
Abbreviations
CsA Cyclosporine-A
CTA Composite tissue allotransplantation
SVC Superior vena cava
VBMT Vascularized bone marrow 

transplan tation

Vascularized Bone Marrow 
Models
Vascularized bone marrow transplantation may 
be a component of composite tissue allograft 
(CTA) transplants; and there is evidence that 
bone marrow cells are tolerogenic and may 
induce chimerism. Over the years, different 
models of VBMTs have been introduced and are 
outlined below.

Hind-Limb Transplant Model

Limb transplantation was the fi rst VBMT model 
for this purpose. Black et al.5 achieved the fi rst 
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Experimental Composite Tissue 
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Summary
Advanced microsurgical techniques have 
allowed performing different composite 
tissue allotransplantations (CTA), although 
immunology and pharmacotherapy still have 
many unresolved questions. Different CTA 
models were developed to explore and answer 
these questions during the past 25 years. Most 
experimental transplants to date have been 
performed in rats, and the immune system 
of the rats has fundamental differences 
from that of the humans, such as the lack 
of expression of class II antigens on the 
endothelial cells.7 Over the past 20 years, we 
have developed 17 CTA models of the rat in 
our laboratory in an effort to characterize dif-
ferences in the mechanism of graft acceptance 
and rejection. These CTA models were tested 
to (1) determine the mechanism of CTA 
acceptance and rejection; (2) determine the 
immunologic pattern of responses of differ-
ent tissue types in CTA; (3) evaluate the 
immunologic response of transplant grafts of 
different dimensions and skin components 
of the most antigenic of CTA tissues10; (4) test 
the effects of vascularized bone marrow trans-
plantation (VBMT) on immunotolerance; 
(5) develop new immunosuppressive and 
immunomodulatory treatment protocols; 
and (6) correlate histological, morphological, 
and functional responses of CTA with different 

immunosuppression protocols. We overwrite 
CTA models according to the following classi-
fi cation: vascularized bone marrow transplant 
models, vascularized skin allograft models, 
composite allograft transplantation models, 
and other models (Tables 51.1 and 51.2).
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Table 51.1. Classifi cation of experimental CTA models.

successful semiallogenic limb transplantation in 
rats in 1982 under the protocol of long-term 
immunosuppression with cyclosporine-A (CsA) 
immunotherapy. Zhang et al.25 developed an 
experimental limb transplantation model in mice 
in 1999. We were the fi rst to report tolerance 
induction in limb transplants across MHC.15

Surgical technique: A limb tissue allograft 
consisting of distal femur, knee joint, tibia–fi bula, 
and surrounding muscle and skin is harvested 
using a similar technique in both small18 and large 
animals.11 In the donor rat, a circumferential skin 
incision is made in the proximal one third of the 
femur. The femoral artery and vein are dissected, 
clamped, and transected proximal to the superfi cial 
epigastric artery. The femoral nerve is dissected 
and transected 1 cm distal to the inguinal ligament. 
The biceps femoris muscle is transected to expose 
the sciatic nerve. The nerve is then transected 
proximal to its bifurcation. The limb is amputated 
at the mid-femoral level. The recipient is pre-

pared using a similar technique. The limb is 
amputated at the mid-femoral level. The donor 
limb is attached to the recipient limb by a 20-gauge 
intramedullary pin and a simple cerclage wire. All 
large muscle groups are sutured in juxtaposition. 
Vessels are anastomosed using end-to-end 
microsurgical anastomosis while a conventional 
epineural technique is performed for nerve coap-
tation (Figure 51.1).

Advantages: The limb grafts are vascularized 
carriers of donor bone marrow and proved to be an 
important model for elucidating the mechanisms 
of transplantation tolerance. Limb transplants are 
composed of many key tissues such as skin, sub-
cutaneous tissue, neuromuscular tissue, and 
mesenchymal tissues such as bone, bone marrow, 
muscle, fascia, and cartilage, and the same tissues 
are a part of many clinical CTAs, including hand or 
face, larynx, knee, abdominal wall, and so forth.

Disadvantages: Hind-limb transplantation is 
technically complex and leaves the recipient with 
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Figure 51.1. (a) Hind-limb model and 
amputated recipient and is the same size as 
that of the transplant. 
(b) Microangiographic view of hind-limb 
transplant. (c) Recipient rat after transplant 
transfer.

Table 51.2. Summary of experimental CTA models.

