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Purpose: To determine whether the use of platelet-rich plasma gel (PRPG) affects magnetic
resonance imaging (MRI) findings in the anterior cruciate ligament (ACL) graft during the first year
after reconstruction. Methods: A prospective single-blinded study of 50 ACL reconstructions in 50
patients was performed. In group A (study group) PRPG was added to the graft with a standardized
technique, and in group B (control group) no PRPG was added. An MRI study was performed
postoperatively between 3 and 9 months in group A and between 3 and 12 months in group B. The
imaging analysis was performed in a blind protocol by the same radiologist. Results: The mean
heterogeneity score value at the time of MRI, assigned by the radiologist, was 1.14 in group A and
3.25 in group B. Both groups were comparable in terms of sex and age (P ! .05). The mean time
to obtain a completely homogeneous intra-articular segment in group A (PRPG added) was 177 days
after surgery, and it was 369 days in group B. Using the quadratic predictive model, these findings
show that group A (PRPG added) needed only 48% of the time group B required to achieve the same
MRI image (P ! .001). Conclusions: ACL reconstruction with the use of PRPG achieves complete
homogeneous grafts assessed by MRI, in 179 days compared with 369 days for ACL reconstruction
without PRPG. This represents a time shortening of 48% with respect to ACL reconstruction without
PRPG. Level of Evidence: Level III, case-control study.

Rupture of the anterior cruciate ligament (ACL)
is an injury commonly observed in sports med-

icine. Return to professional sports occurs at around
6 to 7 months, depending on the sport practiced. In
sports medicine this time period is often very long

for the athlete; thus methods have been sought to
shorten the biological time required for the graft to
acquire biomechanical properties similar to the
original ACL.

The clinical results of ACL reconstruction and time
to return to sports could be improved if the graft
healing process is enhanced. In a classic publication
on this topic in 1982, Arnoczky and Tarvin1 described
the behavior of the graft used in ACL reconstruction
in dogs, describing 3 stages in the process of graft
metaplasia: incorporation, neoligament formation, and
remodeling.2,3

Various authors have tried to study the behavior of
the graft in clinical trials, with histology or imaging
studies, which experienced a significant boost with the
appearance of magnetic resonance imaging (MRI).4-10

In 1995, in a prospective clinical study that relied
on second-look arthroscopy to perform a histologic
and MRI assessment of the graft at 6, 9, and 12
months of postoperative evolution,11 we described
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how the patellar tendon graft used in human ACL
reconstruction is incorporated. We concluded that the
graft maturation takes a long time: 12 months to
achieve histology similar to a normal ACL. At 12
months, the MRI study of the graft was homogeneous
and hyperintense, without swelling in the bone tun-
nels. The correlation of the histology with MRI was of
great help in establishing a reliable imaging pattern,
which allowed us to noninvasively verify the graft
healing process.

Weiler et al.12 report correlations between biome-
chanical properties and vascularity of an ACL graft
and MRI in a sheep model.

Clinical applications of autologous platelet-rich
plasma gel (PRPG) include maxillofacial surgery,
treatment of bone fractures, and tendon repair, report-
ing excellent outcomes.13-16 Platelets contain different
growth factors that facilitate healing. PRPG is a frac-
tion of plasma volume with a platelet concentration
above baseline (whole blood). Platelet concentrates
contain an enormous amount of activated platelet-
derived growth factors (PDGFs).17-23

Platelets contain PDGFs, transforming growth fac-
tors (TGFs), insulin-like growth factors, epidermal
growth factors, vascular endothelial growth factors,
and fibroblast growth factors. These factors are in-
volved in the majority of biological remodeling pro-
cesses in the body. In the specific case of ACL graft,
PDGFs, fibroblast growth factor 1, and the various
types of TGF-! are responsible for accelerating the
healing process, as well as increasing the tensile
strength of the graft.24-30

Only 2 articles have shown an enhancing effect of
treatment with PRPG on the tendon or ligament in
humans. In a human study Orrego et al.31 showed an
enhancing effect over the graft maturation process as
evaluated by MRI signal intensity, without showing a
significant effect on the osteoligamentous interface or
tunnel widening evolution. In human tenocyte cul-
tures, de Mos et al.32 showed that PRPG stimulates
cell proliferation and collagen production.

