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Pelvic resection is a technique that involves surgical resection
of portions of the pelvic girdle. Hemipelvectomy is a pelvic re-
section that salvages an ipsilateral limb. The main indication
for these procedures is primary malignant tumors of the pelvis
(mostly chondrosarcomas), but in rare cases they are indicated
for metastatic lesions, infection, or trauma. Objective: the main
purpose of this study was to analyze pelvic resection patients.
Methods: the results of treatment of 239 patients (131 male and
108 female) with pelvic tumors who were undergoing surgeries
procedures in the Sytenko Institute from 1963 till 2017 were evalu-
eted. 186 patients were operated at modern era in 2004-2017.
The most frequent nosologies were chondrosarcomas, osteo-
chondromas and secondary metastatic lesions. The average age
of patients was (37.2 £ 18.9) years (7-80). Preoperative planning
is crucial to define the extent of the tumor, plan the surgical
margins, and identify the location of the vital structures. Neces-
sary imaging includes plain radiography, CT, and MRI. There
were 38 patients with type [ resection (by Enneking and Dunham
classification), 132 — with 11 type and 69 — with 11l type resec-
tion in our series. Results: reconstruction is dictated by the ex-
tent of the resection and the remaining structures. Surgical tech-
nique is dictated by histology of the tumor and location of the le-
sion. Allograft and autograft pelvic reconstruction has been
used for patients. The TESS and MSTS have been applied to
assess function outcomes. Wound infection and flap necrosis,
nonunion, nerve palsy and local recurrence of malignant tu-
mors are the most common complications for hemipelvectomies
and pelvic resections. Conclusions: a multidisciplinary team
is required for treat bone tumor of a pelvis. Appropriate pre-
operative counseling with the patient and family is paramount
to explain the magnitude of the procedure, common complica-
tions, and predicted functional loss. Key words: pelvic resection,
hemipelvectomy, bone tumors, surgical procedure.

Pesexyusa kocmeil masza npeononazaem yoaieHue pasziut-
HbIX N0 00beMy U OKATUZAYUU YYACIKOE MA308020 KOAbYA.
Msnauaneho eemunenseIKmomus 6KA0OUANA COXPAHEHUE UNCU-
1amepanvHoll ¢ NOPAdNCEHHOU CMOPOHOU Ma3a KOHEYHOCHIU.
OcHOBHBIMU NOKA3AHUAMU AGNAIOMCS NEPEULHBIE 3N0KAYECHBEH-
Hble ONYXoau masa (dawje — XOHOPOCaApKoMbl), uHo20a — Me-
macmamuueckue nopasxcenus Kocmeil, ungexyuu u m. n. Lleas:
NPOAHATUUPOBANL PE3VIbIMAMbL XUPYPULECKO20 NedeHus na-
yuenmog ¢ onyxonamu masa. Memoovi: oyenenvl pe3yibmamol
neuenus 239 nayuenmos (131 myocuuna, 108 sncenwun) ¢ ony-
Xonsamu masda, npoonepuposanuvix 3a nepuod 1963-2017 ze.,
186 — 3a nocneonue 13 nem. Cpeoruil 603pacm nayuenmos —
(37,2 £ 18,9) nem (om 7 oo 80). Haubonee uacmoie HO30102UU:
XOoHOpocapkoma, ocmeoxonopoma, memacmaswl. Ilayuenmam
nposeodeHo KOMNIEeKCHoe 00C1ed08ane, 6 MOM YUCTe SUCMON0-
euueckutl anaaus ouoncuiinoeo mamepuana, MPT, KT. Pezexyus
1 muna no xnaccugpurayuu Enneking u Dunham npoussedena
38 6oavHvim, I — 132, 111 — 69. Pesynomamul: niau xupyp-
2UHeCKO20 BMEUAMeNbCmMEa ONPedensics SUCMONI0SULeCKUM
Xapakxmepom ORYXOoau U JNOKAAUIAYUEN NAMOI02ULECKO20
ouaza. 3amewenue YOaieHHbIX Ce2MeHMO8 masd, KaK npasu-
710, 66110 00YCNI08IEHO 00BEMOM pe3eKyuu U CMabuIbHOCMbIO
ocmaswielics yacmu mazoo2o Koavyd. Mcnonvzoseanu aymo-
u annompancniaumamol. Pe3yniomamol xupypeuueckozo jede-
Hus nayuenmos oyenusaiu ¢ nomowwto wixan TESS u MSTS.
Cpeou ocnodcnenuil nevenus 6ulau 2nyboKue uH@exyuu, Hek-
PO3bL KOHCHO-MBIULEUHBIX JIOCKYMOS, HeCPpaujeHuss KOCMHbLX
MPAHCAAAHMAMO8, HEUPONAMmus Hepeos8 ¢ NApPe3OoM CMONbL,
peyuousvl onyxoau. Bueigoowsl: 011 paspabomku obueli cxemvl
JleyeHus HeoOX00UM MYAbMUOUCYUNIUHAPHBIU N00X00 ¢ Npu-
greueHUeM HeoOX0OUMbIX CMedCHbIX cneyuanucmos. Ouens
BAICHBIM MOMEHMOM nepeo npogedeHuem no00OHbIX onepayull
A61Aemes 0053amenvHoe 03HAKOMIEHIe NAYUEHMA U e20 CeMbll
¢ Xapakmepom eMeuamenscmed, 0COOeHHOCMAMU ONYX0Ne60-
20 npoyecca, 803MONCHLIMU OCIONICHEHUAMU, NPOSHOZUPYEMOUL
APOOOIHCUMETLHOCTIBIO U KAYECMBOM JHCUSHU NOCTIE ONepayul.
Kniouesvie crosa: pesexyus masa, 2emuneabe3Kmomus, Onyxoau
KoCmell, Xupypauieckoe 6Meuamenbcmeao.
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Introduction

Pelvic resection and hemipelvectomy are rare
procedures that are used primarily in management
of primary malignant tumors but also, in management
of metastatic tumors, severe trauma, infection. One
goal of pelvic resection is limb salvage of the ipsi-
lateral lower extremity. This procedure involves local
resection of all or portions of the involved hemipelvis.

Hemipelvectomy is a more ablative procedure
in which the involved hemipelvis is removed in its
entirety, along with the ipsilateral extremity. This
procedure is also known as hindquarter amputation.
The first reported hemipelvectomy was performed
by Billroth in 1889, the procedure was unsuccessful.
In 1895, Billroth’s contemporaries Jaboulay, Caciopo-
li, and Girard performed the first successful hemipel-
vectomy [1]. In 1909, Ransohoff [2] became the first
surgeon in the United States to complete the hemipel-
vectomy successfully.

Limb salvage via pelvic resection marked a sig-
nificant advancement in the management of pel-
vic neoplasms. Eilber et al. [3] were among the first
to establish pelvic resections as an alternative
to hemipelvectomy.

With proper patient selection and surgical tech-
nique, survival and recurrence rates are no worse
for pelvic resections than for hemipelvectomy. En-
neking and Dunham [4] developed a classification
system for pelvic resection based on the section or
sections of bone to be resected (ie, iliac, periacetabu-
lar, pubic) and the degree of resection (wide or radi-
cal) (fig. 1). Early pelvic resections did not involve
pelvic reconstruction and often left patients with poor
functional outcome. Advancements in flap coverage
techniques and megaprostheses have facilitated pel-
vic reconstruction and improvements in functional
outcomes following limb salvage, although often
at the expense of a higher incidence of complications.

The true incidence of hemipelvectomy in the Unit-
ed States is unknown. However, it has been estimat-
ed to be approximately 1 per 1 million annually [5].
Unfortunately Ukrainian statistic data in general
is unknown.

