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3.1 Introduction 3.2 An Overview of
Musculoskeletal Graft

Bone allograft transplantation is a common . .

practice; in the United States 650,000 proce- HarVEStmg and Process'“g

dures were performed in 1999, a 186% increase

from 1990 [3]. This increase can be attributed Inthe United States, the Food and Drug Admin-
to morbidities associated with bone autografts  istration (FDA) currently regulates organ and
[6, 18, 30, 35, 59], the increased availability of tissue transplants with mandated donor and
bone allografts, and the expansion of these tissue screening protocols for human immuno-
applications [9, 16, 21, 22, 29, 31, 42, 66]. A  deficiency virus (HIV) types 1 and 2, hepatitis
variety of musculoskeletal allografts are avail- B virus (HBV), and hepatitis C virus (HCV)
able for different reconstructive applications.  (Table 3.1). The FDA also requires documenta-
Bone allograft is an alternative to autograft tion to accompany the donor graft to provide a
because it has osteoconductive properties, acts  medical history that precludes any recent infec-
as a scaffold for bone growth, and induces bone  tions or patient “social” habits, such as drug
formation by providing osteogenic factors, in  abuse, whichwouldincrease the risk of allograft
addition to mesenchymal precursor cells, infection. In addition, the American Associa-
osteoblasts, and osteocytes. Although these tion of Tissue Banks (AATB), a nonprofit orga-
properties are advantageous, the potential for = nization, provides industry guidelines and
the transmission of infectious diseases remains  recommendations for its accredited members
a great concern [1, 2, 4, 10, 12, 24, 26, 27,32, 38,  beyond those of the FDA, which include testing
49, 53]. Because of the biological origin of bone  for human T-lymphocytic virus (HTLV) types
allografts, the clinician must be educated about 1 and 2 and syphilis [67] (Table 3.1). However,
the effects of tissue preparation and processing  there are no uniform industry standards for
on the immunogenic, osteoinductive, osteo-  tissue processing, and not all tissue banks are
conductive, and structural properties of AATB-accredited. Medical conditions contra-
allografts in order to make appropriate clinical ~ indicated by the FDA and AATB for tissue and
decisions. This chapter discusses the safety of  organ donation include benign tumors near the
bone allografts and the effects of donor selec- allograft excision sites, malignant tumors,
tion, harvesting, processing, and implantation = autoimmune or inflammatory diseases, severe
on the performance of bone allograft in recon-  endocrine/metabolic disease, and collagen dis-
structive surgery. eases [22, 29, 36, 42, 62, 63]. Additional contra-
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indications for donations include deaths
resulting from trauma with large resuscitation
volumes, with or without blood or blood prod-
ucts, and deaths resulting from poisoning or
related to toxic overdoses [67].

Upon identification and screening of an
acceptable donor, appropriate consent must be
obtained from the donor or nearest relative
prior to tissue and/or organ procurement. Mus-
culoskeletal allografts may be obtained from
living donors, multiorgan donors, and cadav-
ers. Harvesting of a musculoskeletal allograft
from a living donor (such as a femoral head
allograft harvested from a total hip replace-
ment) is performed in a sterile operating room,
as is harvesting from a multiorgan donor.
Cadaveric musculoskeletal tissues must be pro-
cured within 24 hours of death, with the time
interval between death and refrigeration not to
exceed twelve hours. Harvesting of a musculo-
skeletal graft from a cadaver is performed in an
approved, aseptic environment. Musculoskele-
tal allografts can be categorized as (1) bone
with soft-tissue attachments (such as a bone-
patellar tendon-bone allograft), (2) bone devoid
of soft-tissue attachments (such as a femoral
head), or (3) an isolated soft-tissue allograft
(such as a meniscus). After the tissue is har-
vested, the donor serum and allograft are cul-
tured for microbial contamination. The
allograft is then cleaned, soaked in an antisep-
tic solution such as BioCleanse (Regeneration
Technologies, Alachua, FL), and irrigated with
or without pressurized lavage or by ultrasonic/
mechanical cleansing techniques. The allograft
is then frozen and may be terminally sterilized
(described below). In some cases, freezing is
replaced by cryopreservation techniques to
retain cell viability and possible osteogenic
ability.

