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Abstract

Purpose To determine whether the use of plasma rich in

growth factors accelerates healing of the donor site in

bone-tendon-bone anterior cruciate ligament (ACL)

reconstruction (patellar graft). The use of the patellar graft

presents post-operative problems such as anterior knee

pain, which limits its use and leads to preference being

taken for alternative grafts.

Methods A double-blind, randomized, clinical trial was

performed comparing two groups of patients who under-

went ACL reconstruction using patellar tendon graft and

comparing the use of plasma rich in growth factors at the

donor site after graft harvest in terms of local regeneration

by ultrasound assessment.

Results The plasma rich in growth factors group shows

earlier donor site regeneration in comparison with the

control group (2 months earlier), with significant differ-

ences in the first 4 months of the follow-up.

Conclusion The application of plasma rich in growth

factors shows accelerated tissue regeneration processes

with respect to the control group. This fact, together with

the previously published with similar conclusions, can

create a knowledge basis in order to set out new recovery

guidelines following ACL reconstruction.

Level of evidence Therapeutic study, Level I.

Keywords Plasma rich in growth factors � Healing �
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Introduction

Knee injuries account for a significant group of sports

pathologies. One of the utmost importance and severity is

anterior cruciate ligament (ACL) rupture, which accounts

for up to 50 % of these injuries [19]. In the United States

alone, it is estimated that 50,000 patients undergo surgery

every year due to this lesion [17]. ACL rupture renders the

athlete incapable of playing soccer due to the instability

that this rupture entails. Thus, soccer players who suffer

from ACL injuries frequently undergo surgery with the

notion of an earlier return to play [17].

The bone-patellar tendon-bone ligament (patellar graft)

is a widely used autograft for this type of surgery [37].

Donor site complications include anterior knee pain, with

figures that vary from 4–60 % [8]. The central third of the

patellar ligament, with tibial and patellar bone blocks, is

employed as an ACL and recognized by the popular

nomenclature ‘‘patellar graft’’ or ‘‘bone-tendon-bone’’

(BTB).

BTB-ACL reconstruction is associated with anterior

knee pain in 4 % to 60 % of the patients; this could be
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improved by adhering to contemporary recovery precepts,

thereby reducing post-operative anterior knee pain at the

harvest site. There is an existent relationship between

donor site defect healing time and anterior knee pain,

leading to a rise in the use of alternatives in previous years

due to donor site pain after patellar tendon graft harvest.

The empty space or gap that is left after graft harvest has

been defined as the cause of persistent discomfort and pain

at the donor site for several months [46]. However, the

usefulness of BTB graft for anterior cruciate ligament

injuries has previously been studied [45].

In order to accelerate the healing process, autologous

plasma rich in growth factors (PRGF�) allows for a new

possibility in the preventive treatment of these complica-

tions. PRGF are biologically enhanced peptides, which

have been shown to accelerate tissue repair [41, 43].

Studies such as those carried out by Orrego et al. [39],

Radice et al. [40] or a previous work by our research group

[44] have observed accelerated ligamentous tissue matu-

ration when compared to a control group.

Surgeries that have included the application of PRGF

have shown accelerated tissue maturation processes [15,

39, 40, 42, 44]. Orrego et al., Radice et al. and Seijas et al.

showed these accelerated processes in ACL reconstruction

[39, 40, 44], whereas Sanchez et al. [42] did the same with

Achilles tendon and athletes. Anoka et al. [6] reviewed the

use of growth factors and observed an augmented healing

process in medial collateral ligament of the knee.

The persistent donor site gap after harvesting a central

third patellar tendon autograft appears to be correlated with

anterior knee pain, suggesting that if PRGF can in fact

accelerate the maturation process, one could achieve tissue

less susceptible to morbidity, and by doing so, one could

appreciate improved outcomes for the B-PT-B ACL

reconstruction technique [46].

