
Effect of High-Volume Injection, Platelet-
Rich Plasma, and Sham Treatment in
Chronic Midportion Achilles Tendinopathy

A Randomized Double-Blinded Prospective Study

Anders Ploug Boesen,*yz MD, PhD, Rudi Hansen,y PT, MSc, Morten Ilum Boesen,§ MD, PhD,
Peter Malliaras,|| BPhysio (Hons), PhD, and Henning Langberg,{ DrMed, PhD, DMSc
Investigation performed at the Institute of Sports Medicine, Bispebjerg Hospital,
Copenhagen, Denmark

Background: Injection therapies are often considered alongside exercise for chronic midportion Achilles tendinopathy (AT),
although evidence of their efficacy is sparse.

Purpose: To determine whether eccentric training in combination with high-volume injection (HVI) or platelet-rich plasma (PRP)
injections improves outcomes in AT.

Study Design: Randomized controlled trial; Level of evidence, 1.

Methods: A total of 60 men (age, 18-59 years) with chronic (.3 months) AT were included and followed for 6 months (n = 57). All
participants performed eccentric training combined with either (1) one HVI (steroid, saline, and local anesthetic), (2) four PRP
injections each 14 days apart, or (3) placebo (a few drops of saline under the skin). Randomization was stratified for age, function,
and symptom severity (Victorian Institute of Sports Assessment–Achilles [VISA-A]). Outcomes included function and symptoms
(VISA-A), self-reported tendon pain during activity (visual analog pain scale [VAS]), tendon thickness and intratendinous vascu-
larity (ultrasonographic imaging and Doppler signal), and muscle function (heel-rise test). Outcomes were assessed at baseline
and at 6, 12, and 24 weeks of follow-up.

Results: VISA-A scores improved in all groups at all time points (P\ .05), with greater improvement in the HVI group (mean 6 SEM, 6
weeks = 27 6 3 points; 12 weeks = 29 6 4 points) versus PRP (6 weeks = 14 6 4; 12 weeks = 15 6 3) and placebo (6 weeks = 10 6 3;
12 weeks = 11 6 3) at 6 and 12 weeks (P\ .01) and in the HVI (22 6 5) and PRP (20 6 5) groups versus placebo (9 6 3) at 24 weeks
(P\ .01). VAS scores improved in all groups at all time points (P\ .05), with greater decrease in HVI (6 weeks = 49 6 4 mm; 12 weeks
= 45 6 6 mm; 24 weeks = 34 6 6 mm) and PRP (6 weeks = 37 6 7 mm; 12 weeks = 41 6 7 mm; 24 weeks = 37 6 6 mm) versus
placebo (6 weeks = 23 6 6 mm; 12 weeks = 30 6 5 mm; 24 weeks = 18 6 6 mm) at all time points (P\ .05) and in HVI versus PRP at
6 weeks (P \ .05). Tendon thickness showed a significant decrease only in HVI and PRP groups during the intervention, and this was
greater in the HVI versus PRP and placebo groups at 6 and 12 weeks (P \ .05) and in the HVI and PRP groups versus the placebo
group at 24 weeks (P \ .05). Muscle function improved in the entire cohort with no difference between the groups.

Conclusion: Treatment with HVI or PRP in combination with eccentric training in chronic AT seems more effective in reducing
pain, improving activity level, and reducing tendon thickness and intratendinous vascularity than eccentric training alone. HVI
may be more effective in improving outcomes of chronic AT than PRP in the short term.

Registration: NCT02417987 (ClinicalTrials.gov identifier).
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Chronic midportion Achilles tendinopathy (AT) is a common
overuse injury that is often longstanding and difficult to
manage. The lifetime prevalence of AT is reported to be
52% in former runners, and the annual incidence is 7% to

9% in current runners.52 Several studies have reported
that the incidence of AT in runners accounts for 6% to 18%
of all injuries.21,42,58 The condition affects both sexes but
has a higher incidence in middle-aged men.3,14 The clinical
findings in tendon overuse injuries are a combination of
pain, swelling, and inability to perform strenuous activity.8,32

Overloading is thought to be essential in the development of
the condition.8 AT occurs most commonly in the midportion
of the tendon, and the pain mechanism is not completely
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understood. Most of the histological findings in tendinopathy
represent ingrowth of new vessels with associated nerve end-
ings, chronic degeneration (rather than inflammation), and
micro tears of the tendinous tissue.28,35

The ingrowth of new vessels and nerves (neurovasculari-
zation) from the ventral side of the tendon is thought to be
the main pain generator in AT.12,30 However, the role of neo-
vascularization in the pathogenesis of overuse tendon disease
is largely unknown.12,30 Doppler ultrasonographic imaging
has demonstrated intratendinous vascularity in Achilles ten-
dons with tendinopathy.49 Abnormal abundance of vessels
was found in the ventral aspect of the tendon adjacent to
Kager’s triangle. These vessels were accompanied by
ingrowth of proliferating group III and IV nerves that are
hypothesized to be integral in pain transmission.48 The asso-
ciation between pain and intratendinous vascularity is not
absolute, as tendons with intratendinous vascularity may
not be painful,11,36 whereas tendons without intratendinous
vascularity may be painful.22 However, evidence indicates
a higher degree of pain in pathologic tendons with intraten-
dinous vascularity compared with pathologic tendons with-
out intratendinous vascularity.15