Freezing cannot substitute for sterilization
and at best may only prevent bacteria, fungi,
spores, or viruses from growing. As a result,
some tissue banks perform terminal bacteri-
cidal and virucidal sterilization that includes
heating, gamma-irradiation, chemical steril-
ization, and lyophilization. These procedures
further reduce the risk of infection and allo-
genic response by musculoskeletal tissues.
Some tissue banks routinely “pasteurize” or
autoclave allografts [36, 42]; the resulting
increase in temperature eliminates the biologi-
cal activity of the cells, but may decrease the
strength of the grafts as a result of the denatur-

ation of structural proteins [7]. In addition,
heat sterilization may not inactivate bacterial
spores [27]. Gamma-irradiation at the level of
1.5 to 2.5 megarads or above [8, 13, 36, 42, 45,
62] is believed to inactivate bacterial contami-
nants and HCV, but not HIV [20, 45, 47].
Gamma-irradiation, moreover, weakens mus-
culoskeletal allografts [14, 44]. Lyophilization,
i.e., freeze-drying, is a process by which water
is removed from the tissue to the point where
cellular activity is no longer supported. This
process involves partially freezing the tissues
to allow sublimation of water, followed by
further drying with the aid of other techniques.
As a result, HIV and HCV are inactivated and
the risk of transmission is minimized in the
infected blood products and bone marrow [53].
This technique may, however, reduce the
strength of the musculoskeletal allografts [14,
44]. With proper storage, freeze-dried allografts
retain biological activity for several years.

Chemical sterilization with proprietary solu-
tions or ethylene oxide has also been used for
terminal sterilization. Adverse reactions, such
as moderate inflammation from residual ethyl-
ene oxide in the allograft, have been reported
[8,54,60,62]. Proprietary solutions may contain
particular bactericidal, virucidal, and fungi-
cidal agents, but there is no industry-wide stan-
dard for their usage.

Allogenic bone can be machined and
separated into cortical, corticocancellous,
and cancellous preparations. Cortical and cor-
ticocancellous allografts are used for structural
support and have limited osteoconductive
capability, with no osteoinductive properties.
Cortical and corticocancellous bone grafts
undergo slow resorption in the host secondary
to limited vascular invasion; this decreases the
structural properties of the graft. The cortical/
corticocancellous allograft is incorporated by
the host through creeping substitution in con-
junction with slow bone remodeling. These
grafts are available in several forms: morsell-
ized “bone chips,” short segments of diaphy-
seal rings from femora or tibiae, iliac crest
bone wedges, cortical struts, and whole
bones en bloc, such as a fibula. Large areas of
nonincorporated necrotic bone often remain in
a patient for years after implantation. Cancel-
lous allografts provide limited structural
support and osteoconductivity that can be
enhanced with demineralization. In the course
of bone remodeling, cancellous allografts
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Table 3.1.  Graft donor infectious pathogens screened [4, 24, 26, 65], and viruses in transplants pro-
Mandated by FDA cured from acceptable donors.
Human immunodeficiency virus (HIV) types 1 and 2 HIV infection is one of the most serious risks
Hepatitis B virus (HBV) associated with allograft transplantation. There

Hepatitis C virus (HCV)
Additional AATB screening

Human T-lymphocytic virus (HTLV) types 1 and 2
Syphilis

are resorbed more quickly than cortical grafts
and are typically available as small, porous,
spongy blocks that are used to fill segmental
bone defects.

After terminal sterilization, bone allografts
can be demineralized to make osteoinductive
biological molecules, such as bone morphoge-
netic proteins (BMPs), more readily available to
augment new bone formation [17, 37, 50]. The
demineralization process is thought to destroy
the antigenic surface of the bone graft, which
reduces the host immune response. Like
gamma-irradiation and lyophilization, the
demineralization process weakens musculo-
skeletal allografts [14, 44]. Thus, choosing an
appropriate allograft becomes critical when
the primary requirement is structural
augmentation.

Quality control of tissue banks is maintained
through documentation and periodic audits of
stored allografts. Some tissue banks routinely
test stored tissues as new laboratory methods
become available [12]. These periodic audits
increase the chance of detection of potential
cases of HIV transmission and/or epidemio-
logical exposures to other previously unde-
tected infections.

