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Reconstruction of defects after pelvic resection is one 
of the most complicated and challenging issues in 
orthopedics tumor surgery. With the improvements 
in diagnostic imaging and multimodality treatment 
including radiation and chemotherapy, limb salvage 
resection, as opposed to hindquarter amputation, 
represents a reliable surgical option.

While pelvic tumors in the ischiopubic area 
can be safely resected without the need for 
reconstruction,[1] poor clinical results have been 
observed, particularly when no reconstruction 
has been performed in periacetabular resections. 
Over the last three decades, some reconstruction 
procedures and implants have been developed to 
improve functional outcomes.[2,3] 

Nevertheless, none of these reconstruction 
techniques can be shown superior to the others. All 
techniques have many complications in terms of 
oncological disease (recurrences or metastases) and 
reconstruction (infection, dislocation, and loosening) 
itself.[4]

Objectives: This study aims to evaluate survival of patients 
and implants, functions, and morbidity of surgical technique 
of reconstruction with a fresh-frozen massive pelvic allograft 
following a pelvic resection.
Patients and methods: Between January 2009 and December 
2016, a total of 19 patients (12 males, 7 females; mean age: 35.8±14.4 
years; range, 10 to 53 years) who underwent reconstruction with 
fresh-frozen massive allograft after internal hemipelvectomy 
were retrospectively analyzed. Patients̓ age, sex, resection types, 
histopathology and grades, surgical margins, operative times, 
intraoperative blood loss, complications experienced during their 
treatment (infection, dislocation, implant failure, nonunion, local 
recurrence and metastasis), neoadjuvant and adjuvant therapies 
they received, and functional scores were revelaed and analyzed 
in 10 years period.
Results: According to the Enneking and Dunham classification, 
two (10%) patients had type I resection only, six (32%) had type 
I-II, one (5%) had a type II resection, one (5%) had type II-III 
resection, three (16%) had type I-II-III resection, one (5%) had 
type I-IV resection, and five (26%) had type I-II-IV resection. 
The resection involved the acetabulum (type II) in all, but 
three patients. Several complications were seen in 12 patients, 
although seven patients had no complication. Pelvic resections 
had a high mortality rate in patients with malignant tumors and 
reconstruction with massive allograft had a high morbidity rate 
with susceptibility to many complications. Prolonged surgical 
time was found to be directly related to blood loss. Deep infection 
significantly worsened functional results.
Conclusion: Despite the high complication rates seen in pelvic 
resections, massive pelvic allografts represent a valid option for 
reconstruction after resection of pelvic tumors, but due to the 
associated morbidity, patients should be carefully selected.
Keywords: Allograft, hemipelvectomy, pelvic bones, sarcoma, 
transplantation.
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One of the materials for reconstructing innominate 
bone is the allograft. The major advantages of 
this material are that the bone can be shaped and 
customized to match the resection. This method 
can be combined with the hip prosthesis or applied 
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alone. There is no standard surgical technique 
due to the limited number of publications in the 
literature and the inadequacy of the number of 
patients in existing researches. As is the case with 
other methods, controversy still remains regarding 
the use of allografts due to inadequate data in the 
literature and high rates of infection and mechanical 
complications.[5,6]

In the present study, we aimed to evaluate 
patient and implant survival, functional outcomes, 
and morbidity of the surgical technique with a 
fresh-frozen massive pelvic allograft after a pelvic 
resection and to contribute to the uncertainty in the 
literature.

PATIENTS AND METHODS

This single-center, retrospective study was conducted 
at Dr. Abdurrahman Yurtaslan Ankara Oncology 
Training and Research Hospital, Department of 
Orthopedics and Traumatology between January 
2009 and December 2016. Patients who underwent 
hemipelvectomy with a diagnosis of pelvic tumor 
were retrospectively screened. Among 49 patients 
who underwent hemipelvectomy surgery, 19 patients 
(12 males, 7 females; mean age: 35.8±14.4 years; 
range, 10 to 53 years) who underwent reconstruction 
with fresh-frozen massive allograft after internal 
hemipelvectomy were included in the study. The 
topographical distribution was demonstrated in 
Figure 1. A written informed consent was obtained 

from each patient. The study protocol was approved by 
the Clinical Research Ethics Committee of University 
of Health Sciences Turkey, Abdurrahman Yurtaslan 
Ankara Oncology Health Practice and Research 
Center (date/no: 19.10.2021/2021-136). The study was 
conducted in accordance with the principles of the 
Declaration of Helsinki.

Surgical margins were classified according to the 
Musculoskeletal Tumor Society (MSTS) system[7] and 
resulted wide in eight patients, contaminated wide in 
four, marginal in five, and intralesional in two.

