
EURAL implantation of fetal VM tissue has been
studied for the past two decades as a potential sur-
gical strategy for the treatment of PD. Clinical tri-

als have been conducted in several centers worldwide,
with more than 200 patients receiving fetal tissue implants
into the striatum.21,24,28,33 Although the improvement in
these patients has been promising, clinical efficacy has
been limited and has not reached sufficient levels for this
strategy to be used routinely as a therapeutic procedure in
PD. Survival of implanted dopaminergic neurons has been
demonstrated on PET scanning5,29,38 and postmortem his-
tological examination.13 Survival of implanted cells has
been suboptimal. At best with current techniques, 5 to

10% of grafted cells survive the implantation proce-
dure.12,14 Reinnervation of the targeted putamen also ap-
pears limited to 30 to 50% of its volume.13 This poor cell
survival combined with restricted reinnervation of the
treated putamen are considered limiting factors for clini-
cal efficacy of fetal tissue implantation for PD.21,24,33

Improving graft survival and fiber outgrowth has been
the focus of numerous animal studies. Decreasing implan-
tation trauma by using smaller cannulas,23 exposure to
scavenger steroid compounds (lazaroids),22 or antiapoptot-
ic agents (caspase inhibitors)31 have shown benefits in im-
proving dopaminergic graft survival. Recently, the use of
neurotrophic factors to increase graft survival has been re-
ported.34,40 A particularly promising neurotrophic agent is
the recently discovered GDNF, which acts specifically on
dopaminergic neurons. This agent has been shown to sub-
stantially increase the survival and differentiation of do-
paminergic neurons in vitro and in vivo.7,17,25 The use of
GDNF to enhance survival of VM grafts has also been at-
tempted and produced positive results. The infusion of
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GDNF into the brain of rats bearing dopaminergic grafts
has resulted in increased cell survival and fiber out-
growth.8,32,35,39 Recently we demonstrated that storing VM
tissue in 1 mg/ml of GDNF for 6 days improves cell sur-
vival and fiber outgrowth and promotes a faster recovery
in rotational behavior in the rodent model for PD.1,20 Fur-
thermore, we have observed that rats implanted with VM
cell suspensions and exposed to GDNF showed improve-
ment in more complex sensorimotor tests, which is a bet-
ter reflection of the sensorimotor deficits experienced by
humans.20

Although the underlying reason for the poor survival of
implanted fetal human dopaminergic neurons is not en-
tirely known, it is likely that cell damage or death occurs
prior to or during the implantation procedure. A recent in-
vestigation showed that most of the implanted dopaminer-
gic neurons die within 24 hours postimplantation and that
preincubation of these neurons with a combination of neu-
rotrophic factors that included GDNF increased survival
by 50%.41

In this study we demonstrate improved dopaminergic
cell survival in human VM tissue exposed to GDNF. We
also provide evidence of the feasibility of using human
VM tissue for clinical implantation after it has been stored
in GDNF for 6 days. We present the 1-year follow-up PET
scans and report the clinical results in two patients with
advanced PD who received bilateral putaminal grafts of
VM tissue that had been exposed to GDNF before implan-
tation.

Summary of Cases and Techniques

Patient Selection

Patients participating in this study were from the Dal-
housie Movement Disorder Clinic at the Queen Elizabeth
II Health Sciences Centre, Halifax, Nova Scotia, Cana-
da. Inclusion criteria included a diagnosis of idiopathic
PD made independently by two neurologists, preoperative
PET scans consistent with PD, and progression of PD to
at least a Hoehn and Yahr Stage 2.5. Patients must have re-
sponded well to levodopa from the onset of the disease,
but maximum tolerated medication must no longer pro-
vide adequate relief of symptoms, or there must have been
unacceptable side effects. Patients must have undergone
detailed assessment in the Movement Disorder Clinic for
at least 3 months before surgery, as defined by the Core
Assessment Program for Intracerebral Transplantation.15

Patients were excluded from the study if their PD was
secondary to progressive supranuclear palsy, multiple sys-
tem atrophy, olivopontocerebellar atrophy, striatonigral

degeneration, corticobasal degeneration, dementia, cere-
bral trauma, neoplasia, central nervous system infection,
cerebrovascular disease, neurological deficits secondary
to exposure to toxins, or any underlying or accompanying
medical condition that precluded surgery or immunosup-
pression. Patients were screened for serological evidence
of infection with syphilis, hepatitis B and C, human im-
munodeficiency virus, cytomegalovirus, and human T-cell
lymphotrophic virus. Patient demographic information
and baseline clinical parameters are shown in Table 1.

