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ABSTRACT
Background Few interventions reduce patellar
tendinopathy (PT) pain in the short term. Eccentric
exercises are painful and have limited effectiveness
during the competitive season. Isometric and isotonic
muscle contractions may have an immediate effect on PT
pain.
Methods This single-blinded, randomised cross-over
study compared immediate and 45 min effects following
a bout of isometric and isotonic muscle contractions.
Outcome measures were PT pain during the single-leg
decline squat (SLDS, 0–10), quadriceps strength on
maximal voluntary isometric contraction (MVIC), and
measures of corticospinal excitability and inhibition. Data
were analysed using a split-plot in time-repeated
measures analysis of variance (ANOVA).
Results 6 volleyball players with PT participated.
Condition effects were detected with greater pain relief
immediately from isometric contractions: isometric
contractions reduced SLDS (mean±SD) from 7.0±2.04 to
0.17±0.41, and isotonic contractions reduced SLDS
(mean±SD) from 6.33±2.80 to 3.75±3.28 (p<0.001).
Isometric contractions released cortical inhibition (ratio
mean±SD) from 27.53%±8.30 to 54.95%±5.47, but
isotonic contractions had no significant effect on
inhibition (pre 30.26±3.89, post 31.92±4.67;
p=0.004). Condition by time analysis showed pain
reduction was sustained at 45 min postisometric but not
isotonic condition (p<0.001). The mean reduction in
pain scores postisometric was 6.8/10 compared with
2.6/10 postisotonic. MVIC increased significantly
following the isometric condition by 18.7±7.8%, and
was significantly higher than baseline (p<0.001) and
isotonic condition (p<0.001), and at 45 min (p<0.001).
Conclusions A single resistance training bout of
isometric contractions reduced tendon pain immediately
for at least 45 min postintervention and increased MVIC.
The reduction in pain was paralleled by a reduction in
cortical inhibition, providing insight into potential
mechanisms. Isometric contractions can be completed
without pain for people with PT. The clinical implications
are that isometric muscle contractions may be used to
reduce pain in people with PT without a reduction in
muscle strength.

INTRODUCTION
Tendinopathy (tendon pain and dysfunction) in ath-
letes is difficult to manage. Eccentric exercise,
which is the most commonly prescribed exercise
for the treatment of tendinopathy,1–4 is often
painful to complete.5 Tendinopathy is especially
problematic in the competitive season, when there
are constant time and performance pressures.6

Where eccentric exercise has been completed in the

competitive season, there has been poor adherence
due to increased pain, and either no benefit7 or
worse outcomes.8 Athletes are reluctant to cease
sporting activity to complete eccentric exercise pro-
grammes9 and they may be more compliant with
exercise strategies that reduce pain to enable
ongoing sports participation.
Exercise-induced pain relief would have several

clinical benefits. First, athletes may be able to
manage their pain with exercises either immediately
prior to or following activity. Second, exercise is
non-invasive and without potential pharmacological
side effects or sequelae of long-term use that are
associated with some interventions. Third, exercises
that reduce pain are likely to have greater adherence.
Therefore, alternative muscle contraction types,
other than eccentric exercises, warrant investigation.
Isotonic exercise (heavy, slow, concentric and

eccentric resistance training) has been shown to be
as effective as eccentric only exercise in patellar
tendinopathy (PT) for tendon pain and activity par-
ticipation;1 10 however, the immediate effect of iso-
tonic exercise on pain has not been studied.
Isometric muscle contractions have been shown to
reduce pressure pain thresholds in normal partici-
pants,11 12 but have not been investigated in
tendon pain. The pain inhibition following a local
isometric contraction, demonstrated in previous
studies of normal participants, is widespread;12 this
indicates central nervous system (CNS) involvement
and warrants investigation.
The effect of exercise on the motor cortex may

be modulated in the presence of pain. Exercises
that are painful to complete may change motor
control and cause cortical reorganisation, as pain
itself is known to alter cortical representation.13

This may contribute to persistence of tendon pain
through the continuation of aberrant motor patterns.
In the CNS, the primary regions involved in motor
control are the primary motor cortex and corticosp-
inal tract, which activate the motor neurone pool and
control motor function. Changes in motor output,
however, are a combination of changes in the excita-
tory and inhibitory neural pathways. This motor neu-
roaxis can be investigated using single-pulse
transcranial magnetic stimulation (TMS).
Paired-pulse TMS can measure short-interval intra-
cortical inhibition (SICI), which is thought to be
mediated at a cortical level via GABAA receptors14

rather than at the spinal cord and quantifies the effect
of the inhibitory neurons that synapse onto pyram-
idal cells in the primary motor cortex.15

Exercise, the cornerstone of tendon rehabilita-
tion, is capable of changing excitatory and inhibi-
tory measures.16 17 No study has examined if
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exercise can immediately reduce tendon pain and if exercise
changes the motor neuroaxis. This may clarify the mechanism
behind clinical improvement following exercise-based
rehabilitation.18

The primary aim of this study was to determine if either iso-
tonic or isometric exercise would induce immediate pain relief
in PT. The secondary aim was to explore the mechanisms and
investigate changes to cortical motor function. Therefore, this
study compared an acute bout of isometric and isotonic quadri-
ceps loading on patellar tendon pain, maximal voluntary iso-
metric strength and measures of corticospinal excitability and
inhibition.

METHOD
This was a within respondents, single-blinded, randomised
cross-over trial with two intervention arms (figure 1). Six male
volleyball athletes (median age 26.9 years, range 18–40 years)
who were taking no medication were recruited for the study.
Three had unilateral pain and three had bilateral patellar tendon
pain. This study was approved by university ethics committees
and all athletes provided written informed consent. Diagnosis of
PTwas made by the same experienced sports physiotherapist on
clinical presentation—pain localised to the inferior pole of the
patella during jumping and landing activities, and during testing
on the single-leg decline squat (SLDS). The diagnosis was con-
firmed by the presence of characteristic features on ultrasound
imaging (eg, hypoechoic area). All athletes were playing once
per week and training twice per week. The TMS tester was
blind to intervention status during testing and all data were ana-
lysed blind to intervention status. All testing was completed
exactly 1 week apart to ensure stability of loading prior to
testing (training and game days were consistent). The order of
intervention was randomised by asking the athlete to draw an
opaque sealed envelope with no external markings (concealed
randomisation).19

Baseline testing
At week 1, baseline testing was completed without any interven-
tion to ensure that the strength and pain testing measures and
TMS measures themselves did not affect the primary outcome
measures and to familiarise participants with the equipment and
protocol. Athletes with bilateral symptoms were asked to nom-
inate their most painful knee on the SLDS and measures of
quadriceps torque were taken from this side only; the contralat-
eral hemisphere was tested with TMS. Athletes were asked to
complete a Victorian Institute of Sport Assessment–patellar
tendon (VISA-P), a questionnaire about patellar tendon pain
and function that is scored between 0 and 100, with 100 being
maximal pain free function.20 At weeks 2 and 3, baseline mea-
sures were repeated (to enable comparison to week 1 baseline as
well as the baseline of that intervention session).

Pain and strength testing
Tendon pain and quadriceps strength were tested at baseline.
The SLDS, a reliable patellar tendon pain provocation test,21

was completed on each leg. Participants provided a numerical
pain rating score for the decline squat on an 11-point numerical
rating scale (NRS), anchored at left with ‘0, no pain’ and at
right with ‘10, worst possible pain’. