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Objective. Patellar tendinopathy (PT) is a common and significant clinical condition for which there are few established interventions.
One intervention that is currently being used clinically to manage PT symptoms is the introduction of low-intensity pulsed ultrasound (LIPUS).

The aim of this study was to investigate the clinical efficacy of LIPUS in the management of PT symptoms.
Methods. A randomized, double-blind, placebo-controlled study was conducted. Volunteers with clinically and radiologically confirmed PT

were randomly allocated to either an active-LIPUS (treatment) or inactive-LIPUS (placebo) group. LIPUS was self-administered by
participants for 20min/day, 7 days/week for 12 weeks. All participants also completed a daily, standardized eccentric exercise programme

based on best practice. Primary outcomes were change in pain during the participant’s most aggravating activity in the preceding week,
measured on 10 cm visual analogue scales for both usual (VAS-U) and worst (VAS-W) tendon pain.

Results. Out of 156 individuals who volunteered, 37 met the eligibility criteria and were randomized to either active-LIPUS (n¼ 17) or
inactive-LIPUS (n¼ 20). Using an intention-to-treat analysis, VAS-U and VAS-W for the entire cohort decreased by 1.6� 1.9 cm (P< 0.01)

and 2.5� 2.4 cm (P< 0.01), respectively. There were no differences between the active- and inactive-LIPUS groups for change in VAS-U
(�0.2 cm; 95% CI, �1.5, 1.1 cm) (P¼ 0.74) or VAS-W (�0.5 cm; 95% CI, �2.1, 1.1 cm) (P¼ 0.57). A per-protocol analysis provided similar

results.
Conclusions. These findings suggest that LIPUS does not provide any additional benefit over and above placebo in the management of

symptoms associated with PT.
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Introduction

Patellar tendinopathy (PT) is distinguished by activity-related
anterior knee pain, focal patellar tendon tenderness and intra-
tendinous imaging changes [1]. It has historically been referred to
as ‘jumper’s knee’ or ‘patellar tendinitis’ as its prevalence is high in
individuals participating in jumping sports and the underlying
pathology was thought to involve inflammation. However, the
condition is found in many who do not partake in jumping sports
[2–4] and histopathological studies have consistently shown
the underlying pathology to be degenerative (tendinosis) rather
than inflammatory (tendinitis) [4–7]. As tendinosis is a distinct
histopathological finding that can only be assessed following
tissue biopsy, the term tendinopathy (tendino¼ tendon; pathy¼
disease) has been advocated to describe clinically diagnosed
overuse conditions of tendons [8].

PT is a common condition with an overall prevalence of 14% in
elite athletes [3]. However, its true clinical significance lies in the
morbidity that it causes. Disability associated with PT is often
prolonged and it causes many to cease their athletic careers [3, 9].
Contributing to this morbidity is a lack of scientific evidence
directing the management of the condition. This results from a
dearth of randomized controlled trials on clinically implemented

treatments, and has led to the use of varying treatment
approaches. Despite this, there is general consensus that initial
management of PT should be conservative rather than surgical as
both approaches produce equivalent outcomes and courses of
recovery [10].

A conservative intervention that is currently being implemented
clinically to manage PT symptoms is low-intensity pulsed
ultrasound (LIPUS) [11]. LIPUS refers to pulsed-wave ultrasound
with a spatial-averaged, temporal-averaged intensity (ISATA) equal
to or lower than 100mW/cm2. Such ultrasound has predomi-
nantly been used during bone healing where it has been shown by
three well-designed clinical studies to reduce fracture healing times
by 30–38% [12–14]. There is growing evidence from in vitro and
animal-based models that LIPUS may also have beneficial effects
on non-mineralized tissues, such as ligaments and tendons. For
instance, using these models LIPUS has been found to accelerate
knee medial collateral ligament healing [15–17], augment tendon
repair [18] and modulate tendon cell activity [19]. However, there
is currently no evidence regarding the efficacy of LIPUS in the
management of PT symptoms. This needs to be investigated in a
clinical population as there is currently no published animal model
for PT [20].

The aim of this study was to investigate the clinical efficacy of
LIPUS in the management of PT symptoms. The specific
hypothesis was that daily active-LIPUS (treatment) for 12-weeks
would reduce average and worst pain levels when compared with
individuals treated with inactive-LIPUS (placebo). All partici-
pants also performed daily, standardized eccentric exercises based
on best practice conservative management for PT [21].

Methods

Study design and participants

A randomized, double-blind, placebo-controlled trial was con-
ducted to assess the effect of LIPUS on symptoms associated
with PT. Individuals with PT were recruited from advertisements
in local media, sporting clubs, university staff and students, and
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sports medicine clinics. After a preliminary phone screen,
potential participants underwent clinical and radiological assess-
ments to determine inclusion suitability. Clinical inclusion criteria
included: aged �18 yrs; knee pain on at least one of jumping/
landing, running or changing directions; pain on palpation of the
patellar tendon [22]; score of <80 points on the Victorian Institute
of Sport Assessment (VISA) scale [23]; and symptoms sufficient to
affect exercise and activity for at least 6 months. Radiological
inclusion criteria included a confirmed hypoechoic lesion within
the patellar tendon on ultrasonography, as previously described
[24]. Exclusion criteria included: clinical signs and symptoms of
a knee pathology other than PT (including co-existing patholo-
gies); previous patellar tendon surgery; or injection into the knee
in the previous 6 months. The study was approved by the Human
Research Ethics Committee at the University of Melbourne and
all participants provided written informed consent.

Group assignment and blinding

Simple randomization (in blocks of 10) was employed using a
computer-generated table of random numbers to allocate parti-
cipants to an active-LIPUS (treatment) or inactive-LIPUS
(placebo) group. This was performed by one investigator who
kept the assignment scheme, and provided a blinded investigator
with a list of ultrasound unit codes in the predetermined order.
Group allocation was concealed from the investigator performing
outcome measures and participants at all times during the trial.
The participants, examiners, data manager and statistician
remained unaware of group allocation, and statistical analyses
were performed with maintenance of blinding.

Ultrasound intervention

LIPUS intervention was self-administered by participants
for 20min/day, 7 days/week for 12 weeks. Participants were
taught at the initial appointment how to apply LIPUS during
sitting with the knee flexed to 908. Participants with bilateral
symptoms had the most symptomatic knee assessed and treated.
When symptoms were similar in both knees, the knee to be
assessed and treated was randomly allocated. Stationary LIPUS
treatment heads were coupled with the skin overlying the patellar
tendon using standard ultrasound gel. Participants in the active-
LIPUS group received LIPUS consisting of a 2-ms burst of
1.0-MHz sine waves repeating at 100Hz produced by a modified
ultrasound therapy device (Accusonic Lipus Metron Medical
Australia, Pty. Ltd, Carrum Downs, Victoria, Australia). The
ISATA was set at 100mW/cm2. The units were constrained to these
parameters and tested by an investigator other than the outcome
assessor at 4-weekly intervals to ensure performance using an
ultrasound power meter (UPM-DT-1; Ohmic Instruments Co.,
Easton, MD, USA). Participants in the inactive-LIPUS group
were provided with identical appearing ultrasound units as the
active-LIPUS group with the only difference being that the units
produced no actual ultrasound output. Participants in both
groups were blinded to ultrasound group allocation, with the
active-LIPUS producing no sensation.

Exercise intervention

All participants performed daily, standardized eccentric exercises
based on best practice conservative management for PT [21].
Participants completed single-legged squats on a decline board (3
sets of 15 repetitions), as previously described [25]. When exercises
could be completed without discomfort, load was increased in
standard increments using hand weights. A trained physiothera-
pist taught and supervised the exercise programme, and handouts
were provided describing the exercises.

Outcome measures

Outcomes were assessed at baseline and at the conclusion of
the 12-week intervention period by a single blinded examiner.
The primary outcome was change in pain during the participant’s
most aggravating activity in the preceding week, measured on
10-cm visual analogue scales (VAS) for both usual (VAS-U) and
worst (VAS-W) tendon pain. Secondary end-points included
change on the VISA scale (a validated measure of knee function in
individuals with PT [23]) and patient-perceived response to
treatment using a 5-point scale (5: markedly worse, 4: moderately
worse, 3: same, 2: moderately better, 1: markedly better).
Additional secondary end-points included ultrasound and exercise
compliance, occurrence of adverse treatment effects and blinding
success. Ultrasound and exercise compliance were recorded by
participants in a log-book which was checked fortnightly.
Participants were asked to report any adverse treatment effects
to the outcome assessor at the conclusion of the trial using open
probe questioning, while blinding success was determined at the
end of the trial by asking participants and the outcome assessor
to indicate whether they had been unblinded to their group
assignment.

Sample size

An a priori power analysis indicated a total sample size of 34
participants (17 participants per group) was required to achieve
statistical significance at a 0.05 level with 80% power. This
calculation was based on a two-tailed, unpaired t-test with
an effect size of 2.0 cm for change in VAS-U and VAS-W, and
a mean group variance of 2 cm [25]. A change of 2 cm is the
minimal clinically important difference required to establish
treatment efficacy in chronic anterior knee pain [26].