Patient Assessment

Preoperative and postoperative clinical assessments
were performed on an outpatient basis at 3-month inter-
vals in the Movement Disorder Clinic by using the
UPDRS, Hoehn and Yahr staging, and the Schwab and
England ADL scale, which are discussed in Fahn and El-
ton.4 Clinical parameters were tested and videotaped. All
tests were conducted at maximum on/off periods as de-
fined by the Core Assessment Program of Intracerebral
Transplantation protocol. Video recordings were assessed
by a neurologist in a blinded fashion. Throughout the trial,
patients and caregivers maintained diaries that included a
registry of medications and subjective on/off status. The
Wilcoxon rank exact test for paired data was used in the
statistical analysis. 

Cell Suspension Preparation

Fetal VM tissue was obtained from women undergoing
elective abortions in the pregnancy termination unit of our
center; strict guidelines of a protocol approved by the Uni-
versity and Hospital ethical review boards were followed.
There was no alteration in the indication, timing, and
methodology of the abortion procedure. Fetal tissue was
collected with maternal consent from human immunode-
ficiency virus–, human T-cell lymphotrophic virus–, hep-
atitis B–, hepatitis C–, and syphilis-negative women un-
dergoing elective abortion by suction curettage between
the 6th and 9th week of gestation for reasons unrelated
to this implantation procedure. Tissue was not used from
women with fever, elevated white blood cell count, cul-
tures positive for gonorrhea or chlamydia, detectable anti-
bodies to cytomegalovirus, or herpes simplex virus.

Fetal ventral mesencephalons were dissected under
sterile conditions and tissue samples from each specimen
were prepared for aerobic and anaerobic culture. The ven-
tral mesencephalons were then placed in storage for 6
days at 4˚C in 2 ml of a low-Na++, phosphate-buffered,
Ca++-free storage medium1,20 consisting of: 30 mM KCl, 5
mM glucose, 0.24 mM MgCl2, 10.95 mM NaH2PO4, 5
mM NaH2PO4, 20 mM lactic acid, 32.18 mM KOH, and
164.7 mM sorbitol, pH 7.4. Treated stored tissue received
recombinant human GDNF (1 �g/ml storage medium).

Cell suspensions of VM tissue were incubated in 0.1%
trypsin/0.05% DNAse/DMEM at 37˚C for 20 minutes and
then rinsed four times in 0.05% DNAse/DMEM. The tis-
sue was then mechanically dissociated using successive-
ly smaller sterilized micropipettes until a chunky cell
suspension was achieved. This suspension was not ho-
mogeneous and contained small aggregates of cells. A fi-
nal concentration of approximately 100,000 cells/�l was
used, with viabilities of 97 to 98% as determined using the
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TABLE 1
Demographic factors and baseline scores in two patients who

underwent VM tissue implantation for PD

Age Duration UPDRS Schwab- Hoehn & Per-
Case (yrs), of PD Score England Yahr Scale cent
No. Sex (yrs) (on/off) Scale Score Score Off

1 56, M 12 102/113 70/60 3/4 50
2 71, M 17 77/97 90/80 2.5/2.5 50

 



trypan blue dye exclusion method. Tissue from three to
four fetuses was used for each implanted side (Table 2).

In Vitro Studies

To determine the number of TH-immunoreactive cells
in VM tissue 6 days after storage with GDNF compared
with tissue stored for 6 days without GDNF, eight human
ventral mesencephalons (gestational age 6–9 weeks) were
dissected. Each ventral mesencephalon was divided along
the midline and each half was assigned to one of three
groups: 1) control fresh preparation; 2) stored with GDNF
(1 mg/ml for 6 days at 4˚C); or 3) stored without GDNF.