No gold standard regimen exists for the treatment of AT,
but it seems crucial to include progressive tendon loading
as part of the treatment.4,41 For more than a decade, eccentric
training has been widely used in the treatment and preven-
tion of chronic AT,3,4 and more recently an active rehabilita-
tion regimen using heavy, slow resistance training has shown
good results in patellar tendinopathy38 and AT,7 although
pain and functional outcomes did not differ significantly
with the eccentric program in either study. Other treatment
modalities include load modification, analgesic and nonsteroi-
dal anti-inflammatory drugs, ice therapy, manual therapy,
and correction of biomechanics and functional issues through-
out the kinetic chain.3,41,52 Shockwave, injection therapy, and
surgery may be offered in recalcitrant cases.40,41 For most
treatments of AT, aside from exercise interventions, few ran-
domized controlled trials (RCTs) have been published,51 and
best practice is probably largely influenced by individual pre-
sentation (eg, extent of pain or extent of muscle atrophy/
weakness) as well as experience of the clinician.

High-volume injection (HVI) involves a large volume of
saline, steroid, and local anesthetic injected into the interface
between the midportion of the Achilles tendon and peritendi-
nous tissue and Kager’s fat pad.12,30 The high volume is
thought to have a mechanical effect on neurovascular
ingrowth and adhesions between the tendon and

peritendinous tissue but may also have effects on pain and
local sensitization.12,30 A case series study performed by
Chan et al12 found that HVI in patients with chronic AT sig-
nificantly reduced pain and improved function both at short-
term follow-up (2 weeks) and after an average of 30.3 weeks
of follow-up. Further case series studies by the same group,
investigating the effect of HVI in chronic tendinopathy,
have shown the same promising results in terms of pain,
symptoms, function, and reduced tendon thickness and intra-
tendinous vascularity on ultrasonography imaging.19,30,43,44,47

These findings should be interpreted with caution, given that
these studies are case series with no control group.

Platelet-rich plasma (PRP) injection is commonly used in
clinical practice to treat chronic tendinopathy.23 The mecha-
nism is believed to be a variety of growth factors, including
platelet-derived growth factor, transforming growth factor
b, and insulin-like growth factor, that promote a healing
response.29,37,50 One of the main advantages is that PRP is
autologous and is prepared at the time of treatment (point
of care); therefore, it has an excellent safety profile with
almost no side effects.23 The few level 1, randomized con-
trolled clinical trials that have been published have not found
clear evidence for improved clinical outcomes of PRP com-
pared with placebo control.20,23 Other studies have reported
more promising results when examining the effect of PRP
on other chronic tendinopathies.18,24-26 Questions remain
regarding the optimal composition of the PRP bolus23,27

and number of injections. Prior RCTs in AT have adminis-
tered only 1 injection,20,23 whereas other studies have shown
more positive outcomes with multiple injections.13,24,59

The aim of this study was to compare the effect of HVI,
multiple PRP injections, and placebo injection, in combina-
tion with eccentric training, on pain and functional out-
come in patients with chronic midportion AT. It was
hypothesized that HVI or multiple PRP injections together
with eccentric training would decrease AT pain and
improve function outcome more than eccentric training
alone (the placebo treatment consisted of sham injection
and eccentric exercises).

METHODS

Study Design

The double-blinded, randomized prospective trial was per-
formed at a large district hospital at the Institute of Sports
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Medicine, Copenhagen, Denmark. The single-center study
was advertised to sports medicine physicians, orthopaedic
surgeons, physical therapists, and the general public. The
primary analysis was performed after 24 weeks of follow-
up, and blinding was disclosed for the primary researcher
and subjects after the 24-week intervention. The study pro-
tocol (H-1-2010-052a) was approved by the local Ethics
Committee of Region Copenhagen in accordance with the
Helsinki declaration, and the study protocol was registered
at ClinicalTrials.gov (Identifier: NCT02417987). All patients
were informed of the risks associated with the study and
gave written informed consent.

Patients

Patients with suspected AT contacted the main researcher
by telephone or email, and detailed information about the
study was given by telephone and by email. If patients
were interested and suitable for inclusion, an appointment
was made at the sports medicine institute. An experienced
sports medicine physician (A.P.B.) evaluated the patients
with a questionnaire, clinical examination, and ultrasonog-
raphy for inclusion. Inclusion criteria were healthy males
with clinical (thickness and pain) and ultrasonographic
(tendon thickness and intratendinous vascularity) features
of chronic midportion AT (approximately 2-7 cm proximal
to the insertion on the calcaneus). The age inclusion crite-
rion was 18 to 59 years, and symptoms should have been
present for at least 3 months. Exclusion criteria were (1)
clinical suspicion and ultrasonographic indication of other
musculoskeletal injuries (eg, insertional disorders and ten-
don rupture), (2) the presence of diabetes or cardiovascular
disease, or (3) previous injection with steroids or any kind
of blood products (eg, PRP) or treatment with fluoroquino-
lones (which are known to cause tendinopathy39) during
the last 6 months. More detailed information regarding
the inclusion and exclusion criteria is provided at Clinical
Trials.gov and in Appendix Table A1 (available online).

