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Objective: To investigate the effect of platelet-rich plasma on tendon-bone healing after anterior cruciate ligament
reconstruction.

Methods: This retrospective study included 85 patients (range, 18–50 years; mean age, 33.95 � 10.53 years;
male/female, 49/36) who underwent anterior cruciate ligament reconstruction using autologous hamstring tendons
between August 2017 and June 2019 at our institute. The participants in the study group (n = 42) were injected with
platelet-rich plasma at both ends of the tendon graft, while those in the control group (n = 43) received an injection of
normal saline. Magnetic resonance imaging signal/noise quotient values of the femoral and tibial ends, knee Lysholm
scores, and International Knee Documentation Committee scores were compared at 3, 6, and 12 months
postoperatively.

Results: The signal/noise quotient values of the femoral and tibial ends in both groups were higher at 6 months than
at 3 and 12 months postoperatively. The signal/noise quotient values of the tibial end were significantly lower in the
platelet-rich plasma group than in the normal saline group at all follow-up time points (P < 0.05). The signal/noise quo-
tient values of the tibial and femoral ends in both groups were significantly different at 3, 6, and 12 months postopera-
tively (P < 0.05). Additionally, the signal/noise quotient values of the tibia were significantly lower than those of the
femur in both groups (P < 0.05). The Lysholm and International Knee Documentation Committee scores were signifi-
cantly better in the platelet-rich plasma group than in the normal saline group only at 3 months postoperatively. No
complications, such as knee joint infection or vascular and nerve injuries, occurred in any of the 85 patients. The knee
flexion of all patients were more than 90�, and the straight degree was 0�. No joint stiffness was observed in all
patients.

Conclusion: Platelet-rich plasma can promote tendon-bone healing in grafts and can improve early postoperative knee
joint function.

Key words: Anterior cruciate ligament reconstruction; Magnetic resonance imaging; Platelet-rich plasma; Signal/noise
quotient; Tendon-bone healing

Introduction

Successful anterior cruciate ligament (ACL) reconstruction
with an autologous or allogeneic tendon graft requires

sufficient healing of the tendon graft in the bone tunnel1,2.
However, adequate tendon-bone healing is not always easily
achieved and poses great challenges to patients and
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orthopaedic physicians. In the past few decades, a number of
regenerative strategies have been developed to improve the
process of tendon-bone healing, including the delivery of
growth factors3,4 and stem cells5,6, as well as the use of vari-
ous biomaterials7–10.

The natural tendon-bone junction consists of four
regions: the bone, calcified fibrocartilage, non-calcified
fibrocartilage, and the tendon. This unique transition inter-
face between the tissue and minerals can effectively transfer
stress from the tendon to the bone or vice versa. Therefore, it
is believed that the inward growth of a new bone is essential
to ensure a firm graft-to-bone fixation. Interestingly, many
bone inducible growth factors have been tested to achieve
this goal, such as transforming growth factor-β11, bone mor-
phogenetic protein12, and granulocyte colony-stimulating
factor13.

However, because of the high cost and short shelf life
of biological materials for tendon-bone healing, the clinical
availability of these methods remains limited. In contrast,
many bone composite materials have been used to promote
osseointegration of tendon grafts, including tricalcium phos-
phate14, hydroxyapatite15, and magnesium-based bone adhe-
sives16. However, these substances have no osteoinductive
potential; hence, their ability to achieve physiological bridg-
ing between the tendon grafts and the bone is limited.

Platelet-rich plasma (PRP) contains high levels of
growth factors, including transforming growth factor-β, bone
morphogenetic protein-2, insulin-like growth factor, and
platelet-derived growth factor17. When PRP is implanted
in vivo, a microenvironment favorable to cell growth and
proliferation is created. Previous animal experiments have
reported that PRP can promote tendon-bone healing18,19;
however, clinical studies on this topic are limited20.

Weiler et al.21 found that the signal/noise quotient
(SNQ) value was negatively correlated with the maximum
failure load, tensile strength, and stiffness of grafts. They also
showed that the signal changes on magnetic resonance imag-
ing (MRI) could adequately indicate the process of vasculari-
zation and ligament formation of the grafts. Since then, there
have been more studies using MRI to evaluate graft maturity
and tendon-bone healing. The SNQ in MRI, which is pro-
portional to the signal intensity of the graft, is a good index
that can be used to evaluate tendon-bone healing22. It has
been reported that a lower SNQ value indicates a lower water
content and better healing of the graft23.

