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Abstract
Background We investigated the effect of platelet-rich plasma (PRP) on tendon–bone healing and intra-articular graft (IAG) 
maturation after anterior cruciate ligament (ACL) reconstruction.
Methods In this prospective randomized controlled study, 60 patients with ruptured ACLs were divided one-to-one into 
two groups (study and control). Patients were treated using single-bundle autologous hamstring autografts. Only patients 
in the study group were administered PRP. Knee function (pre-operative and three-, six-, and 12-month post-operative 
Lysholm activity, Tegner and International Knee Documentation Committee scores, femoral tunnel (FT) and tibial tunnel 
(TT) diameters measured with computed tomography (post-operative follow-up at 4 days and at 12 months), and magnetic 
resonance imaging signal/noise quotients of the IAG and graft in the FT (at 12 months) were used to evaluate tendon–bone 
healing and graft maturation.
Results Patients’ knee function scores improved after ACL reconstruction, but there were no significant differences 
between groups. At 12 months, FT (study, 8.88 ± 1.46 mm; control, 8.42 ± 2.75 mm) and TT (study, 9.50 ± 1.07 mm; con-
trol, 9.99 ± 1.91 mm) diameters were larger than FT (study, 6.91 ± 0.74 mm; control, 7.30 ± 1.17 mm) and TT (study, 
9.31 ± 0.83 mm; control, 9.36 ± 0.88 mm) diameters at 4 days; however, differences between groups were not significant (FT, 
P = 0.67; TT, P = 0.52). There were no significant differences between groups for signal/noise quotients of the IAG (study, 
1.38 ± 0.70; control, 2.01 ± 0.62; P = 0.06) and FT-portion of the graft (study, 2.39 ± 1.22; control, 2.46 ± 0.83; P = 0.89).
Conclusion PRP had no significant effect on reducing bone tunnel widening, accelerating tendon–bone healing, or improving 
knee function; however, PRP may improve IAG maturation.
Trial registration Our study was first registered at Clinicaltrials.gov with registration No. NCT04659447 on 12/09/2020.
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Background

Anterior cruciate ligament (ACL) rupture is a common 
sports injury [1] and ACL ruptures account for approxi-
mately 80% of knee injuries in sports [2]. An ACL rupture 
can affect the stability of the knee and is associated with 
injury to the meniscus and articular cartilage. Such injuries 

may lead to osteoarthritis; therefore, patients with ACL 
ruptures should undergo anatomical ACL reconstruction to 
restore the stability of the knee joint.

In anatomical ACL reconstruction, bone tunnels are 
drilled at the centres of the femoral and tibial ACL stumps, 
and the ends of a woven autologous or allogeneic tendon are 
implanted and fixed into the bone tunnels [3, 4]. Accelerat-
ing tendon–bone healing and graft maturation is important 
for early functional rehabilitation.

Platelet-rich plasma (PRP) is plasma in which the con-
centration of platelets is more than 1.0 ×  106 platelets/μl 
[5]. Because PRP is rich in growth factors, with concen-
trations several times higher than those in normal plasma, 
PRP can promote tissue healing [6, 7]. This treatment 
adjunct is currently widely used in ACL reconstruction to 
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promote graft maturation and allow early rehabilitation; 
however, to date, findings and conclusions from studies 
examining the effect of PRP have not been uniform [8, 9].

Thus, we designed a prospective randomized controlled 
study to evaluate the effect of PRP used during the ana-
tomical ACL reconstruction with autologous hamstring on 
tendon–bone healing and intra-articular graft (IAG) matu-
ration. In the study group, PRP was used in ACL recon-
struction. Gelatin sponge filled with PRP was affixed in 
the graft and the remaining PRP was injected into the bone 
tunnels and graft. Nothing was used in the control group.

Materials and Methods

Study Design

This study was approved by the Ethics Committee of our 
hospital (No. 16152-0110) and conformed to the princi-
ples of the Declaration of Helsinki. Informed consent was 
obtained from each participant. Patients at out hospital 
being treated for ACL rupture were eligible to be included. 
Inclusion criteria were (1) patient age 15–50 years old and 
(2) diagnosis ACL injury confirmed using magnetic reso-
nance imaging (MRI), physical examinations, and arthros-
copy. Exclusion criteria were patients (1) with concomi-
tant posterior cruciate ligament, lateral collateral ligament, 
or medial collateral ligament injury above grade III; (2) 
who had undergone previous knee operations, (3) with 
moderate to severe knee joint injury or articular cartilage 
injury, (4) with neurovascular injury, (5) with concomitant 
intra-articular and periarticular fractures of the knee, (6) 
with instability of the contralateral knee, (7) with rheu-
matoid arthritis or related diseases, or (8) with decreased 
physical activity levels due to other diseases.

