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Abstract: Objective: To study effect of joint distraction osteogenesis combined with platelet-rich plasma injections 
on traumatic ankle arthritis (TAA). Methods: 106 patients with TAA admitted to our hospital (from January 2018 
to January 2020) were recruited as the study cohort and randomly divided into a surgical group and a combined 
group. The surgical group was treated with simple joint retraction surgery, and the combined group was treated 
with platelet-rich plasma injections in addition to the surgery administered to the operation group. After 6 months 
of treatment, the clinical efficacy of the two groups was evaluated, and the changes in the ankle joint function, the 
serum related factors, and the quality of life before and at six months after the treatment were observed. The inci-
dences of adverse reactions (ARS) in the two groups were counted to evaluate the treatment safety. Results: The 
total effective rate was 98.11% in the combined group and 77.36% in the operation group. The overall curative effect 
of the combined group was better than it was in the operation group (P<0.05). After the treatment, the ankle joint 
movement angles, the joint function, the serum factor levels, and the quality of life of the patients in combined group 
were better than they were in the operation group (P<0.05). No significant difference was found in the incidence 
of ARs (P>0.05). Conclusion: Arthroplasty with platelet-rich plasma injections can improve joint function recovery, 
inhibit the inflammatory factor expression levels, and enhance TAA patients’ quality of life.
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Introduction

The ankle joint is composed of the joint sur- 
faces of the tibia, fibula, and talus trochlea, and 
it is an important weightbearing joint in the 
human body [1, 2]. Traumatic ankle arthritis 
(TAA) is a degenerative disease of the ankle 
cartilage induced by trauma, and it can prog-
ress to cartilage hyperplasia and ossification 
[3, 4]. Conservative treatment is ineffective for 
TAA. At present, TAA is mainly treated surgical-
ly, and ankle arthroplasty is a common clinical 
operation [5, 6]. Over of clinical practice, it has 
been proved that TAA can cause some prob-
lems such as partial loss of function and the 
early degeneration of the adjacent joints. The 
post-surgical clinical effectiveness among fe- 
males is lower than it is among males, and 
ankle arthritis may progress over the long term 

after the operation. Therefore, to a certain ex- 
tent, it limits the curative effect of simple an- 
kle arthroplasty. In recent years, platelet-rich 
plasma (PRP) injections have achieved good 
clinical effectiveness in knee osteoarthritis [7, 
8]. Therefore, ankle arthroplasty combined with 
platelet-rich plasma (PRP) injections has been 
gradually popularized in TAA in clinical practice. 
PRP injections refer to a treatment scheme  
in which autologous whole blood is centrifuged 
to obtain a platelet-rich concentrate, and it is 
administered through injections. PRP injections 
can promote cartilage formation and repair car-
tilage damage and can make up for the defi-
ciency of the surgical treatment when it is us- 
ed in the auxiliary treatment of ankle arthro-
plasty. In order to objectively evaluate the spe-
cific efficacy and safety of PRP injections, this 
study was carried out in our hospital.
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Materials and methods

General information

106 patients with TAA admitted in our hospital 
were recruited as the study cohort. The pati- 
ents were randomly divided into a surgical gr- 
oup and a combined group, with 53 patients  
in each group. Inclusion criteria: (1) Patients 
who meet the diagnostic criteria for TAA [9]. (2) 
Patients with a range of motion in the ankle 
joint of less than 20°. (3) Patients whose treat-
ment was ineffective after conservative treat-
ment for more than six months and who met 
the adaptation scope and requirements for 
ankle arthroplasty. (4) Patients who met the 
requirements for PRP injection. (5) Patients 
who voluntarily joined the group and who sign- 
ed informed consent. This study was approved 
by the ethics committee of our hospital. Ex- 
clusion criteria: (1) Patients with an allergic 
constitution. (2) Patients with blood system dis-
eases, anemia, and a hypercoagulable state. 
(3) Patients with acute ankle arthritis. (4) Pa- 
tients with immune dysfunction. (5) Patients 
with a history of cardiovascular or cerebrovas-
cular diseases. (6) Patients with an original 
physical disability. (7) Patients with cognitive 
dysfunction, psychiatric diseases, or commu- 
nication disorders. (8) Patients with malignant 
bone tumors or severe osteoporosis. 

Methods

Surgical group: The patients were treated with 
simple ankle arthroplasty. Each patient was 
placed in a supine position and operated on 
under general anesthesia. 10 ml of sodium 
chloride was injected into the medial tibialis 
anterior tendon and the ankle joint of the third 
fibula muscle. An incision of about 5 mm was 
made, and the subcutaneous tissue was in- 
cised, then an arthroscope was inserted, and 
the hyperplastic tissue and osteophyte of the 
affected ankle joint were removed under the 
arthroscopic display system. Following that, the 
foot ring, ankle hinge, and tibial reference ring 
were installed step by step. The medical staff 
then confirmed that the ankle joint moved nor-
mally without joint subluxation, took out the 
arthroscope, and sealed the wound. After the 
operation, the ankle joint was stretched at a 
speed of 0.5 mm/d until the joint space reach- 
ed 5 mm. After three months’ treatment, the 
patient could walk with full weight. 

