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Acute Achilles tendon rupture is one of the most common tendon injuries in adults. We hypothesized that Platelet-Rich Plasma
(PRP) can be used as biological augmentation for surgical treatment of acute Achilles tendon rupture. Our study is a prospective
randomized controlled trial. Patients with acute Achilles tendon rupture undergoing surgical repair were randomly assigned into
either control group or PRP group. End-to-end modified Krackow suture was performed in both groups. In the PRP group, PRP
was injected into the paratenon sheath and around the ruptured tissue after the tendon was repaired. Postoperatively we evaluated
isokinetic muscle strength at 3, 6, 12, and 24 months. In addition, ankle ROM, calf circumference, Leppilahti score, and the SF-36
score were evaluated at 6, 12, and 24 months after operation. At 3 months, the PRP group had better isokinetic muscle. The PRP
group also achieved higher SF-36 and Leppilahti scores at 6 and 12 months. At 24 months, the PRP group had an improved ankle
range of motion compared to the control group. Our study results suggest that PRP can serve as a biological augmentation to acute
Achilles tendon rupture repair and improves both short and midterm functional outcomes.

1. Introduction

Theacute Achilles tendon rupture is one of themost common
tendon injuries in adults. The incidence of Achilles tendon
injury is higher among the middle-aged population because
of their participation in high-level sports [1–3]. Surgical treat-
ment will accelerate the healing process, reduce rerupture,
and improve the quality of life.

The use of Platelet-Rich Plasma (PRP) in the treatment
of orthopedic injuries has been widely reported in recent
years [4–7]. PRP is defined as a high concentration of
platelets in plasma after special processing. Platelets are
known to contain more than 300 bioactive proteins, includ-
ing vascular endothelial growth factor (VEGF), insulin-like
growth factor (IGF), fibroblast growth factor, platelet-derived
growth factor (PDGF), platelet-derived epidermal growth
factor (PD-EGF), transforming growth factor beta (TGFb),
and epidermal growth factor (EGF) [8–10]. Thus, using PRP
promotes postoperative healing and can potentially improve

functional outcomes by concentrating these platelet-derived
bioactive proteins at the side of injury.

The objective of this study was to evaluate clinical out-
comes and calf muscle strength recovery after surgical repair
of acute Achilles tendon repair with PRP augmentation.

2. Materials and Methods

2.1. Patient Recruitment. The current study was approved by
Shanghai Sixth People’s Hospital Ethics review board. All
participants signed informed consent prior to entering the
study.

Patients who presented with acute Achilles tendon rup-
ture and underwent surgical repair at the Department of
Orthopaedics, Shanghai Sixth People’s Hospital, from Jan-
uary 2013 to January 2014, were recruited in the study.
These patients were diagnosed with acute Achilles ten-
don rupture by the presence of a palpable gap, a positive
Thompson squeeze test and ultrasonography were included.
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Figure 1: Modified Krackow suture technique was performed.

Figure 2: Modified Krackow suture technique was performed and
maintained lacerated tissue.

Included patients were aged 18–45 years, with a confirmed
closed acute Achilles tendon rupture due to noncontact
sport injuries. Major exclusion criteria included previously
incurred Achilles tendinopathy, prior Achilles tendon rup-
ture, patients with previous surgical procedures on the
affected or contralateral side, open Achilles tendon rupture,
rupturemore than 3weeks prior to presentation, pathological
rupture, smokers, and polytrauma. In addition, patients
with diabetes, paraplegia, or any peripheral neuropathy that
could impair healing were also excluded. Our study is a
prospective randomized controlled trial. Patients diagnosed
with acute Achilles tendon rupture were randomly assigned
to control group or PRP group. Computer generated a blinded
randomization number. If generated number was an odd
number, the patient was assigned to PRP group. If generated
number was an even number, the patient was assigned to
control group. RICE principle (rest, ice, compression, and
elevation) was used to decrease leg swelling in all patients
before the surgery.

2.2. PRP Preparation. The PRP was prepared using the
WEGO Platelet-Rich Plasma Preparation Kits (WEGO Ltd.,
Shandong, China) [11]. Approximately 40mL of blood was
taken from patient via venipuncture and then placed in Kits
and spun in a potable centrifuge (WEGO LTD, Shandong,
China) at 2000 rpm for 10 minutes twice. This standard
process produces 3 to 4ml of plasma that has 6 times higher
platelet concentration than normal physiological value. The
leukocytes in PRP are also 4 times higher in concentration
than normal blood.

2.3. Operation Procedure. All patients were operated on
under epidural anesthesia. They were placed in prone posi-

Figure 3: PRP was injected in rupture ends and paratenon sheath.

