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ABSTRACT

Periosteum is a connective tissue that envelopes the outer surface of bones and is tightly bound to the underlying
bone by Sharpey’s fibers. It is composed of two layers, the outer fibrous layer and the inner cambium layer. The peri-
osteum is densely vascularised and contains an osteoprogenitor niche that serves as a repository for bone-forming
cells, which makes it an essential bone-regenerating tissue and has immensely contributed to fracture healing. Due
to the high vascularity of inner cambium layer of the periosteum, periosteal transplantation has been widely used in
the management of bone defects and fracture by orthopedic surgeons. Nevertheless, the use of periosteal graft in the
management of bone defect is limited due to its contracted nature after being harvested. This review summarizes the
current state of knowledge about the structure of periosteum, and how periosteal transplantation have been used in
clinical practices, with special reference on its expansion.
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INTRODUCTION

Bone tissue is vital for the sustenance of the body
system. Apart from providing the support and protection
for organs and soft tissue, it also serves as a spot of
blood cells formation and acts as a source of production
for both calcium and phosphate. Endosteum (i.e., a
membrane that lines the interior cavity of the bones)
and periosteum (i.e., connective tissue that envelopes
the outer surface of the bones) plays important roles in
bone growth, fracture recovery and bone reconstruction
as they contain cells that are essential for bone growth
and remodeling, namely osteoblasts, osteoclasts, and
osteoprogenitor cells (1,2). The endosteum is composed
of a layer of flattened osteoprogenitor cells and type-
[l collagenous fibres, which is also known as reticular
fibres (2). While periosteum is composed of two layers;
the outer fibrous layer and the inner cambium layer
(3); and it is tightly bound to the underlying bone by

Sharpey’s fibers.

The outer fibrous layer of periosteum is subdivided into
a superficial vascular, and a deep fibroblastic layer (4).
While, the inner cambium layer of periosteum, known
as the osteogenic layer, is composed of osteoprogenitor
cells, namely fibroblast-like cells and osteoblast (5).
Although osteoblasts are not present in the inner
cambium layer of periosteum of mature bones, these
cells emerge when they are needed, such as in fracture
healing (1).

During the bone development and homeostasis, the
cells in the periosteum contribute to bone thickening
and cortical maintenance, whereas the growth plate
plays a crucial role in longitudinal bone extension (4).
Given these facts, the periosteum has shown to be a
comparable source of cells for tissue engineering and
regenerative medicine in clinical orthopedics. The
periosteal graft transplantation has been reported to be
useful in the management of complicated bone defects,
such as delayed union and nonunion of fractures
(6,7), and congenital nonunion pseudarthrosis of the
tibia (CPT) (8). It has also been reported to stimulate
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revascularization of bone allograft (9).

Meanwhile, the use of periosteal graft to treat bone defects
have been limited by its contractile nature after being
harvested from donor sites (8, 10). Since periosteal graft
isusually needed in large size tofill in bone defects, there
is a need for its size to be restored following its harvest
and optimizing the method of transfer to recipient site.
Therefore, this review highlights the general structure of
periosteum, the methods of periosteal graft transfer, the
clinical application of periosteal graft including methods
of its transfer, limitations of its use in clinical practice,
and possible solution to the problems.

FUNCTIONAL ANATOMY OF PERIOSTEUM

The simple gross morphological appearance of
periosteum contradicts its complex histomorphology
features as a composite double-layer framework of
connective tissue that provides physical protection for
the bone. As a dense irregular connective tissue, the
outer fibrous layer of periosteum contains significant
amount of collagen fibers including fibroblast and its
progenitor cells. The collagen fibers of periosteum are
mainly aligned with the bone surface (11). This structure
contributes to the tensile strength of periosteum,
as described in a phenomenon known as ‘strain
stabilization’ (i.e., collagen fibrils that are perpendicular
to the tensile load direction deteriorates more quickly
than fibrils that are parallel to the loading direction) (11).