Procedures

A sports medicine physician (A.P.B.) prepared an HVI, a PRP
injection, and a saline injection for every patient. The HVI
consisted of five 10-mL syringes (total volume of 50 mL) con-
taining a mixture of 10 mL 0.5% bupivacaine hydrochloride
and 20 mg of Depo-Medrol (40 mg/mL methylprednisolone
acetate) (Pfizer, New York, New York), followed by four
10-mL syringes containing injectable normal saline.12

The PRP injection was prepared by use of the Arthrex Dou-
ble Syringe System in accordance with formal instructions.1

The physician drew 10 mL of venous blood from the cubital
vein in a closed double syringe system. The blood was then
spun 1 time in a centrifuge (1500 rpm) for 5 minutes, and
approximately 4 mL of the plasma (PRP) was obtained in
the smaller inner syringes for infiltration.1 No activator (eg,
CaCl2) was added before injection. A small amount (few drops)
of the PRP was collected and frozen for later evaluation of
platelet and growth factor concentration. Finally, 4 mL of iso-
tonic saline was prepared in an identical syringe.

Randomization

Age and symptom severity were used to stratify patients
into the 3 groups (HVI, PRP, and placebo) to ensure simi-
larity between groups. Before randomization, patients
were divided into age groups (\40 years and .40 years),
and the 2 age groups were then stratified based on the Vic-
torian Institute of Sports Assessment–Achilles (VISA-A)
score (\50 and �50 points, of a possible 0-100 points). Ran-
domization was then performed by use of sealed opaque
envelopes. The patients were randomized into 1 of 3 groups
(HVI, PRP, or placebo). The balance between the numbers
in the groups was ensured by performing a block random-
ization (block size of 10).

After the randomization, an unblinded sports medicine
physician (A.P.B) took a blood sample from the cubital
vein of all patients (HVI, PRP, and placebo group) to pre-
pare a PRP syringe. In all patients, both an HVI syringe
and a placebo syringe were also prepared by the sports med-
icine physician (A.P.B) to ensure that each patient was
blinded to this treatment. The same setup and procedures
were performed 4 times with the first injection (HVI, PRP,
or placebo) at baseline and 2-week intervals between each
injection. The HVI injection was conducted only at baseline,
whereas the following 3 treatments in the HVI group were
placebo treatments to blind the patients (Appendix Table
A2, available online). A covering sheath was placed around
the syringe and hub of the needle so that the content of the
injection was unknown to both the patients and the sports
physical therapist (R.H.) who performed the training pro-
gram and collected the VISA-A and visual analog pain scale
(VAS) scores. Researchers involved in analyzing the ultraso-
nographic measurements and performing statistical analy-
sis were blinded to group allocation. The only procedure
that was not double blinded (only single blinded) was the
ultrasonographic imaging (tendon thickness and intratendi-
nous vascularity) performed by the same physician (A.P.B)
performing the injections.

Intervention

Ultrasonography. Ultrasonography was performed with
a Hitachi Hi Vision 900 (Hitachi Medical Corporation;
14-5 MHz linear array transducer). The color Doppler
(CD) gain was set just below the level that produced random
noise in the image. The Doppler settings were the same for
all examinations. We chose CD and not power Doppler (PD)
because the equipment in this study has higher sensitivity
in the CD mode compared with the PD mode.

The Achilles tendons were scanned by the same experi-
enced physician (A.P.B.) and were injected with the patients
placed prone with a pillow under the distal tibia. The
patients’ feet were hanging freely in a relaxed, slightly plan-
tarflexed position. So that patients did not see the injection
procedure, they were instructed to not turn their head dur-
ing the injection. All Achilles tendons were scanned in both
longitudinal and transverse planes.8-10 The tendons and
peritendinous tissues were evaluated with CD, and the
presence of maximum intratendinous vascularity in the lon-
gitudinal plane was recorded.9 Intratendinous vascularity

2036 Boesen et al The American Journal of Sports Medicine

http://journals.sagepub.com/doi/suppl/10.1177/0363546517702862
http://journals.sagepub.com/doi/suppl/10.1177/0363546517702862
http://journals.sagepub.com/doi/suppl/10.1177/0363546517702862


was measured via a semiquantitative grading system with
CD grades 0 through 5, where grade 0 indicated no CD; grade
1, 1 or 2 tiny foci; grade 2, less than 5% CD inside the region
of interest (ROI); grade 3, 5% to 24% CD inside ROI; grade 4,
25% to 49% CD inside ROI; and grade 5, �50% CD inside
ROI.8,10 The Achilles tendons were examined for gray-tone
changes, such as thickening (measured in the transverse
plane), degeneration, hypo-echogenic areas, and the presence
of any other surrounding soft tissue abnormality. CD was
used to ascertain the presence of intratendinous CD. All
data were stored as a DICOM file for postprocessing analysis.

The most symptomatic area (based on patient feedback
upon palpation and ultrasonographic findings) was used as
a marker for the injection between the anterior part of the
tendon and the peritendinous tissue.