Experimental models Transplant pedicle Recipient vessels

Vascularized femoral bone Femoral artery and vein Femoral artery and vein or abdominal aorta 
and vena cava inferior

Bilateral vascularized femoral bone Abdominal aorta and vena cava inferior Abdominal aorta and vena cava inferior
Composite vascularized skin/bone Femoral artery and vein Femoral artery and vein
Vascularized iliac osteomyocutaneous Abdominal aorta and iliolumbar vein Femoral artery and vein
Heterotropic sternum Bilateral common carotid artery 

and unilateral superior vena cava
Abdominal aorta and vena cava inferior

Vascularized osteomyocutaneous 
sternum–thymus

Unilateral common carotid artery 
and external jugular vein

Femoral artery and vein

Full face Bilateral common carotid artery 
and bilateral external jugular vein

Bilateral common carotid artery 
and bilateral external jugular vein

Hemiface Unilateral common carotid artery 
and unilateral external jugular vein

Unilateral common carotid artery 
and unilateral external jugular vein

Composite hemiface/calvaria Unilateral common carotid artery 
and unilateral external jugular vein

Unilateral common carotid artery 
and unilateral external jugular vein

Composite hemiface, mandible, 
tongue tissue allograft

Unilateral common carotid artery 
and unilateral external jugular vein

Femoral artery and vein

Vascularized groin Femoral artery and vein Femoral artery and vein
Extended groin Femoral artery and vein Femoral artery and vein
Total abdominal wall Bilateral femoral arteries and veins Bilateral femoral arteries and veins
Cremaster muscle Bilateral femoral arteries and veins Unilateral common carotid artery 

and unilateral external jugular vein
Maxilla Unilateral common carotid artery 

and unilateral external jugular vein
Femoral artery and vein
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a functional deformity. In this complex model, 
half of the femur and the entire tibia from 
the donor are sources for VBMT. Technically, the 
tibia is transplanted as an intact part of the graft; 
in contrast, the distal half of the donor femur is 
rigidly fi xed to the proximal half of the recipi-
ent’s femur. The fi xation using a pin and steel 
wire often damages bone marrow, and as a result 
the femoral bone is not intact and is not able to 
adequately contribute to VBMT.4 Some investi-
gators have reported major complications such 
as respiratory failure, bleeding, and thrombus 
formation. As a result, the published mortality 
rates range between 20 and 30%.3,8

Vascularized Femoral Bone Models

Vascularized Femoral Bone Model

Suzuki et al.20 described a vascularized femoral 
bone marrow transplant model, and in this model, 
the femur was placed in the intraperitoneal space. 
Tai et al.21 developed an extraperitoneal VBMT 
model that was placed in a subcutaneous pocket 
over the anterior abdominal wall of the recipient to 
obviate the surgical diffi culties of intraperitoneal 
placement. We modifi ed Tai et al.’s technique to 
reduce recipient morbidity, and no subcutaneous 
pockets were created and no sutures were applied 
for bone fi xation.1

Surgical technique: The skin covering the thigh 
region of the donor limb is degloved. The femur 
is disarticulated from the knee joint. Anterior, 
posterior, and lateral thigh muscles are removed 
and the periosteum is preserved. The adductor 
muscles are gently dissected to protect the mus-
cular branch of the femoral artery and superior 
genicular artery, which supplies blood to the 
femoral bone. Finally, the hip joint is disarticu-
lated, medial and lateral circumfl ex arteries are 
ligated, and femoral vessels are prepared for 
anastomosis. In the recipient, the transplant is 
transferred to the intra-abdominal space20 or 
groin region,21 and abdominal aorta and inferior 
vena cava or femoral vessels, respectively, are 
used as recipient vessel (Figure 51.2a).

Bilateral Vascularized Femoral Bone Model

For augmentation of transplanted bone marrow 
cells, we have made further modifi cations by 
creating bilateral femoral bone allografts based 
on the common pedicle of the abdominal aorta 
and inferior vena cava.2 In this technique, VBMT 

must be transferred into the abdominal cavity 
due to insuffi cient space for both femoral bones in 
the groin region of the recipient (Figure 51.2b).

Composite Vascularized 

Skin/Bone Graft Model

To augment the antigenic load of a vascularized 
femoral bone model, we simultaneously har-
vested the groin skin fl ap based on the common 
arterial–venous pedicle. Furthermore, the skin 
component of the fl ap facilitated monitoring of 
the viability of the vascularized bone as well as 
providing visual indications of rejection. In this 
model, the vascularized femoral bone is elevated 
using the standard technique described above 
while preserving the superfi cial epigastric artery 
during groin fl ap elevation to protect its blood 
supply (Figure 51.2c).

