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Bone loss was in the past treated by several methods, such as bone distraction and the use of nonvascularized or tissue-bank
bone grafts. With the advent of modern microsurgical techniques, the vascularized bone flap has been used with good results;
it resolves local nutritional problems, repairs soft tissue that is often damaged by severe trauma, and treats bone loss due to
tumors, pseudarthroses, and osteomyelitis. This paper reports the authors” experience with the use of vascularized iliac-crest flaps
to treat orthopedic pathologies in five patients with traumatic bone loss (<10 cm), three with osteomyelitis, and three with atrophic
nonunion. In all cases, the same surgeon obtained a vascularized iliac-crest flap with a pedicle based on the deep iliac circumflex
artery. All flaps consolidated within a mean period of 3 months. These findings demonstrate that the use of an iliac-crest flap is a
treatment option in cases of bone loss and that it is associated with good functional results and minimal donor-site morbidity.

1. Introduction

Reconstructive orthopedic surgery to treat bone loss due
to severe trauma, pseudarthroses, chronic osteomyelitis, or
tumors can be performed using a range of techniques, such
as external or internal fixation and the use of endoprostheses
or nonvascularized bone flaps [1-3]. However, these tech-
niques do not resolve the vascularization problems that can
occur in these morbid conditions. With the development
of the microsurgical technique, the vascularized bone flap
has proven to be a good reconstructive option because it
enables greater bone integration, higher consolidation rates,
and better functional response [1, 4, 5].

The nonvascularized bone graft has been used with
good results in cases with <6 cm bone loss [2]. The vascu-
larized fibula flap has achieved good functional results in
defects >12cm [3], although some authors have reported
high rates of donor-site morbidity, such as weakness (37%),
flexion/extension difficulty (29-43%), flexion contractions,
residual ankle pain, and fibular nerve lesions [6, 7]. In cases
with intermediate amounts (5-10 cm) of bone loss, the use of
the vascularized iliac-crest flap retains the benefits of a vas-
cularized graft without incurring late donor-site morbidity

[8]. Although iliac-crest flaps >12 cm have been used, they
are not recommended because fractures may occur due to the
stress applied to the lower limb [9]. Given the evidence of the
benefits of vascularized iliac-crest flap application in cases of
moderate bone loss, this flap was used to treat 11 patients with
orthopedic lesions of different etiologies.

2. Patients and Methods

After obtaining institutional ethics committee approval, we
retrospectively identified all patients who had been treated
with vascularized iliac-crest grafts between January 2009
and January 2012. The inclusion criteria were acute or
chronic bone loss secondary to trauma or other bone
lesions, need for graft-associated osteosynthesis, such as in
cases of atrophic pseudarthrosis, or pseudarthrosis due to
osteomyelitis. Exclusion criteria were prior trauma in the
affected region, prior pathology, such as rheumatoid arthritis
or peripheral vascular insufficiency (which could affect local
vascularization and graft success), psychiatric or mental
disorders, neurological damage, and institutionalization.
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TaBLE 1: Clinical information.
Patient Age Sex  Previous diagnosis Location Amount of bone Etlology of bone
(years) loss lesion (flap receptor)
Case 1 55 M Qpen frac.ture with bone loss in Left radius 6cm Trauma
distal radius
Case 2 30 F FracFure of d1s.ta¥ radius with Right radius 5cm Trauma
median nerve injury
Case 3 25 F I?)IS)Sen fracture of femur with bone Left femur 8cm Trauma
Case 4 23 M Openfracture Of foot with a lesion Right first metatarsal 6cm Trauma
and loss of soft tissue
Case 5 34 M Open fracture Left femur 8cm Trauma
Closed fracture of forearm that Nonunion. secondar
Case 6 09 M developed osteomyelitis after Left radius — > seconaary
P . to osteomyelitis
osteosynthesis with Kirschner wires
Closed fracture treated with Right humeral Atrophic nonuion
Case 7 66 M e . . — (conservative
immobilization plaster diaphysis
treatment)
Closed forearm fracture that Nonunion. secondar
Case 8 24 F developed osteomyelitis after Right radius — t0 0 te(;m clitis Y
osteosynthesis with DCP V!
Closed fracture that developed
Case 9 56 M atrophic nonunion of the radius Right radius — Atrophic nonunion
after osteosynthesis with DCP
Open fracture that developed Nonunion. secondar
Case 10 31 M osteomyelitis and nonunion after Left humerus — to oste(;m clitis Y
osteosynthesis with DCP Y
Closed fracture that developed
Case 11 40 F atrophic nonunion of the radius Right radius 5cm Atrophic nonunion