On the other hand, the inner cambium layer contains
periosteal derived cells (PDCs), which consist of mostly
fibroblasts, osteoblasts, mesenchymal stem cells (MSCs),
mast cells, and pericytes (2). There is considerable
heterogeneity among periosteal cells and matrix linked
with the species, sex, age, embryonic origin, and the
site or location of the periosteum due to changes in the
nature of dynamic mechanical and biochemical settings
(12).

The structure of periosteum is distinctly divided into three
zones that have specific morphology and composition
(13). Zone 1 is mostly composed of osteoblasts, with
minimal amount of collagen fibrils. Zone 2 is dominated
by fibroblasts and endothelial cells. Whilst, in Zone 3,
there are abundant collagen fibrils and fibroblasts. These
three zones have different fibroblast morphologies (13).
With these compositions, periosteum acts as a sensor
to mechanical loading, a source for osteogenic cells for
bone formation and repair, and a reservoir for molecules
that are essential for signaling (14).

BLOOD SUPPLY OF PERIOSTEUM

The periosteum receives its blood supply from four
vascular systems, namely the intrinsic periosteal system,
periosteocortical ~ anastomoses,  musculoperiosteal
system, and the fascioperiosteal system (15,16). The

intrinsic periosteal system is located between the
inner cambium and outer fibrous layers. Based on
the pattern of its arrangement, it could be subdivided
into three: numerous short and small vessels that run
without specific direction; vessels arranged in a circular
pattern encircling the bone; and longitudinally arranged
vessels running parallel to bone long axis (15,16).
The periosteocortical anastomoses, also known as
cortico-capillary anastomoses is formed by branches of
periosteal arterioles that anastomose with the medullary
arterial system near to Haversian canal at the external
one-third of the cortical part of the bone (16). This
arrangement reveals a clear connection between the
nutritional artery and the periosteal blood flow (16).
Meanwhile, the musculoperiosteal system forms strong
connections with the surrounding muscles, which
becomes dominant in condition when there is poor
intrinsic periosteal blood flow (15,17). On the other
hand, the fascioperiosteal system comprises of many
segmental arteries, which vary between bones, due to
the differences in fascia and muscles insertions (16). The
blood supply of periosteum is illustrated in Fig 1.
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Figure 1: Blood supply of periosteum. (a) Intrinsic periosteal
system located within the outer fibrous and inner cambium
layers. (b) Periosteocortical anastomoses involve direct
connection between of periosteal blood supply with
nutritional artery. (c) Musculoperiosteal and fascioperiosteal
arterial systems demonstrate blood supply to fascia and
muscles
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INNERVATION OF PERIOSTEUM AND NEURAL
CONTROL OF BONE GROWTH

Inman and Saunders (18) reported that early studies
found that direct, noxious mechanical stimulus of the
periosteum caused painful perceptions in human. It
was also reported that pain from bone is typically not
perceived except if the periosteum is involved (19). The
periosteum is innervated by both small diameter, slower
conducting nociceptors; and large diameter, faster
conducting encapsulated nerve endings (19).

The nervous system influences the bone metabolism via
central regulation of bone cell actions The adrenergic
sympathetic nervous system regulates the mechanism
of bone formation and resorption primarily via $2-
adrenergic receptors (AdB2R) in the appendicular
and axial skeletons (20). In vivo studies revealed that
activation of AdB2R induced up-regulation of receptor
activator of nuclear factor kappa beta (RANKL), an
important mediator responsible for bone resorption
(21). Nerve growth factors (NGF) and Semaphorin3a
(Sema3a) are attractant and repulsive molecules
respectively that are involved in bone metabolism
(22,23). For instance, activation of NGF stimulates
differentiation of osteoblast in mouse calvarium and
promotes callus maturation and mineral apposition
(24,25). Besides, bone mass stimulation is moderated
by action of Sema3a, which enhances osteoblast and
inhibits osteoclast differentiations (26).