3.3 Infection from
Musculoskeletal Transplants

Musculoskeletal transplantation is a safe, com-
prehensively regulated practice with a low inci-
dence of infections, especially in light of its
substantial usage in reconstructive procedures.
However, the risk of potentially fatal complica-
tions from infectious transmission does exist.
The literature describes many cases of contam-
ination with HIV [2, 32, 53], HCV [1, 12], Clos-
tridium species [4, 27, 38], and other bacteria

is currently no cure or vaccine for this lifelong,
disabling disease. With proper donor screening
and HIV antibody and antigen testing, the esti-
mated risk of HIV transmission in musculosk-
eletal transplantation is 1 in 150,471 and can be
reduced to 1 in 1.67 million with lymph node
testing, serology, and checking for complica-
tions associated with grafts from the same
donor [10]. The risk of infection following
allograft transplantation is comparable to the
risk of HIV infection from screened whole red
blood cell transfusion; it is thought to be
between 1 in 250,000 and 1 in 2,000,000 [10].
Between 1988 and 1992, four cases of HIV
transmission were reported resulting from
procedures that utilized fresh-frozen bone
allografts in 1984 and 1985, which were traced
to two donors [2, 53]. These investigations were
initiated after the allograft recipients, whose
only risk for HIV was transplantation, were
found to be positive for HIV several years later.
Other infected allograft recipients were then
identified through analysis of banked tissue.
The donors of these tissues were screened for
HIV and tested negative. It is believed that the
infection occurred during an early stage when
HIV antibodies were not yet detectable. In
another case, a fresh-frozen bone allograft was
implanted that had been subjected to extensive
intramedullary reaming prior to implantation
and did not test positive, yet became the source
of the HIV infection. Conceivably, the removal
of blood and bone marrow from the allograft
prior to implantation cleared infectious cells
from the tissue and thus led to a negative test
result [53]. To date, there have been no reports
of HIV transmission from musculoskeletal
allografts obtained from seronegative donors
that were subjected to freeze-drying or other
terminal sterilization methods [8, 32, 47, 48, 53,
62, 63, 64]. Since then, tests have been devel-
oped for other markers of HIV, including the
p24 antigen assay and the use of the polymerase
chain reaction (PCR) [20, 32, 47, 48, 53, 62,
63].

Hepatitis C is a chronic hepatic disease that
for several years after infection may exhibit no
clinical signs or symptoms, yet ultimately lead
to severe morbidity and mortality. There is
no cure or vaccine for hepatitis C. Nine cases
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of HCV transmission by musculoskeletal
allografts from three donors were reported in
the United States between 1995 and 2003 [1, 12].
These donors had negative medical and social
histories and initially tested negative for HCV
when subjected to an anti-HCV immunoassay.
In these cases, previously undetected HCV was
identified from retrospective testing of tissue
and sera with newer anti-HCV immunoassays
and PCR analysis. After the donor tissues had
been identified, a protocol was initiated to
inform and test all recipients of tissues or
organs from these donors. Interestingly, this
study reported that when the high-risk
seroconverted individual was excluded, all
recipients of minimally processed allografts
seroconverted for HCV. However, recipients of
irradiated tissue that had been freeze-dried,
frozen or cryopreserved did not test positive
for HCV infection [12]. In 2002, the Centers for
Disease Control (CDC) reported four cases of
HCV transmission thatresulted from a screened
donor of bone-patellar-bone and tendon
allografts [1]. The CDC investigation was
prompted by the fact that acute hepatitis C was
diagnosed 6 weeks after a recipient received a
bone-patellar-bone allograft. Further testing
with an anti-HCV immunoassay showed that
the donor serum was negative for the HCV
protein, but PCR analysis showed a positive
result for HCV mRNA. Testing of the other
recipients of the infected allografts revealed
no cases of HCV transmission if the bone
allografts had undergone gamma irradiation
[1, 12]. Gamma-irradiation of musculoskeletal
allografts would therefore appear to reduce
the risk of HCV transmission from infected
tissues.

