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VIABILITY OF VASCULARIZED BONE GRAFT FROM THE ILIAC CREST
USING THE ILIAC BRANCH OF THE ILIOLUMBAR
ARTERY: EXPERIMENTAL STUDY ON RATS
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ABSTRACT

Objective: Through an experimental model, our aim was to
create inferences about the viability of vascularized bone
grafts from the iliac crest in rats and investigate their histologi-
cal features. Methods: Twenty-one rats were used, divided into
two groups: the first consisted of animals that were subjec-
ted to the technique of vascularized bone graft pedicled onto
the iliac branch of the iliolumbar artery; the second (control
group) underwent the same procedure as performed on the
first group, with the addition of ligation of the vascular pedi-
cle. The viability of the bone grafts was observed for three we-
eks, by means of direct observation of the graft, histology and
immunohistochemistry. Results: All the vascularized grafts
evaluated in the first week showed viability according to direct

observation, histology and immunohistochemistry. However,
in the second and third weeks, direct observation showed that
75% of the grafts were unviable, while histological analysis
and immunohistochemistry showed that 50% were unviable.
Conclusions: Some grafts that are designed to be vascularized
became unviable and began to behave like non-vascularized
grafts under direct observation and histology. Despite the
possibility of failure, use of vascularized bone grafts should
be encouraged, because descriptive histology shows greater
cell density in the medullary bone portion, and osteocytes
that function better regarding deposition of bone matrix, with
preservation of the intraosseous vascular network.
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INTRODUCTION

Bone grafts continue to be used frequently for re-
solving clinical situations that involve loss of bone
substance. They are very widely applicable in recons-
tructive surgery, especially within orthopedics, for re-
pairing bone tissue. Such repairs might be consequent
to trauma, pseudarthrosis, correction of deformities,
tumor resection or stimulation of osteogenesis!!.

The viability of the bone cells transferred with the
graft is one of the determining factors for the me-
chanical properties of the graft, such as the resistan-
ce to external forces, porosity and bone density, and
also physiological properties such as the capacity for

osteogenesis and osteoinduction. For this reason, fac-
tors that contribute towards cell survival should be
respected, in order to obtain superior-quality grafts,
thereby leading to better prognoses in interventions
that aim to reconstruct skeletal defects.

There is an inherent doubt regarding the surgical
procedure when vascularized bone grafts are used:
will the bone graft remain viable through the vascu-
lar pedicle over the course of time? Certain events
may obstruct the pedicle, such as external compres-
sion, edema, postoperative immobilization, throm-
bosis due to venous stasis or pedicle injuries due to
manipulation. If the pedicle becomes obstructed, the
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vascularized bone graft will be transformed into a
non-vascularized graft.

Through an experimental model in rats, our aim
here was to make inferences regarding the viabili-
ty of a vascularized bone graft from the iliac crest,
sustained by a vascular pedicle, and to investigate its
histological characteristics.

METHODS

Animals

Twenty-one male Wistar rats (Rattus norvegi-
cus) were used. They were from a research-dedi-
cated stock maintained at the Medical Skills and
Surgical Research Laboratory of PUCRS, under
appropriate environmental conditions for the spe-
cies, with controlled temperature, humidity, ven-
tilation, light, noise, odor and social interaction.
They were kept in individual cages, receiving
water and food of quality and quantity that were
appropriate for the species. The study protocol had
previously been approved by the Ethics Committee
for Animal Use of PUCRS.

The animals were divided into two comparison groups:
Group 1: vascularized bone graft from the iliac crest
(n=12).

Group 2 (control): non-vascularized bone graft from
the iliac crest (n = 9).

Surgical procedure

Anesthesia was administered intramuscularly, con-
sisting of a solution of 0.2 ml of chlorpromazine and
0.8 ml of ketamine, at a dose of 3 ml/kg. Maintenance
doses of anesthetic were administered over the course
of the surgical procedure, as necessary.