after osteosynthesis with DCP

M: male; F: female; DCP: dynamic compression plate.

All qualifying medical charts were analyzed, and the
subjects were asked to return as outpatients. Those who
agreed to participate in the study were asked to provide
written informed consent (legal representatives provided
consent for patients <18 years of age). Medical records were
examined, and radiographs were evaluated separately by two
orthopedic surgeons. Both were part of the study but did
not participate in the surgery and did not know the patients
(blind study).

Eleven patients were treated with vascularized iliac-crest
flaps between January 2009 and January 2012. The etiology
of bone loss (4-8 cm) was a motorcycle accident in cases 1-
5 (Table 1). Two patients had bone loss in the wrist (distal
radius), two patients in the femur (distal femoral metaphysis),
and one patient in the foot (first metatarsal). One patient
(case 11) had bone loss in the left radius secondary to atrophic
nonunion of a fracture treated with osteosynthesis and a
dynamic compression plate (DCP). The other cases had
no bone loss but atrophic nonunion of the right humerus
(case 7) or right radius (case 9) or nonunion secondary to
osteomyelitis with a history of previous osteosynthesis in the
left forearm (case 6), the right forearm (case 8), or the left
humerus (case 10) (Table 1).

All surgeries were performed by a single experienced
surgeon according to the technique described in the literature
[9-11].

Each patient was placed in the supine position with the
donor site raised. A skin incision was made from the location
of the anterior superior iliac spine toward that of the inguinal
ligament. The pedicle was based on the deep iliac circumflex
artery, which emerges from the external oblique muscle
adjacent to the superior border of the iliac crest. The oblique
external and internal muscles were freed, and the pedicle was
found between the transverse and oblique internal muscles. It
was then dissected along the inguinal ligament to the external
iliac artery, where the pedicle originates 2cm above the
ligament [12]. The deep iliac circumflex artery may originate
from the femoral artery (42.2% of cases) or from the external
iliac artery below (40.6%) or above (17.2%) the inguinal
ligament [11]. The external diameter of the artery is 1-5 mm at
its origin, and the distance to the anterior superior iliac spine
is 6-27 (mean: 15.8 + 5.6) mm.

The receptor site was then prepared, the flap was removed
by osteotomy with a saw, and the arterial pedicle was removed
after ensuring that it was sufficiently large (4-6cm) to
enable anastomosis [12]. After hemostasis, the donor site was
sutured.
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FIGURE 1: Case 4—soft-tissue loss.

At the anastomosis site, 2000 units of heparin were
administered intravenously. No heparin was used postoper-
atively, but oral acetyl salicylic acid (100 mg) was prescribed
for 30 days.

Osteosynthesis was performed at the receptor site using
DCPs and screws or Kirschner wires (case 4). Continuity
of the medullar canal was reestablished in all cases. Con-
solidation was verified clinically and radiologically. Clinical
criteria included absence of pain, lack of mobility at the
fracture site, and return to daily activities (work and leisure).
The radiological criteria included absence of implant failure
(signs of loosening or breakage), signs of graft incorporation
and bone fracture healing, continuity of the trabecular bone
through the bone fragments and graft, presence of bone
callus, and presence of at least three out of four cortices in
the anteroposterior and lateral radiographs [13].