Therefore, the purpose of this study was (i) to evaluate
the effect of PRP on tendon-bone healing in the procedure
of ACL reconstruction; (ii) to investigate whether SNQ value
can be used to evaluate the degree of maturation of grafts.

Methods

Inclusion and Exclusion Criteria
The inclusion criteria used in this study were as follows:
(i) preoperative diagnosis of ACL rupture based on imaging
and physical examination findings (anterior drawer test);

(ii) age, 18–50 years; and (iii) initial unilateral ACL recon-
struction. The exclusion criteria were as follows: (i) severe
osteoarthritis of the affected knee joint (Kellgren–Lawrence
grade III and above); (ii) severe meniscus injuries of the
affected knee joint that needed suturing with the aid of an
arthroscope; (iii) presence of serious cartilage damage con-
firmed using arthroscopy (Outerbridge grade III and above);
and (iv) multiple ligament injuries or knee joint infection.

Study Design and Patients
This study was conducted in accordance with the principles
of the Declaration of Helsinki and was approved by the
ethics committee of our institution (No. 2019172). All study
participants provided informed consent. A surgeon at the
hospital began using PRP to enhance ACL reconstruction in
April 2019. Prior to this, ACL reconstruction was performed
without PRP enhancement. From April to June 2019, a total
of 42 patients underwent PRP-enhanced ACL reconstruction,
constituting the PRP group. Forty-three patients were
selected as the normal saline group from the ACL recon-
struction database of the same surgeon. These patients
underwent ACL reconstruction from December 2017 to
February 2018, without undergoing PRP enhancement.
When selecting the normal saline group, the investigators
were blinded to the results to avoid selection bias. The fac-
tors considered were age, sex, and whether initial ACL
reconstruction was performed. From December 2017 to June
2019, there were no other changes in the ACL reconstruction
technique of the surgeon.

PRP Preparation
The RegenACR®-C Kit (Regen lab SA, Vaud, Switzerland) was
used to prepare the PRP according to the manufacturer’s
instructions. Approximately 8 mL of venous blood was
obtained from the patient and placed in a centrifuge for
10 min, at a rotating speed of 3220 rpm. After standing for
2 min, 4.5–5 mL of PRP was obtained. The required PRP was
collected using a syringe (Fig. 1A).

Anterior Drawer Test
The anterior drawer test was used to examine ACL injury.
The patient lay flat on the bed with knees flexed at 90�, hip
flexed at 45�, and both feet on the bed in a neutral position
and remained relaxed. The examiner sat on the bed and held
the patient’s feet to fix them. Afterwards, the examiner
held the tibial end of the knee joint with both hands and
pulled the leg forward. In cases where the tibia moved for-
ward ≥5 mm compared to the healthy side, the test was con-
sidered to be positive.

Surgical Methods

Anesthesia and Position
Under general or epidural anesthesia, the patients were
placed in the supine position; the healthy knee adopted the
lithotomy position and the affected knee naturally drooped.
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Approach and Exposure
After ACL rupture was confirmed by anteromedial and
anterolateral arthroscopic approaches, a 3-cm longitudinal
skin incision was made approximately 2 cm medial to the
tibial tubercle. Parts of the semitendinosus and gracilis ten-
dons were cut and woven to prepare the tendon graft, and
its diameter was measured.

Application of PRP or Saline
In the PRP group, 2.5 mL of PRP was injected into the tibial
and the femoral ends of the graft with a fine-needle syringe
(Fig. 1B), then the tendon was soaked in the rest of the PRP
for about 10 min. After pulling the tendon into the bone
tunnel, the joint fluid is fully absorbed by aspirator and the
unabsorbed PRP was injected into both ends of the joint to
ensure that the PRP adheres to the transplanted tendon to
the greatest extent. In the normal saline group, the same vol-
ume of normal saline was injected into both ends of the ten-
don graft.

Graft Positioning
According to the diameter of the graft, tibial and femoral
tunnels were drilled into the tibial and femoral anatomical
footprints of the ACL. The femoral and tibial sides were
fixed using a titanium plate and an absorbable interface
screw, respectively. We confirmed that the graft was posi-
tioned properly after the ACL reconstruction (Fig. 1C).