The surgical incision was longitudinal: parallel to
and separated by 2 cm from the dorsal median line,
starting 1 cm below the final costal arch and ending
at the level of the hips (Figure 1).

In the subfascial layer, the iliac branch of the ilio-
lumbar vein and artery were identified and carefully
dissected in the proximal direction, as far as the point
where they entered the abdominal cavity. To access
the abdominal cavity, the insertion of the abdominal
muscles was released at the iliac crest. The vascular
pedicle was dissected as far as its origin in the aortic
artery and vena cava inferior (Figure 2).

The branch to the iliac bone was then identified,
and the artery was ligated distally to it (Figure 3).
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Figure 1 — Surgical access and location of the transition between the
gluteal and abdominal musculatures, which were reference points
for locating the pedicle.

- \.

Figure 2 — Laparotomy with dissection of the iliac branch of the
iliolumbar artery, towards its origin in the abdominal aorta.

Figure 3 — Ligation of the iliac branch distally to the emergence of
the vessel to the iliac bone.
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The thoracolumbar fascia was incised at the lateral
margin of the spine and the medial portion of the iliac
bone was exposed. Parallel to the upper margin of
the iliac bone and 1 cm from it, the gluteus maximus
muscle was incised in the external face of the iliac
and the iliac muscle was incised to expose the internal
face of the iliac bone (Figure 4).

Bicortical osteotomy separated the upper third of
the iliac bone from the lower two thirds, which were
jointed to the sacrum and hips. The soft tissues that
were inserted into the upper half were released, thus
making it possible to produce a bone graft vascula-
rized by the iliac branch of the iliolumbar vein and
artery (Figure 5).

The bone graft was wrapped in a silicone lamina,
thus creating a mechanical barrier that made inva-

Figure 4 — Vascularized bone graft from the iliac bone based on the
iliac branch of the iliolumbar artery.

Figure 5 — Exposure of the external face of the iliac bone after
incision and separation of the gluteal muscle.
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sion difficult and diminished the influence of nei-
ghboring tissues on bone graft viability, and making
the graft dependent on its vascular pedicle for via-
bility to be maintained.

Group 2 was used as a control group. In this, the
same procedure as described for group was perfor-
med, with the modification that the vascular pedicle
was ligated and sectioned.

The graft, wrapped in the silicone lamina, was
placed inside the abdominal cavity with the aim
of minimizing the chances of extrusion to the ex-
ternal environment.

Among the 21 animals, seven were sacrificed one
week after the surgical procedure; seven, two weeks
afterwards; and seven, three weeks afterwards. Among
the seven animals sacrificed each week, four were in
group 1 and the other three were in group 2.

Histology

The grafts were fixed in 10% buffered formalin
for 24 hours, and then were washed with water and
kept in water for 12 hours and then decalcified for
24 hours, using a solution of 22% formic acid and
10% sodium citrate. After this procedure, the speci-
men was included in paraffin in accordance with the
processing for conventional tissues, and histologi-
cal sections of 3 um were cut and then stained with
hematoxylin-eosin (HE).

Immunohistochemistry

The same specimens that had been fixed and de-
calcified for histological analysis were used to pre-
pare slides for immunohistochemical analysis. The
anti-CD34 endothelial marker was used to assess the
intraosseous vascularization.

STATISTICAL ANALYSIS

The variables were described in terms of absolute
and relative frequencies.

To evaluate the concordance between the methods,
the kappa concordance coefficient was applied. To
estimate the magnitude of the kappa coefficient, the
95% confidence interval was calculated.

The significance level adopted was 5%, and the
analyses were performed using the SPSS software
(Statistical Package for the Social Sciences), version
13.0, and the PEPI software (Programs for Epidemio-
logists), version 4.0.
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RESULTS

Direct observation

Differences in macroscopic characteristics between
the vascularized and non-vascularized grafts were
evident. In the vascularized grafts, a piece of bone of
reddish tone was found, with abundant bone marrow
that was bleeding. On manipulation, it presented
plasticity similar to that of the bone encountered at
the time when the initial surgical procedure had been
performed, albeit with loss of resistance. The non-
vascularized bone grafts presented a yellowish-white
coloring, with sparse bone marrow, and they were
less plastic and more friable, without any evidence
of bleeding, and a dried-out appearance.