Statistical analysis

Analyses were performed on an intention-to-treat basis using the
Statistical Package for Social Sciences software (SPSS 15.0.1;
SPSS Inc., Chicago, IL, USA), with a conservative method to
replace missing data. Missing data in the active- and inactive-
LIPUS groups were replaced by the inactive- and active-LIPUS
group means, respectively. For the global change outcome,
all missing data were replaced by a score of 3 (‘no change’).
In addition, a per-protocol analysis was performed. Baseline
comparability and differences between groups following the
12-week intervention period were determined with unpaired
t-tests, Kruskal–Wallis tests or �2-tests, depending on the
measurement scale of the specific variable being compared.
Change scores from baseline to the conclusion of the 12-week
intervention period were determined and compared between
groups using unpaired t-tests. Participant-perceived response to
treatment was collapsed into two groups (1: markedly or
moderately better and 2: markedly worse, moderately worse or
the same) and analysed with a �2 test. All comparisons were two-
tailed with a level of significance set at 0.05.

Results

Out of the 156 individuals who volunteered, 37 met both the
clinical and radiological eligibility criteria, and were enrolled into
the trial. These participants were randomized to active-LIPUS
(n¼ 17) or inactive-LIPUS (n¼ 20), and 27 completed the trial
(13 active-LIPUS and 14 inactive-LIPUS). The flow of partici-
pants through the trial and reasons for participant withdrawal are
shown in Fig. 1. Participants who did not complete the study had
similar characteristics at baseline to those who did (all P> 0.05).
There were no baseline differences between the active-
and inactive-LIPUS groups for personal, clinical or imaging
characteristics (Table 1), or outcome measures (Table 2).
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Primary outcome measures

VAS-U and VAS-W for the entire cohort decreased by
1.6� 1.9 cm (28� 40%) (P< 0.01) and 2.5� 2.4 cm (35� 31%)
(P< 0.01) over the study period, respectively. There were no
differences between the active-LIPUS and inactive-LIPUS groups

for VAS-U (P¼ 0.82) or VAS-W (P¼ 0.65) at the completion of
the intervention period, or for change in VAS-U (P¼ 0.74) or
VAS-W (P¼ 0.57) over the time course of the study (Table 2).

Secondary outcome measures

VISA score for the entire cohort improved by 12.3� 16.1
(30� 44%) (P< 0.01) over the study period. There were no
differences between the active-LIPUS and inactive-LIPUS groups
for VISA score at the completion of the intervention period
(P¼ 0.90) or for change in VISA score (P¼ 0.90) (Table 2).
The patient-perceived response to treatment revealed that 11/13
participants in the active-LIPUS group and 9/14 participants in
the inactive-LIPUS group felt that they had improved after the
treatment. There was no significant difference in patient-perceived
response between the treatment groups (�2¼ 1.45, P¼ 0.23).

Per-protocol analysis

The outcomes were re-analysed using data only from those who
completed the trial. VAS-U and VAS-W for the entire cohort
decreased by 1.3� 2.2 cm (P< 0.01) and 1.7� 2.6 cm (P< 0.01),
respectively. There were no differences between groups for VAS-U
(P¼ 0.92) or VAS-W (P¼ 0.88) at intervention completion, or for
change in VAS-U (P¼ 0.33) or VAS-W (P¼ 0.76). The VISA
score for the entire cohort improved by 9.4� 14.0 (P< 0.01) and
there were no differences between the groups for VISA score at the
completion of the intervention period (P¼ 0.78) or for change in
VISA score (P¼ 0.71).

Compliance, adverse events and co-interventions

Participants were compliant during the intervention period with
82 and 91% of ultrasound treatments, and 60 and 65% of exercise
sessions completed in the active- and inactive-LIPUS groups,
respectively. There were no differences in compliance between
groups (all P> 0.05). No adverse events were reported during the
intervention period. Medication use was similar between the
active- and inactive-LIPUS groups (45 and 50%, respectively).
One participant in the active-LIPUS group and three participants
in the inactive-LIPUS group sought alternative treatments during
the trial.

Success of blinding

Neither the outcome assessor nor any of the participants were
unblinded during the trial.

Discussion

This randomized, double-blind, placebo-controlled study found
LIPUS to provide no benefit over and above placebo treatment in
the management of pain associated with PT. Average and worst

FIG. 1. Flow of participants through the trial and reasons for participant withdrawal.