MuscleLab (Heel-Rise Test). The muscle functional eval-
uation conducted with MuscleLab (Ergotest Technology)
consists of a standing 1-leg heel-rise test as described by
Silbernagel et al.54,56 Because the exercise treatment
mainly consists of heel-rise exercises, the recovery of
heel-rise performance has been suggested to be a measure
of not only the effect of treatment but also the compliance
with training.53 The test has been shown to have good reli-
ability in healthy subjects and good validity for subjects
with chronic AT to measure the effect of treatment over
time and the effect of the training compliance.53 Briefly,
the test was performed unilaterally with the subject stand-
ing on a small bench. The patient was instructed to reach
as high as possible on each heel-rise with a frequency of
30 heel-rises per minute and to perform as many heel-rises
as possible. The total amount of work performed (the total
load used in the exercise [body weight] 3 total distance 3

gravity) in joules was used for data analyses.53

High-Volume Injection (HVI). The technique was identi-
cal to that suggested by Chan et al12 and Humphrey et al.30

Using an aseptic technique and helped by an assistant, the
physician inserted a 21-gauge needle between the anterior
aspect of the Achilles tendon and Kager’s fat pad; the needle
was attached to a connecting tube and was inserted under
real-time ultrasonographic guidance. A mixture of 10 mL
0.5% bupivacaine hydrochloride and approximately 20 mg
of Depo-Medrol was injected, immediately followed by
10 mL of injectable normal saline 4 times (total volume of
50 mL). The position of the needle was monitored continu-
ously by ultrasonography during this phase, and the needle
was moved gently across the anterior aspect of the tendon
to ensure uniform effect over the symptomatic area. The
saline was injected in bursts to maximize potential mechan-
ical effect.12 As mentioned, the HVI injection was conducted
only at baseline, whereas the 3 treatments that followed dur-
ing the trial were placebo treatments (described below).

Platelet-Rich Plasma (PRP). The PRP injection was pre-
pared by use of the Arthrex Double Syringe System, as pre-
viously mentioned.1 Using an aseptic technique and under
real-time ultrasonographic guidance, the physician inserted
a 21-gauge needle and injected the PRP between the tendon
and peritendinous tissue just around the most affected area
of the tendon. No local anesthetic was used for the injection
procedure. Immediately after the injection, the patients
remained prone for 10 minutes (the same in all groups).

The PRP was prepared each time and the procedure was
performed 4 times, with the first injection at baseline and
with 2-week intervals between each injection.

Placebo. To maintain blinding conditions for all patients
(HVI, PRP, and placebo group), as previously mentioned,
a blood sample was taken with the same Arthrex system
used for the PRP preparation. The patients in the placebo
group were also positioned prone resembling the HVI and
PRP procedures. The physician gave the impression of pre-
paring an active treatment; that is, he left the examining
room for several minutes. Using an aseptic technique, the
physician inserted a 21-gauge needle under real-time ultra-
sonographic guidance. The needle was inserted in a more
anterior direction, away from the tendon just under the
skin, so as to not affect any tendinopathic or neovascular tis-
sue. A few drops of isotonic injectable saline were injected.
The needle was kept inserted for some time to resemble
an active treatment protocol and thereby maintain blinding
conditions. The placebo procedure was performed 4 times,
as in the PRP group, with a 2-week interval during the trial.

Rehabilitation and Exercise Intervention. All patients
received detailed instructions on the standardized rehabili-
tation and eccentric program recommended by Chan et al12

and de Vos et al.23 Exercise was prescribed by a blinded
physical therapist (R.H.). Patients were allowed to walk
on the injected leg immediately but were advised to refrain
from sports activity, strenuous walks, running, or hard
physical work during the first 72 hours. Thereafter, the
12-week daily eccentric exercise program was commenced
twice a day (180 repetitions per day) as recommended by
Alfredson et al.4 Two days of rest from the eccentric exercise
program and other activity that would stress the Achilles
tendon was recommended just after the follow-up injections.
All activity during the first 10 days had to be of low or mod-
erate intensity with nonimpact fitness work (eg, cycling,
swimming, and rowing). Activities were furthermore
restricted to 3 or 4 times weekly at a maximum of
40 minutes. On day 10, the patients were allowed to resume
running activities. Patients were told that initial running
activities should be restricted to a maximum of 5 minutes
2 times per week, with low intensity the first week, and
should be progressed only by 2 to 3 minutes per workout
per week. Patients could increase the intensity of sports
activities when they had only mild pain, defined as ‘‘load tol-
erance’’ (maximum score of 3 on a scale of 0-10, with 0 repre-
senting no pain and 10 representing maximum pain) and no
increase in morning stiffness the following day.23,53 The
patients were advised to run only on flat surfaces and to
avoid fast running, jumping, fast cutting movements, and
activities that place high impact on the injured leg until
running could be performed continuously for 30 minutes
and with no discomfort. All patients consulted the physical
therapist (R.H.) on days 14, 28, and 42 to adjust activity
level, modify the eccentric program if needed (eg, increase
load or adjust technique), or discuss any questions or prob-
lems concerning rehabilitation. If pain or discomfort
occurred, the patients were instructed to decrease activity
intensity and/or quantity. Patients were also instructed to
avoid using other kinds of treatments or interventions dur-
ing the follow-up period. After the 12-week program
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consisting of eccentric training twice a day (180 repetitions
per day), patients were encouraged to continue eccentric
training 3 times a week (180 repetitions per day) from weeks
12 to 24.