Table 3.2. Factors influencing allograft performance
Factor Implication
Graft donor age

Studies of bacterial infection or contamina-
tion of musculoskeletal allografts have shown
that most of the allograft contamination is due
to Staphylococcus and other mixed skin flora
[4, 8, 24, 26, 33, 65]. Kainer et al. [27] identified
14 cases of infection by Clostridium species
that they traced to nine donors. The time
between death and tissue procurement in two
of the nine donors exceeded industry stan-
dards. The 14 infected patients had received
nine frozen bone-patellar tendon-bone
allografts, four fresh femoral condyles, and one
meniscus graft. All of the processed allograft
tissues from the 14 identified cases came from
one tissue bank, and the unprocessed donor
tissues originated from seven other tissue
banks. The tissue banks that provided the
allografts to the recipients had procured the
tissues using aseptic techniques that included
decontamination by suspension in a proprie-
tary antibiotic solution, but did they did not
employ terminal sterilization. However, when
terminal sterilization was performed, whether
by gamma-irradiation or by low temperature,
or if chemical sterilization had been employed
at other tissue banks, the resulting allografts
from five of the nine identified donors did not
induce infection. Even though the overall rate
of Clostridium infection was less than 0.5%
among recipients of allografts from the tissue
bank that reported Clostridium infection, this
rate was still significantly higher than the rate
among recipients of allografts from the tissue
banks with no Clostridium infection [27].

An additional means of reducing the risk of
contamination involves harvesting the tissues
in an operating room with sterile techniques
[26, 65]. The degree of bacterial contamination

Osteoinductive potential is greater from donors aged 42 years and younger. Mechanical

properties of allograft bone are inversely proportional to donor age after the fifth decade.

Presence of osteoporosis
or osteopenia
the fifth decade of life.

Graft anatomic origin

Osteoporotic and osteopenic bone have decreased mechanical properties.
According to histologic appearance, the incidence of osteoporosis is higher in donors after

Fibular strut grafts are stronger than femoral ring or tibial grafts. lliac crest grafts from the

anterior iliac spine are stronger than those from the posterior iliac spine.

Tissue processing

Gamma-irradiation of >3.0 megarads (virucidal levels) reduces mechanical properties.

Lyophilization can also weaken allografts. Pasteurization may also decrease the
mechanical strength of allograft bone.
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of a musculoskeletal allograft is a direct func-
tion of the time that elapses between death and
refrigeration [38, 65]. Tissues obtained from
living donors have lower rates of bacterial
contamination than tissues harvested from
cadavers at autopsy [26, 65]. Musculoskeletal
allografts from donors who suffered multiple
trauma, with or without resuscitation, had
higher rates of bacterial contamination than
allografts from organ donors [65]. These obser-
vations are best explained by the fact that as
postmortem time increases, the risk of infec-
tion by intestinal flora such as Clostridium and
Escherichia species also increases [27]. This is
particularly true for spore-forming bacteria
such as Clostridium that are capable of long
dormancy. As with surgical infection rates, the
rate of allograft contamination is directly pro-
portional to the number of persons present in
the operating room during procurement [65].
The order in which tissues are harvested also
affects the rate of bacterial contamination; the
rate is higher in specimens from the hemipelvis
than in specimens from the femur or tibia [26],
probably because the hemipelvis is typically
the last large structural bone to be harvested.
Prolonged handling of the skin also increases
the risk of contamination [26]. The risk of
contamination can be reduced by antiseptic
soaking, irrigation, and terminal sterilization
[24].

3.4 Donor Selection Factors
Affecting Musculoskeletal
Allograft Performance

All potential allograft transplant donors are
screened for a variety of factors, including but
not limited to sex, age, cause of death, and past
medical and social history; the results of sero-
logical tests for medical diseases; and, most
importantly, the presence of bacterial and viral
pathogens. The most commonly reported
exclusion factors for tissue donors include a
medical history of infection at the excision
sites, benign or malignant tumors at the exci-
sion sites, autoimmune diseases, severe endo-
crine/metabolic diseases, collagen diseases,
and infection by HIV, HCV, and/or HBV. Age,
sex, medical history, and the type of bone har-
vested from screened tissue donors have been

evaluated for their effects on osteoinductive
potential and structural support of the
allografts (Table 3.2).

Increased donor age may be inversely related
to the osteoinductive potential of bone
allografts. Using an in vivo nude murine model,
Schwartz et al. [50] reported that an increase in
donor age decreased the osteoinductivity of the
demineralized, freeze-dried bone allograft
(DFDBA). Areas of new bone formation, new
cortical bone function, and new bone-marrow
production were smaller in allografts obtained
from older donors (>50 years) than in allografts
obtained from younger donors (<29 years).
Osteoconductivity was not affected by donor
gender. Lohman et al. [37] confirmed the age-
dependent effect by noting that allograft osteo-
inductive potential was significantly greater for
donors under 42 than for donors over 70 years
of age.