Currently, it is practically impossible to perform
human clinical trials of biomechanical or histologic
assessments of the graft’s behavior in ACL recon-
struction. For this reason, we decided to practice an
indirect and noninvasive assessment in our patients,
using MRI. The purpose of our investigation was to
study MRI findings in the ACL graft when PRPG was
added during surgery, thus allowing future studies
correlating MRI findings with histology and ultimate
load and strength. We hypothesized that PRPG has a
positive effect on cell proliferation and collagen pro-

duction in the human tendon and plays a key role in
the remodeling and repair processes of the graft used
in ACL reconstruction.

METHODS

Study Design

This is a prospective and single-blinded study per-
formed between June 2005 and December 2006. The
inclusion criteria were sport athletes of both gender
between 18 and 35 years old with an isolated ACL tear
shown by MRI. Exclusion criteria were previous ACL
revision surgery, chronic or systemic disease under
treatment, and previous or current treatment for ma-
lignant disease. These pathologies can modify the
biologic behavior of the graft. Fifty consecutive pa-
tients met the inclusion criteria.

The type of graft used was determined according to
our institution’s protocol, and it depended on the type
of sports the patient practiced. Bone–patellar tendon–
bone (BPTB) autograft was used in rugby and soccer
players, whether hamstring autograft was used in
players who practiced skiing, hockey, tae kwon do,
and volleyball. One of the surgeons (R.Y.) did not use
PRPG, and the other (F.R.) did. Two groups were
established: Group A included 25 patients (18 men
and 7 women), with a mean age of 30 years (range, 18
to 33 years), with ACL reconstruction plus PRPG; 15
of these patients underwent reconstruction with
BPTB. Group B included 25 patients (21 men and 4
women), with a mean age of 32 years (range, 18 to 35
years), with ACL reconstruction without PRPG; 10 of
these patients underwent reconstruction with ham-
string autografts. Both groups (A and B) followed the
same rehabilitation protocol.

Surgical Technique

In the case of BPTB autograft, fixation was per-
formed with metallic interference screws. Hamstring
autograft fixation was performed with metallic or bio-
absorbable cross-pin femoral fixation using the Trans-
Fix technique (Arthrex, Naples, FL) in the distal fe-
mur and a Delta-type bioabsorbable screw with a
metallic staple in the proximal tibia (Arthrex).

In group A PRPG was administered by an applica-
tion technique developed to allow standardization of
the dose of concentrate used and avoidance of its loss
when the graft goes through the bone tunnels.33,34 The
autologous platelet concentrate was obtained from the
GPS system of Biomet (Warsaw, IN). This procedure
is done aseptically in the same operating room. Pre-
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operatively, 60 mL of autologous blood is obtained
and centrifuged at 3,200 rpm for 15 minutes. In the
case of BPTB graft, after adaptation of the bone plugs
for them to fit through the tunnels, the femoral bone
segment and the intra-articular segment are wrapped
with a bioabsorbable synthetic gelatin called Gelfoam
(Pfizer, New York, NY) and secured to it with a No.
3-0 Vicryl suture (Ethicon, Somerville, NJ). In the case
of hamstring tendon graft, it is prepared in the usual
manner with removal of the remnant muscle tissue. At
each end, a 3-cm-long braid with FiberWire (Arthrex) is
made, and the tendon’s thickness and length are mea-
sured. Under moderate tension, a piece of Gelfoam is
placed between the portion of the tendons that will be
located in the femoral tunnel and the intra-articular
segment. This is sutured to the adjacent tendon with
No. 3-0 Vicryl. The Gelfoam acts as a sponge that
maintains the platelet concentrate dose in direct con-
tact with the graft used (Fig 1). A total volume of 5
mL of platelet-rich plasma, activated at the moment of
inoculation on the graft, is added homogeneously so
as to completely cover the graft, waiting until it forms
a clot (Fig 2). The dose administered was determined
based only on our criteria. We do not know the ideal
dose, and at the time of this study, nothing about the
ideal dose had been published. The formed clot ad-
heres to the graft, because of the presence of the
sutured and compressed Gelfoam. This allows the
graft to hold a precise amount of PRPG and, even
more importantly, avoids the loss of PRPG when the
graft goes through the bone tunnels (Fig 3).