Outcome Measures

The primary outcome measure in this study was the Dan-
ish version of the VISA-A questionnaire,31 a valid and reli-
able self-administered tool used to assess pain and function
among AT patients and to evaluate clinically relevant
changes over time (effect of HVI, PRP, and eccentric train-
ing).31,55 A VISA-A score of 100 points represents no pain
and full function, and scores become progressively lower
with worsening tendinopathy symptoms.31

The secondary outcome measures were pain during
activity measured with a VAS (where 0 equals no pain
and 100 is the worst pain imaginable; 0-100 mm), tendon
thickness measured via ultrasonography (anterior-posterior
diameter in transverse plane), intratendinous vascularity
assessed by CD activity, and muscle function measured
with the 1-leg heel-rise test.53 A patient satisfaction ques-
tionnaire was administered after 12 weeks and 24 weeks
of follow-up. The patients were asked to tick 1 of 2 boxes
to indicate whether they were ‘‘satisfied’’ or ‘‘not satisfied’’
with the clinical outcome.38 Furthermore, the patients
were asked whether they had returned to running and the
time frame of their return. The patients kept daily compli-
ance diaries for the eccentric exercises.23 At follow-up, the
subjective adherence of the patients was determined by ask-
ing which percentage of the prescribed repetitions the
patients had accomplished,23 and an average of 75% or
above the recommended repetitions (180 per day) was
accepted as good compliance. All outcome measures were
completed and performed at baseline (before first injections)
and again at 6, 12, and 24 weeks.

Statistical Analysis

All data were analyzed in SigmaPlot (v11) by use of 2-way
repeated-measures analysis of variance (ANOVA) with
Student-Newman-Keuls post hoc test. A 1-way ANOVA
was used to compare baseline demographics between treat-
ment groups. Categorical data (satisfaction) were analyzed
using a global 3 3 2 chi-square analysis. Setting the power
to 0.80 (2-sided testing), with a hypothesis that groups
should differ by at least 10 points on the VISA-A score, indi-
cated that 16 patients in each group would be required. A
total of 20 patients in each group were included to account
for possible dropouts during the trial. Data are presented
as the mean 6 SEM unless otherwise stated. P \ .05 was
considered significant.

RESULTS

Patients

From January to August 2012, 96 male subjects (age 18-59
years) with diagnosed chronic AT were assessed for

eligibility, and 60 male subjects were included. The flow
of men with AT through the trial is shown in Figure 1. Dur-
ing the study, 1 patient in each group was lost to
follow-up but the remaining 57 patients completed the trial
with no missing data, and these 57 patients were included
in the primary analysis. The 1 dropout in the HVI group
did not show up for the 6-week follow-up and we were not
able to contact him by phone or email. The 2 other dropouts
(1 each in the PRP and placebo groups) left the trial after 6
weeks due to lack of compliance with the eccentric training
regimen. The follow-up period ended May 2013.

No significant differences were found at baseline
between the groups regarding age, height, weight, VISA-
A score, VAS score, and ultrasonographic findings (base-
line characteristics, Table 1). No patients experienced
any side effects of the injections during the study.

VISA-A Score

VISA-A scores improved in all groups at each follow-up (P
\ .05). Improvement in VISA-A was significantly greater
(P \ .01) in the HVI group (6 weeks = 27.1 6 3.1 points;
12 weeks = 28.8 6 4.1) versus PRP (6 weeks = 13.8 6

4.1; 12 weeks = 14.8 6 3.1) and placebo (6 weeks = 9.9 6

3.3; 12 weeks = 10.6 6 3.0) groups at 6-week and 12-
week follow-up. At 24 weeks, VISA-A improvement was
significantly greater (P \ .01) in both the HVI (22.2 6

4.6) and PRP (19.6 6 4.5) groups compared with the pla-
cebo group (8.8 6 3.3) (Figure 2).

VAS Score

VAS scores improved in all groups at each follow-up (P \
.05). Decrease in VAS was significantly greater (P \ .05)
in the HVI group (48.5 6 4.0 mm) vs PRP (37.3 6

6.7 mm) and placebo (22.5 6 4.9 mm) at 6-week follow-up
and in the HVI (12 weeks = 44.9 6 5.5 mm; 24 weeks =

Figure 1. Flowchart of men with midportion Achilles tendin-
opathy (AT) through the trial. HVI, high-volume injection;
PRP, platelet-rich plasma; Plc, placebo.
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34.1 6 6.5 mm) and PRP (12 weeks = 40.9 6 7.0 mm; 24
weeks = 37.1 6 6.2 mm) groups versus placebo (12 weeks
= 29.5 6 6.1 mm; 24 weeks = 18.1 6 6.0 mm) at 12-week
and 24-week follow-up (P \ .05) (Figure 3).