Cell suspensions were prepared by incubating each
piece of tissue in 0.1% trypsin and 0.05% DNAse/DMEM
for 20 minutes at 37˚C and then rinsed four times in
DNAse/DMEM to stop trypsin activity. The tissue was
mechanically dissociated by trituration in which succes-
sively smaller sterilized micropipettes were used until a
chunky cell suspension was achieved. This suspension
was centrifuged at 1000 rpm for 5 minutes and the cell
pellet was resuspended in DMEM. The cell suspensions
were plated onto 10 �g/ml poly-L-lysine coated tissue cul-
ture wells at 200,000 cells/cm2 in a serum-free medium
that consisted of DMEM/F12 3:1, B27 2 ml/100 ml me-
dia, penicillin 100 U/ml, and streptomycin 100 �g/ml. 

Immunohistochemical studies for TH were conducted
using 4% paraformaldehyde fixed slides. Briefly, cell cul-
tures were quenched in 3% H2O2/10% MeOH for 10 min-
utes, followed by blocking for 1 hour with normal swine
serum in 0.3% Triton-X100. Cell cultures were incubated
overnight at room temperature in primary antibody fol-
lowed by a swine anti–rabbit secondary antibody for 1
hour, followed by incubation in avidin–biotin complex for
1 hour and diaminobenzidine in H2O2 for 5 to 10 minutes.
Cell cultures were double stained with cresyl violet to de-
termine the proportion of TH-positive cells.

Cell counting was performed on cell cultures stained for
TH immunoreactivity. Cell counts were made using an
eyepiece grid (0.25 � 0.25 mm divided into a 10 � 10–
mm grid), counting TH-positive cells and cresyl violet–
stained non–TH positive cells within a fixed area. Sample
areas were chosen using a randomized number generator
that generated x and y coordinates within the total culture
area. Because each ventral mesencephalon was divided in
two halves and could only be assigned to two of three
groups, the results were compared relative to the common
treatment (stored with GDNF). Statistical analysis was
performed using a t-test, assuming equal variances.

Surgical Procedures

The surgical implantation procedures were performed
in two stages 4 to 6 weeks apart. On the day of surgery, pa-

tients received a local anesthetic and then were fitted with
a Leksell stereotactic headframe. The stereotactic coor-
dinates for targets in the postcommissural putamen were
calculated using T1-weighted MR images and a computer-
ized stereotactic neurosurgery planning workstation. 

Implantation of fetal tissue was performed with the pa-
tient receiving a local anesthetic and sedation with a com-
bination of midazolam (0.25–1.0 mg bolus doses) and
propofol (10- to 20-mg bolus followed by infusion at 15–
40 �g/kg/minute). A burr hole was placed at the level of
the coronal suture and a customized cannula (outer diam-
eter 0.8 mm) was inserted into four different targets ap-
proximately 3 mm apart in the postcommissural putamen.
A 50-�l Hamilton syringe fitted with a custom-made mi-
croinjector was used to load the cell suspension into the
cannula. The cell suspension was deposited along each of
four trajectories previously calculated on the patient’s MR
image. Four injections of approximately 2.5 �l (250,000
cells) were made in each trajectory for a total of 10 ml per
trajectory. Approximately 4 million cells were deposited
in each postcommissural putamen (Table 2). The patients
received 1 g Ancef intravenously before the skin incision
was made and three more 1-g doses of Ancef intrave-
nously every 8 hours postoperatively. The patients under-
went follow-up MR imaging (1.5-tesla magnet, T1- and
T2-weighted, axial, coronal, and sagittal images) 24 hours
postsurgery to check for target accuracy, and were dis-
charged from the hospital 48 hours after surgery.

Perioperative Management

Patients were started on immunosuppressive medica-
tion (cyclosporine A, 5–8 mg/kg/day) 2 weeks before their
admission. Doses were tapered to 2 mg/kg/day and con-
tinued for 6 months. Immunosuppressive doses were ad-
justed on the basis of serum levels. Renal function was
monitored closely to prevent immunosuppressive toxicity.
Postoperatively, every effort was made to keep antiparkin-
sonian medications at their preoperative level and modifi-
cations were only made for clinical reasons.

