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Abstract: Objective: The purpose of this study was to analyze the efficacy of platelet-rich plasma (PRP) injection com-
bined with arthroscopic microfracture technique for knee cartilage injury. Methods: Seventy-nine patients with knee 
cartilage injury were randomly divided into a control group (CG, n=39) and an observation group (OBG, n=40). Both 
of the groups were treated with the arthroscopic microfracture technique, and the OBG was additionally treated with 
PRP injection. Results: The VAS scores for pain in the affected area of the OBG were lower than those of the CG at 1, 
3, 5, and 7 days after surgery (P < 0.05). Knee flexion, hyperextension, and rotation angles in the OBG were greater 
than those in the CG at 1 month after surgery (P < 0.05). IKDC scores in the OBG were lower than those in the CG at 
1, 2, and 3 weeks after surgery (P < 0.05). The Tegner and Lysholm scores in the OBG were higher than those in the 
CG at 1, 2, and 3 months after surgery (P < 0.05). The complication rate in the OBG was 10.00%, which was lower 
than that of 28.21% in the CG (P < 0.05). Conclusion: The efficacy of microfracture technique combined with PRP 
injection in the treatment of knee joint cartilage injury is significantly improved compared with that of microfracture 
technique alone, which can reduce postoperative complications and improve the range of motion and function of 
the knee joint. 
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Introduction

The knee is the largest weight-bearing joint in 
the body. A great deal of twisting, turning, and 
rotating result in a high incidence of knee inju-
ries among all joints [1]. Cartilage damage is 
somewhat different from other types of knee 
injuries. As a component of the joints, cartilage 
has no distribution of lymphatic vessels or 
nerves, and therefore it usually repairs itself 
after damage, but only if the defect is less than 
3 mm in diameter, otherwise it cannot repair 
itself successfully and requires surgical treat-
ment [2].

Arthroscopic microfracture technique is a kind 
of bone marrow stimulation technique that has 
mild trauma, low technical requirements, low 
surgical costs, high surgical safety, and rapid 
postoperative recovery, and has currently 
become an important method for the treat- 
ment of articular cartilage injuries [3]. However, 

although arthroscopic microfracture technique 
has its advantages, it has also shown some 
shortcomings in long-term use, such as the 
inability to generate the original hyaline carti-
lage, thus shortening the maintenance time. 
The cartilage usually deteriorates gradu- 
ally within 18-36 months, and could not bear 
weight for a long period of time after surgery. 
Elderly patients may also experience spontane-
ous osteonecrosis [4]. In order to improve the 
long-term efficacy and safety of arthroscopic 
microfracture technique in the treatment of 
knee cartilage injuries, scholars have proposed 
that surgical treatment should be combined 
with drug treatment. Platelet-rich plasma (PRP) 
is widely used in the treatment of bone injuries, 
tendon injuries, and refractory traumas to 
accelerate the healing time [5]. In a previous 
study, patients with patellar tendinopathy were 
injected with PRP, and the results found signifi-
cant improvement in the observed indicators 
after 2 years of follow-up [6].
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Arthroscopic microfracture technique or PRP 
injection alone has s been administrated previ-
ously [7, 8], but the effect and safety of the 
combined application of these two methods 
have not been extensively investigated. This 
study analyzed the value of combined therapy 
on 79 patients with knee articular cartilage 
injury.

Materials and methods  

Data

Seventy-nine patients with knee cartilage injury 
in our hospital from January 2018 to January 
2020 were enrolled as study subjects and were 
randomly divided into a control group (CG, 
n=39) and an observation group (OBG, n=40). 
The inclusion criteria: patients diagnosed as 
knee articular cartilage injury by MRI examina-
tion; physical examination showed varying 
degrees of tenderness in the joint space; X- 
ray examination showed normal knee valgus 
angle; patients aged ≥18 years; regardless of 
gender; patients were familiar with study proce-
dures and signed the consent form, and this 
study has got the ethical approval of the First 
Affiliated Hospital of University of South China. 
Exclusion criteria: concomitant knee infection, 
meniscal or cruciate ligament injuries, obvious 
deformity of joints, gout, failure to successfully 
complete postoperative follow-up, psychiatric 
disorders, communication disorders, or cogni-
tive impairment.