Advantages of vascularized femoral bone 
models: Transplantation can be made safely, easily, 
and without complications. In this transplantation, 
no nerves, muscles, or bones are transected, and 
the recipient can use the limb immediately after 
transplantation without signifi cant morbidity.

Disadvantages of vascularized femoral bone 
models: Transplant viability cannot be monitored 
in vascularized femoral bone models without 
the skin component, because vascularized bone 
is embedded under the skin and is not able to 
be visualized for assessments. Bone marrow 
cell load in this model is lower compared 
with the limb transplant model (Table 51.3). 
Vascularized femoral bone transfer does not 
simulate CTA transplant, because it contains 
only one tissue component and a lower antigenic 
load when compared with the more charac-
teristic types of CTA.

Vascularized Iliac Osteomyocutaneous 
Transplant Model

To monitor the tolerogenic effect of VBMT, an 
experimental model should attain both a high 
antigenic load and be associated with low mor-
tality and morbidity. To achieve this aim, we 
introduced an iliac osteomyocutaneous VBMT 
model that contains iliac bone as well as a large 
abdominal wall muscle component and large 
skin component.

Surgical technique: In the donor rat, a square-
shaped skin island, measuring approximately 
8 × 8 cm, is marked over the fl ank and lateral 
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aspect of the hip of the rat. The skin paddle is 
raised as an island fl ap based on the cutaneous 
perforator of the iliolumbar vessels. Incising the 
abdominal muscles adjacent to the iliac bone, 
the vascular pedicle of iliolumbar vessels is 
exposed and dissected to their origins from 
the abdominal aorta and the inferior vena cava. 
Iliac bone osteotomy is performed, and whole 
iliac bone measuring 3 × 2 cm is elevated with 
the fl ap. All components of the iliac osteomus-
culocutaneous fl ap, including the whole iliac 
bone, adjacent gluteus maximus, iliacus, lateral 
abdominal wall muscles, and the overlying skin 
island, are elevated on the iliolumbar vascular 
pedicle as a single unit (Figure 51.3).To avoid 
the smaller caliber iliolumbar artery, the abdom-
inal aorta is used for continuity of pedicle and 
is transected at the level below the renal artery. 
However, the iliolumbar vein is used as the 
pedicle vein, because its diameter is adequate for 

microvenous anastomosis. In the recipient rat, 
the groin region is preferred as a recipient area, 
and the fl ap pedicle is anastomosed to femoral 
vessels using end-to-end technique.

Advantages: Iliac bone contains a rich supply 
of bone marrow cells, and thus it is a viable 
model for VBMT studies, with a straightforward 
surgical approach in the recipient and lower rat 
mortality when compared with limb transplant 
and sternum models. An iliac osteomusculocu-
taneous transplant with the largest skin compo-
nent may present a model of a high antigenic 
load compared with previously described 
VBMT models (Figure 51.4) (Table 51.3). 
Furthermore, it successfully simulates clinical 
CTA models.

Disadvantages: In our study, we found a lower 
chimerism level in peripheral blood despite the 
high bone marrow load found in transplanted 
bone. In addition, the difference in vessel size 

Figure 51.2. Vascularized femoral bone models. (a) Vascularized femoral bone. (b) Bilateral vascularized femoral bone. (c) Composite vascularized 
skin/bone model. M, muscle component, B, femoral bone. SEV, superfi cial epigastric vessels.
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between the transplant pedicle and recipient 
may produce additional challenges during micro-
surgical anastomosis.

Vascularized Sternum Transplantation 
Models

Heterotropic Sternum Transplant Model

Santiago et al.14 described a vascularized sternum 
transplantation method in which the transplant 
was transferred into the abdominal cavity as a 
heterotopic graft.