FACTORS INFLUENCING PERIOSTEAL
MORPHOLOGY AND OSTEOGENIC POTENTIAL

There are several factors affecting periosteal morphology,
namely age, sex, species, and location. The age-related
differences of periosteum include the number of
periosteal fibroblast and osteoblast, vascular density,
periosteal thickness, and collagen synthesis ability (27).
The inner cambium layer becomes gradually thinner with
age; hence, it is more difficult to distinguish the inner
cambium from the outer fibrous layers of the periosteum
in an adult compared to a child (28). Likewise, the
number of periosteal fibroblasts and the density of blood
vessels diminish with age (4). A previous study revealed
that the cambium and fibrous layers of periosteum of
adult rats are well vascularised; while in mature rats,
blood vessels are mostly found in the fibrous layer (29).
Indeed, PDCs of elderly person have strong growth
potential and differentiation capability, but their ability to
differentiate into chondrogenic and adipogenic lineages
decreases with age (10). Nevertheless, the periosteum’s
regeneration abilities appear to be unaffected by age
(14).

Besides that, the osteological potential of periosteum is
influenced by various factors. For instance, the cranium
had the largest osteogenic potential, followed by the
ilium, radius, and mandible (14). Likewise, it was

reported that osteogenic activity of the periosteal cells
is higher in flat than in long bones (30). Besides that,
the mechanical properties of periosteum differ between
metaphyseal and diaphyseal areas, as well as between
periosteum extracted from the anterior, medial, lateral,
and posterior portions of a long bones (31). It was also
reported that periosteum of calvaria demonstrated less
osteogenic capacity than the periosteum of tibia, when
non-vascularised periosteal grafts were used (32).

In addition, there is also sex-related difference of
periosteum. For instance, parathyroid hormone (PTH)
and oestrogen have been reported to stimulate the
proliferation and death of PDCs of various sex origins
(33).In general, androgens were demonstrated to increase
the rate of periosteal bone growth (34). Periosteum in
males expands due to androgens, with no change in
endocortical diameter, resulting in increased cortical
width; while, in females, the periosteal expansion stops,
and endocortical bone production occurs, resulting in
decreased medullary diameter. Insulin-like growth factor
1 plays a role in the regulation of periosteal apposition
throughout puberty, especially when combined with sex
steroids (35).

ROLES OF PERIOSTEUM IN NORMAL BONE GROWTH
AND REMODELING

Bone grows in length or width. The bone lengthening
is caused by chondrocytes that are present in the
proliferative and hypertrophic zones of the growth plate
(36). While periosteal apposition—a process through
which mineralised tissue is added to outer bone surface
by osteoblast—is responsible for bones to widen (37). In
pediatric medicine, there is greater emphasis on bone
growth in length; and thus, body height, when compared
to bone growth in width; despite the vital roles bone
growth in width plays in skeletal development (38). It is
argued that increase in the length of the bone without
simultaneous increase in width, the bone would become
unstable and subsequently break (36).

There are several factors that coordinate the intricate
bone longitudinal growth process, namely local,
mechanical and systemic factors. Periosteum contributes
to bone growth by acting as a constraint that causes
compression on growth plate axis. When the periosteum
is excised, this constraint is released, resulting in
increased longitudinal growth in the growing skeleton
(39).

Some studies conducted on the long tubular bones,
indicated that the partial resection of periosteum lead
to bone growth (40). A previous study that investigated
limb discrepancy caused by a half-circumferential
removal of periosteum in four-week-old chickens
reported an observable difference at the angle between
the diaphysis and metaphysis of distal tibiotarsus bone
(39). Likewise, circumferential resection of periosteum
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beneath the epiphyseal plate of tibia was observed to
result significant bone growth in uniform and continuous
manner (40).