Methods 

Arthroscopic microfracture treatment was per-
formed as follows. The patients remained in 
supine posture. After combined spinal-epidural 
anesthesia was administered, the affected 
lower limbs were disinfected and sterile towels 
were laid. The 0.5-0.8 cm, transverse incision 
was made on the right and left sides of the 
patellar ligament at about 0.5 cm on the me- 
dial and lateral tibial plateau. Routine arth- 
roscopic examination was performed first. The 
joint cavity was flushed with a large amount of 
normal saline to completely remove cartilage 
debris and particles, the free body in the joint 
cavity and the proliferating synovial tissue was 
thoroughly removed, and the defect edges of 
cartilage were appropriately modified. The car-
tilage defect was drilled with a 45 angled awl 
with a depth of 5 mm, hole spacing of 3 mm 

and hole diameter of 4 mm. At the end of perfu-
sion, bone marrow should be leaked from the 
drilled site. The fluid was aspirated from the 
joint and wait until leaked bone marrow from 
the wound formed a blood clot. The cartilage 
defect should be thoroughly filled in; otherwise, 
drilling should be performed again. The normal 
saline was drained from the joint cavity and the 
drainage film was placed. After surgery, the 
affected limb was elevated for 24 h, and ice 
was applied to the affected knee. Patients with 
severe joint swelling were punctured and drawn 
as needed. At 1 day after surgery, bilateral 
ankle pumping exercises were conducted, fol-
lowed by straight leg lift exercises for both 
lower limbs. The patient should not bear weight 
on the affected limb within 6 weeks, and the 
patient should not exercise vigorously within 3 
months.

The CG received only the above surgical treat-
ment, and the OBG additionally received  
PRP injection. Before surgery, 10 ml of venous 
blood was drawn and centrifuged at 4°C for 10 
min (2000 r/min). The supernatant, platelet, 
and white blood cells were stored in a new tube. 
After another round of centrifugation under the 
same conditions, the supernatant, white blood 
cells, and platelets were retained. After sus-
pension, calcium chloride was added to acti-
vate the platelets, and the preparation of PRP 
was completed. The knee joint of the affected 
limb was disinfected again. 2 ml of PRP was 
injected at the intersection of the upper border 
of the patella and the patellofemoral and knee 
joint space, and the affected knee was pas-
sively flexed 10 times. Patients should not 
touch water for 1 day after injection and the 
painful knees were treated with ice. Patients 
with postoperative pain score of > 5 were  
given NSAIDs orally. Diclofenac was selected 
(drug specification: 25 mg/tablet, approval 
number: H21021130, manufacturer: Shanxi 
Jinxin Shuanghe Pharmaceutical Co., Ltd.) and 
taken 75 mg-150 mg daily in 3 times. PRP injec-
tions were administered once every 7 days for a 
total of 6 cycles.  

Outcome measurement

Pain level: Visual Analogue Scale/Score (VAS) 
[9] was adopted to evaluate the pain level, with 
0 indicating no pain, 10 indicating severe pain, 
1-3 as mild pain, 4-6 as moderate pain, and 7-9 
as severe pain. The evaluation was performed 
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before surgery, at 1, 3, 5 and 7 days after sur-
gery, respectively.

Knee joint range of motion was measured 
before and at 1 month after surgery. The mea-
surement was repeated for 3 times, and the 
highest value was recorded as the result. 
Normal range: 120 to 150 degrees of flexion; 5 
to 10 degrees of hyperextension; 10 degrees of 
internal rotation and 20 degrees of external 
rotation in knee flexion.

Knee symptoms: The 11-item international 
knee documentation committee knee evalua-
tion form (IKDC) [10] was used. Questions 2, 3, 
9, 10, and 11 were scored 0-10, question 6 
was scored 1-2, and questions 1, 4, 5, 7, and 8 
were scored 1-5 for a total score of 0-77, with 
higher scores indicating more severe symp-
toms of knee ligament injury. Evaluations were 
performed before surgery, at 1, 2, and 3 weeks 
after surgery, respectively.

Motor function: The Tegner Knee Motor 
Function Rating Scale (postoperative) [11] was 
selected for evaluation, rated 0-10 and scored 
accordingly, with a higher score indicating a 
higher level of exercise that the patient could 
participate in, suggesting better motor func-
tion. Evaluations were performed before sur-
gery, at 1, 2, and 3 months after surgery, 
respectively.

Knee function: Lysholm Knee Scale [12] con-
sists of eight items to measure pain (25 points), 
instability (25 points), locking (15 points), swell-
ing (10 points), limp (5 points), stair climbing 
(10 points), squatting (5 points), and need for 
support (5 points). Each question response has 
been assigned an arbitrary score on an increas-
ing scale. The total score is the sum of each 
response to the eight questions, and may range 

from 0-100. Higher scores indicate a better 
outcome with fewer symptoms or disability. A 
score of > 95 indicates excellent knee function, 
85-94 indicates good joint function, 65-84 indi-
cates moderate joint function, and < 65 indi-
cates poor joint function. Evaluations were per-
formed before surgery, at 1, 2, and 3 months 
after surgery, respectively.

Complications: The incidence of muscle atro-
phy, joint stiffness, hematoma, thrombosis, 
and infection were recorded during and after 
surgery in the two groups.