Surgical technique: In the donor rat, the skin is 
incised in the midline from the suprasternal 
space to just above the pubis, and pectoral 
muscles are divided from the thoracic wall. After 
entering the peritoneal cavity, the diaphragm is 
incised, and the thoracic cavity is entered under 
the manubrium sterni. From the xiphisternum, 
the ribs on both sides of the sternum are divided 
0.5 cm away from the lateral sternal border up to 
the clavicle. The entire sternum is then turned 
cephalad, and the superior vena cava (SVC) is 
dissected on both sides up to the formation 
of the brachiocephalic veins. To create a single 
venous orifi ce for anastomosis, one SVC is divided 
distal to the preserved vein and venovenous 
end-to-side anastomosis is carried out between 
the left and right SVC. The right and left carotid 
arteries and subclavian arteries distal to the 

Figure 51.3. (a) Vascularized iliac osteomyocutaneous model. (b) Microangiographic view of transplant components. M, muscle 
component, S, skin.

a b

Figure 51.4. Comparison of skin islands of vascularized bone marrow 
models. Iliac osteomusculocutaneous model has the largest skin island, 
which is followed by hind limb. I, iliac osteomusculocutaneous, L, limb, 
F, vascularized femoral bone, S, osteomyocutaneous sternum–thymus 
model.

Table 51.3. Comparison of VBMT models

VBMT 

models

Diameter of 

skin island 

(cm2)

Weight 

(g)

Bone 

marrow cell 

populations (106)

Iliac 57.96 15.70 25
Limb 24.12 18.84 48.75
Femur 5.4 14.80 50
Sternum 5.04 2.4 7.5
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branch of the sternum are ligated and divided. 
The arteries supplying the sternum are taken 
with the aortic arch, which is closed distally with 
a ligature, leaving the proximal end open for the 
arterial anastomosis. Once the artery and vein 
are ready, the sternum is separated from the 
clavicles and soft tissue with a sharp dissection. 
All raw areas on the graft (cut ends of ribs, 
manubrium, and divided muscles) are cauterized 
with caution to control bleeding after transplant 
transfer (Figure 51.5a). In the recipient, for 
vessel preparation, the abdomen is opened, 
followed by isolation of the infrarenal aorta and 
the inferior vena cava. Sternal transplant pedicle 
is anastomosed to the recipient vessel the using 
end-to-end technique.

Vascularized Osteomyocutaneous 

Sternum–Thymus Model

To avoid the disadvantages of the heterotopic 
sternum transplant model and increase antigenic 
load, we have recently developed a vascularized 

osteomyocutaneous sternum–thymus model in 
our laboratory.

Surgical technique: In the donor rat, the skin 
island and pectoral muscle on the thoracic 
cage are isolated from the heterotopic sternum 
transplant, and they are reached through the 
thoracic cavity by transecting the diaphragm. 
Brachiocephalic vessels are ligated in the axilla. 
The ribs on both sides of the sternum are divided 
from the lateral sternal border up to the clavicle, 
and the sternum is turned cephalad. A Vessel 
connection between the thymus and sternum is 
protected, and the distal ends of the thoracic 
aorta and inferior vena cava are ligated below 
the heart. A different method, unique from 
the previously described model, does not involve 
dissection of the superior vena cava, and the 
common carotid artery and external jugular vein 
are prepared as a transplant pedicle on one side 
of the neck region. After pedicle preparation, 
the osteomyocutaneous sternum–thymus com-
posite transplant is divided from the clavicles 
and soft tissue by sharp dissection (Figure 
51.5b, c). In the recipient rat, the groin region 

Figure 51.5. Vascularized sternum transplantation models. (a) Vascularized sternum. (b) Vascularized osteomyocutaneous sternum–thymus. (c) 
Vascular network of vascularized osteomyocutaneous sternum–thymus in the microangiographic view.

c

a b
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and femoral vessels are prepared for transplant 
transfer, and an end-to-end technique is used for 
microanastomosis.

Advantages and disadvantages of vascularized 
sternum transplantation models: The sternum is 
a marrow-rich bone and a valuable VBMT model. 
A salient disadvantage is that the vein used in the 
vascular pedicle preparation before fl ap transfer 
requires an extra microvenous anastomosis 
between the right and left SVC. Furthermore, 
pedicle anastomosis with recipient vessels in 
the abdominal region requires advanced micro-
surgical skills. Another disadvantage of this 
model is that assessment of the heterotopic 
sternum transplant during allotransplant 
follow-up is impossible due to its intra-abdominal 
placement. The vascularized osteomyocutane-
ous sternum–thymus model allows avoidance of 
a laparotomy and permits externalization of the 
transplant for convenient observation during 
the follow-up period, because the transplant is 
transferred to the groin region. This model 
presents a high antigenic load due to multiple 
tissue components, including skin, muscle, and 
thymus, as well as vascularized bone marrow. 
Although there is an increased antigenic load in 
this model, it is still lower when compared with 
that of the limb transplant model, which has large 
skin, muscle, and bone components. We found 
that this model had the lowest bone marrow cell 
load compared with those in other VBMT models 
(Figure 51.6) (Table 51.3).