Pre‑operative Procedures

After enrolment, each patient was randomly allocated to 
one of two groups—study or control—using a random 
number table. Each patient underwent single-bundle ana-
tomical ACL reconstruction; PRP was administered during 
the operation to patients in the study group (30 patients) 
but not to those in the control group (30 patients).

After enrolment, we collected gender, age, injured side, 
body mass index (BMI) and injury time data, and Lysholm 
activity, Tegner and International Knee Documentation 
Committee (2000IKDC) scores were used to evaluate knee 
function.

Surgical Procedures

Doctors involved in ACL reconstruction operation did 
not participate in follow-up; follow-up examinations and 
imaging evaluation were performed by other professionals.

We used Platelet Rich Plasma Preparation Kits (WEGO; 
Beijing, China) and a centrifuge (WEGO; Beijing, China) 
to prepare PRP. Before each patient’s operation, we used a 
50-ml syringe to draw 4 ml anticoagulant citrate dextrose 
solution A, and then drew 36 ml of peripheral blood from 
the patient’s median cubital vein. After fully mixing its 
contents, we placed the barrel of the syringe into a spe-
cial centrifugal tube from the kit and performed the first 
centrifugation. Afterwards, we removed the lower layer, 
which comprised red blood cells, and performed centrifu-
gation again on the upper layer, which comprised plasma. 
Finally, we extracted the platelet-poor top layer of plasma, 
and approximately 4 ml of PRP remained.

All ACL reconstruction operations were performed by 
the same surgeon, who had more than 20 years of experi-
ence in ACL reconstructions. Standard single-bundle ana-
tomical ACL reconstruction was conducted for all patients 
[10]. The femoral tunnel (FT) was drilled into the centre of 
the ACL’s point of origin, with knee flexed 95°; the tibial 
tunnel (TT) was created at the centre of the ACL’s point 
of insertion, with the knee flexed 90°, using an ACL tibial 
tunnel director guide (DePuy Mitek; Raynham, MA, USA) 
set at 55°. Semitendinosus and gracilis tendons were har-
vested, cleaned of remaining soft tissue, and trimmed into 
four strands. The free ends of tendon that would be distally 
attached were woven with no. 2 braided polyester Syneture 
TI-Cron (Covidien, Mansfield, MA, USA) using the whip-
stitch technique. The graft was attached to the Endobutton 
(Smith & Nephew; London, UK), and for patients in the 
study group, a 6-cm-long gelatin sponge filled with PRP 
was affixed in the centre of the four strands of tendon with 
4–0 absorbable suture (Ethicon, Johnson & Johnson; New 
Brunswick, USA) (Fig. 1). The graft was pulled into the 
bone tunnels for fixation: the femoral end of the graft was 
fixed with the Endobutton, and the tibial end was fixed 
with an Intrafix Tibial Device (DePuy Mitek), with the 
knee flexed 20° by forced posterior drawer. For patients in 
the study group, the remaining PRP was then injected into 
the bone tunnels and graft (Fig. 2).

Post‑operative Rehabilitation

The observation period was 12  months. All patients 
received the same post-operative treatment and rehabili-
tation protocol, which emphasized early restoration of 
motion and improvement of muscle strength. Pain was 
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evaluated daily for 3 days after operation, using visual 
analogue scale scores. Each patient was given a func-
tional knee brace immediately after their operation. Par-
tial weight-bearing was permitted with the brace locked in 
full extension within 4 weeks after operation. Immediately 
after their operation, patients began isometric quadriceps 
exercises such as ankle pump and leg lifting to improve 
muscle strength. Patients were not discharged from the 
hospital until the knee could be flexed 90°. Full weight-
bearing with the brace was permitted at the seventh week 
after operation; full weight-bearing without the brace was 
permitted when sufficient quadricep strength was regained, 
approximately at the third month after operation. Walking 
and swimming were permitted after 3 months, running was 
permitted after 6 months, and contact sports and heavy 
work were permitted after 9 months.

Post‑operative Follow‑Up and Assessments

On the fourth post-operative day, computed tomography 
(CT) scans and three-dimensional reconstruction without 
medial condyle were performed. Tunnel positions were 
evaluated, and FT and TT diameters were measured. Knee 
proprioception and function were evaluated at three-, six- 
and 12-month follow-ups. At the 12-month follow-up, CT 
was performed to re-evaluate tunnel diameters, MRI was 
performed to evaluate tendon–bone healing and IAG matu-
ration, and anterior tibial translation (ATT) was evaluated 
with KT-2000.

Signal/noise quotients (SNQ) of regions of interest 
(ROIs) in the MRI images were used to evaluate ten-
don–bone healing and graft maturation. We searched 
T2-weighted coronal image layers to find one in which 

Fig. 1  a Tendon weaving, b 
gelatin sponge, c gelatin sponge 
with PRP affixed on the tendon, 
d getting the graft

Fig. 2  The remaining PRP was 
administered into the tunnel 
and graft by a placing the tip of 
the needle in the tendon and b 
injecting the PRP
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the IAG and FT were clearly visible, and 5.4-mm-diam-
eter circular ROIs were selected to obtain signal values 
for the IAG and FT. The background signal value was 
obtained from approximately 3-cm regions of the medial 
knee (Fig. 3). Each ROI signal value was divided by the 
background signal value to yield SNQ for the IAG, and 
FT. Smaller SNQs represented higher tendon–bone heal-
ing or graft maturation. Each measurement was performed 
independently by three experienced radiologists, and mean 
values were used for analysis.

Knee proprioception was measured by having patients 
attempt to stand for one minute on a single leg with both 
upper limbs abducted to 90° (one point), with both upper 
limbs abducted to 90° with one eye closed (two points), 
with both upper limbs abducted to 90° with two eyes 
closed (three points), and on a log (four points). The 
higher the score, the better the proprioception.

Statistical Analysis

SPSS 22.0 software (IBM, Armonk, NY, USA) was used 
to perform statistical analysis. The Kolmogorov–Smirnov 
test was used to test normality. Normally distributed con-
tinuous data were described with mean ± standard devia-
tion (SD). If data were normally distributed, the independ-
ent-sample t-test or one-way analysis of variance was used; 
otherwise the Mann–Whitney test was used. The level of 
significance was set to P ≤ 0.05.

Results

There were 39 male patients (65%) and 21 female patients 
(35%) included in this study, and the average age was 
34.53 ± 9.27 years. Demographic variables such as gender, 
BMI and age and pre-operative knee function scores were 
similar between groups (Table 1).

Mid-study, one patient in the study group was excluded 
because of post-operative tibial plateau fracture, and one 
patient in the control group was excluded because of post-
operative joint infection. Furthermore, as a result of dis-
ruptions caused by the coronavirus disease 2019 (COVID-
19) pandemic, we lost 5 patients (study 2; control 3). In 
total, 3 patients in the study group and 4 patients in the 
control group were not followed up at 12 months.

Pain scores decreased over the first three post-operative 
days, and there were no significant differences between the 
groups (P > 0.05) (Table 2). Over the course the 12-month 
follow-up period, knee function and proprioception scores 
of all patients improved. There were no significant dif-
ferences between two groups at different time points 
(P > 0.05) (Table 2).

Between CT scans performed 4 days and those taken 
12 months after operation, FT and TT diameters increased 
significantly for all patients (P < 0.05). There were no sig-
nificant differences between the study and control groups 
at the two time points (P > 0.05) (Table 3).

At the 12-month follow-up, SNQs for the FT (ten-
don–bone healing) and IAG (graft maturation) in the 
study group were lower than those of the control group, 
but the differences were not significant (FT, P = 0.89; IAG, 
P = 0.06). The P value for IAG was close to the critical 
value (Table 4). Less ATT was measured in the study 
group than that measured in the control group, but there 
was no significant difference between groups (P > 0.05) 
(Table 4).