3. Results

All flaps consolidated within a mean period of 3 months.
Soft tissue and musculature adjacent to the iliac crest, which
shared an arterial supply with the flap, were transferred with
the graft in case 4 (Figurel). The distal perfusion deficit
(Figure 2) was recovered by the same procedure with good
results (Figures 3 and 4).

In case 6, consolidation occurred rapidly (within 4
weeks) because the patient was a child, but a purulent fistula
persisted, necessitating a second procedure to remove the
plate and provide local debridement.

In many of the cases reported here, the iliac-crest flap was
used to treat lesions that were due to high-energy trauma;
this flap was also used to treat other serious fractures and
nerve or vascular lesions, including traumatic amputations
(case 10, four fingers) and late amputations (case 8, right leg
amputation after vascular graft failure) (Table 2).

The follow-up period ranged from 7 to 36 months. All
patients reported postoperative pain at the donor site, which

FIGURE 2: Case 4—reduced perfusion.

FIGURE 3: Case 4—final radiograph of consolidated bone graft.

was intense in the first postsurgical days but disappeared
after 4 weeks. Common analgesics were used to relieve pain.
Late morbidity (contour irregularity of the basin) occurred in
case 11.

4. Discussion

Several traditionally used bone reconstruction techniques
yield limited results when bone loss is associated with
disruption of the local blood supply. This complex situation
is commonly encountered in cases of high-energy trauma,
chronic osteomyelitis, pseudarthrosis, and tumor resection,
and the only feasible solution is often amputation. The use
of a vascularized bone graft resolves issues related to bone
nutrition and permits simultaneous soft-tissue reconstruc-
tion [14, 15].
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TABLE 2: Casuistry.
.. Consolidation Follow-up — Type of Duration of postoperative . .
Patient
T time (months) period (months) Complications synthesis pain at donor site (days) Associated lesions
Case 1 15 36 — 2 plates 5 —
Case 2 2 30 — 2 plates 8 Median nerve lesion (trauma)
Closed femoral neck fracture
d open femoral and tibial
Case 3 . — anc op
ase 2> 2 2 plates ? diaphysis fractures (all
ipsilateral)
Case 4 ) 7 o Kirthner 10 Medial malleolus fracture
wires (ipsilateral)
Closed tibial plateau fracture
Case 5 - (ipsilateral) and closed right
ase 3 7 2 plates 14 distal radius and forearm
fractures
Persistent infection
Case 6 1 7 requiring second 1 plate 8 —
procedure
Case 7 4 8 — 1 plate 10 —
Right sacroiliac joint lesion, left
ischiopubic branch fracture,
right femur and tibia open
Case 8 3 16 — 1 plate 15 fractures, popliteal artery
vascular injury and vascular
graft failure after 2 days
requiring leg amputation
Third
Case 9 3 12 — semitubular 21 —
plate
Brachial plexus injury
Case 10 4 21 — 1LCP 21 (ipsilateral) + traumatic
amputation of fingers 2-5
Contour ! D(iPtl(jrii‘(iilus)
Case 11 3 12 irregularity of . 30 —
- semitubular
basin

plate (ulna)

LCP: locking compression plate; DCP: dynamic compression plate.

FIGURE 4: Case 4—final clinical result.

The advantages of the vascularized bone flap over the
conventional bone graft are better osseointegration, higher
consolidation rates, and improved functional response [1, 4,
5]. Hence, in cases of severe bone loss or in situations in which
other procedures have yielded poor results, the vascularized
bone flap is a better option than the nonvascularized graft

because it provides more tissue viability, in terms of vascular
nutrition, during the bone healing process. Due to this
improved local blood supply, bone production, and intrinsic
stability, the vascularized flap has demonstrated faster bone
consolidation and a better functional outcome (1, 3, 5, 13, 14,
16].

The vascularized iliac-crest flap is superior to the fibula
flap for the treatment of small defects because its size enables
better adaptation and because donor-site morbidities, such as
ankle rigidity or instability and fibular nerve lesions, can be
prevented [17, 18].