Figure 4: Close paratenon sheath and preserve PRP in it.

tion with thigh tourniquet applied. In both groups, end-to-
end modified Krackow suture technique [12] was performed
after longitudinal incision of the fascia and paratenon. To
maintain the Achilles length in PRP group, only blood clots
were removed. The ruptured tissue was preserved at both
ends.The ruptured Achilles tendon was repaired with a num-
ber 2 nonabsorbable Ethibond suture (Ethicon, Somerville,
NJ) (Figures 1 and 2). PRP was injected into the paratenon
sheath and the surrounding lacerated tissue (Figures 3 and
4).Then, the paratenon was carefully closed with number 3-0
braided polyglycolic absorbable suture (Vicryl, Ethicon). The
skin was closed with number 4-0 Prolene suture.

In the control group, the same modified Krackow suture
technique was performed after the rupture ends of the tendon
were debrided without PRP injection.

2.4. Postoperative Care. Patients in both groups underwent
the same postoperative protocol. All patients had postoper-
ation follow-up assessment at 3 weeks and 3, 6, 12, and 24
months. The surgical site was examined at 3 weeks postop.
If there was no evidence of infection, skin sutures were
removed. Postoperatively, the foot was immobilized in an
anterior splint for 3 weeks, followed by nonweight-bearing
walking boot with heel lifts and daily active range of motion
for the first 6 weeks. Then the heal lift height was decreased
by 1mm every day.The patient was allowed gradual return to
full weight bearing walking over another 6 weeks. Full weight
bearing was permitted in 3 months, and full activities were
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permitted as tolerated in 6 months. Patients were reassessed
at 12 and 24 months after surgery.

2.5. OutcomeMeasures. Theprimary outcomemeasureswere
the Leppilahti score at 6, 12, and 24 months after surgery. The
secondary outcome measures including the Short Form (36)
Survey (SF-36) score, ankle range of motion (ROM), and calf
circumference were evaluated at 6, 12, and 24 months after
surgery. In addition, Isokinetic evaluation was performed
at 60 degrees per second, 120 degrees per second and 240
degrees per second angular speeds with the Multi-Joint
Isokinetic Dynamometer Prima DOC (Firenze, Italy) at 3, 6,
12, and 24 months. The calf circumference and the isokinetic
calf muscle strength were measured and compared with the
contralateral normal side. An independent clinical observer
performed all evaluations.

2.6. Leppilahti Score. TheLeppilahti score includes subjective
factors (pain, stiffness,muscleweakness, footwear restriction,
and subjective outcome) and objective factors (range of ankle
active motion and isokinetic calf muscle strength score). The
isokineticmuscle strength score is calculated from the plantar
flexion and dorsiflexion peak torques of 3 different ankle test
speeds as described by Leppilahti et al. [13]. The maximum
Leppilahti score is 102 points. A total score of 87 to 102 points
was graded as excellent, 72 to 86 as good, 57 to 71 as fair, and
56 or less as poor. Patients completed the subjective part of
the Leppilahti score independently without any supervision
or instruction.

2.7. Ankle Range of Motion (ROM). Bilateral ankle dorsal
flexion was assessed at 6, 12, and 24 months after operation.
The physiotherapist calculated an average of three readings
with a hand-held goniometer that measured the maximum
ankle dorsiflexion.

2.8. Strength Measurements. The isokinetic strength of both
ankles in plantar flexion and dorsiflexion was assessed
3, 6, 12, and 24 months after surgery. An independent
athletic therapist, who is blinded to both groups, used
isokinetic dynamometer (CSMI HUMAC Norm, Stoughton,
Massachusetts, USA) to measure muscle strength. During
the measurements as patients sat on the positioning chair
their feet were fixed with Velcro straps. All patients were
encouraged to achieve a maximal effort during testing.
Five isokinetic plantar flexion and dorsiflexion cycles were
performed at a speed of 60 degrees per second, 120 degrees
per second, and 240 degrees per second. The peak torque of
the injured leg as well as uninjured leg was measured. The
relative performance of the injured limb was calculated as
follows: injured side/healthy side ∗ 100%.

2.9. Complications. The complication rates included the
rerupture rates, superficial and deep infection rates, and sural
nerve injury. All complications were recorded during the
follow-up assessment.

2.10. StatisticalMethods. Descriptive statistics includedmean
± standard deviation, median (interquartile, IQR), frequency

Table 1: The basic information of two groups.