Several studies have shown that the mechan-
ical properties of bone decline with age. Burn-
stein et al., using cadaveric human specimens,
observed a highly significant negative correla-
tion between age and femoral yield stress, ulti-
mate stress, elastic modulus, and ultimate
strain [11]. Smith et al. [55] observed a negative
correlation between the tensile stress of bone
and age in vivo. McCalden et al. demonstrated
that there is an inverse relationship between
the mechanical properties of cortical bone and
age, and theorized that the decrease in bone
strength is the result of an age-dependent
increase in bone porosity [39].

Allografts from donors with osteoporosis
or osteopenia, conditions that are not contra-
indicated for bone transplant donation, may
have less strength and stiffness [17]. Dickenson
et al. [15] reported a significant decrease in
the modulus of elasticity, the ultimate tensile
strength, and the amount of plastic and elastic
energy absorbed in osteoporotic bone in com-
parison with nonosteoporotic bone in vitro.
They also theorized that the decrease in
strength and stiffness in osteoporotic bone
grafts was due to greater porosity. In vivo, Lill
et al. observed a significant reduction in the
bending stiffness of intact osteoporotic tibiae
in comparison with normal tibiae, as well as
delayed fracture healing in osteoporotic bone
[34].

Histologic evaluation of bone allografts has
shown that osteoporosis and osteopenia affect
bone allograft performance [43, 51, 58]. Histo-
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Table 3.3.

Processing
technique

Lyophilization

Gamma-irradiation

Pasteurization

Ethylene oxide

Study
Brantigan et al. 1993 [9]

Simonian et al. 1994 [54]
Kang and Kim 1995 [28]

Thoren and Aspenberg

1995 [60]
Nather et al. 2004 [41]

Anderson et al. 1992 [5]
Rasmussen et al. 1994 [45]
Zhang et al. 1994 [68]

Fideler et al. 1995 [19]

Hamer et al. 1996 [23]

Currey et al. 1997 [13]

Borcher et al. 1995 [7]

Wittenberg et al. 1990 [66]

Effects of graft tissue processing on allograft mechanical performance

Observations

Fresh frozen cancellous bone is 219% stronger than lyophilized
cancellous bone.

Lyophilization significantly decreases screw pullout strength.

In vivo lyophilized graft had decreases of 30.1% in bending
strength and 41.3% in compressive strength.

Lyophilization decreased mechanical stiffness by 19%, yield by
16%, and energy to failure by 31%.

Lyophilized allografts significantly weaker than deep-frozen grafts.

Failure stress and elastic moduli of cancellous bone significantly
decreased after 6.0 megarads but not after 2.5 megarads.

12% decrease in stiffness and 26% decrease in maximum force
after 4.0 megarads.

No significant difference in mechanical properties of iliac crest
wedge grafts after 2.0 to 2.5 megarads.

Mechanical properties of fresh-frozen bone-patella-bone graft
reduced by 15% after 2.0 megarads, with further reduction of
46% after 4.0 megarads.

Dose-dependent decreases of up to 46% in mechanical strength
after irradiation.

Virucidal irradiation levels decreased bending strength by 52% to
67%, work to fracture by 74% to 96%, and impact energy by
37% to 75%.

Boiling and autoclaving decreased allograft strength by 26% and
58%, respectively. Freezing did not compromise allograft
strength.

Ethylene oxide had no significant effect on immediate

compression strength of grafts.

logical evaluation was performed on 27% of the
1,146 osteoarthritic femoral heads donated by
patients undergoing elective total hip arthro-
plasty. More than 30% of the samples exhibited
osteopenia on radiographic examination.
Marked, generalized osteopenia with thinning
of the cortical and cancellous bone was found
in 3% of the samples [43]. The increased inci-
dence of osteopenia clearly affects the bone
quality, but the effects of metabolic and inflam-
matory diseases noted in some specimens are
not known [43]. Siddiqui et al. [51] observed
that 12% of 40 allografts from screened donors
in their fifties had osteoporosis. They suggested
that these allografts would not be suitable in
cases where graft strength is required.