The selection of the best donor site and the choice of
a vascularized or conventional bone graft are multifactorial
processes that must take into account not only the defect size,
but also the compatibility between donor site and receptor
regions, structural features of the graft (cortical, spongy,
or osteomuscular), mechanical demands of the defect site,
duration of the procedure, and donor-site morbidity. There-
fore, even in cases with <6 cm of bone loss, the vascularized
bone graft is often the best option, especially for defects
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in the extremities (hands and feet) that demand greater
mechanical freedom and precision of movement. In a study
of ankle arthritis due to massive bone loss secondary to
tumors, osteomyelitis, and trauma, Bishop et al. [6] reported
that iliac-crest flaps were appropriate for defects <4 cm. The
vascularized iliac-crest flap has also been used successfully for
reconstruction of the maxilla and mandible (97%) [9], distal
radius [12], and carpals [19] and for the treatment of ankle
instability [20].

The vascularized fibular flap has shown good results in
the treatment of defects with <26 cm bone loss [15]. The
complication rates are low (11.5%) [7] and include contracture
of hallux flexion (4.3%), ankle pain (4.1%), weakness (0.6%),
and fibular nerve lesions (1.7%). Only a small percentage
(13%) of patients with weakness and ankle instability (37%)
[6] demonstrated weakness during a physical examination.
Other complications include ankle stiffness, cellulitis, suture
dehiscence [17, 18], and ankle valgus deformity [15, 21].
Rogers et al. [22] found no significant difference in donor-
site morbidity between vascularized iliac-crest and fibula
flaps. Although the removal of the iliac vascular graft is
a more complicated procedure than the removal of the
nonvascularized tricortical graft, the potential complications
at the donor site are almost the same: hematoma, infection,
postoperative pain, lesion of the lateral femoral cutaneous
nerve, and the Trendelenburg gait. However, when bone loss
is more than 6.0 cm, other options of vascularized bone grafts
such as the scapula and fibula also present potential morbidity
at the donorsite [22-24]. It is possible to use the iliac-crest flap
in gaps from 6 cm to 10 cm and up to 12 cm. For greater bone
loss, the vascularized fibula should be considered. Moreover,
fibular graft is a strut graft therefore more resistent, but iliac
graft as a cancelous bone graft has a higher healing potential
than fibular strut graft [9].

The vascularized iliac-crest flap requires practice in
microsurgical techniques as it is a complex procedure and is
only indicated in cases where bone loss is more than 5 to 6 cm.
However, the results obtained using nonvascularized grafts in
these conditions are not as good [4, 8, 25].

Although postoperative pain was the main donor-site
morbidity in the present study, others have reported cellulitis
(3.6%), deep vein thrombosis (3.6%), and femoral nerve
neuropraxia (4.8%) as early complications. The main late
complications reported are changes in anterolateral thigh
sensitivity (27%), contour irregularity of the basin (20%), and
hernias (9.7%) [23, 24].

The vascularized iliac-crest flap is an option for the treat-
ment of bone loss, especially in small bones. Its advantages
include a long pedicle (4-6 cm) and large diameter, which
facilitate anastomosis [9]. Moreover, in cases of concomitant
soft-tissue loss and perfusion deficit, this flap enables the
transfer of muscle and skin covering the iliac crest because
these tissues are supplied by the same artery (case 4, Figures
1and 2). This option is also useful in cases of severe nonunion
in which a conventional graft has failed. Furthermore, in cases
of anastomosis failure, the iliac crest functions better than a
long bone as a conventional graft due to its corticocancellous
component.

The limitations of this study include its retrospective
design and small sample size. The cases presented is het-
erogeneous because bone loss in orthopedic traumatology
cases is relatively rare and so are the indications for the
use of the vascularized flap. The recipient bed must have a
rich vascular supply, which in some cases of severe trauma
and/or osteomyelitis/pseudarthrosis is not possible due to
the presence of vascular injury secondary to these illnesses.
Therefore, it is difficult to find similar bone-loss cases with
an indication for a vascularized flap. Moreover, most of
the patients are cases of high-energy trauma, a variable
population depending on the circumstances of the trauma
[8,9]. Cases of bone loss are relatively rare and most often are
severe cases with multiple fractures resulting from trauma,
nonunion, or difficult-to-treat osteomyelitis. Therefore, the
number is small as they are cases of major morbidity.
However, in the case of locomotor trauma, the series reported
using the vascularized iliac-crest flap is not small when
compared to the literature [8, 20]. This flap is mostly used in
head [22], neck, and maxillofacial surgery [9, 17].