Ultrasonography (Tendon Thickness
and Intratendinous Vascularity)

Tendon thickness (maximum anterior-posterior diameter)
showed a significant decrease (P \ .05) in only the HVI

and PRP groups. At 6 weeks and 12 weeks, the decrease
in tendon thickness was larger (P \ .01) in the HVI group
(6 weeks = 1.9 6 0.2 mm; 12 weeks = 2.0 6 0.3 mm) versus
PRP (6 weeks = 0.5 6 0.2 mm; 12 weeks = 0.8 6 0.2 mm)
and placebo (6 weeks = 0.3 6 0.1 mm; 12 weeks = 0.4 6

0.2 mm). Furthermore, at 12 weeks a significant decrease
(P \ .05) was seen in the PRP group compared with pla-
cebo. At 24 weeks, a larger decrease was found (P \ .05)
in HVI (1.1 6 0.3 mm) and PRP (1.0 6 0.1 mm) groups ver-
sus placebo (0.4 6 0.2 mm) (Figure 4).

TABLE 1
Characteristics of the HVI, PRP, and Placebo Groupsa

HVI (n = 19) PRP (n = 19) Placebo (n = 19) Significance

Age, y 41.9 6 12.2 43.1 6 8.1 40.9 6 6.6 .78
Weight, kg 83.6 6 19.6 86.5 6 20.6 89.7 6 22.1 .16
Height, cm 182.6 6 7.1 183.1 6 19.4 183.5 6 20.4 .76
Duration of symptoms, wk 24.7 6 17.1 27.0 6 34.0 30.8 6 37.4 .71
Activity level

Active in sports, n (%) 18 (95) 17 (89) 16 (84)
Sedentary, n (%) 1 (5) 2 (11) 3 (16)

Level of sports
Competitive, n (%) 10 (56) 7 (41) 7 (44)
Recreational, n (%) 8 (44) 10 (59) 9 (56)

VISA-A score 52.5 6 12.8 58.1 6 12.4 59.2 6 10.1 .57
VAS score, mm 55 6 16 53 6 21 45 6 23 .94
Tendon thickness (US), mm 8.9 6 1.9 8.3 6 1.4 8.0 6 1.7 .96
Intratendinous vascularity (CD), grade 0-5 3.2 6 0.8 3.2 6 0.8 2.9 6 0.8 .98

aData are presented as mean 6 SD unless otherwise specified. CD, color Doppler; HVI, high-volume injection; PRP, platelet-rich plasma;
US, ultrasonography; VISA-A, Victorian Institute of Sports Assessment–Achilles; VAS, visual analog scale for pain.

Figure 2. Mean changes in VISA-A score from baseline val-
ues at 6 weeks, 12 weeks, and 24 weeks of follow-up in
patients with Achilles tendinopathy treated with either HVI
(n = 19), PRP (n = 19), or placebo (n = 19). Time effect (P
\ .05) and group interaction (P \ .05) were seen in all groups
during follow-ups. Data are mean 6 SEM. Red asterisk, P \
.01, HVI vs PRP and placebo at 6-week and 12-week follow-
up. Blue asterisk, P \ .01, HVI and PRP vs placebo at 24-
week follow-up. VISA-A, Victorian Institute of Sports Assess-
ment–Achilles; HVI, high-volume injection; PRP, platelet-rich
plasma; Plc, placebo.

Figure 3. Mean changes in VAS score from baseline values
at 6 weeks, 12 weeks, and 24 weeks of follow-up in patients
with Achilles tendinopathy treated with either HVI (n = 19),
PRP (n = 19), or placebo (n = 19). Time effect (P \ .05) and
group interaction (P \ .05) were seen in all groups during
follow-ups. Data are mean 6 SEM. Red asterisk, P \ .05,
HVI vs PRP and placebo at 6-week and 12-week follow-up.
Blue asterisk, P \ .05, HVI and PRP vs placebo at 24-
week follow-up. VAS, visual analog scale for pain; HVI,
high-volume injection; PRP, platelet-rich plasma; Plc,
placebo.
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Regarding the intratendinous vascularity (Doppler
activity) during intervention, a larger decrease was seen
in the first 6 weeks in the HVI group (from 3.2 6 0.2 at
baseline to 0.8 6 0.2) compared with both PRP (from 3.2
6 0.2 at baseline to 2.8 6 0.2) and placebo (from 2.9 6

0.2 at baseline to 2.5 6 0.3), respectively. After 12 weeks
and 24 weeks, a decrease remained compared with base-
line values in the HVI (12 weeks = 1.2 6 0.2; 24 weeks =
1.7 6 0.3), PRP (12 weeks = 2.2 6 0.2; 24 weeks = 1.8 6

0.3), and placebo (12 weeks = 2.2 6 0.3; 24 weeks = 2.3 6

0.4) groups (Appendix Figure A1, available online). No sta-
tistical measurement was performed, due to the fact that
we used a semiquantitative grading system (grade 0-5;
Appendix Figure A1, available online).

Muscle Function (Heel-Rise Test)

Muscle function improved in the entire cohort (P\ .001) with
no group interaction observed (Appendix Figure A2, available
online).