PRP group
(𝑛 = 16)

Control group
(𝑛 = 20)

Age (yrs) 30.2 ± 5.8 28.9 ± 5.7
Sex

Male 16 19
Female 0 1

Affected leg
Left 6 7
Right 10 13

Causes of rupture
Sport 15 19
Others 1 1

Location of rupture
Insertion 0 0
Midtendon 16 20
Enthesis 0 0

distribution, and percentage. Pearson’s chi-square test and
Fisher’s exact test were used to evaluate the categorical vari-
ables. The fitness of the variables to normal distribution was
evaluated using visual (histogram and probability graphs)
and analytic methods (Shapiro-Wilk Test). In the presence
of a significant difference between two independent groups,
Student’s 𝑡-test was used for normal distributed variables.
For variables not distributed normally,Mann–Whitney𝑈 test
was used to compare two independent groups. Repeated-
measures analysis of variance (ANOVA) was employed to
determine if there were any significant differences between
the time points (3, 6, 12, and 24 months after surgery) or
between the groups. Post hoc Bonferroni analysis was per-
formed to identify the mean differences within the existence
of a statistically significant 𝑃 value (𝑃 < 0.05) in time or
between groups. Two-tailed tests of significance are reported
and 𝑃 value <0.05 were considered statistically significant.
Statistical analyses were performed using SPSS statistical
software program (version 11.0.0, SPSS, IBM).

3. Results

3.1. Demographic and Anatomical Characteristics of Achilles
Tendon Rupture. A total number of 52 cases of acute Achilles
ruptures were recruited during the study period. However, 9
patients refused operative treatment and 7 patients refused
postoperative assessment. Therefore, only 36 patients were
included in the study. There were 16 cases in the PRP group
and 20 cases in the control group.Most of patients weremales
and had sports related tendon rupture. All ruptures happened
at middle portion of the tendon. There were no significant
differences in demographic data or pattern of tendon rupture
between two groups (Table 1).

3.2. Postoperative Complications. In control group, 18 cases
healed within 3 months. Among them, there were 2 super-
ficial infections and that resolved with antibiotic treatment.
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Figure 5: The SF-36 scores and Leppilahti scores were evaluated at 6, 12, and 24 months after operation. PRP group had higher scores in
SF-36 and Leppilahti scores than control group for up to postoperative 6 and 12 months, respectively.

Table 2: Ankle range of motion (ROM).

Control group (mean ± SD) (∘) PRP group (mean ± SD) (∘) 𝑃 value
Plantar flexion

6 months −4.5 ± 0.5 −3.0 ± 0.3 <0.001
12 months −2.2 ± 0.4 −0.9 ± 0.4 <0.001
24 months −2.0 ± 0.4 −1.1 ± 0.3 <0.001

Dorsiflexion
6 months −4.4 ± 0.4 −2.6 ± 0.4 <0.001
12 months −2.2 ± 0.3 −1.1 ± 0.5 <0.001
24 months −1.9 ± 0.4 −1.0 ± 0.4 <0.001

One had deep infection and one had a rerupture. The deep
infection was because of allergic reaction to nonabsorbable
suture. After debridement, the wound healed at 4 months
from the first operation. The rerupture was caused due to a
mechanical fall and it was managed successfully nonopera-
tively with walking boots for onemonth. In the PRP group, all
16 cases healed uneventfully in 3 months after surgery. There
was neither infection nor rerupture. For both groups, there
was no sural nerve injury or skin adhesion.

3.3. Patient Reported Outcome Measures. Both the Leppilahti
scores and SF-36 scores were evaluated at 6 months, one
year, and two years after the operation. For the SF-36 scores,
although there were no significant differences between two
groups at one and two years of follow-up, the scores in the
PRP group were significantly higher than in control group
at 6 months postop. Similar results were seen in Leppilahti
scores with significantly higher scores in PRP group at 6
months and 1 year after the surgery. Finally, both the groups
had similar Leppilahti scores at 2-year postoperative follow-
up (Figure 5).The results were excellent for 12 patients (60%),

good for 7 patients (35%), and fair for 1 patient (5%) in control
group. In PRP group, scores were excellent for 13 patients
(72%) and good for 5 patients (28%) at 2-year postoperative
follow-up.

3.4. Ankle and Leg Function Tests. The ankle ROM was
measured for plantar flexion and dorsiflexion at 6-month,
one-year, and two-year postoperative follow-up. Patients in
the PRP group had significantly better range of motion at all
time points (Table 2).

When compared to the normal (contralateral) side of
calf circumferences, calf circumferences at the injured side
were smaller, but there were no significant differences in the
calf circumferences between two groups at all time periods
(Table 3).

The isokinetic calf muscle strengths were evaluated in
percentage of plantar flexion strength and the percentage
of dorsiflexion strength for 60 degrees, 120 degrees, and
240 degrees at 3-month, 6-month, one-year, and two-year
postoperative follow-up. At 3-month postoperative follow-
up, PRP group had significantly higher percentage in all
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Table 3: Calf circumference (%).

6 months 1 year 2 years
Control 85.3 ± 4.0 95.8 ± 3.3 96.2 ± 3.1
PRP 88.1 ± 4.9 95.5 ± 3.0 96.8 ± 2.2
𝑡 1.9 0.3 0.6
𝑃 0.07 0.73 0.64

measured degrees than those in the control group. However,
after 6-month follow-up both groups were similar (Tables 4
and 5 and Figure 6).

4. Discussion

PRP has been used to enhance bone and soft tissue healing
for several years, previously being mainly used in oral and
maxillofacial surgery [4, 14]. The use of PRP in orthopedics
and sports medicine is a novel concept. It has been used as
an agent to improve the healing of muscle, bone, cartilage,
tendon, and ligaments [15]. Previous laboratory studies have
shown PRP as an activator of circulation-derived cells for the
improvement of the initial tendon healing process.Themajor
findings of our study were to find out the role of PRP in short
and midterm outcome of surgical repair of acute Achilles
tendon rupture. Both subjective patients reported scores
and objective functional tests results demonstrated that PRP
group has better early-midterm outcomes. In addition, the
PRPgroup showed better ankle ROM for up to two years after
operation.

Our results were consistent with other studies. Sánchez
et al. [16] demonstrated an early recovery of ROM and
running after the application of PRP in Achilles tendon
suture.The functional performances in isokinetic calf muscle
strength were better in the PRP group. In our study, at
postoperative 3-month follow-up, we also found that the
calf circumference proportion was similar in both groups.
This implicated the similar levels of leg muscle decrease after
the injury and operation between two groups. However, the
muscle performance was statistically different between two
groups for up to 6-month postoperative follow-up.This could
be due to the biological augmentation effect of PRP on early-
midterm tendon healing. The underlying mechanism is likely
increased vascular activity after direct administration of PRP
into tendon body.

However, one potential limitation of our study is the
different surgical preparation of the rupture ends of the
tendon in the two groups. In the control group, the ruptured
tendon was debrided before end-to-end repair. This may
have caused shortening of the Achilles tendon, while in the
PRP group, there was no tendon debridement performed;
therefore, tendon length could be maintained. We need
further studies to evaluate whether the difference in final
tendon length influenced our current study results.

The functional performances in isokinetic calf muscle
strengths were better in the PRP group at postoperative 3-
month follow-up. This result was also similar to Sánchez et
al.’s study [16], where they proved that PRP injection after

surgical repair of Achilles tendon rupture could facilitate
patients’ return to sports activities and training faster than
others.

Apart from ankle ROM, other midterm outcomes of
the PRP injection as an adjuvant of acute Achilles tendon
surgical repair were similar to control group in our study.
Those results were consistent with other studies as well. De
Carli et al. [17] showed a substantial equivalent structural
and functional results in Achilles tendon ruptures surgically
treated with and without PRP at 6 months and 24 months
after surgery.

Whenmeasuring patient reported outcome, we used both
SF-36 and the Leppilahti scores.TheSF-36 score is a validated,
commonly used tool in postoperative recovery. It contains
both physical and psychological evaluation. In our study,
patients who had PRP injection had higher scores in SF-36
at 3 months after the surgery when compared to patients in
control group. The Leppilahti scores is the measurement for
subjective report outcome after ankle, tendon treatment. The
scores were higher at 3- and 6-month postoperative follow-
up in PRP group than in control group. These subjective
outcomes were consistent with our functional (objective)
outcomes but were different from other studies. De Carli
et al. [17] found that the Foot and Ankle Outcome Score
(FAOS) and VISA-A showed no difference between the PRP
and control groups at 1, 3, 6, and 24months after operation of
acute Achilles tendon rupture. The Leppilahti score system
has been used in our hospital for years. Because of the
different scales, it would be difficult to compare our results
with others.