In all the rats whose procedure was aimed towards
obtaining a non-vascularized graft, bone portions
with the above-described characteristics were obser-
ved via ectoscopy. However, among the rats whose
procedure was aimed towards integrity of graft vas-
cularization, all those sacrificed in the first week
were characterized via ectoscopy as vascularized.
Only one was classified as vascularized among those
of the second and third weeks. Thus, vascularization
was seen to be absent in 75% (three out of four) of
the grafts that had initially been vascularized, in the
second and third weeks.

Histology

From observations on the slides stained with he-
matoxylin-eosin (Figure 6), the bones could be clas-
sified as vascularized or non-vascularized, according
to the structures viewed. In the vascularized grafts,
well-structured trabeculae were found in the bone
marrow region, and large quantities of osteocytes
with abundant deposition of osteoid matrix surroun-
ding it, and with a high density of cellular elements
in the bone marrow region. On the other hand, si-
tuations in which a slide with smaller quantities
of osteocytes were found, accompanied by smaller
quantities of bone matrix deposited around them,
and sparse bone marrow, were characterized as a
non-vascularized bone pattern. All the slides from
group 2 were classified as non-vascularized. The
slides from the histological specimens from group
1 in the first week were classified as vascularized.
However, only 50% (two out of four) of the slides
obtained afterwards, in the second and third weeks,
were classified as vascularized.
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Figure 6 — Photomicrograph of histological section through a bone
graft with the characteristics of viability (left), in which the bone
marrow region presents abundant cellular elements and osteogenic
matrix; and section showing absence of viability (right), in which
there are signs of bone reabsorption and diminished cell density in
the bone marrow (HE, 100x).

The slides stained with the immunohistochemical
marker anti-CD 34 for endothelial tissue also showed
differences in the histological descriptive analysis. In
assessing the slides that were classified as presenting
the vascularized bone pattern, a large quantity of
structures marked with brown staining (staining
due to DAB) were found, with the presence of a
lumen containing erythrocytes, thus characterizing
blood vessels. The slides with non-vascularized bone
showed absence of the above-described structures.
None of the slides from group 2 showed structures
corresponding to blood vessels. Among the slides
from vascularized grafts, all of those from the first
week demonstrated signs of vascularization, while
only 50% of the slides from the second and third
weeks had blood vessels.
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Correlation between direct observation and histology

There was statistically significant concordance
between all the methods (p < 0.001), as presented in
Table 1. It was observed that the kappa coefficient
presented good concordance between all the methods
(> 0.79), with complete concordance between the he-
matoxylin-eosin and CD34 staining (k = 1.00). Only
two of the 21 evaluations (9.5%) were discordant be-
tween direct observation and histology using hema-
toxylin-eosin and CD34 staining. In these two cases,
direct observation demonstrated devascularization,
while the other methods presented vascularization.

Table 1 — Assessment of the concordance between direct observation,
hematoxylin-eosin (HE) and CD34.

Concordance
Comparison Kappa (95% CI) p
n (%)

Direct observation 0.79
vs, HE 19/21 (90.5) (0.51 — 1.00) <0.001

Direct observation 0.79
vs, CD 34 19/21 (90.5) (0.51 — 1.00) <0.001
HE vs. CD 34 21/21 (100.0) 1.00 <0.001

’ ' (0.68 — 1.00) ’
DISCUSSION

Bone grafts are fundamental for reconstruction of
skeletal defects. The success of the treatment may be
influenced by the type of graft used, because of the
differences in properties between vascularized and
non-vascularized bone grafts.

The properties of vascularized bone grafts make
it possible to achieve survival of a greater proportion
of their cellular elements®, earlier consolidation and
integration of the receptor bed®”, better maintenance
of bone mass®, greater capacity for hypertrophy®
and higher resistance to infections in relation to non-
-vascularized bone grafts®?).