Four patients with Ewing sarcoma, two 
patients with osteosarcoma, and one patient with 
dedifferentiated chondrosarcoma were treated 
with neoadjuvant and adjuvant chemotherapy. 
One case of plasmacytoma and one desmoid 
tumor received preoperative radiotherapy. Four 
patients (n=1 osteosarcoma, n=1 dedifferentiated 
chondrosarcoma, n=1 Ewing sarcoma, n=1 malignant 
fibrous histiocytoma) received irradiation due to 
microscopic positivity of surgical margins and 
contaminated wide resection.

Cephalosporin and aminoglycoside were 
administered prophylactically, until no bacterial 
growth on cultures of surgical specimens was 
reported and drains were removed.

All operations were performed under general 
anesthesia, with the patient in lateral decubitus on 
the contralateral side. All except for one procedure 

FIGURE 1. The topographic distribution of the pelvic resection zones.
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were performed through an extended lateral 
approach (Figure 2). This approach allowed extensive 
visualization of the inner and outer aspects of the 
hemipelvis. Additional suprapubic and inguinal 
incisions were added while placing the anterior 
column plate and when it was necessary to cross 
the symphysis pubis (Figure 3). Fresh-frozen, non-
irradiated hemipelvic allografts were used for 
reconstruction. After all osseous resections, anatomic 
reconstruction was made with a pelvic allograft 
obtained from the internationally registered bone 
bank (Bone Bank Allografts, San Antonio, TX, USA) 
that was similar to the one that was resected (Figure 4).

Allograft fixation was performed with cortical 
and spongious screws to stabilize the sacroiliac joint 
(Figure 4). A molded reconstruction plates were 
used to fix the residual anterior and the posterior 
column (Figure 5). In 16 patients, the acetabulum 
was resected total or subtotally and allograft was 
implanted together with a total hip prosthesis. 
Cemented acetabular components were used in 
five cases while uncemented components were 
preferred in 10 cases. In four patients, the size of 

FIGURE 3. (a) Preoperative anteroposterior (AP) pelvis radiograph of the 42-year-old patient with recurrent malignant giant cell 
tumor (mGCT) involving almost the entire left hemipelvis. (b) 3-dimensional (3D) reconstruction on computed tomography (CT) with 
the soft tissue component of the recurrent tumor involving the left hemipelvis of the same patient. (c) 3D reconstruction on CT with 
only bony structures revealed the massive destruction, particularly in zone II and zone III. (d) Postoperative AP pelvis radiograph 
at 10 years. (e) 3D CT AP view of the patient who underwent combination of allograft and cemented arthroplasty after Zone I + II 
+ III resection. (f) 3D CT lateral view of the patient who underwent combination of allograft and cemented arthroplasty after Zone 
I + II + III resection. (g) Excellent functional result was obtained with 80% musculoskeletal tumor society (MSTS) score.

FIGURE 2. Extended lateral incision with the 
flexible lateral decubitus position.
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the acetabular component of the allograft matched 
the femoral head of the patient and the hip joint 
was restored without a prosthesis. The prosthetic 
femoral stem was uncemented in 13 patients, and 
in two cases, the proximal femur was reconstructed 
with a modular cemented mega prosthesis after 
hip extra-articular resection due to femoral tumor 
extension (Figure 6).

Not any brace was applied after surgery to 
prevent hip dislocation when the periacetabular 
area was reconstructed. Partial weight-bearing with 
fingertip contact was started at Week 3 (with walker) 
and gradually increased until the third month, and 
it was possible to give full weight-bearing at three 
months in some patients and at six months in some 
according to the fixation strength.

From admission to their final follow-up, patients' 
age, sex, resection types, histopathology and grades, 
surgical margins, operative times, intraoperative 
blood loss, complications experienced during their 
treatment (infection, dislocation, implant failure, 
nonunion, local recurrence and metastasis), 
neoadjuvant and adjuvant therapies they received, 
and functional scores were recorded periodically 
every 45 days up to the six months and every six 
months up to the fifth year and annually thereafter.

Functional outcome was determined using the 
MSTS 93' scoring system,[8] checking six parameters 
including pain, function, emotional acceptance, 
supports, walking ability, and gait. Surviving 
patients were analyzed at a minimum of six months 
postoperatively.