Combination group: Arthroplasty combined wi- 
th PRP injection was administered. The opera-
tion method was completely consistent with 
the operation group. For the PRP injections, 5 
ml of PRP preparation solution (produced by 
Shanghai Xinfan Biotechnology Co., Ltd.) was 
used. Before the arthroplasty of the joint retrac-
tion, 45 ml of venous blood was taken, and the 
venous blood was centrifuged at 2000 r/min 
for 10 min and repeated once. After the opera-
tion, the prepared PRP was injected into the 
affected ankle. The PRP injections were repe- 
ated at four weeks and 12 weeks after the 
operations.

Observation indexes

After six months of treatment, the clinical effi-
cacy of the two groups was evaluated. The 
changes in ankle joint function, the serum fa- 
ctors, and the quality of life before and at 6 
months after the treatment were observed, and 
the incidence of ARs was counted to evaluate 
the treatment safety.

The ankle joint function evaluation indexes in- 
clude: range of motion, dorsiflexion angle, foot 
and ankle scale (AAOS), the Berg balance scale 
(BBS) scores, and the short-form Mai-Ji pain 
questionnaire (SF-MPQ) scores [10]. The AAOS 
scale includes three aspects: lower limb core 
score, full ankle score, and shoe comfort. The 
scale covers 34 items, and each item ranges 
from 1-7 points. The higher the score, the bet-
ter the function is improved. The BBS scores 
ranged from 0 to 56, and the higher the score, 
the better the balance function. The SF-MPQ 
questionnaire includes 14 items, and each 
item is scored from 0 to 3 points. The higher 
the score, the more serious the pain.

Serum related factors: PGE2, TNF-α, and IL-6. 
Before and after the treatment, 3 ml fasting 
venous blood samples were collected from all 
the patients, and the serum was obtained by 
centrifugation at a speed of 3000 r/min for 10 
min. The serum was measured using ELISA, 
and the operational steps were performed 
according to the kit instructions.

The quality of life was evaluated using the 
SF-36 Quality of Life Scale [11]. The SF-36 
scale includes four aspects: physical activity, 
psychological function, social function, and ma- 
terial life. 
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The clinical efficacy was evaluated according  
to the standards established in the medical lit-
erature [12]. Specific criteria: the ankle joint  
function is completely or basically normal, and 
one is clearly able to walk with full weight. The 
ankle joint function has been improved, and it 
is basically effective to walk with full weight. 
The ankle joint symptoms have not improved or 
have progressed, and the patient is unable to 
walk. The total effectiveness is the sum of 
effectiveness and effectiveness.

Statistical analysis

SPSS 21.0 was used. Rank sum tests were 
done for the grade data, Chi-square tests were 
used for the count data and were expressed  
as [n (%)]. The measurement data were tested 
using t-tests and expressed as (

_
x±s).

Results

General data

31 males and 22 females were included in the 
operation group (21-39 years old), with an aver-
age age of 30.46±5.63 years old. Affected side: 
the left side in 21 cases and the right side in 32 
cases. There were 32 males and 21 females in 
the combined group (21-42 years old), with an 
average age of 31.02±6.11 years old. Affected 
side: 20 cases on the left and 33 cases on the 
right side. See Table 1.

Clinical efficacy: The total effective rate was 
98.11% in the combined group and 77.36% in 
the surgical group. The total effective rate in 
the combination group was higher than it was 
in the operation group (P<0.05), and the overall 
clinical effectiveness was better than it was in 
the operation group (P<0.05). See Table 2.

Movement angle of the ankle joint: After the 
treatment, the dorsiflexion and plantarflexion 
angles of the ankle joint in the combined group 
were larger than they were in the operation 
group (P<0.05). See Figure 1.

IL-6 levels in the combined group were lower 
than they were in the surgical group (P<0.05). 
See Table 4.

Quality of life: After the treatment, the physical 
activity, psychological function, and social func-
tion scores in the combined group were higher 
than they were in the operation group (P<0.05), 
but there were no significant differences in the 
material life scores between the two groups 
(P>0.05). See Table 5.

Adverse reaction: No serious adverse reacti- 
ons were found in the two groups, with 2 cases 
(3.77%) of wound swelling in the operation 
group and 2 cases (3.77%) in the combined 
group, and they were relieved after routine di- 
sinfection.