Vascularized Skin Allografts
Most of the experimental CTA models contain 
a skin component that induces strong immu-
nologic response from the host. To resolve this 
immunologic challenge, different vascularized 
skin allograft transplants are described.

Face Transplantation Models

Recently, we have described for the fi rst time 
full-face and hemiface allotransplantation in a 
rodent model.6,17 Subsequent studies included 
incorporation of different cranial bones (cal-
varial bone24 and mandible9 into the facial 
transplants as a source of VBMT without recipient 
conditioning.

Full-Face Transplantation Model

Surgical technique: In the donor rat, fi rst, a median 
skin incision is made in the neck region. Branches 
of the external jugular vein between the cranial 
base and above the clavicle are ligated and the 
vessel dissected from the subcutaneous tissue. 
The Sternocleidomastoid muscle is divided and 
common carotid artery dissected from the vagus 
nerve. The stylohyoid and omohyoid muscles and 
the greater horn of the hyoid bone are resected. 
The full-face transplant is supplied by two main 
vessels, the facial artery and the posterior auricular 

Figure 51.6. Comparison of bone compartment of vascularized bone marrow transplant models. Iliac osteomusculocutaneous and vascularized femo-
ral bone models contain whole bone. Hind-limb transplant models include whole tibia and half of femoral bone, whereas vascularized sternum models 
covered near-total thoracic cage. I, iliac osteomusculocutaneous, L, limb, F, vascularized femoral bone, S, osteomyocutaneous sternum–thymus model.
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artery, which are branches of the external carotid 
artery. Dissection of these vessels is the most 
important part of the face harvesting procedure. 
After ligation of the internal carotid artery and 
the cervical branches of the external carotid 
artery in the neck region, the facial artery is dis-
sected up to the point of its emergence from the 
external carotid artery. This dissection is contin-
ued to the nasal region, which is called the angu-
lar artery at this level. After circular neck incision, 
to facilitate dissection of posterior auricular 
artery, the ear is detached at the level of the exter-
nal cartilaginous auricular canal, and this vessel is 
elevated with skin from the ear. At the same level, 
the branches of the posterior facial vein, which 

continue as the external jugular vein, are divided 
from the pterygoid and pharyngeal vein plexuses. 
Then the facial allograft transplant, which includes 
ear, neck, and facial skin without eyelid and nose 
skin, is completely freed from all surrounding tis-
sues based on the bilateral common carotid artery 
and external jugular vein. The dissections of the 
branches of the facial or trigeminal nerve are 
optimal. In the recipient, the same size of facial 
skin is excised. Bilateral common carotid arteries 
and external jugular veins of the full-face trans-
plant pedicle are anastomosed with the recipient 
bilateral common carotid arteries and external 
jugular vein respectively, using the end-to side 
technique (Figure 51.7a, b, c).17

Figure 51.7. Face transplantation models. (a) Harvested full face (b) Transplanted full-face model. (c, d) Microangiographic views of full- and hemi-
face transplants. (e) Transplanted hemiface. CCA, common carotid artery; EJV, external jugular vein.

a b

e

c d
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Hemiface Face Transplantation Model6

Surgical technique: All surgical procedures are 
the same as those in the full-face transplanta-
tion. However, the transplant contains only the 
hemiface skin, and, therefore, preparation of a 
unilateral common carotid artery and external 
jugular vein is suffi cient as a transplant pedicle. 
Transplant arteries are anastomosed to the 
recipient common carotid using the end-to-
side technique, whereas the vein anastomosis is 
performed using an end-to-end technique 
(Figure 51.7c, d).6

Advantages and disadvantages of facial trans-
plantation models: Full-face allograft transplan-
tation in the rat model has higher complication 
and mortality rates as a result of  brain 
ischemia and vascular complications. In this 
technique, the main vascular structures of 
the head and neck are used bilaterally on 
carotid arteries and jugular veins in the recipi-
ent. To avoid this hazardous disadvantage 
and for the purpose of reducing mortality in 
facial allograft recipients, we have introduced 
another modifi cation to the face allotransplan-
tation model, in which a total facial allograft 
fl ap was based on bilateral common carotid 
arteries and was vascularized based on the uni-
lateral common carotid artery of the recipient.22 
In the hemiface models, arterial circulation 
of the brain was not signifi cantly affected, 
because only one major vessel of the head and 
neck was used, and the fl ap was connected to 
the recipient’s pedicle via the end-to-side tech-
nique. This model may be more suitable for 
immunologic studies instead of the full-face 
model, because it contains the same tissue 
components as a full-face model without 
the associated morbidity and mortality found 
in the full-face model.