Shelbourne et al. [46] discussed the donor site defect,

reporting discomfort and pain at the anterior knee. Fol-

lowing the abovementioned studies [39, 40, 44], the

hypothesis of the present study is that the application of

PRGF accelerates donor site maturation in BTB-ACL

reconstruction, measured with ultrasound.

Materials and methods

A prospective, randomized, double-blinded, clinical trial

with two groups of patients was performed, comparing the

treatment group (PRGF�) with the control group. Forty-

three patients undergoing anterior cruciate ligament

reconstruction (following the BTB technique) were inclu-

ded in the trial.

All patients included had suffered an acute injury of the

ACL and presented with rotational instability of the knee,

both symptomatically and upon physical examination, with

normal joint mobility and without bone oedema. The pro-

posed treatment for all patients was reconstructive surgery

scheduled 6 weeks post-injury.

Patients were treated in 2009 with a follow-up period of

2 years. Inclusion criteria were age between 18- and

65-year old; ACL complete rupture; oral and written

comprehension of Spanish in order to complete the ques-

tionnaires; first surgical procedure in the evaluated knee as

well as understanding and accepting their enrolment in the

present study signing an informed consent. Exclusion cri-

teria were partial ACL rupture; revision surgery (graft

rupture); concomitant diseases (infections, oncological,

collagen, soft tissue or haematological); inability to

undergo an MRI (either personal or medical reasons);

unwilling to complete the protocol follow-up and subjects

that during the study suffered from new knee injuries.

After selection and enrolment, all subjects were auto-

matically randomized into group A or B using the function

RANDOM from Microsoft Excel, (Microsoft Office 2007).

Once assigned to a group, the only difference in the

treatment between patients was at the end of surgery, when

growth factors were either applied or not, in accordance

with their randomly assigned group. The rest of the treat-

ment including surgery, follow-up, control periods and

additional tests was synonymous for all patients included in

the trial.

The patellar tendons were examined by ultrasonography

before and after the ACL surgery by the same examiner

(MR). The study was performed with the equipment

‘‘ACUSON Antares (Siemens, Erlangen, Germany)’’ with a

multifrequency linear probe, between 7.27 and 11.43 MHz.

Both tendons were examined before surgery to rule out

injuries in the patellar tendon and again at 4, 8, 16, 24, 36,

48 and 96 weeks after surgery, measuring the same

parameters each time; vascularization of the tendon and the

state of repair at the tendon graft harvest site.

The Öhberg scale was used to assess vascularization, in

which the level 0 was considered as the non-existence of

vessels, level 1 the presence of one or more vessels, level 2

as two or more vessels, level 3 as three or more and level 4

as four or more vessels [38], using Doppler ultrasound.

Due to the lack of validated scales regarding donor site

or tendinous tissue, a new scale was created for the present

study using ultrasonography (the Rius classification). To

achieve this, a previous validation was performed with 10

cases being evaluated by two independent radiologists

(ultrasound specialized) at the same timings as in the

present work (4, 8, 16, 24, 36, 48 weeks), finding absolute

coincidence in 57 out of 60 performed studies (95 %).

The repair process at the donor site was evaluated with

stages A to D, where A represented the absence of repair, B

a start in the repair process with less than 50 % scar tissue,
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C advanced repair process with more than 50 % repaired

tissue and stage D when complete repair was observed. The

presence of a greater number of echoes within the donor

site gap indicates a more advanced state of repair.

All patients included in this trial underwent an ACL

reconstruction with autologous patellar graft performed by

the same surgical team. They all followed the same reha-

bilitation programme and underwent the same follow-up

with the same surgeon.

At the end of the surgery, plasma rich in growth factors

(PRGF�) (technique described by Anitua et al. [5]) was

injected at the donor site for patients enrolled in group A.

After skin closure, the graft harvest gap was located by

palpation and 1 cc of PRGF� was injected into the patellar

bone gap. The same procedure was performed in the tibial

bone gap, and finally from the centre of the harvest gap,

1 cc was injected with the needle directed cranially and

1 cc caudally in the tendinous area, under the paratenon,

which had previously been sutured. Patients in group B did

not receive the injection of PRGF� at the end of the

surgery.

