
Oncol. 2021;19(1):61.

 20. Rüdiger HA, Dora C, Bode-Lesniewska B, Exner GU. Extra-articular resec-
tion of the hip with a posterior column-preserving technique for treat-
ment of an intra-articular malignant lesion. A report of two cases. J Bone 
Joint Surg Am. 2005;87(12):2768–74.

 21. Hoffmann C, Ahrens S, Dunst J, Hillmann A, Winkelmann W, Craft A, 
et al. Pelvic Ewing sarcoma: a retrospective analysis of 241 cases. Cancer. 
1999;85(4):869–77.

 22. Brown TS, Salib CG, Rose PS, Sim FH, Lewallen DG, Abdel MP. Reconstruc-
tion of the hip after resection of periacetabular oncological lesions: a 
systematic review. Bone Joint J. 2018;100-B(1 Supple A):22–30.

 23. Janssen SJ, Langerhuizen DWG, Schwab JH, Bramer JAM. Outcome after 
reconstruction of proximal femoral tumors: a systematic review. J Surg 
Oncol. 2019;119(1):120–9.

 24. Guo W, Sun X, Ji T, Tang X. Outcome of surgical treatment of pelvic osteo-
sarcoma. J Surg Oncol. 2012;106(4):406–10.

 25. Bus MPA, Campanacci DA, Albergo JI, Leithner A, van de Sande MAJ, Gas-
ton CL, et al. Conventional primary central chondrosarcoma of the pelvis: 
prognostic factors and outcome of surgical treatment in 162 patients. J 
Bone Joint Surg Am. 2018;100(4):316–25.

 26. Biau DJ, Larousserie F, Thévenin F, Piperno-Neumann S, Anract P. Results 
of 32 allograft-prosthesis composite reconstructions of the proximal 
femur. Clin Orthop Relat Res. 2010;468(3):834–45.

 27. Gouin F, Paul L, Odri GA, Cartiaux O. Computer-assisted planning and 
patient-specific instruments for bone tumor resection within the pelvis: a 
series of 11 patients. Sarcoma. 2014;2014:842709.

 28. Jentzsch T, Vlachopoulos L, Fürnstahl P, Müller DA, Fuchs B. Tumor resec-
tion at the pelvis using three-dimensional planning and patient-specific 
instruments: a case series. World J Surg Oncol. 2016;14(1):249.

 29. Ji T, Chin BZJ, Tang X, Yang R, Guo W. Iliosacral bone tumor resection 
using cannulated screw-guided gigli saw - a novel technique. World J 
Surg Oncol. 2021;19(1):243.

 30. Guo X, Li X, Liu T, Shuai C, Zhang Q. Pasteurized autograft reconstruction 
after resection of periacetabular malignant bone tumours. World J Surg 
Oncol. 2017;15(1):13.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

http://legifrance.gouv.fr
https://www.legifrance.gouv.fr/affichTexte.do?cidTexte=JORFTEXT000033028290&dateTexte=&categorieLien=id
https://www.legifrance.gouv.fr/affichTexte.do?cidTexte=JORFTEXT000033028290&dateTexte=&categorieLien=id
https://www.legifrance.gouv.fr/affichTexte.do?cidTexte=JORFTEXT000033028290&dateTexte=&categorieLien=id

	Proximal femur versus acetabular extra-articular resection of the hip joint for primary malignant bone tumors: a retrospective comparative review of 33 cases
	Abstract 
	Introduction: 
	Patients and methods: 
	Results: 
	Conclusion: 

	Introduction
	Patients and methods
	Study design, setting, and participants
	Surgical technique and postoperative care
	Variables, data sources, and measurements
	Statistical analysis and data collection

	Results
	Other relevant findings

	Discussion
	Conclusion
	Acknowledgements
	References