Discussion

The ankle joint is one of the main weight-bear-
ing joints of the human body, and it has a com-
plex biological structure and many active func-
tions such as flexion and extension, abduction, 
and adduction and eversion [13, 14]. The sta-
bility of the ankle joint is relatively low in a ho- 
rizontal position, and it is vulnerable to injury 
under external forces. Inflammatory lesions of 
the ankle joint induced by trauma in daily activi-
ties are called TAA. TAA is a common disease  
of the ankle joint, and it can cause serious 
adverse effects on patients’ lives. In recent 
years, the incidence of TAA in China has been 
on the rise, and TAA occurs at all ages due to 
trauma, so it is widely concerning. Patients with 
TAA often have ankle pain with redness, swell-
ing, fever, and limited movement, and severe 
cases can be seen as a joint deformity. For 
patients with TAA, ankle arthroplasty is tradi-
tionally used clinically, but there is a certain  
failure rate and the clinical effectiveness is  
not satisfactory. Arthroplasty with ankle joint 
retraction has become an important operation 
for treating TAA in recent years, as it has the 
advantages of minimal invasiveness and an 

Table 1. The general data of the two groups

Group n Sex (Male/
Female) Age (years) Affected side 

(Left/Right)
Surgical group 53 31/22 30.46±5.63 21/32
Combination group 53 32/21 31.02±6.11 20/33
χ2/t 0.039 0.491 0.040
P 0.843 0.625 0.842

Ankle joint function: After the treat-
ment, the BBS and AAOS scores in the 
combined group were higher than they 
were in the operation group, and the 
SF-MPQ scores were lower than they 
were in the operation group (P<0.05). 
See Table 3.

Serum factor levels: After the treat-
ment, the serum PGE2, TNF-α, and 
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easy post-surgical recovery. However, its clini-
cal effectiveness is easily affected by many fac-
tors such as the patient’s own health level, and 
there is a risk of joint space shrinking in the 
long term after the operation.

PRP injections are widely used in multiple joint 
diseases [15, 16]. In order to make up for the 
deficiencies of ankle arthroplasty, surgery com-
bined with PRP injections has been widely us- 
ed in TAA in recent years, and it has achieved 
ideal results. Simple ankle arthroplasty mainly 
relieves the mechanical stress on the ankle 
cartilage, promotes cartilage repair, and res- 
tores the walking ability of the ankle joint un- 
der load. Although the curative effect is defi-
nite, the trauma caused by the surgical treat-
ment and the recovery level of the soft tissue 
and the patients’ muscle strength cannot be 
improved promptly, so the joint gradually de- 
clines, which leads to a progression of the dis-
ease. It is necessary to make up for the cura-
tive effect through other operations such as 
ankle fusion. Combined with PRP injections af- 
ter the operation, the treatment can supple-
ment a variety of growth factors locally to the 
affected area, which have many physiological 
functions such as antagonistic and inflamma-
tory factors, stimulating the proliferation and 

tively evaluate the recovery of the range of 
motion of the affected joint. This study show- 
ed that the angles of ankle dorsiflexion and 
plantar flexion were larger in the operation gr- 
oup. This indicates that combined PRP injec- 
tion therapy can improve the movement angle 
of the affected ankle joint and provide a better 
foundation for functional recovery. The AAOS 
score is an important tool for evaluating ankle 
function, and it can objectively evaluate the 
degree of ankle injury and correctly judge the 
prognosis. The results of this study showed th- 
at the BBS and AAOS scores in the combined 
group were higher than they were in the surgi-
cal group after the treatment. This also indi-
cates that combined PRP injection therapy can 
improve the physiological function recovery 
level of the affected ankle joint and the lower 
limb function on the affected side, and then 
improves patients’ balance function. The SF- 
MPQ scale is a tool to evaluate patients’ pain. 
The results of this study show that the SF-MPQ 
scores of the patients in the combined group 
were lower than the corresponding scores in 
the operation group. This indicates that com-
bined PRP injection treatment can effectively 
reduce patients’ pain levels. PGE2 has regula-
tory function in the human body, and it mainly 
participates in many physiological and patho-

Table 2. Comparison of the clinical efficacy between the two groups n (%)
Group n Significantly effective Effective Invalid Total effective rate
Surgical group 53 22 (41.51) 19 (35.85) 12 (22.64) 41 (77.36)
Combination group 53 35 (66.04) 17 (32.08) 1 (1.89) 52 (98.11)
Z/x2 -3.080 10.609
P 0.002 0.001

Figure 1. Comparison of the ankle joint movement angles between the two 
groups before and after treatment. The dorsiflexion angle (left) and plan-
tarflexion angle. *** indicates P<0.001.

repair of the chondrocytes, 
and it can enhance local mu- 
scle nutrition, and because 
there is no other rejection re- 
action from the autologous 
blood, it can effectively im- 
prove the clinical and progn- 
ostic effects [17, 18]. The co- 
mbination with PRP injections 
can effectively prevent long-
term joint dysfunction and the 
disease progression induced 
by it, thus assisting in improv-
ing the surgical effectiveness.