Combined Hemiface–Bone 

Transplantation Models

In order for our experimental face transplan-
tation studies to achieve longer survival time, 
facial bone components were added to the 
hemiface models. Furthermore, we achieved 
face and vascularized bone transplantation at 
the same time, and thus we intended to examine 
the benefi ts of heterotopic bone marrow on 
immune tolerogenicity.

Composite Hemiface/Calvaria 
Transplantation Model
Surgical technique: In this model, the parietal 
bone of a rat is added to the hemiface trans-
plant. The hemiface is elevated using the 
technique described previously. However, 
connections between the periosteum of the 
parietal bone and transplant tissues are pro-
tected, and the bone is harvested combined 
with a hemiface transplant. The composite fl ap 
is transferred using the common carotid artery 
and external jugular vein with the same micro-
surgical technique used in the hemiface trans-
plant (Figure 51.8a, b).24

Composite Hemiface, Mandible, Tongue 
Tissue Allograft Model
The flap harvesting technique is the same as 
that in the hemiface model, and the same 
vessels are used to transplant the pedicle. 
A unique step that differs from the previous 
technique is whereby the hemiface is elevated 
in combination with both the hemimandible 
and tongue tissue. During transplant eleva-
tion, connections between the transplant and 
hemi mandible and tongue are maintained 
while preserving the blood supply, and these 
parts are harvested in combination with the 
hemiface transplant. The groin region and fem-
oral vessels are prepared as recipient, and the 
transplant is transferred using the end-to-end 
technique (Figure 51.8c, d).9

Advantages and disadvantages of combined 
hemiface–bone transplantation models: Both 
methods are used successfully for bone marrow-
based therapy studies, as demonstrated by 
prolonged survival time and increased chimerism 
levels. Furthermore, the mandibular segment 
of the composite hemiface, mandible, tongue 
tissue allograft model is suitable for prospective 
orthognathic surgery. However, creation of the 
same defect in a recipient rat in this model would 
make survival impossible, and thus there is no 
chance for orthotopic transplantation.

Vascularized Groin Flap

A groin fl ap (or inferior epigastric fl ap) is the 
fi rst described experimental free fl ap model.18 
Although it is accepted as a vascularized skin 
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allograft, the inguinal fat pad constitutes an 
important part of fl ap volume.

Surgical technique: In the donor rat, the groin 
and lower abdominal skin are used as the vascu-
larized allograft design. After the skin incision, a 
skin island with inguinal fat pat is elevated on 
the anterior abdominal wall muscle. The groin 
transplant pedicle has a superficial inferior 
vessel, which is dissected at its origin on the 
femoral vessels. Due to the large vessel diameter 
and a pedicle length, femoral vessels are ligated 
from the distal region of the superfi cial epigas-
tric vessels’ origins and divided during trans-
plant elevation (Figure 51.9).

Advantages: This model is very useful for 
immunotolerance studies because of its simple 
surgical dissection, low rat morbidity, and 
mortality.

Disadvantages: When the skin island sec-
tion is extended on the contralateral side and 
passes the abdominal midline, partial necro-
sis is observed, because its pedicle provides 
blood supply only to the same side lower 
abdominal and groin skin. Thus, maintaining 
a large skin island section is impossible using 
this flap.

Figure 51.8. (a) Composite hemiface/calvaria. (b) Microangiographic view of composite hemiface/calvaria transplant. (c) Composite hemiface, man-
dible, tongue tissue. (d) Transplanted composite hemiface, mandible, tongue model. CCA. common carotid artery.

a

c

b

d

Figure 51.9. Transplanted groin fl ap in recipient rat.
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Extended Groin Flap Model

Although defi nitive data has not yet been pub-
lished, it is thought that larger amounts of skin 
tissue in CTA transplants may increase the 
antigenic load. An experimental model that has 
a large skin component may be used to test this 
hypothesis. We have described such a model 
using an extended groin fl ap to provide a large 
skin island for transplantation study.