TABLE 1. Baseline demographics of the active-LIPUS (n¼ 17) and inactive-LIPUS
(n¼ 20) groups

Intervention groupa Group differences

Active-
LIPUS

Inactive-
LIPUS

Mean
(95% CI) P-value

Personal characteristics
Age (yr) 27 (7) 27 (7) 0 (�5, 4) 0.90
Height (m) 1.79 (0.10) 1.80 (0.09) 0.01 (�0.07, 0.05) 0.79
Mass (kg) 81 (13) 82 (15) 1 (�10, 9) 0.87
Physical activity (h/wk) 5 (5) 5 (4) 1 (�3, 3) 0.74
Gender (men :women) 12:5 18:2 – 0.13

Clinical characteristics
Duration of symptoms (yr) 3.4 (3.1) 4.1 (3.8) 1 (�3, 2) 0.55
Unilateral : bilateral
symptoms

10:7 7:9 – 0.81

Dominant:non-dominant
leg symptoms

9:8 13:7 – 0.46

Currently taking NSAIDs
(yes : no)

4:13 6:14 – 0.66

Previous corticosteroid
injection (yes : no)

2:16 1:19 – 0.27

Radiological (ultrasonography) characteristics
Lesion cross-sectional
area (mm2)

8 (4) 9 (6) �1 (�5, 2) 0.57

Lesion length (mm) 5 (2) 4 (3) 1 (�1, 3) 0.34
Lesion width (mm) 14 (7) 15 (8) 0 (�6, 5) 0.90
Vascularity present
(yes : no)

13 : 4 13 : 7 – 0.24

aValues indicate mean (S.D.), except for frequencies.

TABLE 2. Effect of active-LIPUS (n¼17) and inactive-LIPUS (n¼20) on pain and
function outcomes

Active-LIPUS Inactive-LIPUS
Group differences

Mean (S.D.) Mean (S.D.) Mean (95% CI) P-value

Baseline
VAS-U 5.2 (2.5) 5.6 (2.4) �0.4 (�2.0, 1.3) 0.65
VAS-W 6.8 (2.4) 6.8 (2.3) 0 (�1.5, 1.6) 0.98
VISA 58.1 (15.9) 56.6 (18.5) 1.5 (�10.1, 13.2) 0.79

Final
VAS-U 3.8 (2.3) 3.9 (2.2) �0.2 (�1.7, 1.3) 0.82
VAS-W 4.1 (2.5) 4.5 (2.6) �0.4 (�2.1, 1.3) 0.65
VISA 69.8 (14.5) 69.2 (17.9) 0.7 (�10.3, 11.7) 0.90

Change (final–baseline)
VAS-U �1.8 (2.0) �1.6 (2.0) �0.2 (�1.5, 1.1) 0.74
VAS-W �2.7 (2.4) �2.3 (2.4) �0.5 (�2.1, 1.1) 0.57
VISA 11.9 (14.3) 12.6 (17.8) �0.7 (�11.6. 10.3) 0.90
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pain in both the active- and inactive-LIPUS-treated groups
decreased significantly over the 12-week study period; however,
there were no differences between the groups. These findings
suggest that LIPUS is not efficacious in the management of PT
symptoms.

There are a number of putative explanations for the absence of
a beneficial LIPUS effect in the current study. One explanation is
the relatively short intervention period. The intervention period in
the current study (12 weeks) was relatively short in comparison
with the extended duration (�6 months) and recalcitrant nature
of PT symptoms. It is possible that a longer intervention period
may have enabled the elucidation of a LIPUS effect. However,
it was impractical to extend the intervention period due to the
patient time commitment required for daily LIPUS treatment.
Furthermore, the clinical utility of an intervention that requires
longer than 12 weeks to generate a treatment effect is question-
able. We believe that the intervention period was of sufficient
duration to allow a LIPUS effect to be detected if one existed.
Intervention periods of equivalent or shorter duration have
previously been used to elicit treatment effects for alternate
therapies in other randomized controlled trials on PT [27–29].
Similarly, in the current study, there were significant reductions in
pain in the entire cohort over the intervention period suggesting
that its length was sufficient to see at least a trend towards a
beneficial LIPUS effect if one existed. Such a trend is not visibly
evident.