FIGURE 4. (a) Preoperative axial computed tomography (CT) image of our 45-year-old patient with right periacetabular osteogenic 
sarcoma (OGS). (b) Intramedullary OGS in the right periacetabular region in coronal T2 contrast-enhanced magnetic resonance 
images (MRI). (c) Postoperative anteroposterior (AP) pelvis radiograph at three years. (d) Aseptic loosening complication at the 
allograft and cement interface of hip arthroplasty in the 44th month follow-up of our patient who underwent type I + II resection. (e) 
Postoperative 10th year control AP pelvis radiography after revision with acetabular cage + cemented constraint cup. (f) Excellent 
functional result was obtained with 85% musculoskeletal tumor society (MSTS) score. He walks without any assistive device.
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Statistical analysis

Statistical analysis was performed using the SPSS 
version 12.0 software (SPSS Inc., Chicago, IL, USA). 
Descriptive data were expressed in mean ± standard 
deviation (SD), median (min-max) or number and 
frequency, where applicable. The Mann-Whitney 
U test was used to compare two unpaired subgroups 
of patients according to a grouping variable such 
as the spinopelvic stabilization. These subsets were 
compared concerning the duration of surgery, 
the blood loss, and the MSTS score. Relationships 
between two sets of parameters were analyzed using 
the Spearman rank-order correlation coefficient. 
A p value of <0.05 was considered statistically 
significant.

RESULTS

Table I lists the demographic characteristics of 
patients, types of resection and reconstruction, and 
oncological data. There were 15 primary malignant 
bone tumors, three recurrent aggressive lesions, and 
one hydatic cyst. Osteosarcoma and Ewing sarcoma 
were the most predominant lesions. According to 
the Enneking and Dunham classification,[9] two 
patients (10%) had type I resection only, six (32%) 
had type I-II, one (5%) had a type II resection, 
one (5%) had type II-III resection, three (16%) had 
a type I-II-III resection, one (5%) had a type I-IV 
resection and five (26%) had a type I-II-IV resection. 
The resection involved the acetabular area (type II) 
in all, but three patients.

FIGURE 5. (a) Preoperative anteroposterior (AP) pelvis radiograph of the 35-year-old patient with high grade chondrosarcoma 
(CHS) involving right hemipelvis. (b) Intraosseous chondroid matrix mineralization and cortical destruction are seen in axial T2 
contrast-enhanced magnetic resonance images (MRI) in right ileum. (c) Postoperative 6th year AP pelvis radiography. Excellent 
functional result was obtained with 80% musculoskeletal tumor society (MSTS) score. She walks without any assistive device. 
(d) It was possible to remove the tumor en bloc by performing wide resection with the surrounding gluteus maximus and iliacus 
muscle. (e) Allograft was placed anatomically between the pubic, ischium and residual crescent bone fragments, and the graft was 
supported vertically with lumbopelvic stabilization in addition to the combination of cemented constraint hip arthroplasty.
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At the time of the final follow-up visit, 10 patients 
were alive and nine of them were free of disease. The 
mean follow-up of surviving patients was 97±19.6 
(range, 63 to 124) months. Eight patients died of 
metastatic disease and one died of another cause.

The surgical resection was wide in eight patients, 
contaminated wide in four, marginal in five, and 
intralesional in two. Four patients with Ewing 
sarcoma, four patients with osteosarcoma, and 
one patient with dedifferentiated chondrosarcoma 
were treated with neoadjuvant and adjuvant 

chemotherapy. One case of plasmacytoma and two 
recurrent desmoid tumors received preoperative 
radiotherapy. Four patients (one osteosarcoma, 
one dedifferentiated chondrosarcoma, one Ewing 
sarcoma) received irradiation due to microscopic 
positivity.

The mean operative time was 317±63.7 
(range, 240 to 420) min and the mean amount of 
blood loss was 2,431±1,284.6 (range, 700 to 5,300) mL. 
There was no significant relationship between 
functional outcomes and duration of surgery and 
blood loss (p>0.05). However, as expected, there 

FIGURE 6. (a) Preoperative anteroposterior (AP) pelvis radiograph of the 43-year-old patient with giant high grade MMT causing 
destruction of the right hemipelvis (b) Coronal CT images showed how much the soft tissue component pushes the visceral organs 
to the contralateral side, and destruction of the tumor, especially in the periacetabular area and ischium. (c) Considering that the 
large tumor even crossed the midline medially, only marginal resection could be made, as can be understood from the specimen. 
(d) Osteosynthesis with reconstruction plates between the residual ileum and pubic bone and the perfectly cut allograft. Hip joint 
restoration with large-head proximal femur resection prosthesis for stability. (e) Postoperative 5th months AP pelvis radiography. 
This patient died of lung metastasis with deep infection before local recurrence was observed in the 6th postoperative month. Poor 
functional result with the MSTS score of 26% and could only be mobilized with 2 crutches.
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was a positive, strong, and significant relationship 
between duration of surgery and blood loss (p<0.05) 
(Table II).

Functional results (MSTS scores), duration of 
surgery, and blood loss did not significantly differ 
according to the number of complications; however, 
the duration of surgery and blood loss were higher 
in patients with complications than in those without 
(Table III). In addition, deep infection, which is one of 
the most serious complications, significantly affected 
patient functions and negatively correlated with the 
MSTS scores (Table IV).