Surgical technique: The Skin island is planned 
measuring approximately over the abdominal 
wall and fl ank regions in the donor rat. The 
borders of the skin island are defi ned superiorly 
by the costal cage, inferiorly by the inguinal 
ligament, and 3 cm below the iliac spine in fl ank 
regions, respectively, medially by abdominal 
midline, and laterally by dorsal midline. After 
skin incision, elevation starts at the abdominal 
section on the anterior abdominal wall, and 
dissection is continued with fl ank section eleva-
tion over the lateral abdominal wall muscles. 
Iliolumbar vessels are found close to the upper 
border of the iliac bone and are cauterized 
and separated so that their connection with the 
superfi cial epigastric artery maintains blood 
supply to the fl ank region. After this step, 
the fl ap harvesting procedure is the same as 
that with the previously described groin fl ap 
(Figure 51.10).

Advantages: This model has a short operation 
time and minimal rat mortality. Although a large 
amount of skin is used, the design of this skin 
fl ap makes it possible to harvest two fl aps from 
the same animal and thus reduces the number of 
necessary donors.

Disadvantage: Seromas may collect under 
transplant tissue because of the large dead space 
that underlies it. To avoid seroma complications, 
a few sutures may be placed between the fl ap and 
basement tissue to decrease the amount of dead 
space.

Total Abdominal Wall 
Transplant Model

In all experimental models in the rat, the 
total abdominal wall transplant model entails 
the largest skin component. We described 
this model to evaluate immunologic response 
against a large skin size.12

Surgical technique: In the donor rat, the skin 
island of this model covers the entire abdominal 
skin region. The border of the skin island extended 
from the xiphoid process and arcus costa to 
the pubic tubercle and inguinal ligaments and 
between the two anterior axillary lines. Following 
incision of the skin island, the total abdominal 
transplant was elevated over the anterior abdominal 

Figure 51.10. (a) Extended groin fl ap includes wide skin island, which covers groin, lower abdomen, and fl ank regions. (b) Microangiographic view of 
extended groin fl ap. (c) Recipient rat after transplantation after long term follow-up.
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wall muscle. Pedicle dissection is the same as 
that with the groin fl ap, but bilateral superfi cial 
epigastric vessels are prepared as the flap 
pedicle. In the recipient rat, all of the anterior 
abdominal skin is harvested, and the bilateral 
femoral vessels are dissected for fl ap transfer. 
Bilateral fl ap pedicle is anastomosed to the 
femoral vessels on both sides using the end-to-
end technique. A few fi xation sutures are placed 
between the transplant and abdominal muscle in 
the midline for prevention of seroma collection 
(Figure 51.11).

Advantages: The surgical procedure is very 
similar to that in the previously described 
groin fl ap procedure, with the exception that 
there is a need for bilateral microanastomosis. 
Furthermore, the surgery required in the prepa-
ration of the large vascularized skin transplant is 
relatively simple. This is the fi rst model demon-
strating that an abdominal wall transplant could 

be used to evaluate causes of high rejection rates 
in clinical transplants.

Disadvantages: This model led to a higher 
morbidity and mortality rate compared with the 
groin and extended groin transplants. The large 
recipient skin excision needed to create the 
defect for transplant transfer and large tissue 
transfer may have resulted in severe hemody-
namic imbalance in the recipient.

Muscle Transplantation Models
Cremaster Muscle CTA Transplantation 
Model

This CTA transplantation model was developed 
to study the microcirculatory changes during 
acute allograft rejection and ischemia/reperfusion 

Figure 51.11. (a) Total abdominal wall transplant model based on bilateral superfi cial epigastric pedicles. Entire abdominal skin of recipient is ele-
vated for total abdominal wall transplant. (b) Wide microvascular network of vascularized transplant model. (c) Recipient rat after transplantation 
after long-term follow up. SEV, superfi cial epigastric vessels.
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injury in our laboratory.13 This model is the fi rst 
described one performed on the mouse cremaster 
transplant model.