Treatment Satisfaction

At 12 weeks, 16 patients in the HVI group (84%), 12
patients in the PRP group (63%), and 7 patients in the pla-
cebo group (35%) were satisfied with the treatment. After 24
weeks, 12 patients in HVI (63%), 11 patients in PRP (58%),
and 8 patients in placebo (42%) groups were satisfied with
the treatment. Treatment satisfaction differed between
groups (P \ .05), with HVI being the most satisfied overall
during the intervention compared with placebo at both 12
weeks and 24 weeks (P \ .05). At 24 weeks, no difference
was seen between HVI (63%) and PRP groups (58%).

Thirteen patients (68%) in the HVI group, 10 patients
(53%) in the PRP group, and 8 patients (42%) in the placebo
group had returned to running during the trial period. The
other patients in the study were able to perform other sports
(eg, cycling, swimming, and rowing) that are considered less
demanding for the Achilles tendon. The overall data con-
cerning the patients returning to running showed that the
HVI group returned a little bit earlier (from 10 days to 6
weeks from baseline) compared with both the PRP (from 3
to 8 weeks from baseline) and placebo (from 4 to 10 weeks
from baseline) groups. No statistical measurement was per-
formed on these data.

Concerning compliance with the eccentric training pro-
gram, 70% of the patients performed more than 75% of the
recommended repetitions during the 24-week trial, and the
remaining 30% of patients performed between 50% and
75% of the recommended repetitions; no differences in com-
pliance were found between groups. No complications
(infections, hematomas, or ruptures) were reported after
the injection treatments.

DISCUSSION

In this randomized, placebo-controlled clinical study of
patients with chronic AT, treatment with HVI or PRP in com-
bination with a 12-week eccentric training regimen was more
effective in reducing pain symptoms, improving activity level
and function, and reducing tendon thickness and intratendi-
nous vascularity than eccentric training alone.

This study confirms the positive clinical effect of eccentric
training but indicates that a combination treatment with
HVI or multiple PRP injections is superior compared with
eccentric training alone at the time points studied. Further-
more, HVI seems to be more effective at improving pain,
function, and patient satisfaction than PRP in the short
term (6 and 12 weeks) but not medium term (24 weeks).

The improvement in clinical functional scores (VISA-A),
reduction of pain (VAS), and reductions in tendon thick-
ness and intratendinous vascularity found on ultrasonog-
raphy in the patient group receiving HVI are in line with
the results of previous case series involving HVI in which
subjects were assessed both retrospectively12 and prospec-
tively.30,44 Some of these studies are comparable in regard
to rehabilitation regimen and follow-up period, but none
included a control group as in the current study. Based
on the data in the current study, it is tempting to suggest
that HVI is preferable to PRP in the management of
chronic midportion AT. The HVI group in this study
required only 1 injection, whereas the PRP group required
4 injections. The last 2 questions in the VISA-A rate ability
to train, so it is conceivable that patients receiving HVI
had a faster return to previous sporting activities (some-
thing that was not measured directly). A previous case
series investigating HVI in midportion AT also reported
a significant improvement in VISA-A scores at 1 month
that was maintained at 3 months.12

Multiple potential concerns with HVI warrant discus-
sion. The mechanisms of action are not clear, and although
the effect may be partly mechanical, it is very likely that

Figure 4. Mean changes in tendon thickness (ultrasono-
graphic gray-tone) from baseline values at 6 weeks, 12
weeks, and 24 weeks of follow-up in patients with Achilles
tendinopathy treated with either HVI (n = 19), PRP (n = 19),
or placebo (n = 19). Time effects (P \ .05) were seen in
HVI and PRP groups during follow-up. Data are mean 6

SEM. Red asterisk, P \ .01, HVI vs PRP and placebo at 6-
week and 12-week follow-up. Blue asterisk, P \ .05, PRP
vs placebo at 12-week follow-up. Green asterisk, P \ .05,
HVI and PRP vs placebo at 24-week follow-up. HVI, high-
volume injection; PRP, platelet-rich plasma; Plc, placebo.
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the steroid has some effect on pain in the short term. It is
well known that steroid injection is very effective at
improving tendinopathy pain and function in the short
term, but long-term outcomes of steroid injection are poorer
compared with exercise.17 Coombes et al16 found that out-
comes at 12 months in lateral elbow tendinopathy were
worse among people who had steroid compared with placebo
injection, regardless of whether rehabilitation exercises were
prescribed to complement the injections. Our data show
a small reduction in patient satisfaction in the HVI group
at 24 weeks compared with 12 weeks, whereas satisfaction
increased in the placebo group and remained about the
same in the PRP group over this time frame. Long-term
follow-up is required to determine whether benefits are
eroded. Another interesting question is whether the steroid
component is part of the positive effect of HVI or whether
pain relief is provided mainly by the remaining components
(local anesthetic and large volume of saline); a study is ongo-
ing to compare HVIs with and without steroids.

A further potential concern of the HVI injection is that the
dramatic short-term improvement in pain and function may
lead to a faster than tolerated return to sporting activities. In
some individuals, returning to sport after receiving steroid-
containing injections without adequate rehabilitation of the
muscle-tendon unit may increase the risk of further injury,
such as a tendon rupture,45 and the incidence of setbacks
as seen in a few of the patients in the HVI group between
12- and 24-week follow-up. Anecdotal reports have linked ste-
roid injection and tendon rupture,57 but so far no rupture
complications have been reported in the HVI literature.
The more likely outcome of sudden return to sport may sim-
ply be symptom provocation once the steroid effect has sub-
sided,16 and this may partly explain late-term symptom
recurrences observed after steroid injection.