Patients involved in the present clinical trial signed an

informed consent in order to participate and were aware

that they would randomly enter either the PRGF group or

the control group. To avoid bias from patients, 20 cc of

preanaesthetic peripheral blood was extracted from all

patients. Once anesthetized and shortly before the end of

surgery, a member of the team consulted the group to

which the patient had been assigned, previously random-

ized using an Excel program. Ultrasound assessments were

performed by a blinded consultant, unaware of which

group patients belonged to.

Given that patients were under anaesthesia at the time of

PRGF application, there was no way of them knowing the

group to which they had been randomized.

Furthermore, the patient group that received PRGF did

not notice any differences with the control group given that

the puncture signs remained mixed with those belonging to

the surgery itself. Questionnaires were filled out by the

patient and collected by a third party impartial to the study,

thus guaranteeing the definition of the present clinical trial,

randomized and double-blinded.

This trial was set out as a clinical trial and approved by

the Ethics Committee at Hospital Quirón Barcelona. The

ethical number of the present clinical trial was CEIC 09-45,

following the guidelines of Royal Decree RD 223/2004

from the Ministry of Health, Social Services and Equality.

Statistical analysis

A sample size determination of 40 patients (20 per group)

was estimated to detect with a 70 % power as significant an

odds ratio of 3.5, using v2 test with a 5 % statistical

significance. Data were collected from an extra 10 % (four

patients), leaving 23 and 21 patients after randomization.

However, three patients were lost during follow-up, with

the final groups consisting of 22 and 19 patients, respec-

tively. Taking into consideration that a possible loss would

occur during the follow-up, an extra 10 % (four patients)

was added to the estimated sample size. As expected, one

patient was lost during the follow-up. Therefore, the final

sample size included in the present study was of 43

subjects.

The development of the association between tendon

maturity and treatment during the follow-up was evaluated

by estimating adjusted odds ratios using an ordinal logistic

regression with the GEE method.

The ultrasound measurements were performed by the

same physician and are the result of three measurements

that were sequentially carried out the same day and repe-

ated at each study period (4, 8, 16, 24, 36, 48 and

96 weeks) after surgery.

The time required for each individual to reach complete

ultrasound tendon maturity was analysed, that is, when

they reached maturity categorized as stage ‘‘D’’. The

existence of a link between PRGF and the time elapsed was

investigated. Identifying the exact moment that maturity

takes place can be challenging, and to that end, time

interval between the last visit (at which point maturity had

not yet completed) and the first visit (that presented com-

plete maturity) was studied. To analyse differences

between treatments, log-rank test was used.

Results

Forty-three patients were included in the study. Group A

(with PRGF�) n = 23 and Group B (control without

PRGF�) n = 20. One patient was excluded from the study

for failing to meet the follow-up criteria due to a change of

residence.

The distribution of patients in both groups was randomly

executed, showing no significant differences between age,

sex, occupation, education, smoking habits or sport activity

level.

Data obtained by ultrasound on the degree of maturity at

the donor site were presented in Table 1 and Fig. 1.

Individuals with PRGF were more associated with

higher scores of maturity than individuals without PRGF in

the fourth month of the follow-up (p = 0.0037). No dif-

ferences at the other follow-up times were found. The

speed at which maturity takes place is accelerated by the

use of PRGF.

With reference to the Ohberg scale assessment, only a

few cases of vascular increase were detected by Doppler

ultrasound. The only month that had some variability in the
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Ohberg variable was month two; however, no statistically

significant association was found (n.s.).

Discussion

The most important finding of the present study was the

accelerated maturation process at the patella donor site in

ACL reconstruction (bone-patellar tendon-bone graft)

using PRGF.

Employing ultrasonography (US) for evaluation of the

patellar tendon has been described in different works for

determining tendon defects [22] and concluded that these

exams present comparable results with MRI. Therefore, US

was the chosen imaging method in the present study due its

simplicity, accessibility and patients’ acceptance.