Primary bone tumors. Among all cancers, pri-
mary bone tumors account for < 0.2 % of all cases
and mostly afflict patients aged < 20 years or between
40 and 50 years [6]. In the United States, the annual
incidence of primary bone tumors is approximately
2500, with annual mortality of approximately 1400.
Approximately 15 % to 20 % of all primary bone
tumors are located in the pelvis. The three most
common histologies are osteosarcoma (35 %), chond-

rosarcoma (30 %), and Ewing sarcoma (16 %) [6].
Malignant fibrous histiocytomas and fibrosarcomas
account for < 1 % of all primary bone tumors. Os-
teosarcoma and Ewing sarcoma most commonly oc-
cur in childhood. In the United States, an estimated
650 to 700 malignant bone tumors are diagnosed
each year in children aged < 19 years, of which 54 %
are osteosarcoma and 35 % are Ewing sarcoma.
Five percent of osteosarcomas occur in the central
axis, whereas 45 % of the cases of Ewing sarcoma
occur in the central axis. Chondrosarcomas occur
more frequently in older adults [6]. Fewer than 20 %
of all primary bone cancer cases present with meta-
static disease at diagnosis. Cases of metastatic cancer
are best suited to aggressive surgical resection be-
cause they have the potential for cure.

Primary soft-tissue sarcomas. Approximately
10000 cases of soft-tissue sarcoma are diagnosed
each year in the United States, and the annual over-
all mortality rate is approximately 3800 per year [7].
Overall, sarcomas comprise < 1 % of all adult and
approximately 15 % of pediatric malignancies. Ap-
proximately 5 % of all soft-tissue sarcomas are lo-
cated in the pelvis [6]. Depending on the clinical pre-
sentation, soft-tissue sarcomas rarely require bony
resection or amputation. The most common sites are
the extremities (60 %), trunk (19 %), retroperitone-
um (15 %), and head and neck (9 %) [7]. Metastases
are most likely to arise in the lungs, whereas sarco-
mas arising in the abdominal cavity are more likely
to have metastasized to the liver. The local recurrence
rate is 15 % to 20 %, with a 5-year mortality rate
of 50 % to 60 % for high-grade lesions [7].

Metastatic tumors and hematopoetic malignan-
cies. Pelvic skeletal metastases are most commonly
due to cancers of the breast, lung, prostate, kidney,
and thyroid; other primary sites include the colon,
rectum, uterus, and endometrium [8]. Metastasis due
to breast and renal cancer is the type that most com-
monly requires surgery. Hematologic malignancies
seen in the pelvis include lymphoma and myeloma.
Most metastatic lesions of the pelvis can be readily
managed with radiation and pain control [9]. If pain
is not controlled or if mechanical weakness persists,
local curettage with cement or limited reconstruc-
tion typically is effective if the defect is contained
and does not involve the hip joint or erosion through
the acetabulum. Reconstructions that require com-
plex acetabular reconstruction are beyond the scope
of this review.

In general, hemipelvectomy is rarely indicat-
ed for palliative intent in the patient with systemic
disease. However, it may be considered for isolated
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metastasis in the setting of renal cell carcinoma or
a solitary plasmacytoma. One-year survival in pa-
tients with isolated bone metasta-sis from renal cell
carcinoma is significantly better than that of patients
with visceral metastasis, and wide resection may re-
sult in prolonged 5-year survival [10, 11]. If the malig-
nancy encases the neurovascular structures or is seen
to be fungating through the skin, more aggressive
palliative resection may be required. The morbidi-
ty and mortality of the resection, the lengthy reha-
bilitation process, and limited life expectancy must
be thoroughly discussed with the patient and family
preoperatively.