Because some traumatic lesions were treated directly with
the vascularized bone graft, comparison with other types of
treatment was not possible. However, the findings indicate
that the vascularized iliac-crest flap is a reliable and safe
treatment option that yields good results and is associated
with minimal donor-site morbidity in cases of bone and
muscle loss secondary to trauma and osteomyelitis.

Acknowledgment

This work was supported by (Sdo Paulo State Research
Foundation) FAPESP, SP, Sdo Paulo, Brazil.

References

[1] V. M. Goldberg, J. W. Shaffer, G. Field, and D. T. Davy,
“Biology of vascularized bone grafts,” Orthopedic Clinics of
North America, vol. 18, no. 2, pp. 197-205, 1987.

[2] C. G. Finkemeier, “Bone-grafting and bone-graft substitutes,”
Journal of Bone and Joint Surgery A, vol. 84, no. 3, pp. 454-464,
2002.

[3] A. R. Gazdag, J. M. Lane, D. Glaser, and R. A. Forster,
“Alternatives to autogenous bone graft: efficacy and indications,”
Journal of the American Academy of Orthopaedic Surgeons, vol.
3, no. 1, pp. 1-8, 1995.

[4] J. W. Shaffer, D. T. Davy, G. A. Field, J. S. Bensusan, and
G. J. Kellis, “The superiority of vascularized compared to
nonvascularized rib grafts in spine surgery shown by biological
and physical methods,” Spine, vol. 13, no. 10, pp. 1150-1154, 1988.

[5] C. B. Cutting and J. G. McCarthy, “Comparison of residual
osseous mass between vascularized and nonvascularized onlay
bone transfers,” Plastic and Reconstructive Surgery, vol. 72, no.
5, pp. 672675, 1983.

[6] A.T.Bishop, M. B. Wood, and K. K. Sheetz, “Arthrodesis of the
ankle with a free vascularized autogenous bone graft. Recon-
struction of segmental loss of bone secondary to osteomyelitis,
tumor, or trauma,” The Journal of Bone & Joint Surgery, vol. 77,
no. 12, pp. 1867-1875, 1995.

[7]1 T. R. Gaskill, J. R. Urbaniak, and J. M. Aldridge III, “Free
vascularized fibular transfer for femoral head osteonecrosis:



(8]

(10]

(11]

(16]

(17]

[18

(20]

[22]

donor and graft site morbidity;” Journal of Bone and Joint Surgery
A, vol. 91, no. 8, pp. 1861-1867, 2009.

R. Legré, P. Samson, F. Tomei, and J. L. Jouve, “Treatment of
substance loss of the bones of the leg in traumatology by transfer
of the free vascularized iliac crest. Aprospos of 13 cases,” Revue
de Chirurgie Orthopedique et Reparatrice de IAppareil Moteurs,
vol. 84, no. 3, pp- 264-271,1998.

G. L Taylor, “The current status of free vascularized bone grafts,”
Clinics in Plastic Surgery, vol. 10, no. 1, pp. 185-209, 1983.

D. Martin, V. Pistre, V. Pinsolle, P. Pelissier, and ]. Baudet,
“The iliac crest. Perspective on a donor site of exceptional free
flaps, 20 years after its initial description,” Annales de Chirurgie
Plastique et Esthetique, vol. 45, no. 3, pp. 201-218, 2000.

G. K. Huang, Z. Z. Liu, Y. L. Shen, R. Q. Hu, H. Miao, and Z. Y.
Yin, “Microvascular free transfer of iliac bone based on the deep
circumflex iliac vessels,” Journal of Microsurgery, vol. 2, no. 2, pp.
113-120, 1980.