Postoperative Rehabilitation
The PRP group and normal saline groups had the same post-
operative rehabilitation training plan. On the day of the sur-
gery, after recovering from anesthesia, straight leg raises and
ankle pump training were performed in bed. Knee flexion
activity began on postoperative day 2, and knee flexion
reached the normal levels at 10–12 weeks postoperatively.
Knee braces were fixed for 2 months after the surgery.

According to the patient’s tolerance, weight-bearing activities
were performed stepwise. Jogging and swimming were com-
menced 4–6 months postoperatively, and competitive sports
resumed 9–12 months postoperatively.

Outcome Measures

Signal/Noise Quotient (SNQ) Value
We performed 3.0 T MRI (scanning series: repetition time/
echo time, 3000/41 ms; field of view: 15 cm � 15 cm; matrix:
240 � 320; slice thickness: 3.0 mm; Magnetom, Verio, Sie-
mens, Germany) at 3, 6, and 12 months postoperatively. All
images were imported into the RadiAnt DICOM viewer 5.0
(Medixant, Poznan, Poland), and the data were analyzed in
the oblique-sagittal fat-suppressed middle-level imaging. The
signal intensity was measured in the regions of the femoral
and tibial ends of the graft, the quadriceps tendon, and the
background (approximately 2 cm in front of the patellar ten-
don). The region of interest, which was also the area of the
selected sites, was 0.2 cm2 (Fig. 2). Then, the signal intensity
of each site was quantified and used in the SNQ value for-
mula as follows: SNQ value = (signal intensity of ACL graft
� signal intensity of quadriceps femoris tendon) / back-
ground signal intensity8,13. Two physicians participated in
the MRI measurements of the grafts. Each physician inde-
pendently measured the value of each region twice, with an
interval of 2 weeks, to eliminate the memory effect. Then,
the average value of the measurements performed by the two
physicians was used to calculate the SNQ. The intra- and
inter-observer reliabilities were calculated using the results of
the measurements.

Lysholm Scores
Lysholm scores were used to assess the outcomes after ACL
repair. Lysholm scores range from 0 to 100 based on eight

A B C

Fig. 1 Preparation of PRP fluid and woven autologous hamstring tendon. (A) Image of the PRP fluid. (B) In the PRP group, 2.5 mL of PRP was injected

into the tibial and femoral ends of the graft. (C) The graft was positioned properly after anterior cruciate ligament reconstruction. PRP, platelet-rich

plasma.
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domains: pain, limping, stair climbing, locking, supporting,
swelling, instability, and squatting.

International Knee Documentation Committee (IKDC)
Evaluation
The IKDC Subjective Assessment Form, the standardized
international documentation system for knee surgery, con-
sists of 18 questions that emphasize the effects of symptoms,
activities of daily living, and physical activity on the knee.
The form also assessed the total knee function on a 0–100
conversion scale. A score of 100 indicates no symptoms and
no restriction in activities of daily living or physical activity.

Statistical Analyses
The chi-squared test was used to analyze categorical parame-
ters, sex, and the affected knee. An independent sample t-test
was used to compare the age, last follow-up time point, IKDC
score, Lysholm score, and SNQ value of the two groups. The
SNQ value, IKDC score, and Lysholm score within each group
were analyzed using repeated-measures analysis of variance,
and pairwise comparisons are expressed as means � standard
deviations. The intraclass correlation coefficient (ICC) was used
to study the inter- and intra-observer reliabilities. The reliability

Fig. 2 Measurement of SNQ values at the femoral and tibial ends of

the graft. The SNQ value was calculated as follows: SNQ value of each

graft site = (anterior cruciate ligament graft signal intensity –

quadriceps tendon signal intensity)/background signal intensity. SNQ,

signal/noise quotient.