According to spinopelvic stabilization, spinopelvic 
stabilization increased the duration of surgery by 

approximately half an hour and the amount of 
bleeding twice. However, lumbopelvic stabilization 
had no effect on the functional scores of the patients 
(Table V).

Several complications were seen in 12 patients, 
although seven patients had no complication. Five 
patients (33% of malignant lesions, 27% of tumoral 
lesions) had a local recurrence. Neurological deficits 
were present in two patients (11%), and three had 
a transient superficial infection (16%) and six had 
a deep infection (32%). Hip dislocation occurred 
in three patients (16%). Nonunion was observed 
in one of the 19 allografts that could be evaluated 
(5%). Neither graft fracture nor lysis was observed. 

TAbLE II
Comparison of data between operation statistics (time and blood loss) and functional results

Functional results 
(MSTS scores)

Operative time 
(min)

Blood loss 
(mL)

Functional results (MSTS scores)

r 1,000 -0,372 -0,199

p  0,141 0,444

n 17 17 17

Operative time (min)

r  1,000 0,711

p   0,001

n  19 19

Blood loss (mL)

r   1,000

p    

n   19

MSTS: Musculoskeletal tumor society.

TAbLE III

Comparison of data between surgical statistics (time and blood loss) and functional outcomes with the increasing 
number of complications

Number of complications n Mean rank c2 p

Functional results (MSTS scores) No complication 6 10.83

2,278 0.3201 complication 6 9.42

2 or more complication 5 6.30

Operative time (min) No complication 7 6.50

4,758 0.0931 complication 7 11.14

2 or more complication 5 13.30

Blood loss (mL) No complication 7 6.14

5,960 0.0511 complication 7 11.07

2 or more complication 5 13.90

MSTS: Musculoskeletal tumor society.
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Twelve patients underwent surgical revision, with 
three of these revisions related to the reconstruction. 
The average revision surgery rate was 1.9 in patients 
with complications. Of 10 patients who were alive 
and passed postoperative sixth months, five of 
them walked without any assistive device and four 
had normal function with no or only a slight limp 
with the assistance of one crutch. The patient who 

had local recurrence and sciatic palsy was unable 
to walk without support. When all patients who 
completed the postoperative six-month follow-up 
were analyzed, the MSTS score was 60% of the 
maximum possible score at six months. The MSTS 
score in the last follow-up of our 10 patients who 
were still alive was 73.5% of the maximum possible 
score.

TAbLE IV
Correlation between deep infection and functional outcomes

Deep infection n Mean rank Sum of ranks

Functional results (MSTS scores)***

0 10 12,20 122,00

1 7 4,43 31,00

Total 17

Test statistics  (Mann-Whitney U test)

Function Operative time Blood loss

Mann-Whitney U 3,000 24,000 28,500

Wilcoxon W 31,000 102,000 106,500

Z -3,134 -1,528 -1,142

Asymp. Sig. (2-tailed) 0.002*** 0.127 0.253

Exact Sig. [2*(1-tailed Sig.)] 0.001 0.142 0.261

p=0.002***

TAbLE V

Comparison of functional outcomes and surgical statistics (time and blood loss) in patients with and without 
spinopelvic fixation

Spinopelvic 

stabilization

n Mean rank Sum of ranks

Functional results (MSTS scores)

0 8 9,88 79,00

1 9 8,22 74,00

Total 17

Operative time (min)

0 9 8,00 72,00

1 10 11,80 118,00

Total 19

Blood loss (mL)***

0 9 6,28 56,50

1 10 13,35 133,50

Total 19

Test statistics  (Mann-Whitney U Test)

Function Operative time Blood loss

Mann-Whitney U 29,000 27,000 11,500

Wilcoxon W 74,000 72,000 56,500

Z -0.676 -1,476 -2,739

Asymp. Sig. (2-tailed) 0.499 0.140 0.006***

Exact Sig. [2*(1-tailed Sig.)] 0.541 0.156 0.004

*** p=0.006.
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DISCUSSION

The most important result of this study is that pelvic 
resections had a high mortality rate, particularly in 
patients with malignant tumors and reconstruction 
with massive allograft had high morbidity, and 
susceptible to many complications. As expected, 
prolonged surgical time was found to be directly 
related to blood loss. Additionally, deep infection, 
which is the most serious complications, significantly 
worsened functional results.