Imaging Studies

The PET scans were obtained at the McConnell Brain
Imaging Centre (Montreal Neurological Institute, McGill
University, Montreal, Canada) before and after the im-
plantation procedure. Imaging was performed on the PET
scanner in three-dimensional mode, with a resolution of 5
mm full width at half maximum in all directions at the
center of the field of view. Participants received 5 mCi of
fluorodopa as a bolus injection into the antecubital vein
over a 2-minute period. Their heads were immobilized
within the aperture of the PET scanner by a form-fitting
vacuum device. One hour before the scan, the patients re-
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TABLE 2
Transplantation parameters in two patients who received VM tissue grafts

Case No. of Concentration Viability Passes Deposits Volume (cells Total Volume
No. Donors/Side (cells/µl) (%) Per Side Per Pass per deposit) (cells per side)

1 rt 3, lt 3 100,000 97 � 1.3 4 4 2.5 µl (250,000) 40 µl (4 million)
2 rt 4, lt 3 100,000 98 � 0.9 4 4 2.5 µl (250,000) 40 µl (4 million)

 



ceived 150 mg carbidopa orally to prevent the peripher-
al breakdown of fluorodopa. On the day of the study,
patients did not receive antiparkinsonian medications and
they did not eat breakfast before the scan was obtained.
After the injection of fluorodopa, PET data were acquired
for 90 minutes in 27 timeframes of varying duration. In
addition, all patients underwent high-resolution MR imag-
ing (1.5-tesla magnet, T1-weighted images, mm3) for the
purpose of anatomical coregistration.

The PET scans were automatically realigned to MR im-
ages for each patient3 and then the regions of interest were
drawn onto the MR image on the basal ganglia (caudate
and putamen) and cerebellum. The cerebellum was used
as a reference region to calculate the fluorodopa Ki by us-
ing the graphic method of Patlak and Blasberg.26 In addi-
tion, maps were generated by calculating the Ki at each
voxel. Striatal constants were taken of the putamen, cau-
date, and the grafted area. The PET scans were obtained
preoperatively, 6 months, and 1 year after the last surgery.
The Wilcoxon rank exact test for paired data was used in
the statistical analysis.

Follow-up MR images with gadolinium enhancement
were obtained at 6 months and 1 year postoperatively (T1-
and T1-weighted axial, coronal, and sagittal images) to
check for BBB disruption.

Sources of Supplies and Equipment

The recombinant human GDNF was purchased from
Prepro Tech, Inc., Rocky Hill, NJ. The trypsin was ac-
quired from Worthington, Freehold, NJ. The DNAse and
DMEM were obtained from Sigma, Chicago, IL. The B27
medium was purchased from Gibco, Burlington, ON,
Canada. The rabbit anti-TH was acquired from Pel Freeze,
Rogers, AR. The avidin–biotin complex was provided by
Vector Dimension, Burlington, ON, Canada. The Leksell
stereotactic headframe was purchased from Elekta AB,
Stockholm, Sweden, as was the Surgiplan workstation.
The Signa-Horizon MR imager and Philips Gyroscan
high-resolution device were acquired from General Elec-
tric Medical Systems, Milwaukee, WI. The PET scan-
ner (ECAT HR+) was obtained from Siemens, Erlangen,
Germany.

Results

In Vitro Studies

Each ventral mesencephalon was divided into two
halves and assigned to two of three groups (fresh, stored
with, and stored without GDNF). The experimental group
(stored with GDNF) was compared with the control
groups (fresh, stored without GDNF). For the purpose of
this comparison the group stored with GDNF was defined
as 100%. The percentage of TH-immunoreactive cells in
cultures of fresh tissue was 106 � 11%, which was not
significantly different from the GDNF-treated group (p =
0.59). The proportion of TH-immunoreactive cells in cul-
tures of tissue stored without GDNF was 69 � 9%. The
survival of TH-positive cells in this group was 30.1% low-
er than in the GDNF-treated group and this difference was
statistically significant (p = 0.006; Fig. 1). 

Surgical Procedure

No conflicts were encountered between the procure-
ment of fetal tissue from elective abortions and the im-
plantation procedure. All cultures of fetal tissue were neg-
ative for the pathogens tested before the implantation
surgery.

The two patients underwent bilateral implantation of
fetal ventral mesencephalons tissue previously stored with
1 �g/ml GDNF for 6 days at 4˚C. These patients tolerated
the surgical procedures well and there were no intra- or
perioperative complications. The brain MR images ob-
tained 24 hours postsurgery demonstrated that the de-
posits were made at the desired targets in all cases. The
MR images obtained with gadolinium enhancement per-
formed at 6 months and 1 year postimplantation demon-
strated no areas of enhancement, which indicated no BBB
breakdown. The patients tolerated immunosuppression
well; there were no significant adverse effects.