Fig. 3  Signal values were obtained from regions of interest, indicated 
by 5.4-mm diameter circles on the MRI

Table 1  Demographic and clinical data of the  patientsa

a BMI body mass index, 2000IKDC International Knee Documenta-
tion Committee

Study group 
(n = 30)

Control 
group(n = 30)

P

Gender, male/
female

18/12 21/9 0.42

Side, left/right 17/13 11/19 0.12
Age (years old) 33.5 ± 8.97 34.9 ± 9.68 0.58
BMI (kg/m2) 25.02 ± 3.43 25.50 ± 4.08 0.70
Lysholm score 58.91 ± 4.77 53.56 ± 4.86 0.44
Tegner score 4.13 ± 0.57 3.33 ± 0.60 0.34
2000IKDC score 54.35 ± 2.83 54.44 ± 3.04 0.98
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Discussion

We found that, though knee joint function improved over 
time, there were no significant differences between two 
groups at time points; therefore, PRP had no apparent pos-
itive effects on knee function after ACL reconstruction. 

This finding is consistent with that of another study [11]. 
While some researchers [12] have concluded that PRP had 
no effect on either post-operative knee pain or functional 
improvement, others found that, while PRP did not appear 
to improve post-operative knee function, it could relieve 
post-operative pain [13, 14]. Our results did not indicate 
that pain relief was greater in the study group compared 
with that in the control group. This inconsistency in find-
ings may be related to differences in PRP dose, PRP con-
centration, PRP control and operation quality, and sample 
size. PRP had no apparent effect on either proprioception 
or anterior stability of the knee.

This issue—promoting tendon–bone healing and graft 
maturity after ACL reconstruction—is not new. In 1998, 
Radice et al. [15] investigated healing after ACL recon-
struction and found that, 6 months after ACL reconstruc-
tion, MRI showed that the IAG region had low signal values, 
bone plugs in the tunnel had high signal values, and diffuse 
oedema was evident around the tunnels—findings consistent 
with the integration of local tissue; at 9 months, the signal of 
the graft was non-homogeneous, which indicated few cells, 
irregular collagen fibres, and blood vessels in the tissue; and 
at 12 months, grafts had high signal values and appeared 
homogeneous, with no oedema around the tunnels, but graft 
tissues appeared similar to normal ACL tissue.

Other studies [16] found that the signal of the graft tis-
sue first increased then decreased. Therefore, the signal on 
MRI is significantly correlated with the tissue healing on 
histology. However, the process of tendon–bone healing has 
three main stages—necrosis, proliferation and ligamentiza-
tion [17]—which occur slowly. This may be related to the 
formation of Sharpey fibre at the tendon–bone interface; 
however, Silva et al. [18] found that PRP cannot promote 
Sharpey fibre integration and tendon–bone healing.

We found no significant differences in SNQ of the IAG 
and FT (P > 0.05). However, for IAG, P = 0.06; therefore, 
with an increased sample size or prolonged follow-up time, 
the difference may be significant. Therefore, it is possible 
that PRP promotes graft maturation, which has been sup-
ported by the findings of some studies [19].

Additionally, in a study [20] that divided the signal value 
in ROIs into different levels, transforming the signal values 

Table 2  VAS score of patients 3 days after operation and the function 
of knee at clinical follow-upa

a VAS Visual Analogue Scale, 2000IKDC International Knee Docu-
mentation Committee

Study group (n = 30) Control group (n = 30) P

VAS
 1 day 3.86 ± 1.41 (30) 3.96 ± 1.77 (30) 0.82
 2 days 2.72 ± 1.49 (30) 3.00 ± 1.73 (30) 0.53
 3 days 1.90 ± 1.47 (30) 2.04 ± 1.46 (30) 0.71

Lysholm score
 Pre-operation 58.91 ± 22.87 (30) 53.56 ± 20.60 (30) 0.44
 3 months 76.12 ± 16.78 (30) 77.58 ± 9.72 (29) 0.75
 6 months 81.83 ± 14.83 (29) 85.18 ± 12.89 (26) 0.57
 12 months 83.10 ± 11.25 (27) 85.62 ± 7.46 (26) 0.53

Tegner score
 Pre-operation 3.13 ± 2.72 (30) 3.33 ± 2.54 (30) 0.34
 3 months 3.40 ± 1.32 (30) 4.00 ± 1.89 (29) 0.08
 6 months 3.92 ± 1.68 (29) 3.64 ± 1.29 (26) 0.66
 12 months 4.10 ± 1.60 (27) 4.19 ± 1.65 (26) 0.08

2000IKDC
 Pre-operation 54.35 ± 13.59 (30) 54.44 ± 12.89 (30) 0.98
 3 months 56.53 ± 10.94 (30) 60.84 ± 11.08 (29) 0.25
 6 months 65.58 ± 10.74 (29) 65.55 ± 10.28 (26) 0.99
 12 months 68.90 ± 8.72 (27) 67.85 ± 8.17 (26) 0.77