Complete maturity of the patellar tendon defect (grade

D of the Rius classification) begins in the fourth month

(33 % of patients), over 90 % of cases at 9 months and

100 % at 1 year of the follow-up, as can be observed in the

present study from a global perspective (both groups). As

previous studies have pointed out, regarding the use of

ultrasound over the patellar area in this type of surgery,

there are several different degrees of maturity and/or

healing around a year after surgery [11].

Several authors have studied patellar tendon healing

times; MRI studies claimed that the defect closed between

8 months and 2 years post-operatively [9, 12, 36]. On the

other hand, the histological study carried out by Nixon
Fig. 1 Distribution of the different degrees of maturity in groups

with and without PRGF. US ultrasound

Table 1 Tendon maturity measured by ultrasound according to the use or not of PRGF

Without PRGF With PRGF

Months Maturity degree Months Maturity degree

A B C D A B C D

1 Freq. 16 3 0 0 1 Freq. 16 7 0 0

Percent. 84.2 15.8 0.0 0.0 Percent. 69.6 30.4 0.0 0.0

2 Freq. 12 2 5 0 2 Freq. 9 6 8 0

Percent. 63.2 10.5 26.3 0.0 Percent. 39.1 26.1 34.8 0.0

4 Freq. 2 13 2 2 4 Freq. 1 6 4 12

Percent. 10.5 68.4 10.5 10.5 Percent. 4.4 26.1 17.4 52.2

6 Freq. 0 2 5 12 6 Freq. 0 2 3 18

Percent. 0.0 10.5 26.3 63.2 Percent. 0.0 8.7 13 78.3

9 Freq. 0 1 1 17 9 Freq. 0 0 1 22

Percent. 0.0 5.3 5.3 89.5 Percent. 0.0 0.0 4.4 95.7

12 Freq. 0 0 0 19 12 Freq. 0 0 0 23

Percent. 0.0 0.0 0.0 100 Percent. 0.0 0.0 0.0 100

Statistically significant differences were observed at 4 months post-operative
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et al. [36] reported the presence of scar tissue indistin-

guishable from normal tissue at 2 years after surgery.

Along the same lines, Adriani et al. [1] noted that surgical

closure of the patellar paratenon defect generated an ultr-

asonographic image identical to normal tendon a year after

surgery.

Both the ultrasound study by Adriani et al. and the MRI

study by Nixon report a thickening of the tendon that was

normalizing as the year progressed, monitoring with a

series of images at 3, 6, 9 and 12 months [1, 36]. Other

authors, such as Meisterling et al. and Karns et al., reported

in their studies slightly extended periods, 2.5 and 4 years,

respectively, to achieve complete closure of the defect [21,

35]. In contrast, Lidén et al. evidenced a visible defect at

10 years with MRI, with thickening of the patellar tissue

[30].

Different animal studies both in goats and dogs showed

a structurally different tissue from normal, but the lack of

intraoperative closure of the paratenon could be an influ-

ence for the persistence of the tendon defects [26, 29]. CT

and MRI studies with a 2-year follow-up evidenced donor

site defects [23–25].

In this line, Liu et al. [31] published patellar defects that

persisted after 14 years. Other authors concluded that

although the defects could persist for long periods, these

were also reduced with time [10, 24].

Seriated examinations were performed at 4, 8, 12, 24, 48

and 96 weeks in our series, evaluating at which point the

donor site defect closed.

PRGF has been proposed as a tendon repair technique

due to its numerous bioactive molecules involved in the

ligament and tendon repair process [42].

Almeida et al. [13] studied the use of PRGF in patellar

tendon healing following ACL reconstruction and observed

a positive effect after 6 months and a decrease in donor site

pain, measured with MRI instead of US as in the present

study.