Recent study confirmed that Osteocrin (OSTN),
generated by periosteal osteoblasts, controls the growth
plate expansion by promoting C-type natriuretic
peptide (CNP)-dependent chondrocyte proliferation
and maturation (41,42). OSTN functions as a
mechanotransducer, participating in the regulation of
long bone growth induced by mechanical loading (41).
It was previously reported that overexpression of OSTN
in transgenic mice increases bone length by increasing
chondrocyte proliferation and maturation mediated by
CNP signaling (43).

Besides that, periosteum is involved in bone remodeling
as demonstrated in several animal studies (4,31, 43,
44). According to a study by Yiannakopoulos et al (45),
apart from its biological function, periosteum offers
mechanical aid for the bone, whereby mechanical
loading on periosteal surfaces promotes bone formation.
A study by Hagino et al., (46) revealed that PTH and
mechanical loading at the periosteum of the tension
surface of rat tibia induced a synergistic rise in the
bone formation rate. In another recent study involving
the use of Teriparatide (TPTD), an analog of PTH, bone
formation was observed in the tension zone at the
endocortical level and in the compression zone at the
periosteal level (47).

In fracture healing, vascularity plays an important role
by acting as a dynamic force responsible to cause
intramembranous and endochondral ossification. The
revascularisation process during fracture healing is
explained by two theories: the centripetal and centrifugal
flow models (48). While the centripetal flow model or
“outside-in “ model, describes blood flows from the
periosteum to the fracture site (49). The centrifugal
flow or “inside-out” model describes that fracture
revascularization is contributed by the intramedullary
blood supply (50).

PERIOSTEAL GRAFT IN PROMOTING FRACTURE
HEALING AND BONE FORMATION IN ANIMAL
STUDIES

Periosteal transplantation is a surgical procedure used
for the treatment of cartilage and bone defects. A
periosteal graft is a highly vascular graft with a large
supply of pluripotent cells, and thus has a high potential
for regeneration (51). Periosteal autograft and allograft
involve transfer of periosteum from one site to another
in the same individual and different individuals of same
species respectively, while periosteal xenograft involves
periosteal transplantation between two different species
(52, 53, 54).

studies demonstrated the

Several importance of

periosteal autologous transplantation in fracture healing
and bone formation (52, 55, 56). Periosteal graft is
usually placed on bare bone, and it can be transplanted
either with attached blood vessels (vascularised) or
without blood vessels (non-vascularised) (57). The use
of the vascularised periosteum to enhance healing
and bone graft integration has been demonstrated in
previous studies (53, 58) Apart from the preservation
of its vascular supply, ossification of the transplanted
vascularised periosteal graft is also influenced by its
capacity to collaborate with the recipient bed (58).

Likewise, the non-vascularised periosteal graft
transplantation also showed significant bone formation
in several experimental studies (60-63). These studies
proved that healing occurred following the non-
vascularised periosteal graft transplantation on the bone
fracture of rabbit femur, which was created together
with destruction of periosteum, endosteum and bone
medullary cavity (63).

Besides that, previous research reported the osteogenic
potential of periosteal allografts in fracture healing (64,
65). It was observed that significant bone formation
happened following the implantation of periosteal
allografts into muscle (54). On the other hand, Hoffman
and Benoit (65) revealed that decellularized periosteal
allograft transplantation on a femoral defect model
showed no graft-mediated callus formation, minimal
host integration, and no graft remodeling or remodeling
due to lack of periosteal tissue. Meanwhile, xenogeneic
periosteal transplantation has been proven to have
stimulated the osteogenic and chondrogenic capacities
of recipients’ bone in a previous animal study. Ueno
et al. (66) reported that human mandibular periosteal
derived cultures on a collagen scaffold, which was
grafted on cranial defects of Sprague Dawley mice, had
resulted in significantbone formation. Nevertheless, both
allogeneic and xenogeneic periosteal transplantation
have numerous disadvantages, namely immunological
turndown, disease transfer, high infection rate, delayed
bone healing, pathological calcification of cartilage, as
well as bone diseases following poor metabolism (67).