Anatomic considerations. The anatomy of the hip
and pelvis is complex and challenges even the most
experienced surgeon. The bony pelvis is divided into
the iliac wing, the periacetabular region, and the ob-
turator ring, which includes the pubic rami. The pubic
rami join at the pubic symphysis anteriorly and ar-
ticulate with the sacrum via the strong sacrotuberous
and sacrospinous ligaments. The common iliac artery
crosses and bifurcates along the sacral ala. The artery
divides into the internal and external iliac arteries
and their corresponding veins. The internal iliac ves-
sels exit the pelvis through the greater sciatic notch,
and the external iliac vessels exit the pelvis medial
to the iliopsoas tendon to become the femoral artery.
The ureter crosses near the division of the internal
and external arteries from lateral to medial as it passes
to the bladder. The major neural structures include
the sciatic, femoral, and obturator nerves and their
preceding nerve roots.

The iliacus muscle is located on the inner table
of the iliac wing. The psoas major muscle originates
on the vertebral bodies, traverses the pelvis, and
joins the iliacus to form the iliopsoas tendon, which
crosses over the pelvic brim en route to its insertion
on the lesser trochanter. The femoral nerve runs bet-
ween these two muscle bellies. The adductor muscle
group, pelvic floor muscles, anterior thigh muscles,
and posterior thigh muscle all originate from various
locations on the pelvis and often require resection de-
pending on the location of the tumor and bone to be
removed.

Depending on the specific location of the tu-
mor, vital structures such as the urethra, prostate
(in males), corpus of the penis (in males), rectum, and
bowel can also be involved or require protection when
removing these tumors. In female patients, the uterus,
ovaries, and vagina may require removal or protec-
tion, as well, depending on the location of the mass.

Matherial and methods

The main purpose of this study was to analyze pelvic
resecion patients in Syneko Institute who were under-
going surgeries procedures from 1963 till 2017. It was
group of 239 patients with pelvic tumours. 186 pa-
tients were operated at modern era in 2004—2017.

The study was approved by the bioethics commit-
tee of Sytenko Institute of Spine and Joint Pathology
National Academy of Medical Science of Ukraine
(protocol Ne 169, 17.10.2017).

The most number of patients were with chondro-
blastic tumors (chondrosarcomas and osteochondro-
mas) and secondary metastatic leasions (table). Gen-
der distribution was male 131 (55 %) and female 108
(45 %). Mean age — 37,2 + 18,9 (7-80) years.

Options for pelvic resection vary greatly depend-
ing on the histology of the tumor and the location
of the lesion. A thorough knowledge of pelvic anato-
my is required when considering surgical intervention
for a malignant tumor. Preoperative planning is cru-
cial to define the extent of the tumor, plan the surgical
margins, and identify the location of the vital struc-
tures. Necessary imaging includes plain radiography,
CT, and MRI. A multidisciplinary team is required,
and the entire team should review the surgical plan
before proceeding. This step will ensure the proactive
consideration of all aspects of care, that is, potential
neoadjuvant treatments, resection considerations, re-
construction options, and postoperative care, in order
to maximize outcomes.

Pelvic resection. Tumors located in or eroding into
the bony pelvis often require surgical resection. Most
resections are performed with the goal of achieving
negative margins (ie, no malignant cells identified at
the bone edge). Given the complex anatomy, however,
this outcome is often difficult to obtain.