Proprioception
 3 months 2.24 ± 0.83 (30) 2.26 ± 0.81 (29) 0.92
 6 months 2.67 ± 1.23 (29) 2.45 ± 0.93 (26) 0.65
 12 months 2.80 ± 0.70 (27) 2.69 ± 0.86 (26) 0.39

Table 3  Comparison of the FT and TT among different  groupsa

a FT femoral tunnel, TT tibial tunnel
b P < 0.05

Study group, n Control group, n P

FT (mm)
 4 days 6.91 ± 0.74 (n = 30) 7.30 ± 1.17 (n = 30) 0.20
 12 months 8.88 ± 1.46 (n = 27) 8.42 ± 2.75 (n = 26) 0.67
 P 0.00b 0.03b

TT (mm)
 4 days 9.31 ± 0.83 (n = 30) 9.36 ± 0.88 (n = 30) 0.84
 12 months 9.50 ± 1.07 (n = 27) 9.99 ± 1.91 (n = 26) 0.52
 P 0.03b 0.00b

Table 4  Comparison of the SNQ and ATT among different groups at 
12  monthsa

a SNQ Signal/noise quotient, LAG intra-articular graft, FTG femoral 
tunnel graft, ATT  anterior tibial translation

Study group, 27 Control group, 26 P

SNQ (LAG) 1.38 ± 0.70 2.01 ± 0.62 0.06
SNQ (FT) 2.39 ± 1.22 2.46 ± 0.83 0.89
ATT (mm) 0.85 ± 0.99 1.39 ± 1.98 0.62
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into categorical data, results showed improved healing in 
the PRP group (healing grades) compared with those in the 
control group. However, in another study [21] using a similar 
method, PRP did not appear to promote tendon–bone heal-
ing. Our SNQ (FT) data agree with the findings of the latter.

Existing evaluation method for graft maturation, includ-
ing MRI scoring, grading, computer simulation and comput-
erized three-dimensional reconstruction, are based on signal 
value of graft, shape or continuity [20, 22–25]. SNQ has 
been used to evaluate tendon–bone healing in ACL recon-
struction studies because this method is simple and can be 
adjusted for different picture archiving and communication 
systems by using ROIs outlined by a specific shape instead 
of using circles [16]. This method has some problems: 
SNQ relies on researchers’ subjective selection of ROIs, 
and inhomogeneous signals are distributed on many layers 
from which ROIs must be selected. Therefore, measurement 
errors may be large, and conclusions may be inaccurate. His-
tology and arthroscopy are more accurate methods, but for 
ethical reasons, must be mostly used in animal experiments. 
A satisfactory method of assessing tendon–bone healing and 
graft maturation does not yet exist. Further interdisciplinary 
research is needed to find a reliable standard for verifying 
the effect of PRP.

Almost all patients exhibited bone tunnel enlargement 
after operation. The earlier necrosis, proliferation and liga-
mentization are completed, the better the clinical effect 
achieved [26]. Ran et al. [27] concluded that the enlarge-
ment of bone tunnels affects tendon–bone healing; if tunnels 
are enlarged by 4 mm, the effect on the stability of graft 
would require reoperation. Starantzis et al. [28] believed that 
PRP was a safe and effective choice in ACL reconstruc-
tion and could offset biological factors influencing tunnel 
enlargement but also that the effect of PRP may be masked 
by mechanical factors and cause inevitable enlargement of 
bone tunnels. However, other researchers [29, 30] thought 
PRP did little for that. We also found no significant differ-
ences between the group administered PRP and the control 
group: both groups exhibited bone tunnel enlargement, but 
PRP had no significant effect.

Limitations

There are some limitations to our research that may affect 
the results, such as a small sample size, short follow-up 
period and missing follow-up data because of the COVID-
19 pandemic. In particular, because of individual differences 
with respect to concentration and platelet activity in autog-
enous PRP applications, we could not precisely control PRP 
quality. We made conclusions just based on CT, MRI and 
knee function scores, but we did not explore the effects of 
PRP at the cellular and molecular level.

Conclusion

PRP had no significant effect in reducing bone tunnel 
enlargement, accelerating tendon–bone healing or improv-
ing knee function but may have the ability to accelerate IAG 
maturation after ACL reconstruction.
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