Bone allografts can be used in either ortho-
topic or heterotopic transplantations. In ortho-
topic transplantation, cortical bone allografts

are placed in an anatomically appropriate site,
as in an area of large bone loss. In heterotopic
transplantation, bone allografts are placed in
an anatomically abnormal location, such as a
fibular strut allograft used adjunctively during
a vertebral fusion [57]. In general, cortical bone
allografts are stronger than cancellous bone
allografts. Cortical bone graft strength varies
according to anatomical location, with fibular
struts being stronger than femoral rings, which
in turn are stronger than tricortical iliac bone
crest [21, 46, 52, 66]. Additionally, iliac bone
grafts harvested close to the anterior superior
iliac spine are stronger than those harvested
near the posterior iliac spine [31]. Various com-
binations of cortical and cancellous bone
allografts can augment reconstructive proce-
dures, but terminal sterilization, though rec-
ommended, may reduce their strength.
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3.5 Effects of Processing on
Biomechanical Properties of
Musculoskeletal Allografts

Gamma-irradiation and lyophilization (freeze-
drying), two commonly used techniques for
terminal sterilization of allografts, lead to
weakening of grafts (Table 3.3). Gamma-irra-
diation of at least 3.0 megarads is required to
inactivate viruses, whereas 1.5 to 2.5 megarads
can inactivate bacteria [20, 45, 47]. Radiation
dose weakens the biomechanical properties of
musculoskeletal allografts. Gamma-irradia-
tion at virucidal levels significantly increases
fatigue while decreasing failure strength,
failure energy, and stiffness [5, 13, 19, 23, 45, 54,
68]. Lyophilization reduces screw pullout
strength and the maximum limits of strength,
torque, and torsional stiffness and diminishes
absorption energy [28, 41, 54]. Lyophilized
allografts need to be rehydrated before trans-
plantation; the quality of rehydration can also
affect the mechanical parameters [28, 41, 61].
Terminal sterilization with ethylene oxide does
not significantly weaken screw pullout strength
[54]. Musculoskeletal tissues subjected to
boiling or autoclaving exhibit significant reduc-
tions in strength, but freezing does not reduce
their strength [7].

3.6 Conclusions

Musculoskeletal allografts are an alternative to
autografts without the associated morbidities
[6, 18, 30, 35, 59]. Allografts are widely available
in a variety of preparations, and their trans-
plantation is a safe, comprehensively regulated
practice with a low incidence of HIV [2, 32, 53],
HCYV, and bacterial infection. The risk of infec-
tion is further decreased when musculoskeletal
allografts are obtained from AATB-accredited
tissue banks that practice comprehensive
donor screening and tighter tissue procure-
ment and employ more testing than required
by the FDA [67]. The use of tissue banks that
perform PCR analysis and/or histomorpho-
metric testing of donor tissues further mini-
mizes the risk of viral or bacterial transmission
[47, 48, 51, 58]. The risk of HIV infection from
fresh-frozen, non-terminally-sterilized mus-

culoskeletal allografts is comparable to that
from blood transfusion [10]. Terminal steriliza-
tion by gamma-irradiation or lyophilization of
musculoskeletal tissues can further diminish
HIV and HCV infection rates, but at the cost
of a decrease in the mechanical properties of
the allograft. Until more tissue-screening tests
become available, active surveillance and audit
of stored nonimplanted allografts will provide
further assurance for the quality control of
musculoskeletal transplants.

Using fresh, fibular strut or femoral ring cor-
tical bone allografts from younger, nonosteo-
poroticdonors permitsthe surgeontomaximize
the structural integrity of reconstructive pro-
cedures [11, 15, 17, 39, 46, 52, 55]. The osteoin-
ductive ability of bone allografts can be
maximized by selecting demineralized, freeze-
dried grafts from younger donors [37, 50].

In the future, new methods or modifications
of existing tissue-processing techniques may
be developed to maximize the osteoinductive
and osteoconductive properties of bone
allografts. Possible approaches to augment
bone allograft performance may include the
use of bone morphogenetic proteins (BMPs) or
other local or systemic mediators of growth
and inflammation. For example, the use of
structural cortical bone allografts with osteo-
conductive and structural capabilities could
add to the osteoinductive ability of the graft
[25, 40, 56]. Although promising, the use of
BMPs in conjunction with allografts needs
further study.
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