Statistical analysis

Statistical analysis was performed using SPSS 
23.0. Count data were expressed as [n (%)] and 
compared by X2 test. Measurement data were 
expressed as (

_
x  ± s) and compared by t test. 

Multipoint comparisons were analyzed using 
ANVOA with post hoc F-test. Graphs were pro-
duced using Graphpad Prism 8. P < 0.05 was 
considered statistically significant.

Results

Baseline data

There was no significant difference in terms of 
mean age, mean disease duration, mean body 
mass, and mean body mass index (BMI), ratio 
of male versus female, and ratio of left versus 
right knee ligament injury between the two 
groups (P > 0.05) (Table 1).

Pain level 

There was no significant difference in VAS 
scores for preoperative pain in the affected 
area between the two groups (P > 0.05). The 
VAS scores of pain in the affected area 

Table 1. Baseline data (
_
x  ± s)/[n (%)]

Data Observation group (n=40) Control group (n=39) t/X2 P
Gender Male 23 (57.50) 21 (53.85) 0.107 0.744

Female 17 (42.50) 18 (46.15)
Age (year) 48.95±16.37 50.34±15.75 0.384 0.702
Duration of disease (year) 0.82±0.39 0.86±0.42 0.439 0.662
Body mass (kg) 61.68±7.91 63.45±8.42 0.963 0.338
BMI (kg/m2) 23.42±1.77 24.18±1.81 1.887 0.063
Injury side Left knee 21 (52.50) 23 (58.97) 0.335 0.562

Right knee 19 (47.50) 16 (41.03)
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decreased in both groups at 1, 3, 5, and 7 days 
after surgery, and the VAS scores of pain in  
the OBG at 1, 3, 5, and 7 days after surgery 
were lower than those before surgery (P < 
0.05). The VAS scores of pain in the affected 
area at 1 and 3 days after surgery in the CG 
exhibited no significant difference than those 
before surgery (P > 0.05), and the VAS scores of 
pain in the CG at 5 and 7 days after surgery 
were lower than before surgery (P < 0.05). The 
VAS scores for pain in the OBG at 1, 3, 5, and 7 
days after surgery were lower than those in the 
CG (P < 0.05) (Figure 1).

Knee range of motion 

There was no difference between the two 
groups in terms of the preoperative knee flex-
ion, hyperextension, and rotation angles (P > 
0.05), and these angles were increased in both 
groups at 1 month after surgery (P < 0.05), and 
were greater in the OBG than in the CG at 1 
month after surgery (P < 0.05) (Figure 2).

Knee symptoms

There was no significant difference in IKDC 
scores between the two groups before surgery 
(P > 0.05). The IKDC scores of the two groups 
at 1, 2 weeks, and 3 weeks after surgery were 
lower than those before surgery (P < 0.05), and 

the scores in the OBG were lower than those in 
the CG at 1, 2, and 3 weeks after surgery (P < 
0.05) (Figure 3).

Motor function

There was no significant difference in preopera-
tive Tegner scores between the two groups (P > 
0.05). At 1, 2, and 3 months after surgery, 
Tegner scores were all increased in both groups 
(P < 0.05), and the Tegner scores in the OBG 
were higher than those in the CG at 1, 2, and 3 
months after surgery (P < 0.05) (Figure 4).

Knee function 

There was no significant difference in preopera-
tive Lysholm scores between the two groups (P 
> 0.05). Lysholm scores were improved in both 
groups at 1, 2, and 3 months after surgery (P < 
0.05), and the scores in the OBG were higher 
than those in the CG at 1, 2, and 3 months after 
surgery (P < 0.05) (Figure 5).

Complications 

The complication rate in the OBG (10%) was 
lower than that in the CG (28.21%) (P < 0.05) 
(Table 2).

Discussion

Microfracture technique was first applied in the 
1980s. Evidence showed that microfracture 
technique was effective in restoring cartilage 
defects in patients with postoperative sub-
chondral bone hemorrhage and clot formation 
[13]. After subchondral microfracture, the mes-
enchymal stem cells of the cancellous bone  
are stimulated and proliferated. Thereafter, the 
mesenchymal stem cells flow with the blood 
along the pores, and the cartilage overflow 
turns into fibrous clots while the differentiated 
mesenchymal stem cells continue to proli- 
ferate and differentiate into cells with the mor-
phological characteristics of chondrocytes, 
achieving the repair of cartilage defects [14, 
15]. The microfracture technique stimulates 
the differentiation of chondrocytes by filling 
fibrous clots of bone marrow to achieve the 
repair of cartilage defects [16].