Imaging Assessment

The imaging protocol was standardized and similar
in both groups. Included were a series of MRI scans
focused to study the intra-articular segment of the
graft. The study of the femoral and tibial parts of the
graft was not considered because its maturation pro-
cess occurs first, compared with the intra-articular
part. This was performed with a T1 and T2 sequence
(repetition time, 4,020 milliseconds; echo time, 105
milliseconds) with a 1.5-T Siemens Magnetom MRI
Scanner (Siemens AG, Erlangen, Germany). Slices of
2 mm in thickness, in the oblique parasagittal view,
between 10° and 15°, centered on the intercondylar
region, with the knee flexed at 9° to 10°,11 were
obtained. Patients in group A had MRI performed at 3,
4, 5, 6, 7, 8, and 9 months postoperatively so as to
build a homogenization curve of the graft, according
to the statistic quadratic predictive model, and sup-
ported by this study’s hypothesis that the use of PRPG
accelerates the graft homogenization time. The control
group had MRI performed at 6, 7, 8, 9, 10, 11, and 12
months, with the assumption that before 6 months,
homogenization is not present.

The imaging analysis was done by the same ra-
diologist, experienced in musculoskeletal studies,
blinded to the time of reconstruction and to PRPG
application to the graft.

The radiologist divided the intra-articular segment
of the graft into 3 segments: proximal, medial, and
distal. To each segment, he assigned a score according
to the degree of heterogeneity observed. Therefore a
score of 0 was assigned to an absolutely homogeneousFIGURE 1. Hamstring graft preparation with Gelfoam and PRPG.

FIGURE 2. The Gelfoam acts as a sponge that maintains the PRPG
dose in direct contact with the graft.
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segment (Fig 4); 1, slightly heterogeneous; 2, moder-
ately heterogeneous; and 3, severely heterogeneous
(Fig 5). A sum of the scores for each segment was

FIGURE 4. (A) MRI 6 months after ACL reconstruction: Ham-
string graft with PRPG. A score of 0 was assigned to an absolutely
homogeneous segment. (B) MRI 5 months after ACL reconstruc-
tion: BPTB graft with PRPG. A score of 0 was assigned to an
absolutely homogeneous segment.

FIGURE 3. (A) To avoid the loss of the PRPG when the graft
passes through the bone tunnels, the Gelfoam is placed between the
prepared tendons. (B) Intra-articular visualization of ACL recon-
struction with PRPG in BPTB graft. (C) Intra-articular visualiza-
tion of ACL reconstruction with PRPG in hamstring graft.
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obtained for each patient, which was compared statis-
tically between the 2 groups and correlated with the
time at which the MRI study was done.

Statistic Analysis

For the statistic analysis, data were analyzed with
the SPSS data analysis program (SPSS, Chicago, IL).
This program was used to work with quadratic
statistics, graphs, data, and descriptive indicators. To
determine whether the 2 groups were comparable in
terms of number, age, and sex, an F test and Student
t test were used.

The quadratic predictive model was used for data
analysis to determine, through a linear relation, the
extrapolated midpoint that predicted the time when
both groups had completely homogeneous grafts.

RESULTS

The mean heterogeneity score value at the time of
MRI, assigned by the radiologist, was 1.14 in group A
and 3.25 in group B. Both groups were comparable in
terms of sex and age (P ! .05). The mean time to
obtain a completely homogeneous intra-articular seg-
ment in group A (PRPG added) was 177 days after
surgery, and it was 369 days in group B. Using the
quadratic predictive model, the percentage of time that
group A (PRPG added) needed to achieve the same
MRI aspect as group B was 48% (Fig 6). This fact is
even more evident when we compared only the BPTB
graft cases in both groups: a homogeneous graft was
obtained in 109 days in patients with PRPG versus
363 days in the control group, that is, one third the
time as that for control group (Fig 7). In the compar-
ative analysis of those patients in whom BPTB graft
was used, we observed an even shorter time required
for the graft’s homogenization when PRPG was used,

FIGURE 5. (A) MRI 6 months after ACL reconstruction: Ham-
string graft without PRPG. A score of 3 was assigned to a severely
heterogeneous segment. (B) MRI 6 months after ACL reconstruc-
tion: BPTB graft without PRPG. A score of 3 was assigned to a
severely heterogeneous segment.

FIGURE 6. Homogenization of graft, by use of quadratic predic-
tive model, in group A (with PRPG) versus group B (control).
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but this can only be considered a trend, because the
sample’s number was too small to draw conclusions
with statistical significance (! type error).