TABLE 1 Patients’ characteristics

Platelet-rich plasma
group (n = 42)

Normal saline
group (n = 43) P-value

Age (years) 32.01 � 11.23 35.90 � 10.31 0.52
Sex (male/
female)

23/19 26/17 0.41

Affected
knee
(left/
right)

20/22 27/16 0.32

Body mass
index
(kg/m2)

20.12 � 2.34 21.23 � 1.98 0.20

TABLE 2 Signal/noise quotient values of the femoral ends
of the grafts

Postoperative
time

Platelet-rich plasma
group

Normal saline
group P-value*

3 months 11.08 � 5.71 12.51 � 5.30 0.60
6 months 16.31 � 7.52 18.32 � 5.42 0.37
12 months 14.35 � 8.86 15.82 � 3.71 0.51
P-value* 0.00 0.00

* P < 0.05 indicates statistical significance.

Table 3 Signal/noise quotient values of the tibial ends of the
grafts

Postoperative
time

Platelet-rich plasma
group

Normal saline
group P-value*

3 months 7.33 � 4.28 9.81 � 2.84 0.04
6 months 9.13 � 5.79 12.26 � 4.26 0.04
12 months 8.11 � 4.31 10.41 � 7.50 0.02
P-value† 0.03 0.01

* P < 0.05 indicates a statistically significant difference in signal/noise
quotient values between the platelet-rich plasma group and normal saline
groups.; † P < 0.05 indicates a statistically significant difference in sig-
nal/noise quotient values at 6 months after surgery compared with the
corresponding at 3 and 12 months after surgery.

TABLE 4 Signal/noise quotient values of the tibial and femoral
ends in the platelet-rich plasma group

Postoperative time Tibial end Femoral end P-value*

3 months 7.33 � 4.28 11.08 � 5.71 0.00
6 months 9.13 � 5.79 16.31 � 7.52 0.00
12 months 8.11 � 4.31 14.35 � 8.86 0.00
P-value† 0.03 0.00

* P < 0.05 indicates a statistically significant difference in signal/noise
quotient values between the tibial and femoral ends.; † P < 0.05 indicates
a statistically significant difference in signal/noise quotient values at
6 months after surgery compared with the corresponding at 3 and
12 months after surgery.
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was high, medium, and low when the ICC was >0.75, 0.4–0.75,
and <0.4, respectively. All statistical analyses were performed
using SPSS version 20.0 (IBM Corp., Armonk, NY, USA) soft-
ware. The level of significance was set at P < 0.05.

Results

General Results
All patients were followed up for a minimum of 12 months.
There were no significant differences in age, sex, the affected
knee (left or right), and body mass index between the two
groups (Table 1).

SNQ Values
The intra- and inter-observer ICCs were 0.893 and 0.882,
respectively, indicating that the MRI measurement method

had high reliability and could be used to assess graft healing.
The SNQ values of the femur and tibia at 6 months after sur-
gery were higher than those at 3 and 12 months in both
groups (P < 0.05) (Tables 2 and 3). There were no significant
differences in the SNQ values of the femoral end between
the PRP group and the normal saline groups at 3, 6, and
12 months postoperatively (Table 2). However, a significant
difference was observed in the SNQ values of the tibia
between the PRP group and normal saline groups at 3, 6,
and 12 months postoperatively (P < 0.05) (Table 3). Upon
comparison of the SNQ values of the tibia and the femur in
the PRP group, a significant difference was observed at 3, 6,
and 12 months postoperatively, with the SNQ value of the
tibial end of the graft being significantly lower than that of
the femoral end (P < 0.05) (Table 4). The SNQ values of the
tibia and the femur in the normal saline group were also sig-
nificantly different at 3, 6, and 12 months postoperatively
(P < 0.05) (Table 5). The associations between the MRI find-
ings of the graft signal intensity and the time after ACL
reconstruction in the PRP group and normal saline groups
are presented in Fig. 3.

Lysholm Scores
There was no significant difference in the Lysholm scores of
the PRP group and normal saline groups before surgery;
however, there was a significant difference at 3 months post-
operatively (P < 0.05), the score of the PRP group was
15.61% higher than that of the normal saline group. Further-
more, no significant differences were observed at 6 and
12 months postoperatively (Table 6).

TABLE 5 Signal/noise quotient values of the tibial and femoral
ends in the normal saline group

Postoperative time Tibial end Femoral end P-value*

3 months 9.81 � 2.84 12.51 � 5.30 0.00
6 months 12.26 � 4.26 18.32 � 5.42 0.00
12 months 10.41 � 7.50 15.82 � 3.71 0.00
P-value† 0.01 0.00

*P < 0.05 indicates a statistically significant difference in signal/noise
quotient values between the tibial and femoral ends.; † P < 0.05 indicates
a statistically significant difference in signal/noise quotient values at
6 months after surgery compared with the corresponding at 3 and
12 months after surgery.