Preoperative imaging is used to define the extent
of the tumor, plan margins, and identify the location
of the neighboring vital structures. Pelvic resection
can be considered when the tumor does not involve
the major neurovascular structures such that a func-
tional limb can be preserved without compromising
the margins necessary to minimize risk of tumor
recurrence. From a functional standpoint, Enneking
and Dunham type I and type III resections are supe-
rior to periacetabular (type II) resection. Depending
on the location of the tumor, a combined resection may
be required. For example, a type II/I1I resection would
involve both the periacetabulum and the pubic rami.
These combined resections often influence the recon-
struction options because there is less bone to work
with following resection.
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Table
Nosological distribution
Pimary diagnosis Abs. %
Aneurismal bone cyst 8 33
Chondroblastoma 2 0.8
Fibroma 2 0.8
Fibrous dysplasia 8 33
Giant cell tumor 10 4.2
Osteoblastoma 2 0.8
Osteochondroma 24 10.0
Osteoid-osteoma 5 2.1
Angiosarcoma 5 2.1
Chondrosarcoma 47 19.7
Fibrosarcoma 3 1.3
Malignant lymphoma 6 2.5
Multiple myeloma 9 3.8
Metastatic tumors 61 25.5
Osteosarcoma 12 5.0
Ewing sarcoma 7 2.9
Others 28 11.7
Total number 239 100.0

Hemipelvectomy. Hemipelvectomy for resection
of tumors of the pelvic girdle should be considered
if pelvic resection cannot be performed with ade-
quate margins or if removal of the tumor will leave
a functionless limb. O’Connor and Sim [12] attempted
to identify which patients should be treated with pel-
vic resection and which should undergo hemipelvecto-
my. The three anatomic structures that must be consi-
dered are the sciatic nerve, the femoral neurovascular
bundle, and the hip joint (ie, periacetabular region). As
a general rule, should two of these structures require
resection to obtain an adequate margin, then hemipel-
vectomy should be considered. Wound closure can be
achieved with either an anterior flap or a posterior flap
depending on the location of the tumor. Flap selection
should be made preoperatively to allow proper plan-
ning. It may be necessary to involve plastic surgery
experts at the index procedure in cases that would
benefit from free flap closure. Figures 2—5 have illus-
trated a total hemipelvectomy case of chondrosarcoma
teenager with good functional result without recon-
struction options.

Prostheses are available for use following hemi-
pelvectomy, and the decision to use them is made
on a case-by-case basis. During preoperative coun-
seling, the patient should be advised that the pros-
thesis is difficult to anchor and that it typically re-
quires some combination of waist and shoulder strap.
The hemipelvectomy prosthesis requires a great deal

of energy expenditure secondary to the swing gait
required. Older patients typically do not well tolerate
such a prosthesis. Thus, most patients use crutches or
are wheelchair-bound [13].

Reconstruction options. Reconstruction of the bony
pelvis is considered on a case-by-case basis. Whether
to reconstruct the skeletal defect is a complex issue that
is fraught with controversy. No strong guidelines exist,
and decisions should be individualized to each patient.
Certain anatomic resections lend themselves more easi-
ly to a functional reconstruction, whereas some are bet-
ter left unreconstructed. Pelvic reconstruction should
be considered for type II periacetabular resections and
for combined resections in cases in which the continuity
of the lumbopelvic articulation is compromised. In ge-
neral, options consist of biologic (eg arthrodesis, bone
graft), prosthesis, or none.

Results

Type I resection

Resection of the iliac wing often is left unrecon-
structed, with minimal functional compromise. There
were 38 patients with type I resection in our series.
However, inclusion of the sciatic buttress in the resec-
tion results in disrupted continuity of the pelvic ring;
this must be restored to preserve limb length. This
can be achieved with allograft, autograft (often vas-
cularized fibula), or a metallic prosthesis. In general,
outcomes of type I resection are favorable, with most
patients regaining independent ambulation.

Beadel [14] performed a case-control study of 16 pa-
tients treated with either reconstruction or no iliosacral
repair (4 and 12 patients, respectively). The Toronto
Extremity Salvage Score (TESS) and Musculoskele-
tal Tumor Society (MSTS) 1987 and 1993 scores were
similar between the groups, and similar rates of local
recurrence and survival were noted as well. Howe-
ver, patients who did not undergo reconstruction had
a lesser need for ambulatory assistive devices and
chronic pain medication. Electing for no reconstruc-
tion is a viable option in type I resections. We have
got the almost similar follow-up functional results
in our group of patients with type I pelvic resection.