Reconstructions of pelvic bone defects are one of 
the most complex subjects of orthopedic surgery. The 
type of surgery to be selected may vary depending 
on the anatomy of the pelvis, etiology of the pelvic 
defect, the reconstruction technique to be used, 
the physiological condition and age of the patient, 
and the expected survival. The morbidity of pelvic 
reconstruction is very high and should only be 
performed in the presence of adequate technical and 
physical equipment and an experienced team. Despite 
advances in limb-sparing surgery in patients with 
musculoskeletal tumors, pelvic reconstruction still 
has complex, complicated, and serious consequences 
for patient function.

Pelvic resections and reconstructions in the 
same session are associated with long operative 
times and severe blood loss, even for experienced 
surgeons. In the literature, the average surgical time 
varies between 5 and 10 h depending on the type 
of reconstruction, and the average amount of blood 
loss varies between 2,500 and 8,000 mL.[5,10-14] In this 
study, the mean duration of surgery was calculated as 
317±63.7 (range, 240 to 420) min. The mean duration 
was 337±63.3 min in 10 patients who underwent 
spinopelvic reconstruction and 294±59.5 min in nine 
patients who did not. The mean amount of blood 
lost was 2,431±1284.6 (range, 700 to 5,300) mL in 
19 patients. This amount was 3,200±1,258 mL in 
10 patients who underwent spinopelvic reconstruction 
and 1,577±610 mL in nine patients who did not. Based 
on these data, spinopelvic stabilization increases the 
duration of surgery by approximately half an hour 
and the amount of bleeding twice. In addition, despite 
the stability we attempted to increase by spinopelvic 
stabilization, a significant increase in functional 
results could not be achieved. Nevertheless, the 
duration of surgery and blood loss was significantly 
lower than the literature. This may be as all surgical 
procedures are performed by the same incision, by the 
same surgical team, without the need for additional 
assistance for any intraoperative complication (general 
surgeon, plastic surgeon, spinal surgeon, vascular 
surgeon) and serious attention to hemostasis. At the 

same time, good preoperative planning, mastery of 
the anatomy, sequential surgical procedure and the 
use of easy-to-use quality materials may be the reason 
for the good results of our operation statistics from 
the literature.

Many reconstruction options have been 
discussed after resection of pelvic tumors; however, 
a standard reconstruction technique has not been 
established to date. Many authors have achieved 
better MSTS functional scores in patients with stable 
and reconstructed pelvic tumors than those without 
reconstruction.[6,15] In the reconstruction of pelvic 
defects; iliofemoral and ischiofemoral arthrodesis, 
massive allografts, custom made pelvic prostheses, 
saddle-type or modular pelvic prostheses, 
ice-cream cone prosthesis are performed by various 
methods;[5,9,16-19] however, all of these methods have 
reported serious early and late complications. 
While early complications such as infection and 
dislocation may delay adjuvant therapies in some 
patients and affect patient prognosis, septic or 
aseptic loosening and mechanical failure from late 
complications may result in additional revisions, 
progressive bone loss, and reduced functional 
capacity. Another reconstruction option is to rotate 
the autologous proximal femur around the vascular 
pedicle and place it in the defect between the 
residual ileum and pubis and combine it with a 
cemented hip prosthesis.[20] Recently, custom made 
implants produced with three-dimensional printers 
are gaining importance in the literature and this 
technology can be used in pelvic discontinuity after 
hip revision arthroplasties or tumoral resections.[21] 
However, the long-term results of this new methods 
are not yet available. Reconstruction with pelvic 
massive allografts, which is the subject of this study, 
provides complete restoration of the anatomical 
architecture of the pelvis, preserves bone stock 
and limb length, and is successful in achieving 
satisfactory functional results when combined with 
hip replacement in acetabular resections.[6,10,19]

The prognosis for primary malignant tumors 
of the pelvis is worse than for the appendicular 
skeleton and is associated with surgical margin 
quality, response to adjuvant therapies, and grade 
of the tumor.[20,22] The primary aim of surgical 
treatment of pelvic sarcomas is to perform 
tumor-free surgical resection. It is difficult to 
reach wide surgical margins in cases where the 
proximity of pelvic tumors to major neurovascular 
and visceral structures and the presence of tumors 
crossing the sacroiliac joints. In the literature, local 
recurrence rates range from 9.6 to 33%.[6,10,15,19,23]
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In this study, local recurrence was detected in 
five patients. In addition, 15 of our 19 patients were 
diagnosed with malignant tumors (79%), while there 
was no recurrence in benign tumors, and the local 
recurrence rate among malignant tumors was 33%. 
Although it is high, our recurrence rates are similar to 
the literature. Wide resection was achieved in eight of 
our patients, and marginal resection was achieved in 
five patients. Large, but contaminated resection was 
possible in four patients, and intralesional surgery was 
possible in two patients. One of the recurrent cases 
is chondrosarcoma for which intralesional surgery 
could be performed, while the other is Ewing sarcoma 
in which the response to neoadjuvant therapy is not 
as good as expected, in which contaminated wide 
resection can be performed. One osteosarcoma case, 
whose surgical margin was intralesional, died in the 
postoperative fourth month due to lung metastasis 
without recurrence. In other cases resulting in 
marginal resection and wide contaminated resection 
(poor quality surgical margins), the reason why we did 
not see local recurrence despite long follow-up periods 
may be due to the adjuvant treatments they received.