Our results do not exclude the possibility of a tissue-level
effect of LIPUS on the underlying pathology associated with PT.
The ability of LIPUS to change pain was chosen as the primary
outcome measure as pain is the most frequent clinical complaint
associated with PT [1]. Meanwhile, change on the VISA scale
was chosen as an indicator of the ability of LIPUS to change
function as this scale provides a validated measure of knee
function in individuals with PT [23]. As neither pain nor function
differed between the active- and inactive-LIPUS groups, this study
found that LIPUS does not substantially alter the clinical features
of PT. However, it is possible that LIPUS influenced the
underlying pathology and resultant radiological features asso-
ciated with PT. We did not radiologically assess tendon
morphology at the completion of the study; however, this is not
a limitation as tendon morphology assessed via imaging is not
predictive of PT symptoms on clinical measures [24, 30–33] and
imaging cannot distinguish outcome after intervention for PT
[30, 34]. Also, an intervention that benefits the radiological
features of PT without influencing its clinical features would be of
limited clinical utility.

The pathophysiology of PT may have contributed to the
absence of a beneficial LIPUS effect. LIPUS was introduced
based on its demonstrated benefits on injured bone [12–14] and
preliminary evidence from pre-clinical studies suggesting LIPUS
benefits on the healing of acute soft-tissue injuries [15–18].
However, the pathology and pathological processes underlying
PT substantially differ from the acute reparative processes present
in previous LIPUS applications. PT is a recalcitrant condition
characterized histologically by tissue degeneration (tendinosis)
with a failed reparative response, as is evident by atypical
fibroblast hypercellularity and extensive neovascularization
[4–7]. A recent study suggests that the neovascularization and
the nerves that accompany the neovessels are involved in the pain
mechanism associated with tendinopathy [35]. Supporting
this, sclerosing the area containing neovessels in PT results in
clinical and radiological improvement [27]. In contrast, one of the
proposed mechanisms of action of LIPUS during healing
following acute tissue injury is the stimulation of angiogenesis
and blood flow [36, 37]. This does not appear warranted in the

management of PT given the pre-existence of pathological
neovascularization.

Statistical power needs to be explored in any intervention
study that fails to detect a significant treatment effect. The current
study was powered a priori to detect a LIPUS treatment effect size
on pain of 2.0 cm, which is the minimal clinically important
difference required to establish treatment efficacy in chronic
anterior knee pain [26]. Post hoc analyses using the acquired data
indicated that we could ultimately detect group differences of
2.0 and 2.4 cm for change in VAS-U and -W, respectively. Thus,
the current study was powered adequately to detect the a priori
treatment effect size and the findings indicate a true absence of
a clinically relevant LIPUS effect at the dose and mode
administrated. Supporting this, we would require in excess of
1500 and 500 participants per group in order for our observed
group differences for change in VAS-U and -W to become
statistically significant, respectively.

In addition to having sufficient statistical power, other
strengths of the current study include the extent of blinding,
and similar results obtained from both the intention-to-treat and
per-protocol analyses. The participants, examiners, data manager
and statistician remained unaware of group allocation, and
statistical analyses were performed with maintenance of blinding.
This level of blinding ensured that results were not consciously or
unconsciously biased by any party involved in the study. Also, we
avoided bias related to the withdrawal of participants by using
a conservative method to allocate values for missing data in our
intention-to-treat analysis. This was supplemented by a per-
protocol analysis to ensure that the absence of a beneficial
LIPUS was independent of participant withdrawal. As both
statistical approaches independently provided very similar results,
a beneficial clinical effect of LIPUS on PT symptoms is unlikely
even when it has been administered in compliance with the study
protocol.

In summary, our findings suggest that LIPUS does not have a
beneficial effect on the clinical features of PT over and above
that generated by a standardized eccentric exercise programme.
These findings are supported by those of D’Vaz et al. [38] who
found LIPUS to have no benefit over placebo in the treatment
of tendinopathy of the common extensor origin at the elbow
(‘tennis elbow’). Based on the combined results of the current and
this previous study, it is possible that LIPUS simply does
not influence the pathology associated with tendinopathy. This
requires further investigation as the results of the current study
do not conclusively indicate that LIPUS use should be ceased
in the management of PT as no detrimental effects were elicited
and an effect smaller than that which could be detected with
sufficient statistical power may be present. The latter requires
establishment by way of a larger randomized controlled trial and
the clinical benefits of such a small improvement in clinical
symptoms should be debated.

Funding: This study was supported in part by funding from the
Australian Institute of Sport.

Disclosure statement: S.J.W. receives royalties from the sale of
Accusonic LIPUS ultrasound equipment. All other authors have
declared no conflicts of interest.

Rheumatology key messages

� LIPUS has proven clinical efficacy in managing acute bone
injuries.

� We have demonstrated that similar ultrasound provides no benefit
beyond that of placebo in the management of patellar tendino-
pathy symptoms.
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