Type II resection

Resection of the periacetabular region is the most
challenging type from both a resection and recon-
struction perspective. The surgical procedure is as-
sociated with the highest complication rate of all
the types. A variety of reconstructive options exist.

Resection arthroplasty. The Friedman-Eilber re-
section arthroplasty, in which the pelvis is left un-
reconstructed (ie, flail hip), has gained increasing
support and popularity. Although this technique
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Fig. 1. Illustration of the Enneking and Dunham classification of pelvic resection. Type I involves the iliac wing (a),
type II the periacetabular region (b), type III the pubic rami (c), and type I'V the sacrum (d). The resections can be combined. For example,
a type I/II resection would include the iliac wing and acetabulum. The deep orange area in each type indicates the bony area to be resected

Fig. 2. Illustration of the total
hemipelvectomy. Male B., 16 y. o.,
chondrosarcoma (a); 3 years
after surgery (b)

Fig. 3. Illustra-
tion of the tumor
specimen after
total hemipelvec-
tomy. Male B.,
16 y. o., chondro-
sarcoma

Fig. 4. lllustration of the total hemipelvectomy. Male B., 16 y. 0., chondrosarcoma. Planning of surgery approach (a); three anatomic
structures: sciatic nerve, femur head and femoral neurovascular bundle (b); 3 years after surgery (c)

has a long recovery time of approximately 2 years, of the reconstructive options [13]. Complications
when maximal function obtained, it avoids the high include infection, nonunion, and neurapraxia. Prior
complication rate noted in conjunction with many studies have estimated a 30 to 50 % complication rate
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when resection and reconstruction are performed
in one procedure [14]. In contrast, a published case se-
ries highlighted outstanding outcomes and unassisted
ambulation in seven patients treated in this fashion [15].
The procedure is also associated with shorter surgical
time, reduced blood loss, and decreased hospital stays
compared with reconstruction.

Depending on the amount of bone resected,
the proximal femur or femoral head may be anchored
or tied to the remaining ilium or sacrum in a proce-
dure known as hip transposition. Typically, the proxi-
mal femur is anchored with transosseous sutures,
bone anchors, or Gore-Tex tubing (W. L. Gore & As-
sociates) [16]. Suspension and stabilization of the re-
sidual limb is crucial to maximize function and pro-
vide some stability. We have analized 84 patients
with just resection arthroplasty type II resection
and it was most common and most complicated type
of surgery (fig. 6).

The complications following resection arthroplas-
ty are wound complications and nerve palsies. Typi-
cally, the nerve palsies are peroneal in nature. Very
few of these complications require further surgical
intervention. Thus, a major advantage of this method
is that it markedly diminishes the risk of subsequent

Fig. 5. [llustration of the
total hemipelvectomy.
Male B., 16 y. 0., chondro-
sarcoma. Functional re-
sult 2 years after surgery

surgeries associated with prosthetic or allograft com-
plications or infection.

Saddle prosthesis. The saddle prosthesis was de-
signed to maintain leg length in patients undergoing
periacetabular resection. The prosthesis is anchored
in the femur in a manner similar to that used in con-
ventional total hip arthroplasty. An articulation notch
is made in the remaining ilium, and the proximal
prosthesis hinges over this notch [17]. Reconstruc-
tion with a saddle prosthesis is associated with sub-
stantial morbidity, with high rates of infection, nerve
palsy, dislocation, fracture, device migration, and
heterotopic ossification [18]. Benefits of this tech-
nique are ease of insertion, restoration of limb length,
and modularity of the device. Although some patients
achieve an acceptable functional outcome, the indica-
tion for this reconstructive option is narrowing be-
cause of the high complication rate. There are no cas-
es of saddle-prosthesis reconstruction in our study
group. We have done detail analize of published lite-
rature data.

Allograft/prosthetic composite. Massive allo-
prosthetic reconstruction using allograft bone com-
bined with total hip arthroplasty in pelvic resections
is an option for periacetabular resection. The recon-

Fig. 6. Illustration of the type II pelvic resection that involves the periacetabular region. Female R., 47 y. 0., malignant lymphoma (a);
resected tumor specimen (b); 4 years after surgery (c)
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struction is technically demanding but has the ability
to preserve limb length and maximize function. Deep
infection, nonunion, nerve palsy, and hip instability
are seen in almost 50 % of the patients treated in this
fashion. However, young patients who achieve union
can gain good functional results and restored limb
length [20].

Allograft pelvic reconstruction has been used for
48 patients and have had 38 % complacation rate (infec-
tion, nonunion and malignant tumor local reccurency).

Custom device. Although several implant compa-
nies have the capability to generate custom metallic
devices. It is requered FDA approval for individual
using in USA. The lengthy approval process has
limited the use of custom implants. We have used
Kharkiv, Ukraine custom-made implants and it was
good quality and not expensive to compare with Eu-
rope or US companies. Most of the literature on these
devices consists of small series or reports in which
this option is combined with various other recon-
struction methods [21, 22]. Thus, it is difficult to draw
conclusions about their efficacy. Loosening and infec-
tion are common complications, which limits the use
of this option.

Type 111 resection

Resection of the pubic rami requires no recon-
struction. Most patients exhibit satisfactory functio-
nal outcomes and achieve unassisted ambulation.

Combined resections. Depending on the location
of the tumor, resection types may be combined (ie,
type I/I1, type I/IV). The more bone that is resec-
ted, the more limited the options for reconstruction
(fig. 7, 8). Compared with the resection techniques
discussed above, resection arthroplasties perform
better and are associated with less proximal migra-
tion when a portion of the ilium is left intact. Use
of the saddle prosthesis requires an adequate amount
of ilium to which to anchor the device. Similarly, al-
lograft-prosthetic composites depend on an adequate

foundation of bone on which to place plates and
screws to fix the allograft to the host bone. The rest
patients in our study series (69 patiens) were opera-
ted by type III resection and different combinations
of resection types deppending of bone-soft tissue loss
after tumor resection.

Compound resection. Resection of abdominal vis-
cera along with the bony pelvis is indicated in rare
cases. These so-called compound resections require
coordinated care with general surgery, urology, and
plastic surgery staff as necessary. Traditionally, such
reconstruction has been avoided in these cases be-
cause these resections constitute so-called clean-
contaminated procedures (ie, class II surgical inci-
sions according to the American College of Surgeons
wound classification) and carry a significantly elevat-
ed risk of postoperative infection.

Soft-tissue considerations. In any resection, soft-
tissue reconstruction is an important component that
is easily overlooked. Most pelvic resections and hemi-
pelvectomies require elevation of the abdominal wall
off the bone. After resection, if enough bone remains
with acceptable tension, repair should be performed us-
ing nonabsorbable suture through drill holes. The pre-
sence of a larger defect requires that the gap be spanned
with a Gore-Tex sheet or other mesh in order to mini-
mize the risk of herniation of abdominal content. A plas-
tic or general surgeon may be required to assist.

Discussion

Future directions — computer aided tumor resec-
tion. Complex pelvic resections are ideal for compu-
ter-aided or navigated assistance, given the proximi-
ty of vital structures and the complexity of the bony
and soft-tissue anatomy of the region. The addition
of intraoperative navigation has the potential to im-
prove the accuracy of the resection margins [23].

Navigation could be useful in cases in which
allograft is used in the reconstruction of a pelvic

Fig. 7. lllustration of combined type I/1I pelvic resection. Male K., 32 y. o., chondrosarcoma (a); resected tumor specimen (b); 5 years
after surgery (c)
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defect. This would allow for precision in size match-
ing and placement of the allograft to the defect as well
as in hardware placement, thereby theoretically
decreasing the nonunion rate seen in this reconstruc-
tion [24].

Although the technological advances in these ap-
plications are promising, the indications are evolv-
ing and the technology is costly to incorporate and
currently is reserved for experimental use at tertiary
centers.

Complications. Although the mortality rate asso-
ciated with hemipelvectomy is relatively low, the rate
of associated morbidities is high. The literature re-
garding complications following hemipelvectomy
is limited. The rate of postoperative complications
ranges from 20 to 50 % [13, 18, 25-28]. Wound in-
fection and flap necrosis are the most common com-
plications for both hemipelvectomies and pelvic
resections [13]. In their examination of the complica-
tions of 160 consecutive hemipelvectomies, Senchen-
kov [28] found increased surgical time and complexi-
ty to be associated with increased rates of wound
infection and flap necrosis. Flap necrosis was most
commonly associated with common iliac vessel li-
gation. Complication rates for pelvic resections vary

Fig. 8. Illustration of combined type I/II pelvic resection.
Male K., 32 y. o., chondrosarcoma. Planning of surgery ap-
proach (a); tumor specimen (b); wound closure after surgery (c);
stabile pelvic balance 1 year after surgery (d)

based on the complexity of the procedure. In a review
of 27 saddle prosthetic reconstructions, Aljassir [18]
reported that infection occurred in 37 % of patients.
Given the great likelihood of complications associ-
ated with hemipelvectomies and pelvic resections,
patients should be counseled on the potential predic-
table complications and negative outcome.

Few studies have addressed the functional out-
comes of hemipelvectomies, and there is no stan-
dard against which to measure outcome scores.
The Medical Outcomes Study 36-item Short Form,
TESS, and MSTS are the most commonly used in-
struments. The TESS and MSTS were originally de-
signed to assess functional outcome following limb
salvage of tumors about the knee. There is no vali-
dated scoring system for assessing function follow-
ing pelvic resection, and the TESS and MSTS have
been applied empirically to assess function. Espe-
cially when performed to address malignancy, both
hemipelvectomies and limb salvage pelvic resec-
tions lead to decreased functional and quality-of-life
outcomes [29]. In a retrospective review, Beck [30]
found functional and quality-of-life outcomes to be
similar between the 39 patients who underwent pel-
vic resection and the 58 treated with hemipelvectomy.
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The only statistically significant difference between
the pelvic resection and hemipelvectomy groups
was that patients with hemipelvectomies had better
transfer ability at hospital discharge; however, they
also had increased pain and bladder dysfunction
at follow-up. Although few patients had independent
functional status at discharge, patients in both groups
had similar independent function at follow-up. Given
the dramatic variability in pelvic tumor cases, howe-
ver, it is important to note the potential loss of bowel
and bladder function; this finding is more common
with hemipelvectomy than with pelvic resection. Un-
fortunately we have not have statisticaly veracious
results in all 239 patients of Sytenko Institute group
because long period (more then 50 years) follow-up
and no significant archive data for patients series.
That is why we have use published literature data and
results.

Conclusions

The main indication for pelvic resection (ie, inter-
nal hemipelvectomy) and hemipelvectomy is primary
malignant tumors of the pelvis; in rare instances,
these procedures may be indicated for metastatic le-
sions, infection, or trauma. The extent of the resec-
tion and remaining structures dictates reconstruction
options. The current trend is to leave the hip flail;
however, successful reconstruction can maintain limb
length and maximize function, although it is associat-
ed with a higher complication rate. Hemipelvectomies
are usually left unreconstructed, but reconstructing
the pelvic ring may afford some benefits. Overall,
the procedure is technically demanding and requires
a thorough knowledge of pelvic anatomy and proxi-
mity of vital structures to minimize complications.
Appropriate preoperative counseling with the patient
and family is paramount to explain the magnitude
of the procedure, common complications, and pre-
dicted functional loss.
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