Regardless of the type of reconstruction, 
infection is the most important and most 
common complication in all pelvic resections. The 
reconstruction itself is described by Angelini et 
al.[24] who found it to be an independent risk factor 
in a study of 270 cases. While Zeifang et al.[25] 
reported higher infection rates after biological 
reconstructions, Hillman et al.[26] found similar 
infection rates in biological and endoprosthetic 
reconstructions (38%).

Infection is one of the most problematic 
complications in pelvic tumors undergoing 
reconstruction with allograft.[6,22,27,28] Although 
there is no comparative study with other types 
of reconstruction methods, infection rates after 
reconstruction with massive pelvic allografts ranged 
from 12.5 to 38.5% in five different series ranging 
from 13 to 59 patients.[6,10,16,24,26]

The effect of chemotherapy and radiotherapy, one 
of the risk factors for infection, investigated in the 
literature, remains unclear. In the series of 62 cases, 
Gebert et al.[23] examined the subgroup analysis of 
45 patients who underwent only hip transposition 
after pelvic resection, to exclude the reconstruction 
itself, as a known risk factor, no relationship between 
clinical-stage, surgical procedure, chemotherapy, 
radiotherapy, and postoperative infection and other 
complications was found. In the same study, age 
(>50 years) was found to be a significant factor for 
complications.

In addition, in a series of 26 cases consisting of 
patients with Ewing sarcoma, a chemosensitive and 
radiosensitive tumor, in which all patients received 
chemotherapy and/or radiotherapy, infection rates 
were similar at 19 to 31%.[29] Also, the infection was 
not statistically significantly related to the pelvic 
resection zone (acetabulum, ileum, pubis).[11,25]

In this study, superficial infection was observed in 
three (16%) patients, and deep infection complication 
was observed in six (33%) patients. While two of 
the patients with superficial wound problems were 
completely cured with antibiotherapy and early 
surgical debridement, tissue integrity could not be 
achieved in one patient, despite additional plastic 
surgery after flap necrosis. The wound problem 
continued until the postoperative fourth month, when 
the patient died due to metastasis. Four of our six 
patients with deep infections are still alive and 
followed with a chronic infection that drains from 
time to time despite surgical debridements. We do 
not have a patient whose allograft had to be removed. 
All of our patients with deep infections received 
adjuvant treatments such as radiotherapy and/or 
chemotherapy, but some patients did not have an 
infection despite receiving adjuvant therapy. The 
lack of a sufficient number of patients to conduct 
statistical studies prevents us from comparing the 
relationship between adjuvant therapy and infection 
rates. In addition, although there are contradictions 
in the literature regarding the duration of surgery, 
the amount of intraoperative bleeding,[24] and the 
relationship between reconstruction types and 
infection, no significant relationship was found 
between these factors and infection in our study. The 
deep infection rate (33%) revealed in this study is 
similar to the literature (12.5 to 38.5%). The functional 
results of our patients with deep infections were 
statistically significantly lower than the others.

Acetabular reconstruction with allograft has 
been used for both oncological and revision hip 
operations. Implant survival rates are higher in 
isolated type II allograft reconstructions compared 
to other resection zones of the pelvis.[30,31] Allograft 
fracture and nonunion is a known complication of 
allografts and irradiated bone autografts.[10,16,32,33] In 
a series of 24 patients performed by Delloye et al.,[6] 
nonunion complication was found in three young 
and active patients with more interfragmentary 
cavities and the authors argued that deficiency can 
be overcome by using computer-assisted surgical 
method both in resection and in allograft shaping. 
In a study of 35 cases by Donati et al.,[19] six patients 
(17%) had nonunion and five patients (14%) had a 
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long-term acetabular fracture in the allograft, but 
there was no significant difference in functional 
scores of nonunion patients. In this study, nonunion 
at the supra-acetabular junction was detected in one 
young and active patient (5%), and consolidation was 
achieved after three months with autogenous bone 
grafting. A complication such as graft lysis resulting 
from allograft resorption or allograft fracture was 
not observed in any of our patients, despite our long 
follow-up periods and massive reconstruction.