The complication after surgical treatment of acute
Achilles tendon rupture could delay the healing process.
The common complications include infection and rerupture.
Bartel et al. [18] conducted a systematic review showing that
the wound site infection rate was 4% in open surgery and
the risk of rerupture was 3.4%. Among our participants, the
rerupture rate was only 1% in control group and none in PRP
group. The infection rate was 1.5% in control group. Despite
there being no statistical difference between the two groups,
our small sample size may give rise to a false negative result.
Recent research [5, 19] suggests that PRP has significantly
high serum growth factor levels, and it also has potential anti-
infection effects when applied to tissue. The concentration of
PRP obtained in our study using the WEGO apparatus is 6
times the concentration of platelets in baseline blood and 4
times the white cells of normal value. This concentration has
been found to be effective both in vitro and in vivo studies in
proliferation and promote angiogenesis of the tissue [20, 21].

PRP is most effective in the treatment of chronic tendon
injuries, such asTennis elbow. But the effectiveness in treating
chronic noninsertional Achilles tendinopathy is controver-
sial. Gaweda et al. [22] treated Achilles tendinopathy with
local injection of autologous PRP. They found that PRP
was effective in elimination of clinical symptoms, normal-
ization of tendon thickness in the region of intrasubstance
tears, decreased peritendineum and tendon thickening, and
resolution of hypoechogenic lesions. On the contrary, De
Vos et al. [6] reported that a PRP injection did not have
improvement in pain and function of patients with chronic
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Table 4: Percentage of plantar flexion strength (%).

3 months 6 months 1 year 2 years
60∘/s

Control 64.2 ± 7.0 86.0 ± 4.7 95.1 ± 2.8 94.4 ± 3.3
PRP 68.8 ± 3.3 89.6 ± 6.4 96.0 ± 2.3 95.0 ± 2.3
𝑡 3.6 2.3 0.6 1.1
𝑃 0.022 0.059 0.28 0.54

120∘/s
Control 62.8 ± 5.5 83.2 ± 4.6 92.9 ± 3.5 93.8 ± 3.5
PRP 66.1 ± 2.9 86.1 ± 4.0 93.5 ± 3.2 93.5 ± 3.6
𝑡 2.103 1.996 0.4899 0.2953
𝑃 0.043 0.054 0.63 0.77

240∘/s
Control 61.4 ± 9.2 80.6 ± 5.1 92.6 ± 2.0 94.1 ± 3.4
PRP 67.8 ± 5.5 83.1 ± 3.1 92.5 ± 2.7 94.2 ± 3.0
𝑡 2.4 3.9 0.7 0.2
𝑃 0.021 0.091 0.9 0.94

Table 5: Percentage of dorsiflexion strength (%).

3 months 6 months 1 year 2 years
60∘/s

Control 65.6 ± 6.6 86.6 ± 6.6 95.5 ± 2.5 95.7 ± 2.4
PRP 69.7 ± 4.0 90.6 ± 6.0 96.1 ± 2.6 96.2 ± 1.9
𝑡 2.2 1.8 0.6 0.7
𝑃 0.035 0.072 0.52 0.46

120∘/s
Control 63.0 ± 5.3 83.4 ± 5.9 93.1 ± 3.0 94.7 ± 2.6
PRP 67.9 ± 4.4 84.9 ± 5.9 94.0 ± 3.3 94.4 ± 3.2
𝑡 3.2 3.1 0.2 0.1
𝑃 0.006 0.44 0.39 0.74

240∘/s
Control 61.4 ± 3.2 80.45 ± 4.4 94.9 ± 2.6 95.0 ± 3.1
PRP 67.9 ± 4.1 83.5 ± 5.0 94.7 ± 3.5 95.6 ± 2.8
𝑡 5.3 1.9 0.2 0.5
𝑃 <0.001 0.061 0.83 0.61

Achilles tendinopathy. De Jonge et al. [23] also showed
no clinical or ultrasonographic superiority of Platelet-Rich
Plasma injection over placebo injection in chronic Achilles
tendinopathy at 1-year follow-up.

There are several limitations in our study. Firstly, the
number of patients in our studywas relatively small and so the
power is limited. This could result in either false positive or
false negative results. Secondly, the two groups had different
surgical preparation of the ruptured tendon that caused
difference in tendon length. This may be responsible in
differences in ankle ROM.Thirdly, the time interval between
follow-up times may be too long, especially during early and
midtime period after the surgery. If we could evaluate our
patients more frequently, we may be able to find out how

quick the PRP effect and how long it could last. Such results
may be more useful for the clinical use of PRP.

5. Conclusion

PRP is safe and effective as a biological augmentation agent
for surgical repair of acute Achilles tendon rupture. It may
improve early-midterm postoperative functional recovery.
Further studies to determine the long-term effects of PRP
on functional outcomes after Achilles tendon repair and the
cost-benefit analysis of using PRP are recommended.
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Figure 6: Demography of isokinetic calf muscle strength.
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