To our knowledge, this is the first RCT to show a positive
effect of PRP compared with placebo injection in AT. This is
in contrast to previous studies that found no significant effect
of PRP compared with placebo injection20,23 as well as
another study that compared autologous blood injection
(ABI) (whole blood that has not been spun to concentrate
the plasma) and placebo injection (dry needling).6 One expla-
nation for the different results could be that our study
involved 4 injections at 2-week intervals, whereas previous
studies used only 1 PRP injection20,23 or 2 ABI injections.6

A case study in chronic patellar tendinopathy using multiple
PRP injections also showed positive clinical results in regard
to function and pain.13 The specific mechanisms behind the
potential effect of PRP treatment in tendinopathy are not
known, but the results give reason to believe that PRP has
the potential to promote tendon healing. Given that histo-
pathological changes in tendon tissue probably occur
slowly,2,3,37 that this might explain why gradual improve-
ments in function (VISA-A) and pain (VAS) in the PRP group
were seen in this study, whereas HVI had a more acute
mechanical impact on the tendon tissue (breaking adhesions
and potentially destroying neovessels and adjacent nerve-
endings from the peritendinous tissue) just after the injec-
tion. PRP contains a large variety of growth factors (includ-
ing tumor growth factor b, interleukin 1, interleukin 6, and
insulin-like growth factor 1), all of which have shown the

possibility to stimulate tendon tissue healing.5,33,34,46 Repeti-
tion of injections may prolong the exposure of growth factors
to the tendons and thereby influence the rehabilitation of the
tendon tissue in a positive manner.

We were not able to accurately analyze the PRP in this
study due to disturbances in the thawing process, but future
studies need to determine whether the concentration of pla-
telets and growth factors, the amount of bolus injected, and
number of injections influence clinical outcome. A counter
argument is that PRP influences pain mechanisms rather
than leading to tendon healing and adaptation, and this is
partly supported by the equivalent change in Achilles ten-
don thickness across the 3 groups in this study.

Another difference when comparing this study to the de
Vos study23 is the rehabilitation program. The eccentric
training regimen was the same, but patients in the current
study were allowed to begin gradual return to sports activ-
ities after 10 days based on a pain-monitoring model (pain
should be minimal and an increase in pain after exercise
should subside quickly). In the de Vos study, all patients
were instructed to avoid weightbearing sporting activities
for the first 4 weeks. Silbernagel et al55 showed that allow-
ing sport based on a pain monitoring system did not lead to
an inferior outcome compared with stopping sport activity
for 6 weeks during AT rehabilitation. To our knowledge, no
evidence is available to suggest that total rest from weight-
bearing activities improves outcome.55 It is important to
note that participants in our study who received eccentric
exercise only had a mean 9-point increase in VISA-A score
after 24 weeks, whereas a similar group in the de Vos
study had a more than 20-point increased on average. A
possible explanation for the greater benefit from eccentric
exercise in the de Vos study is slower return to sport. Exer-
cise compliance was 70% in 75% of the cohort in the de Vos
study, which is similar to our results, so this is unlikely to
explain the discrepancy. The age of participants in the de
Vos study was higher (PRP group, 49 years; placebo group,
50 years) than in our study (HVI, 42 years; PRP, 43 years;
placebo, 41 years), which makes the poorer effect of eccen-
tric exercises in our study difficult to explain. Whether
a poorer performance and effect of the eccentric training
alone contributed to benefit of the injection groups is not
possible to conclude.

Limitations

We did not record the amount of weight (kilograms) that the
groups used during exercise. We would expect that with ear-
lier pain improvement in the HVI group, these patients
were able to progress their load with rehabilitation sooner.
Another limitation to the study is the relatively short-
term (24-week) intervention period. Longer follow-up to
determine who would ultimately succeed or fail would
have been desirable. Nevertheless, this is the first RCT in
chronic midportion AT to show positive results compared
with placebo for PRP, and it is the first RCT to evaluate
the effectiveness of HVI. The findings provide a sound foun-
dation for future studies with longer follow-up.

As previously mentioned, we were not able to determine
the exact concentration of platelets and growth factors in
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the PRP, as planned. When we analyzed the samples, we
found a large variation between them. We realized that
the large variation was probably caused by platelets being
broken down in the process of thawing the PRP samples.
Thus, the analysis should have been conducted immedi-
ately on fresh samples just after centrifugation. Although
we are not able to tell precisely the content of the PRP
injected into each study subject, after the study we
obtained one fresh sample and analyzed the PRP just after
centrifugation. In this sample, the platelet concentration
was approximately 2.5-fold higher compared with whole
blood, as predicted by kit producers.

CONCLUSION

Treatment with HVI or PRP in combination with a 12-
week eccentric training regimen in chronic AT seems
more effective in reducing pain, improving activity level,
and reducing tendon thickness and intratendinous vascu-
larity than eccentric training alone. HVI may be more
effective in improving outcomes of chronic AT than PRP
in the short term but not medium term.
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