Experimental studies also demonstrated the construction
of vascularised tissue engineered bone in vivo using
rabbit model (68, 69). The studies involved the use of
vascularised tibial periosteum and saphenous vascular
bundle as the main components of in vivo bioreactor;
beta-tricalcium phosphate (B-TCP) acted as scaffolds and
were implanted into the bioreactor (68). Conclusively,
vascularisation and osteogenesis were achieved as a
result of the combination of vascularised periosteum,
B-TCP as scaffold and vascular pedicle implantation
(68). Likewise, the use of bioreactor approach on sheep
model to reconstruct mandibular defect has also been
reported (70).
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PERIOSTEAL TRANSPLANT IN CLINICAL STUDIES

Given the proven efficacy of fracture healing in
animal models, autologous periosteal transplantation
has been applied in clinical practice (71, 72). For
instance, application of autologous tibial periosteal
transplantation in acetabuloplasty for the management
of articular cartilage defect of hip bone has been proven
reliable and effective (72).

A previous study by Soldado et al., (73) described the
potential of vascularised tibial periosteal graft (VTPG) to
effectively heal complicated nonunion and the ability
to prevent nonunion of allograft for the treatment of
nonunion in pediatric patients. Likewise, osteogenic
potential of vascularised thumb metacarpal periosteal
pedicled flap (VTMPF) was described in the management
of adult patients with severe nonunion of the scaphoid
(74). In a recent study, the non-vascularised periosteal
graft harvested from medial condyle of femur is effective
in healing the on metacarpal nonunion with weak bone
neovascularization (75).

The adoption of vascularised tibial periosteal grafts has
recently been recorded as a dynamic means of achieving
bone union in Congenital Pseudoarthrosis of Tibia (CPT),
a nonunion that occurred in fracture of dysplastic bone
(76). Its fast ability to provide union in CPT, making it a
better option when compared to formerly utilized
techniques (76). Non-vascularised periosteal graft has
been shown to provide union in CPT when it is use in
combination with bone grafting, and intramedullary (IM)
nailing of both the tibia and the fibula, in connection
with Ilizarov fixation (8). The most serious complication
regarding the method described by Thabet is refracture
after CPT healing; it is usually required to adjust the
position of the IM rod for restoration of ankle joint
function. Liu et al., (77) reported high rate of healing after
Table I: Studies on clinical application of periosteal grafts

telescopic intramedullary rod was used in combination
with surgery for the treatment of CPT in children. The
clinical application of periosteal graft is summarised in
Table I.

PERIOSTEAL TISSUE EXPANDER

One of the main limitation of periosteal graft transfer
is the limitation in its size as a donor tissue. Thabet et
al., (8) reported the shrinkage of a rectangular-shaped
periosteal graft after-it was harvested from the medial
aspect of the ilium. The periosteum was returned to its
initial size with the aid of skin graft mesher, which could
expand soft tissue to the maximum available size. The
periosteal tissue expander and its function are illustrated

is shown in Fig. 2.
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Figure 2: Periosteal tissue expander. (a) Initial position of the
mesher and periosteum before expansion. (b) Final position
of mesher and Periosteum after expansion

Periosteal graft type Application /indication

Result/Outcomes

Limitations /complications

Vascularised fibular peri-
osteal graft

Management of bone union in children (71)

It aided bone union and promote healing

One case (out of 12 cases) of
pedicled torsion
was detected

Non-vascularised tibia
periosteal graft

Vascularized tibial perios-
teal graft

Vascularized thumb
metacarpal periosteal ped-
icled flap

Periosteal medial femoral
condyle free flap

Non-vascularised iliac
periosteal graft

Repair of articular cartilage defects within
hip joint, acetabuloplasty treatment (72)

Management of complex bone nonunion
and allograft-host junction nonunion in
children (73)

Treatment of CPT (76)

Treatment of scaphoid nonunion in adults
(74)

Treatment of metacarpal nonunion with
impaired bone vascularization (75)

Treatment of CPT (8)

Improves range of movement and walking
tolerability, reduces hip pains. Suitable for
management of acetabuloplasty

It was quick and highly successful for com-
plicated bone nonunion, prevent allograft
nonunion

Via the formation of a periosteal callus, bone
union was achieved, and the flap survived

Adults who used this graft for severe scaphoid
nonunion experienced good overall results.