The latter fact, despite the large difference between
the groups, merely shows a statistical trend, because it
lacks statistical significance. On the other hand, to
certify the findings of the quadratic model, in both
groups only the patients who fully completed the
requirements of a return to sports without restrictions,
with normal functional sport-specific and isokinetic
evaluations, were selected. The mean time to obtain an
MRI score of 0, that is, a completely homogeneous
graft, was compared between the groups (12 in the
PRPG group and 6 in the control group). It was
determined that the mean time in days to obtain a
homogeneous graft was 179 days and 362 days in the
PRPG and control groups, respectively (Fig 8). This
finding indicates a decrease by half of the time
(49.4%) in the group with PRPG versus the control
group (P ! .001). Once again, modifying the data
analysis, the homogenization time of the intra-articu-
lar segment of the ACL graft evaluated with specific
MRI slices is halved when growth factors, obtained
through a standardized autologous platelet concentrate
method, are used.

DISCUSSION

For elite athletes, recovery from ACL injury must
reach a level close to normal and occur in the shortest
time possible so as not to affect the future athletic
performance. In the last decade great advances have
occurred in ACL reconstruction surgery, considerably
improving the outcomes. This is because of the devel-
opment of more anatomic reconstruction techniques,

stronger and more stable methods of attachment over
time, accelerated rehabilitation protocols, better tech-
nical training, and increased expertise of surgical
teams. However, reinjury in these athletes, attributed
to trauma in early periods of sports reintegration,
clearly indicates that the biological period of matura-
tion and metaplasia needed by the graft used in the
reconstruction is not affected by the described ad-
vances. For the patellar tendon graft, this period is on
average 9 to 12 months.2,11,14 Therefore, during the
last years the focus of research has been on advance-
ments in the basic sciences relating to the study of
function and capacity for repair, as well as develop-
ment of growth factors and tissue. Yasuda et al.,28

analyzing the effect of growth factors applied to grafts
in dog models, indicated that TGF-! and epidermal
growth factor act by increasing the collagen and fi-
broblast synthesis by 40% in the graft. Anderson et
al.14 indicated that the presence of TGF-!1, TGF-!2,
TGF-!3, and TGF-1 growth factors directly influ-
ences the graft by improving the scarring rate and
increasing the tensile force resistance by 65%. In
another interesting experimental study, Weiler et al.27

indicate that the application of autologous PDGFs
applied to the graft during surgery was capable of
changing its natural evolution, improving tensile
strength and resistance, increasing the maturation rate,
and improving collagen quality. The results in our
study showed a significant shortening of the biological
maturation time of the graft, by at least 48%. Our
results show that when PRPG is used, the time re-
quired by the graft to achieve complete homogeniza-
tion, as assessed by MRI, is statistically shortened.

FIGURE 8. Comparison of only grafts with absolutely homoge-
neous segment in group A (with PRPG) versus group B (control).

FIGURE 7. Homogenization of graft comparing BPTB and ham-
string in group A (with PRPG) versus group B (control). (BPTB
and hamstring without PRPG.)
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This is very important for the graft’s biological mat-
uration. This means that the graft used with PRPG
could undergo its complete process in half the time it
naturally requires. We are performing a follow-up of
all of our operated athletes to see what happened
regarding reinjury, but the follow-up time is still short.

The use of the gelatin (Gelfoam) could affect the
magnetic resonance image or analysis, but because it
is absorbable, it may already be biodegraded at the
time of imaging assessment. There are no studies in
the literature describing local changes related to bone
or tendon grafts. The early changes seen in the intra-
articular segment of the graft with the use of PRPG
suggest some effect on it. There are no published
studies that relate the quality of the MRI signal inten-
sity with histology or strength of grafts in human
models. However, investigations by Weiler et al.12 in
sheep models showed that there is a correlation among
the homogeneity of the graft on MRI, maturation, and
strength, similar to the native ACL.

Much field to cover still remains. The current ap-
plication of autologous PDGFs22-25 does not allow us
to specifically isolate the factors related to the process.
We are most likely applying a mixture of factors that
apparently do not participate in or influence the heal-
ing process of these tissues.24-26,30,35,36 It is also not
clear to us whether isolated application at the time of
surgery is enough or whether it would be even more
effective to repeat application of these factors during
the postoperative recovery and rehabilitation process.
Which are the growth factors that are actually needed
in ACL reconstruction? Is the quantity we are apply-
ing adequate? Is it important to maintain the interac-
tion and balance between all of the growth factors
present in the platelet concentrate? How long does
their effect last? We still do not have the answers to
these questions, and further studies are required.

CONCLUSIONS

ACL reconstruction with the use of PRPG achieves
completely homogeneous grafts, assessed by MRI, in
179 days compared with 369 days for ACL recon-
struction without PRPG. This represents a time short-
ening of 48% with respect to ACL reconstruction
without PRPG.
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