There is no literature specific for long-term hip 
joint complications in allograft prosthetic composites. 
However, in various studies with a follow-up period 
of 41 to 96 months, acetabular complications have 
been reported at a rate of 0 to 67%.[6,10,16,19,34] Acetabular 
loosening can be reduced by preserving subchondral 
bone in the graft as much as possible, as suggested 
by Bell et al.[16] To reduce this complication, Donati et 
al.[19] recommended the use of stemmed cups in some 
cases, even if they caused the allograft fractures.

The literature on cup selection related to the 
combination of massive structural allograft and hip 
prosthesis has been discussed in hip revision surgery 
rather than the tumor. While there is controversy 
regarding the long-term success of massive structural 
allografts, most authors agree that if more than 50% 
of the acetabular cup is in contact with the structural 
graft, the failure rate increases.[35,36] Garbuz et al.[36] 
reported only a 55% survival rate at seven years after 
major column allograft reconstruction and advocated 
the reinforcement with the construction ring and 
cemented cups to improve success, particularly when 
the graft supported more than 50% of the cup. In this 
study, different from the literature, 10 of 14 patients 
who underwent hip joint restoration were operated 
with non-cemented porous and hydroxyapatite-coated 
cups, and four with constraint and unconstraint 
cemented cups. In particular, in some of our first 
cases, when resection in the periacetabular area, 
non-cemented cups were preferred due to the cup 
contact with the intact bone from the non-resected 
parts of the anterior and posterior column of 
the host bone, and no early complications were 
observed. However, since half of our cases who were 
reconstructed with cementless cups died within the 
first year due to oncological complications, it is not 
possible to talk about the middle and long-term 
results of this reconstruction preference. Our first 
mechanical complication occurred in a cemented 
cup in a young active and overweight patient who 
developed aseptic loosening in the postoperative 44th 
month and was revised with cemented constraint cup 
and acetabular cage. The second complication was seen 

in the postoperative 14th month in our patient with a 
non-cemented metal cup with septic loosening and 
deep infection. Likewise, constraint cup revision was 
performed with debridement and antibiotic cemented 
cement. Our acetabular loosening complication rate of 
11% is consistent with the literature; however, since the 
results may change as the follow-up period prolongs, 
it may be misleading to make a clear inference about 
the type of hip replacement to be used.

Hip joint dislocation after acetabular 
reconstructions is common in prostheses and 
allografts. As the tumor invades the hip joint capsule 
and gluteal muscles, resection of these structures 
increases the risk of dislocation. In addition, 
malposition of the allograft, excessive anteversion of 
the acetabulum, retroversion, and vertical inclusion 
increase the susceptibility to dislocation. The fact that 
the pelvic allografts match the pelvis of the patient 
provides complete anatomical reconstruction and 
reduces the possibility of dislocation. Complications 
of hip joint dislocation have been reported in the 
literature at a rate of 0 to 20%.[6,10,19,28,37] In this study, 
a total of 11% of hip dislocation complications were 
observed in two patients (1st patient on postoperative 
Day 2 and 2nd patient at postoperative third month). 
The first patient was treated with open reduction 
when closed reduction could not be achieved in the 
early postoperative period, and our other patient 
was treated with constraint hip revision when the 
dislocation recurred despite two closed reductions. 
Artificial ligaments and support methods with 
polyethylene mesh have been proposed in the 
literature to reduce the incidence of dislocations. 
Although no support material to increase primary 
stability with polyethylene mesh or artificial ligament 
was used in our series, our dislocation complication 
rate is consistent with the literature.

Neurological problems are the most common 
complications and are more common particularly 
after type II resections.[6] In the study performed by 
Campanacci and Capanna[38] especially sciatic nerve 
symptoms were more common in iliac resections 
where the greater sciatic notch was irritated. In the 
literature, 3 to 30% of nerve complications have 
been reported.[13,32] In this study, two neurological 
complications (11%), one femoral and one sciatic nerve 
were affected. In Case 2 with femoral nerve injury, 
when the open reduction was performed due to early 
dislocation, the femoral nerve was seen to be intact, 
and it was thought that neuropraxia developed due 
to excessive retraction. Although there was a partial 
recovery in this patient, he died of metastasis in the 
postoperative sixth month before neurological deficit 
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was fully recovered. Our patient with sciatic nerve 
deficit was already a recurrent aggressive giant cell 
tumor case that completely invaded the sciatic nerve 
and the sciatic nerve had to be sacrificed. Unlike other 
studies, in nine of 18 patients in our series, most of 
the two-level unilateral spinopelvic stabilization was 
performed in addition to sacroiliac joint stabilization. 
Our 11% neurological damage rate is compatible with 
the literature.