An efficient and biomimetic method of bone
repair is provided by the graft

Treatment for CPT that combines non-vascu-

larized iliac periosteal graft, bone grafting, IM
nailing, and llizarov fixation proved to be an

appropriate alternative

No complication reported in
Non-vascularised tibia periosteal
graft group

In a patient with substantial
comorbidities, the flap failed.
There were no complications at
donor sites

There were no union failures

No postoperative complications

No postoperative problem

Refractures occur in 8 of the 20
patients

CPT: congenital pseudarthrosis of the tibia
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There are several studies that have highlighted the
importance of expanding the periosteum through
soft tissue expander (78-81). Results obtained from
previous experimental studies supported that soft tissue
augmentation can be induced intraoperatively by
osmotic soft tissue expansion. The slowly expanding
periosteum formed new bone around the expanding
periphery, and the additional soft tissue formed served
to cover the bone graft (79).

Tissue expansion is a method of expanding soft tissue
that maintains its normal color, texture, thickness,
and sensation with minimal scarring. A small donor
area would be able to supply relatively bigger tissue
after expansion (81). The commonly used soft tissue
expander (STE) in previous experimental and clinical
studies consisted of an osmotically active hydrogel,
vinylpyrrolidone and methyl methacrylate, enclosed
in a perforated silicone sheath. The initial size of the
hydrogel was 2.5x7.5x3.0 mm and the size after
maximum inflation was 5.6x11x6.0 mm. The number
and size of holes in the surrounding silicone case
regulates the speed of expansion (78,80).

In a previous clinical study that assessed the effects
of internal soft tissue expander via evaluation of local
bone graft, periosteal hydrogel expansion has been
shown to be an appropriate way to obtain excess soft
tissue to cover bone grafts, although further technical
improvement may be needed to reduce difficulties,
especially in patients who smoke (80). Another study
verified that osmotic soft tissue expansion generates
excess periosteum and soft tissue, and new bone can be
produced beneath the titanium mesh using autologous
bone graft or protein-free bovine bone mineral (82).
Rupture, hematoma, infection and failure at the time of
expansion are among the complications that were
reported to be linked to soft tissue expansion (83-84).

The dire demand for soft tissue enlargement in the oral
region has led to the manufacture of more advanced
expanders (80). Previously used STEs are covered by a
perforated silicone sheath with a flat tip for fixation (85).
The outer sheath is specific to second-generation STEs,
which, unlike the first-generation, lack such a membrane
and enable self-inflating osmotic expansion (85). STEs
have been used in previous experimental studies where
they have been reported to result in bone resorption (86)
and bone apposition (78, 82).

Despite the effectiveness evidence of STEs in promoting
bone healing; its application in clinical practice is
complicated and technically challenging, as it is time
consuming, costly, and it resulted in pain and discomfort
during the filling process of the expander (83,84).
Aside from the previously mentioned disadvantages,
researchers proclaimed that soft tissue expander can also
affect the underlying tissue by causing bone resorption
(86,87).

USAGE OF PERIOSTEUM TRANSPLANT ON BONE
ALLOGRAFT SURGERY

Bone allograft is usually used to replace bone defects
due to its size and shape, but it usually resulted in
junctional nonunion and bone fracture (88). The
utilisation of periosteal transplantation on allograft
surgery have been reported in several experimental
and clinical studies (53,89-91). Karaoglu et al (89)
demonstrated that demineralized deep-frozen allograft
covered with non-vascularised periosteum resulted in
rapid and high quality ossification it was reported that
bone allograft wrapped with non-vascularised periosteal
graft have similar efficacy with standard treatment using
autogenous bone graft transfer for the repair of bone
defects in rabbits (90). Likewise, a study by Santi¢ et
al. (57) revealed better bone healing in tibial defect of
rabbits that were treated with allogenous bone graft
covered with vascularised periosteal graft, compared
to their counterparts that received allogenous bone
graft with non-vascularised periosteal graft (85). In a
recent experimental study using rat model, vascularised
periosteal graft was reported to promote allograft-host
bone union, revascularization, and allograft bone
regeneration, which takes place via intramembranous
ossification (9).