Fluorodopa Uptake on PET Scans

Preoperative PET scans confirmed that the two patients
had decreased putaminal fluorodopa uptake consistent
with the diagnosis of idiopathic PD.16,37 The mean preoper-
ative uptake rates in the entire putamen were 30 � 12.4%
of age-matched normal controls. One year postoperative-
ly, there was an increase in the mean putaminal fluorodo-
pa uptake to 62.3 � 7.4%. This represented an increase of
107% from the preoperative values and was statistically
significant (p = 0.03; Fig. 2A). The mean FD uptake in the
grafted areas of the postcommissural putamen also in-
creased from 31.6 � 6.9% to 79 � 10.1%. This repre-
sented an increase of 149.7% and was statistically signifi-
cant (p = 0.03). The mean fluorodopa uptake in the
caudate increased from 38.3 � 7.6% to 52.3 � 11.4% 1
year after surgery, although this increase was only mar-
ginally significant (p = 0.07). The mean Ki values and per-
centage of change for the grafted area, putamen, and cau-
date are shown in Fig. 2B and C.

Clinical Outcomes

The pre- and postoperative (15-month follow up) scores
for each patient are shown in Table 3. The total UPDRS
scores in the on/off states for the patient in Case 1 im-
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FIG. 1. Bar graph showing the percentage of TH-positive neu-
rons in cell cultures of human VM tissue. Cell cultures were made
of fresh VM tissue and tissue stored for 6 days with and without
GDNF. The results were compared relative to the cell stored with
GDNF. * p = 0.006.

 



proved from 102/133 at baseline to 63/72 postsurgery. For
the patient in Case 2 the total UPDRS scores in the on/off
states also improved from 77/97 at baseline to 66/71 post-
operatively. The improvement in the total UPDRS scores
was significant (p � 0.05) when the on/off scores for both
patients were combined. The percentage of time in the off
state decreased in both patients, from a baseline of 50% to
25% postoperatively. The Schwab and England scores in
the on/off states improved in Case 1 from 70/60 at base-
line to 90/70 postoperatively. In Case 2, these scores for
the on/off states decreased from 90/80 at baseline to 70/60
postoperatively. This decrease in the Schwab and England
scores in Case 2, which reflects the ADL, was attributed
to the development of thyroiditis 12 months after implan-
tation, which in turn affected his performance on the ADL
assessment. The patient in Case 1 experienced a decrease
in his levodopa requirements from 600 mg/day at baseline
to 300 mg/day postsurgery. There was no change in levo-
dopa dosage in the patient in Case 2.

Discussion

In this study we have demonstrated that the addition of
GDNF during storage of human fetal VM tissue promotes
survival of TH-positive neurons for up to 6 days and en-
hanced putaminal fluorodopa uptake in two patients who
underwent fetal tissue implantation. Two of the crucial
shortcomings of neural cell implantation for treatment of

PD are poor dopaminergic cell survival and limited host
reinnervation by the implant. These limitations may be
detrimental to the clinical efficacy of fetal tissue grafts for
treating PD. It is likely that cell loss occurs at the time of
tissue preparation, storage, and during implantation. Nu-
merous strategies to enhance dopaminergic cell survival
are currently under investigation. For example, decreasing
the implantation trauma by using thinner cannulas and in-
jecting smaller volumes appears to increase graft surviv-
al.23 A number of compounds such as antioxidant agents
(lazaroids),22 caspase inhibitors,31 and neurotrophic factors
such as basic fibroblast growth factor,34 brain-derived neu-
rotrophic factor,40 and GDNF8,32,35,38 have been shown to
increase survival of dopaminergic grafts. In most cases
these agents have been used at the time of implantation or
instilled into the brain after graft implantation.8,35,39

Storing VM tissue before implantation has been shown
to be detrimental for cell survival in animal models.30 Rats
receiving grafts of fetal tissue stored for 5 days showed a
decreased number of TH-positive cells. This decrease was
even more marked in animals receiving grafts of tissue
stored for 10 days.30 In an effort to improve cell survival
during the storage period, we have used GDNF in the stor-
age of rat fetal VM tissue for 6 days at 4˚C.1,20 Our exper-
iments have demonstrated increased survival of implanted
dopaminergic cells and a significant increase in fiber out-
growth and behavioral recovery in rats receiving implants
of cell suspensions stored in GDNF. Although it is not
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FIG. 2. A: Preoperative and 1-year postoperative PET scans realigned to MR images in two patients (1, 2) who under-
went implantation with stored VM tissue exposed to GDNF. A significant increase in putaminal [18F]fluorodopa Ki was
observed bilaterally in the two patients 1 year after implantation. B: Bar graph showing preoperative and 1-year post-
operative mean regional [18F]fluorodopa Ki values. C: Bar graph showing percentage of change of normal uptake in the
area of the graft, putamen, and caudate in the two patients reported. * p = 0.03.