Pelvic resection and reconstruction, regardless 
of the method, have high complication rates and 
inadequate functional results. Good functional 
outcomes depend on the stability of the 
reconstruction and the function of the muscles 
around the hip. Satisfactory functional results have 
been achieved in reconstructions when a good 
abductor, flexor, and extensor force can be achieved 
in the hip.[6,30] An anatomical reconstruction 
after pelvic resections is a good opportunity for 
better functional outcomes compared to palliative 
reconstructions. Initial studies have published 
good functional results, despite high mechanical 
failure and infection rates. In the literature, among 
the publications reporting results according to the 
MSTS scoring system, functional scores varying 
from 48 to 73%, including pelvic allografts, pelvic 
prostheses, and hip transposition.[6,10,15,19,22,23] 
Considering the functional scores in allograft 
reconstructed series, MSTS scores were published 
as 62% in 17 cases of Bell et al.,[16] 73% in 24 cases of 
Delloye et al.,[6] and 72% in 35 cases of Donati et al.[19]

Of 10 patients who were alive and died in the 
postoperative sixth month, five of them walked 
without any assistive device and four of them had 
normal function with no or only a slight limp with 
the assistance of one crutch. The patient who had 
local recurrence and sciatic palsy was unable to walk 
without support. The MSTS score at the last follow-up 
was 60% of the maximum possible score, when all 
patients who completed the postoperative six-month 
follow-up were included. The MSTS score in the last 
follow-up of our 10 patients who were still alive was 
73.5% of the maximum possible score. Our functional 
results are also similar to the literature mentioned 
above. The poor functional results despite a stable 
pelvic continuity and hip joint restoration may be 
due to the following reasons. Although the iliopsoas 
muscle can be preserved in most of our cases, the 
abductor mechanism had to be sacrificed due to 
tumor invasion in many of our cases. In the literature, 
there are no specific studies involving functional 
comparisons based on the tumor size of patients and, 
thus, the sacrifice of functional structures such as the 

abductor mechanism and iliopsoas muscles with wide 
resection. In addition, 13 of 19 patients in this study 
received adjuvant chemotherapy and/or radiotherapy. 
The adjuvant therapies that the patients receive also 
affect their emotional state, functional capacity, and 
thus their MSTS scores, regardless of reconstruction. 
In the literature, it has been shown that patients in 
the younger age group have better functional results 
than the elderly.[6] In this study, most cases of Ewing 
sarcoma in the younger age group died in the early 
postoperative period due to metastatic disease, which 
may have caused the average functional scores to be 
lower than we expected. In addition, while there was 
no change in functional results in proportion to the 
increasing number of complications, deep infection 
complications alone directly affected functional 
results negatively. Similar to our study, Fujiwara et 
al.[39] in the pelvic sarcoma series of 18 cases, although 
the number of reconstructions with allograft was 
low, deep infection and dislocation, particularly in 
endoprosthetic reconstruction patients, was shown to 
negatively affect functional results.

Although the main strengths of this study 
include the relatively long follow-up, there are 
some limitations to mention. The data belongs to a 
single-center and written in a retrospective manner. 
There are not many studies on reconstruction with 
allograft after pelvic tumor resection in the literature. 
It is not possible to make a valid comparison between 
the literature due to differences in tumor types and 
sizes, resection and reconstruction methods, and 
follow-up periods in studies, but this problem is 
always present regarding the relatively rare surgeries. 
Independent variables such as the inherently 
different behavior of the tumor and the specific 
differences in reconstruction from patient to patient 
have a constant and uniquely confounding effect on 
dependent variables such as survival and function. 
The difficulty of separating these two variables 
from each other limits the internal validity of this 
study, as in many studies of this type. Although 
reconstructions with allografts, which are only a 
narrowly defined subset of all pelvic reconstructions 
performed in our institution, were included, it was 
not possible to create a homogeneous group and 
many uncontrolled variables still exist.[40] These 
include tumor grade, size and extent, and adjuvant 
and neoadjuvant therapies and response to these 
treatments, patient age, preoperative functional 
status, body mass index, and others. Finally, this main 
study could serve as a kernel to expand the scope of 
our efforts to perform larger, multi-center, studies on 
pelvic sarcoma resection and reconstructions.
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In conclusion, the results of this study support the 
literature in terms of postoperative complications, 
oncological and functional results and show that 
reconstruction with fresh-frozen massive allograft 
after pelvic resections is a method that allows full 
restoration of the bone anatomy, thereby obtaining 
satisfactory functional outcomes. Since pelvic tumors 
are not very common, all of the studies on this subject 
are small case series in the literature. There is a need 
for comparative analysis with more patients and 
longer follow-up periods and further studies that 
would identify the exact risk factors that may affect 
complications and functional outcomes. Despite the 
high complication rates seen in all pelvic resections, 
fresh-frozen massive pelvic allografts represent a 
valid option for reconstruction after resection of 
pelvic tumors, but due to the associated morbidity, 
patients should be carefully selected.
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