Likewise, the ability of vascularised periosteal grafts to
enhance union between the host bone and allograft in
clinical cases has been reported (71). Besides promoting
allograft-host bone union, vascularised periosteal graft
also initiate revascularisation in a necrotic bone (91).
The non-vascularised periosteal graft harvesting process
and its use in allograft surgery are shown in Fig 3.

Allograft
wrapped with

periosteum

Figure 3: Periosteal Implantation. (a) Periosteum harvest
from tibia donor bone. (b) Allograft wrapped with Periosteum
at femur recipient bone.

PERIOSTEUM AND TISSUE ENGINEERING IN THE
MANAGEMENT OF BONE DEFECT

Besides using the actual periosteum in the form of
graft for the management of bone defects, an artificial
periosteum can also be created via tissue engineering.
Tissue engineering of periosteum involves in vitro
growing of seed cells and placing them on a scaffold
(92). In bone defect, the scaffold material containing
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growth factors is implanted. As the scaffold material
is fully absorbed by the body, the seed cells form new
bone tissue with normal physiological framework and
activities, and thus fulfilling the goal of bone defect
repair (93).

The tissue engineered periostea have been reported for
its effectiveness in the enhancement of osteogenesis
(93). Nakahara et al (94) performed in vivo studies by
exploringthe periosteum derived progenitor cells (PDPCs)
from young chicks’ bones using tissue engineering
procedures, with the conclusion that periosteum
possessed osteogenic and chondrogenic potentials.
These PDPCs may provide the best source of cells for
tissue engineering, which will depend on availability,
capability to rapidly undergo proliferation, as well as
differentiation to numerous mesenchymal origins (95). It
is important to note that the periosteum satisfies the three
primary conditions for tissue engineering, namely a cell
font, a scaffold for cell maintenance and distribution,
and local growth factors source (96). Therefore, the
exploration and optimization of the factors that control
the osteogenesis and chondrogenesis of PDPCs will be
of great benefit.

Despite the emergence of tissue engineering in
regenerative medicine, limited clinical studies have
concentrated on how periosteal grafts may be generated
using tissue engineering procedures (92,97). It was also
reported that there are insufficient studies that revealed
the conditions of the periosteum important components
like vascular niche and osteoprogenitor cells, especially
in terms of their re-establishment (54). Hassibi et
al. (98) investigated the impact of decellularized
allogeneic bone graft enhanced by periosteal stem cells
(PSCs) and growth factors on the bone reconstruction
process using rabbit model. They concluded that PSCs
implantation, when combined with growth factors
as well as allogeneic cortical bone graft will serve as
a compelling treatment for the reconstruction of large
bone defects (99). Likewise, Baldwin et al. (54) carried
out similar research that utilized stem cells that mimic
the polyphasic morphology of the periosteum. This aim
was achieved by combining a star-shaped polyethylene-
glycol (starPEG) heparin hydrogel system loaded with
human umbilical vein endothelial cells (HUVEC),
medical-grade poly (e-caprolactone) (mPCL) tubular
scaffold seeded with human bone marrow mesenchymal
stem cells (BM- MSCs).