Culture studies with the use of PRGF have shown a

cellular increase in tendon tissues and especially an

increase in collagen levels [4, 14, 20]. Animal studies

have demonstrated an increase in cell density, neovas-

cularization and resistance force between 30 and 65 %

according to studies [2, 3, 7] with an improvement

within biomechanical properties in the medial collateral

ligament in its early stages [18, 47]. The study by Xie

et al. [48] performed with dogs suggested a role of

PRGF in promoting synthesis of extracellular matrix

after ACL reconstruction. Along the same lines, the

study by Fernandez-Sarmiento et al. [15] showed histo-

logical changes at eight weeks, consistent with an

accelerated early healing process in repaired Achilles

tendons in sheep after surgical disruption and repair

treated with PRGF.

Studies by Kondo et al. [27] also demonstrated that the

application of growth factors in ACL elongations achieved

improved tension compared with patients where growth

factors were not applied.

Other studies have shown growth factors to be useful in

achieving early mobility and earlier return to sports in

Achilles tendons and rotator cuff repair [28, 42]. Mean-

while, Foster et al. [16] published their series on medial

collateral ligament injuries in soccer players with 27 %

reductions to recovery times.

The study group by Lyras et al. [32–34] has published

several works on donor site in which they evidence that

studies in rabbits using PRGF enable faster tendon tissue

regeneration in patellar tendon defects.

In the present study, it was observed with US that the

group to which PRGF had been applied advanced towards

stages of repair or maturity at a faster rate than the control

group. This increased speed can be observed at the fourth

month with complete maturity, being statistically signifi-

cant (52 vs. 10 %, p = 0.0037).

This difference decreases in the following months with

no significant differences. It is therefore evident that the

use of PRGF accelerates the process of maturity substan-

tiated by ultrasonographic studies.

No degrees of hypervascularization of the patellar ten-

don during its different stages of regeneration were

observed with the Doppler ultrasound evaluations in the

present study, except for some rare isolated case of grades

1 and 2 at some points of the follow-up, for which reason

Doppler ultrasound assessment could be considered as

useless for diagnosis or evaluation of the regenerated

patellar donor site. Other more precise techniques, such as

angiography, would probably show the condition of hy-

pervascularity caused by tissue maturation.

As the study of Shelbourne et al. [46] confirmed, there is

a clear relationship between the patellar defect and dis-

comfort and pain at the anterior knee. The present study

aimed to evaluate whether there were differences within

healing time with PRGF, which could lead to less dis-

comfort and pain. A major problem regarding ACL

reconstruction with patellar graft is this anterior knee pain;

therefore, a faster healing time could allow a quick return

to the preinjury level of function.

Some limitations must be taken into consideration when

reviewing the current manuscript. Ours is a single-centre

study with a limited number of patients. Furthermore, eval-

uation was performed with a non-validated ultrasonographic

evaluation scale; however, no other evaluating scales are

currently available. In addition, the use of magnetic reso-

nance imaging could have increased the knowledge of tissue

and bone regeneration; however, the economic restrictions

for this test made it impossible to include it in the study

design. Although ultrasound adds the limitation of being
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examiner-dependent, a recognized and expert physician

trained for over 20 years in muscular ultrasonography was

asked to perform the tendinous ultrasonography. Neverthe-

less, there is a comprehensible technical bias that could have

been reduced with the participation of two or more ultra-

sound experts. Unfortunately, due to structural and economic

reasons, this was not possible in the present study. Further

multi-centre clinical trials should be carried out in order to

draw clearer conclusions.

Conclusion

In conclusion, the present study shows that the use of PRGF

accelerated the maturation process at the donor site. If a

reduction in discomfort within the anterior knee in early

stages is proven, as previous studies regarding the application

of PRGF in ACL graft have observed, one of the most fre-

quent complications could be better controlled. The present

study does not aim to evaluate an improvement in function-

ality of the applied graft, as PRGF was not injected into the

graft, and thus, there is no reason why time of return to play

should vary. The use of PRGF has been proven to accelerate

the process of tissue regeneration. Considering the current

results combined with those from previous studies where

PRGF was applied, future studies could benefit from the

demonstrated accelerated maturation times, thus providing

shorter rehabilitation periods and an earlier return to play.
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