L. Pic Gomis and R. Gomis, “Vascularized iliac crest and
distal radius reconstruction,” Chirurgie de la Main, vol. 29,
supplement 1, pp. S49-S58, 2010.

M. Henry, “Genicular corticoperiosteal flap salvage of resistant
atrophic non-union of the distal radius metaphysis,” Hand
Surgery, vol. 12, no. 3, pp- 211-215, 2007.

K. N. Malizos, Z. H. Dailiana, M. Innocenti, C. L. Mathoulin,
R. Mattar Jr., and M. Sauerbier, “Vascularized bone grafts for
upper limb reconstruction: defects at the distal radius, wrist,
and hand,” Journal of Hand Surgery, vol. 35, no. 10, pp. 1710-1718,
2010.

A. V. Korompilias, N. K. Paschos, M. G. Lykissas, I. Kostas-
Agnantis, M. D. Vekris, and A. E. Beris, “Recent updates of
surgical techniques and applications of free vascularized fibular
graft in extremity and trunk reconstruction,” Microsurgery, vol.
31, no. 3, pp. 171-175, 2011.

S. Kakar, A. Duymaz, S. Steinmann, A. Y. Shin, and S. L.
Moran, “Vascularized medial femoral condyle corticoperiosteal
flaps for the treatment of recalcitrant humeral nonunions,”
Microsurgery, vol. 31, no. 2, pp. 85-92, 2011

J. P. Anthony, J. D. Rawnsley, P. Benhaim, E. E. Ritter, S. H.
Sadowsky, and M. L. Singer, “Donor leg morbidity and function
after fibula free flap mandible reconstruction,” Plastic and
Reconstructive Surgery, vol. 96, no. 1, pp. 146-152, 1995.

P.J. Meagher and W. A. Morrison, “Free fibula flap—donor-site
morbidity: case report and review of the literature;” Journal of
Reconstructive Microsurgery, vol. 18, no. 6, pp. 465-468, 2002.
C. Harpf, M. Gabl, C. Reinhart et al., “Small free vascularized
iliac crest bone grafts in reconstruction of the scaphoid bone:
a retrospective study in 60 cases,” Plastic and Reconstructive
Surgery, vol. 108, no. 3, pp. 664-674, 2001.

U. M. Rieger, M. Haug, E Schwarzl, D. E Kalbermatten, B.
Hintermann, and G. Pierer, “Free microvascular iliac crest flap
for extensive talar necrosis—case report with a 16-year long-
term follow up,” Microsurgery, vol. 29, no. 8, pp. 667-671, 2009.

K. Kanaya, T. Wada, H. Kura, T. Yamashita, M. Usui, and S.
Ishii, “Valgus deformity of the ankle following harvesting of a
vascularized fibular graft in children,” Journal of Reconstructive
Microsurgery, vol. 18, no. 2, pp. 91-96, 2002.

S. N. Rogers, S. R. Lakshmiah, B. Narayan et al., “A comparison
of the long-term morbidity following deep circumflex iliac and
fibula free flaps for reconstruction following head and neck
cancer,” Plastic and Reconstructive Surgery, vol. 112, no. 6, pp.
1517-1527, 2003.

(23]

[24]

[25]

BioMed Research International

C. Forrest, B. Boyd, R. Manktelow, R. Zuker, and V. Bowen,
“The free vascularised iliac crest tissue transfer: donor site
complications associated with eighty-two cases,” British Journal
of Plastic Surgery, vol. 45, no. 2, pp. 89-93, 1992.

L. T. Kurz, S. R. Garfin, and R. E. Booth Jr, “Harvesting
autogenous iliac bone grafts. A review of complications and
techniques,” Spine, vol. 14, no. 12, pp. 1324-1331, 1989.

R. Sanders and B. J. Mayou, “A new vascularized bone graft
transferred by microvascular anastomosis as a free flap,” British
Journal of Surgery, vol. 66, no. 11, pp. 787-788, 1979.