Overall, the results suggest that human tissue-engineered
periosteum constructs (hTEPCs) have successfully
resynthesized osteoclastogenesis and the vascular niche
of the native periosteum, and the presented live xenograft
model provides a suitable in vivo environment for the
evaluation of scaffold-based tissue engineering concepts
that exploit human cells. Although tissue engineering is
costly and requires advanced facilities, the use of tissue
engineering in periosteal graft transfer is pertinent, as

this will provide solution to the limited donor site and
will produce large composite and scaffold (100).

PERIOSTEUM TRANSPLANT IN TREATING CARTILAGE
DEFECT

Several studies have reported the abilities of the
periosteal graft to reconstruct articular cartilage
defects (55,101-103). Unlike in mosaic chondroplasty,
where the treatment depends on unused cartilage, the
utilization of autologous periosteal grafting makes use
of its capacity to form new cartilage (103). Autologous
non-vascularised periosteal graft has been proven to be
an optional treatment for fixing articular cartilage (104).
It was reported that cartilage reconstruction through
the non-vascularised periosteum occurred primarily via
endochondral mechanisms (105, 106). Likewise, the use
of vascularised periosteal graft in cartilage reconstruction
carries the possibility of subsequent ossification (105).
The mechanism on how periosteum may contribute to
cartilage repair is illustrated in Fig 4.

Periosteal
flap

‘
=
L Enzymatic digestion
Cultivation of chondrocytes

Figure 4: Mosaicplasty procedures for repair of cartilage
defects

Periosteal graft transplantation has also played crucial
roles in reconstruction of osteochondral defects (55,
104). Nevertheless, there is an increasing debate with
regards to the orientation and placement of the periosteal
graft, whether the graft faces the subchondral bone
or joint (107). For instance, when a non-vascularised
periosteal graft harvested from tibia was transplanted on
osteochondral defects with the cambium layer facing
the subchondral bone, the graft was able to successfully
repair the defect revealing its chondrogenic potential
(55). On contrary, O'Driscoll et al (108) who performed
a study to compare two different placement approaches
of non-vascularised periosteal graft, reported better
cartilage formation when the graft was placed with
cambium layer facing the joint compared to facing
the subchondral bone. Nevertheless, Jaroma & Ritsila
(109) found no significant difference in the cartilage
formation regardless of the placement approach of the
non-vascularised graft (i.e. either sutured facing the
subchondral bone or facing the joint).
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Although some researchers have reported success in
achieving cartilage regeneration following a periosteal
graft transfer, majority of these studies were limited
to the regeneration of hyaline cartilage in the knee
joint using the periosteum of tibia (110, 111). The
periosteum possesses chondrogenic capacity when the
environment is conducive for chondrogenesis to take
place (112). For example, previous research by Yang
et al., (113) showed that MSCs undergo chondrogenic
differentiation in vitro by providing additional biological
micro-molecules, namely bone morphogenetic proteins
(BMPs), growth factors, Wingless-related integration site
(Wnt) glycoproteins and matrix proteins. Ito et al (114)
reported that chondrocyte precursors are found in the
inner cambium layer of periosteum, the commencement
of chondrogenesis is from the juxta osseous region of
cambium layer to juxta fibrous region, adding that new
cartilage growth takes place away from fibrous layer via
displacement by readily formed cartilaginous tissue.

CONCLUSION

Periosteum provides a significant portion of blood
supply to the bone and supports oppositional bone
growth as well as contributing to remodeling of bone
deformity. The ability of transferred periosteum to form
bone has been utilised to promote union of bone and
improve allograft incorporation, and this ability depends
on the vascularity of cambium layer as described by the
periosteal usage in focal cartilage defect. Hence,
transplantation of vascularised periosteum provides
better bone formation compared to non-vascularised
periosteal graft. Nevertheless, the process of non-
vascularised periosteal graft transfer is technically easier
compared to vascularised periosteal graft transfer.
Unfortunately, the non-vascularised periosteal graft is
often shrunken following its harvest, and this limitation
could be overcome with tissue expansion techniques.
Further experimental and translational investigations
are needed to estimate the efficacy of non-vascularised
periosteal graft in the management of bone fracture.
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