However, the microfracture technique is not 
applicable to all patients, and its current indica-
tions can be summarized as the International 

Figure 1. Pain level. Compared with the preoperative 
pain VAS score of the control group, the observation 
group showed little difference (P > 0.05); compared 
with the control group at 1, 3, 5, and 7 days after 
surgery, the observation group had lower pain VAS 
scores (P < 0.05). *P < 0.05.
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Cartilage Repair Society (ICRS) score of 3, a 
total layer of cartilage defect, age < 50 years, 

defect size < 4 cm2, no bone loss, and no high 
demand for exercise [17, 18]. In order to further 
improve the quality of cartilage defect repair, 
many scholars have attempted to combine 
adjuvant therapies with this surgery, and some 
studies have tried autologous or allogeneic 
osteochondral transplantation and achieved 
good results [19, 20]. With the progress of 
medical technology, cartilage repair in vivo has 
been proposed, which has the advantages of 
simple operation, mild trauma, low cost, and 
rapid recovery. In the OBG of this study, PRP 
injection was performed based on surgery. 
After treatment, it was shown that the VAS 
score began to decrease statistically at 1 day 
after surgery, while the CG did not show similar 
improvement until 5 days after surgery. There 
was a statistically significant decrease before 
surgery. The VAS scores of the OBG were lower 
than those of the CG at all time points after sur-
gery, suggesting that PRP injection combined 
with surgery can not only control pain more 
quickly, but also show a higher degree of pain 
relief. A similar study also showed that the VAS 

Figure 2. The range of motion of the knee joint. Knee 
flexion (A), hyperextension (B), and rotation (C) angles. 
*P < 0.05.

Figure 3. Comparison of the knee joint symptoms by 
IKDC score. *P < 0.05.
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score of patients with knee cartilage injury 
treated with PRP injection combined with sur-
gery at 1, 3 and 5 days after surgery was lower 
than that of patients treated with surgery alone 
(P < 0.05), which was consistent with this study 
[21]. A study has also shown that PRP injec-

tions as adjunctive therapy in orthopedic surgi-
cal procedures can further reduce pain levels 
and relieve patient discomfort [22]. 

PRP contains a high concentration of platelets, 
which can activate platelets during the repair 
process, thus promoting the conversion of 
fibrinogen to fibrin, playing a role in shrinking 
the wound and promoting the healing of injuries 
[23]. It has been found that PRP injection 
improves knee mobility to a greater extent and 
enhances knee function [24]. In this study, the 
knee flexion, hyperextension, and rotation 
angles in the OBG were greater than those in 
the CG at 1 month after surgery (P < 0.05). 
Another study also showed that the flexion, 
hyperextension and rotation angles of knee 
joint after arthroscopic surgery combined  
with PRP injection at 1 and 3 months after sur-
gery were greater than those of the single 
arthroscopic surgery group (P < 0.05) [25]. This 
proved that microfracture technique could 
effectively improve the knee joint motion in 
patients with knee ligament injury, and PRP 
injection could further improve knee joint 
motion, approaching the normal range. In this 
study, IKDC score, Tegner score and Lysholm 
score in the OBG at 1, 2 and 3 months after 
surgery were better than those in the CG (P < 
0.05). A previous study also confirmed that  
surgery combined with PRP injection could 
improve the knee joint function of patients to a 
greater extent [26]. This suggested that PRP 
injection on the basis of surgery can more 
effectively control symptoms and restore physi-
cal status, as well as more effectively acceler-
ate the recovery of joint function and motor 
function after surgery. In terms of treatment 
safety, there was a difference in the incidence 
of complications between the OBG and the CG 
(10.00% vs. 28.21%), indicating that the com-
bined therapy can improve the safety of surgi-
cal treatment, reduce treatment-related com-
plications, resulting in a higher quality of rapid 
recovery. The PRP applied to the OBG contain- 
ed several concentrated growth factors that, 
when combined with activators, induced the 
differentiation of hyaline cartilage in addition to 
accelerating cell proliferation. It has been pro-
posed that the combination of the microscopic 
microfracture technique with PRP not only pro-
vides sufficient MSCs but also provides differ-
ent concentrated growth factors as nutrients, 
thus achieving a better quality of cartilage 
defect repair [27].

Figure 4. Comparison of knee joint function using 
Tegner score. *P < 0.05.

Figure 5. Comparison of knee joint function by 
Lysholm scores. Before surgery, 1 month after sur-
gery, 2 months after surgery, 3 months after surgery, 
*P < 0.05.
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In summary, arthroscopic microfracture com-
bined with PRP injection is more effective in the 
treatment of knee cartilage injury. However, 
this study also has some shortcomings. The 
mechanism of arthroscopic microfracture tech-
nique combined with PRP is not thoroughly 
explored. It is not clear that other surgical 
methods combined with PRP therapy are equal-
ly effective and safe, and the dose of PRP injec-
tion has not been analyzed, and the most 
appropriate dose has not been clarified. These 
need to be studied in the future.
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