 



clear how GDNF exerts its beneficial effects, it likely in-
volves interaction with the recently discovered GDNF re-
ceptor, which has been shown to exist in the adult substan-
tia nigra.36

Dopaminergic cell survival has been highest when fresh
tissue is used for grafts in animal models2,6,18 and in most
clinical implantation programs either fresh tissue or tissue
stored for up to 48 hours before the procedure is used.5,11,

19,27 In this study we have demonstrated that the addition of
GDNF during storage promotes survival of TH-positive
neurons of human fetal VM tissue for up to 6 days. This
observation is particularly relevant for clinical implanta-
tion. Increasing the storage time before implantation al-
lows time for collection of sufficient tissue for the proce-
dure, which is important because there is a limited supply
of human fetal tissue. Increasing the storage time to 6 days
is essential for completion of serological and microbio-
logical testing to ensure that no infected material is im-
planted in the recipient.

At present, the only valid method of assessing graft sur-
vival in vivo is by using PET scanning to measure fluo-
rodopa uptake. Fluorodopa is an analog of levodopa that
crosses the BBB and is stored in the nigrostriatal do-
paminergic terminals. Correlations of graft survival and
fluorodopa uptake on PET scans have been made by post-
mortem examination of a patient who received fetal VM
tissue 18 months before dying of causes unrelated to the
implant procedure.13 Increases in the mean putaminal fluo-
rodopa uptake reported in patients receiving fetal VM im-
plants have been on the order of 61% when tissue from
three to four donated fetuses is implanted per side.10,27 Fur-
ther increases in fluorodopa uptake have been observed
with higher numbers of donated fetuses. In a recent report
on patients receiving unilateral grafts from four to seven
donated fetuses, a mean increase of 68% in fluorodopa
uptake was observed.38 Five of these patients subsequent-
ly received a second graft in the contralateral putamen of
tissue from four to eight donated fetuses 10 to 56 months
after the first graft. The second graft produced a mean pu-
taminal increase in fluorodopa uptake of 85% at 12 to 18
months after its implantation.9

The mean increase in putaminal fluorodopa uptake in
the two patients reported here was 107% at 12 months
postgrafting. The increase in fluorodopa uptake compares
favorably with other studies,9,10,27,38 taking into account that

tissue from three donated fetuses per side was implanted
in Case 1 and the patient in Case 2 received tissue from
three fetuses on one side and four on the contralateral side.
This observation indicates that exposure of fetal VM tis-
sue to GDNF for 6 days was beneficial to graft survival in
these two patients. A gradient of fluorodopa uptake was
found in the grafted striata. The increase in fluorodopa up-
take was 149.7% within the grafts, followed by an in-
crease of 107% in the entire putamen and a 52.3% in the
caudate. This gradual decline of fluorodopa uptake from
the grafts to the host putamen and caudate may be related
to fiber outgrowth. This finding correlates well with the
previous observations in rats that received grafts of cell
stored in GDNF, in which the density of TH-positive fi-
bers decreased with distance from the graft.1,20

Although clinical improvement was observed in both
patients, a direct comparison with other studies is difficult
because of the variability of methodology used in differ-
ent studies and the small numbers reported here. Never-
theless, the clinical improvement observed in our two
patients is similar to that seen in other studies in which
evidence of graft survival has been demonstrated on PET
scans.9,10,27,38

Conclusions

In summary, we have provided evidence that exposure
of human VM tissue to GDNF for 6 days promotes sur-
vival of stored human dopaminergic tissue. Extending the
time of preservation of human fetal VM tissue is essential
for tissue collection and microbiological screening. Fur-
thermore, the use of GDNF during the storage period may
have a role in enhancing graft survival and fiber out-
growth.
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