Surgical technique: An anterior longitudinal 
skin incision is made starting from the testicle to 
the xiphoid in the donor rat. After identifi cation 
of the cremaster muscle on its vascular pedicle, 
the testicular vessels are ligated and the testicu-
lar contents are extracted. The cremaster muscle 
is isolated as a tube fl ap. The pudic-epigastric 
branch of the femoral artery, the main feeding 
branch of the flap, is identified, and the 
side branches are ligated. The distal branch 
of the femoral artery and the vein are tied, and 
the cremaster muscle is elevated on the common 
iliac artery and vein. The cremaster muscle 
CTA model is transplanted to the neck region of 
the recipient, and the pedicle is anastomosed 
to the recipient’s ipsilateral carotid artery 
and external jugular vein using the end-to-end 
technique (Figure 51.12).

Advantages: Mouse studies of pathophysiologic 
states have some advantages over those with 
other animals. Housing, maintenance, and treat-
ment costs of mice are much less, compared with 
other laboratory animals. Treatment modalities 
applied per body weight of the animal are 5–10 
times less expensive in mice than those in rats.

Disadvantages: The vessel size of the donor 
and recipient arteries is very small compared 
with that in rat, and this surgery needs advanced 
microsurgical skill. Mice are less tolerant to 
surgical trauma, blood loss, and anesthesia and 
have a higher mortality rate than rats. Meticulous 
attention should be paid to minimize blood loss 
during surgery.

Other CTA Models
Maxilla Allotransplantation Model

Face bone transplantation may serve as an alter-
native option in clinical transplantation in the 
future. With this in mind, we have described a 
maxilla allotransplantation model to evaluate 
the immunologic responses and growth proper-
ties of transplanted face bones.23

Surgical technique: In the donor rat, after 
skin incision, the external carotid artery and 
its branches are dissected by the midline neck 
approach. After isolating the common carotid artery 
and the bifurcation, the external carotid arteries 
are ligated and divided bilaterally. External jug-
ular veins are dissected and the side branches 
ligated from the supraclavicular region to under 
the cranial base. Finally, the maxilla is dissected 
along Le-Fort II osteotomy lines based on the 
common carotid artery and external jugular vein 
and transplanted to the anterior abdominal wall 
using end-to-end anastomosis with femoral 
vessels in the recipient rat (Figure 51.13).

Advantages: Using this model may allow for 
evaluation of the growth properties of teeth, 
facial bone, and cartilage in allografts and could 
provide valuable information with potential 
clinical applications.

Disadvantage: Orthotopic transplantation for 
this model is impossible due to the high mortality 
related to animal suffocation and nutritional 
problems.

Vascularized Laryngeal Allograft 
Transplantation Model

In 1992, Strome et al.19 developed a vascularized 
laryngeal transplantation model to reexamine 
the potential for laryngeal transplantation.

Surgical technique: For transplant harvesting 
from donor rat, the skin incision extends from 
the hyoid bone to the sternal notch. The salivary 
glands, sternohyoid, and thyrohyoid muscles are 
excised, and the omohyoid muscle is divided to 
expose the internal carotid arteries. The external 
carotid arteries are ligated and severed above 
the superior thyroid arteries, with the common 
and internal carotid arteries left intact. Internal 
carotid artery and ascending pharyngeal arteries 
are ligated a few millimeters superior to the carotid 

Figure 51.12. Transplanted cremaster muscle fl ap in the neck region of 
the muscle.
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bifurcation. This procedure is performed on the 
other side, and the lower border of the larynx is 
freed by transection of the trachea at the second 
tracheal ring. Then the larynx is dissected 
from the esophagus from cephalad to the superior 
thyroid artery until the larynx is connected to 
the donor rat only by its vascular pedicle. The 
larynx is removed following bilateral common 
carotid artery transection. The recipient neck 
region and vessel techniques are performed as 
described for the donor rat, with the dissection 
being limited to the left side. The right common 
carotid artery is anastomosed to the left common 
carotid artery using the end-to-side technique. 
Next, the left common carotid artery of the donor 
is anastomosed end-to-side to the external jugu-
lar vein of the recipient (Figure 51.14).

Advantages: This model is suitable for large 
trials to determine the fundamental criteria for 
graft life.

Disadvantage: This procedure needs advanced 
microsurgical skill and has high postoperative 
morbidity.

Conclusion
To open a new category for CTA transplantation 
in the reconstructive ladder in plastic surgery 
practice, the experimental CTA model is a very 
important tool for transplantation studies.

Different models have allowed investigators 
to evaluate the immunogenicity and possible 
clinical implications of CTA transplantation using 
different techniques. Continued research in the 
development of these and other models will 
further delineate the role of CTA transplants in 
plastic and reconstructive surgery.
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