Physiologically, vascularized bone grafts present
greater capacity for osteogenesis, osteoinduction and
osteoconduction, compared with non-vascularized
bone grafts, and it becomes clinically imperative to
use them in certain situations in which the failure rate
with conventional bone grafts would be far too high
to justify using them, such as in cases of extensive
bone defects, poorly vascularized or even devascu-
larized receptor beds!'®!) and previous procedures
using grafts that resulted in failure of the procedure.
Nonetheless, if the prognosis improves through using

vascularized grafts in the cases with worse prognosis,
these may also be used more frequently or even as
the first choice in situations that are considered to
be less severe.

One frequent question raised regarding vascula-
rized bone grafts is in relation to the viability of the
graft with the passage of time: would it be justifiable
to choose a technique that prolongs the duration of the
surgical procedure or requires referral to professio-
nals with greater skills in performing this procedure?
Grafts that initially were proven to be vascularized
during the operation may cease to be so for a variety
of reasons, for example: venous stasis, vascular mi-
crotrauma, coagulation disorders, systemic abnorma-
lities, external compression, edema and inflammatory
or infectious processes.

In an experimental study on rats, Linsell et al!?
reported that 88% of their vascularized grafts of the
femur were viable after one week of follow-up, when
they used arteriovenous microanastomosis.

Sempuku et al!® detected bone neoformation wi-
thin two weeks, in a model for vascularized bone
grafts in rat tails, such that in the group with non-
-vascularized grafts, complete necrosis was observed
one week after the surgery. Bone neoformation sur-
rounding the necrotic bone was detected five weeks
after the surgery, thus suggesting the revascularization
and osteogenesis were occurring through invasion by
surrounding tissues.

Nasir et al'® observed from histological analysis
on rats that, after one week, a bone graft from the iliac
crest with vascularization from the lateral circumflex
femoral artery was viable.

Ozkan et al'” used an experimental model in rats,
for a vascularized bone graft based on the iliolumbar
artery, and found that all the grafts examined were his-
tologically viable. The experimental model of Ozkan
et al!>, which was chosen for the present study, was
shown to be feasible and only presented small varia-
tions in vessel path, vessel location and number of
branches. This constant anatomy made construction
of vascularized grafts reliable and simple. Because
rats are small-sized animals and consequently, their
vessels are small, use of a microsurgical microscope
added security in dissecting and ligating the vessels.
The main advantages of this model that they cited
were the small functional loss for the animal wi-
thout alterations in gait, the bone fragment of ample
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dimensions (1 x 1 cm) that was obtained, the possibi-
lity of protecting the bone fragment in the abdominal
cavity and the ease of execution.

In this experimental study, it was found during the
operation that all the vascularized grafts presented
active bleeding, with functional vascular pedicles. At
the time of the surgical reintervention to collect ma-
terial and analyze the results, the animals sacrificed
in the first week had grafts that were considered to be
vascularized according to both direct observation and
histology. However, among the animals of the second
week, only one was considered to be vascularized
according to direct observation (25%) and, according
to histology, two of them (50%). These results were
repeated among the animals sacrificed in the third
week. There was a correlation between the results
from the ectoscopic and histological classifications.
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CONCLUSION

The grafts that were initially vascularized became
devascularized at a certain time and started to behave
like non-vascularized grafts, under ectoscopic and
histological analysis. Further studies would be needed
in order to make inferences about the possible causes
of the failures of vascularization.

Despite the possibility of failure, use of vascu-
larized bone grafts should be encouraged, since
the descriptive histological evaluation showed that
these grafts had greater cell density in the bone
marrow portion and osteocytes with greater func-
tionality of bone matrix deposition, with a pre-
served intraosseous vascular network. Thus, bone
portions with inherent characteristics that promote
greater chances of cure for patients could be used
in reconstructive procedures.
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