Measuring the dorsiflexion 
and plantarflexion angles of 
the ankle joint can quantita-
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logical processes such as fever, inflammatory 
reactions, pain perception, cell growth and dif-
ferentiation, etc. TNF-α is an important pro-
inflammatory factor in the human body, and its 
expression level has a clear correlation with 
fever reactions. IL-6 is an important member of 
the interleukin family, and it can promote the 
occurrence of inflammatory reactions and ag- 
gravate the degree of inflammatory reactions. 
The results of this study showed that the se- 
rum PGE2, TNF-α, and IL-6 levels in the com-
bined group were lower than they were in the 
operation group after the treatment. This indi-

cates that combined PRP injection therapy can 
effectively antagonize the postoperative inflam-
matory reactions and the ankle inflammation 
and has an important role in promoting postop-
erative recovery. The evaluation showed that 
the quality of life of the patients in the com-
bined group was better than it was in the opera-
tion group at six months after the operations. 
This is mainly due to the better recovery of 
ankle joint function and the effective pain re- 
lief. After the comparison, there were no seri-
ous adverse reactions and no differences in 
the incidence of slight adverse reactions bet- 

Table 3. Comparison of the ankle function evaluations between the two groups before and after treat-
ment (

_
x  ± s)

Group Time BBS AAOS SF-MPQ
Surgical group Before treatment 29.37±2.93 54.12±7.28 30.85±5.40
n=53 After treatment 41.09±4.28 182.76±14.13 15.27±3.06
Combination group Before treatment 29.31±2.49 53.22±5.98 31.52±5.67
n=53 After treatment 50.38±5.51 198.06±16.23 10.07±1.72
Before treatment t 0.099 0.695 0.623

p 0.922 0.488 0.534
After treatment t 9.688 5.175 10.777

p <0.001 <0.001 <0.001

Table 4. Comparison of the ankle function evaluation between the two groups before and after treat-
ment (

_
x  ± s)

Group Time PGE2 (pg/ml) TNF-α (ng/ml) IL-6 (μg/ml)
Surgical group Before treatment 456.85±22.49 554.38±13.64 65.14±9.45
n=53 After treatment 187.01±17.47 452.35±14.36 51.17±6.62
Combination group Before treatment 457.57±28.00 555.49±13.87 65.91±8.86
n=53 After treatment 142.12±15.49 407.75±12.70 45.53±5.71
Before treatment t 0.148 0.414 0.433

p 0.883 0.680 0.666
After treatment t 13.996 16.940 4.693
Group p <0.001 <0.001 <0.001

Table 5. Comparison of the SF-36 scores between the two groups before and after treatment (
_
x  ± s)

Group Time Physical activity Psychological function Social function Material life
Surgical group Before treatment 45.62±4.55 60.34±3.89 60.09±4.31 73.62±6.14
n=53 After treatment 73.51±4.60 74.71±5.25 75.15±4.32 72.46±5.66
Combination group Before treatment 45.42±3.48 59.97±3.61 59.43±4.02 73.14±6.08
n=53 After treatment 84.83±6.66 86.58±4.99 82.44±4.00 73.26±6.03
Before treatment t 0.254 0.506 0.818 0.410

p 0.800 0.614 0.415 0.683
After treatment t 10.181 11.924 9.014 0.702

P <0.001 <0.001 <0.001 0.484
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ween the two groups, which indicated that com-
bined PRP injections are safe and feasible.

At present, there are many papers on the appli-
cation of PRP in joint diseases, but there are 
few studies on the application of PRP in ankle 
joint diseases, and it remains controversial. 
The majority believes that PRP in treatment of 
traumatic ankle arthritis, both anti-inflammato-
ry and repair, is of great significance for the 
long-term functional recovery of patients and 
for the improvement of chronic pain. However, 
there is no uniform standard for platelet con-
centration and dosage in PRP, and whether the 
inflammatory factors contained in it affect the 
efficacy remains to be verified. The results of 
this study confirm that ankle joint distraction 
combined with the intra-articular injection of 
platelet-rich plasma has an excellent effect in 
traumatic ankle arthritis. It can significantly 
improve patients’ joint function and improve 
their quality of life [19, 20]. Still, this study had 
several shortcomings. This study was a single-
center study with a small cohort and a short 
follow-up time. In addition, this study did not 
discuss the optimal concentration, so it has a 
limited guiding significance for clinical prac- 
tice.

To sum up, joint distraction osteogenesis com-
bined with platelet-rich plasma injections can 
improve the clinical efficacy of traumatic ankle 
arthritis, promote the recovery of joint func- 
tion, antagonize the anti-inflammatory reacti- 
ons, and comprehensively improve patients’ 
quality of life.
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