A B C

FED

Fig. 3 Changes in graft signal intensity with time after anterior cruciate ligament reconstruction. (A–C) present the magnetic resonance images of the

right knee joint of a 37-year-old male patient in the platelet-rich plasma group at 3, 6, and 12 months, respectively; (D–F) present the magnetic

resonance images of the right knee joint of a 30-year-old male patient in the normal saline group at 3, 6, and 12 months, respectively.
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IKDC Scores
There was no significant difference in the IKDC scores of the
PRP group and the normal saline groups before surgery,
whereas a significant difference was observed at 3 months
postoperatively (P < 0.05), the score of the PRP group was
19.53% higher than that of the normal saline group. No sig-
nificant differences were observed at 6 and 12 months post-
operatively (Table 7).

Complications
No complications, such as knee joint infection or vascular
and nerve injuries, occurred in any of the 85 patients. The
knee flexions of all patients were more than 90�, and the
straight degree was 0�. No joint stiffness was observed in all
patients.

Discussion

PRP Could Promote Tendon-Bone Healing in ACL
Reconstruction
The main finding of this study was that the use of PRP in ACL
reconstruction could promote tendon-bone healing, which was
consistent with our hypothesis. Despite the increasing use of
hamstring grafts worldwide, many studies have reported that
hamstring grafts have a relatively higher incidence of surgical
complications concerning graft failure and revision rates com-
pared to bone-patellar tendon grafts24,25. One possible explana-
tion for this is the fundamental difference between the two
types of migration. Unlike a bone-patellar tendon graft, which
has a bone plug that can be quickly incorporated into the bone
tunnel, a hamstring tendon graft has challenges pertaining to
tendon-bone integration26. According to Walters et al.27,
irrespective of whether they were randomized to receive PRP in

their patellar defect or not, the patients continued to have simi-
lar levels of kneeling pain and patellar defect sizes after auto-
graft bone-patellar tendon ACL reconstruction. However, Alves
et al.28 demonstrated that patients who received PRP presented
texture changes when compared to the normal saline group,
and PRP interferes with the ACL morphological parameters.
Despite some positive findings in graft maturation and clinical
outcomes, further studies are needed to determine whether
PRP contributes to tendon-bone healing in ACL reconstruction
cases. In this study, PRP was injected into the tendons at both
ends of the graft so that the PRP could fully penetrate the ten-
don fibers. Then, the graft was fixed to ensure a high concen-
tration of PRP in the tunnel and a good biological environment
for the healing of the graft. The concentration of PRP is the
key point in this study. Theoretically, different PRP concentra-
tions have different effects on the tendon-bone healing. There-
fore, it is very important to suck up the intra-articular fluid
before injecting the remaining PRP into the joint to ensure the
intra-articular PRP concentration. Whether there is an optimal
PRP concentration to promote tendon-bone graft healing is
worthy of further study, we are conducting additional research
on the effects of different PRP concentration on tendon bone
healing. The SNQ values of the tibial end of the PRP group
were lower than those of the normal saline group after the same
duration, indicating that PRP promoted tendon-bone healing of
grafts. This finding was consistent with those of Radice et al.29,
which stated that ACL reconstruction with the use of PRP can
shorten the healing time of grafts.

SNQ Value is a Good Index to Evaluate the Degree of
Maturation of Grafts
In this study, there was no significant difference in the SNQ
values of the femoral end between the PRP group and

TABLE 6 Lysholm scores

Platelet-rich plasma group Normal saline group P-value Percentage of increase

Preoperative 39.59 � 4.19 38.21 � 2.13 0.37 -
3 months postoperative 65.08 � 4.93* 56.29 � 4.65 0.01 15.61%
6 months postoperative 68.93 � 8.26 66.24 � 8.17 0.52 -
12 months postoperative 82.29 � 2.18 81.62 � 3.61 0.09 -

*P < 0.05 indicates a statistically significant difference in scores between the platelet-rich plasma group and normal saline groups.

TABLE 7 International Knee Documentation Committee scores

Platelet-rich plasma group Normal saline group P-value Percentage of increase

Preoperative 50.02 � 3.25 49.68 � 1.24 0.09 -
3 months postoperative 61.31 � 3.38* 51.29 � 4.36 0.03 19.53%
6 months postoperative 63.62 � 7.81 62.83 � 6.28 0.57 -
12 months postoperative 84.78 � 2.12 82.45 � 2.09 0.50 -

*P < 0.05 indicates a statistically significant difference in scores between the platelet-rich plasma group and normal saline groups.
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normal saline groups. However, the SNQ values of the femo-
ral end of the grafts were higher than those of the tibial end
in both groups. This finding indicated that the maturation of
the femoral end of the graft was slightly slower than that of
the tibial end, and tendon-bone healing was not improved
by the injection of PRP in the femoral end. A previous study
showed that a greater bending angle between the femoral
end of the graft and the intra-articular cavity of the graft
could affect the graft tendon-bone healing30. In addition, we
believe that greater stress at the local turning point could
affect the distribution of PRP in the tendon grafts and alter
the effect of PRP on the grafts. In the future, we aim to ana-
lyze the effects of stress distribution in grafts on the efficacy
of PRP.

Seijas et al.31 previously divided the MRI signal inten-
sity of the grafts into low, mild high, moderate high, severe
high, and diffuse high signals, to evaluate the degree of graft
healing; however, they found a large error in the MRI grad-
ing of the grafts. In this study, the signal intensity of the
regions of interest on the grafts was calculated as SNQ values
using the MRI workstation, and the degree of tendon-bone
healing of the graft after using PRP in ACL reconstruction
was quantitatively measured to minimize the errors caused
by previous MRI grading and indirect measurement. Some
researchers have divided the maturity of grafts into three
stages: the early, remodeling, and mature stages32,33. A previ-
ous study reported that the grafts were in the remodeling
stage 3–6 months postoperatively, with the grafts undergoing
cell regeneration and reconstruction of blood vessels. The
water content was also observed to be at its highest level at
this stage of maturation22. The results of this study showed
that the SNQ values of the grafts at 6 months were higher
than those at 3 and 12 months postoperatively. In fact, the
histopathological analysis is the gold standard for the healing
of tendon-bone; however, its clinical implementation is inad-
equate. The maturity of the graft in the joint is positively
associated with tendon-bone graft healing. Therefore, the
degree of tendon-bone graft healing can also be defined by
the maturity of the graft. This further confirms that the SNQ
value is a good index to evaluate the degree of healing of ten-
don grafts and bones after ACL reconstruction.

The Healing of Bone-Tendon has Great Clinical
Significance for ACL Reconstruction
The IKDC and Lysholm scores in the PRP group were supe-
rior to those in the normal saline group at 3 months after
surgery, indicating that using PRP in ACL reconstruction
could improve knee joint healing in the early postoperative
period. Studies have shown that graft tendon-bone healing
might affect the recovery of patients, and earlier commence-
ment of rehabilitation exercises could result in better graft

tendon-bone healing34–36. During the follow-up period, we
found that tendon-bone healing in the PRP group was better
than that in the normal saline group at any time, indicating
that PRP could accelerate graft remodeling, which was con-
ducive to more active rehabilitation training in patients.

This study had some limitations. First, the number of cases
was small. Thus, analysis of a larger sample is needed. Second, as
PRP must be prepared from autologous blood, individual differ-
ences of the concentration of PRP may affect the degree of
tendon-bone healing. Third, the histopathological analysis is the
most accurate for evaluating the healing of tendon-bone; how-
ever, its clinical implementation is difficult. Therefore, we chose
intra-articular grafts for maturity analysis using the signal/noise
quotient (SNQ) value to further estimate the degree of tendon-
bone graft healing and another technique could be adopted in the
future to evaluate thematurity of the grafts.

In conclusion, PRP could promote tendon-bone healing in
grafts and improve early postoperative knee joint function as
indicated by the MRI SNQ values and the IKDC and Lysholm
scores that were used to evaluate tendon-bone healing after ACL
reconstruction with autologous grafts. The findings presented in
this study provide an important reference value for orthopaedic
clinicians regarding the treatment and evaluation of patients with
ACL injury enhanced with PRP.
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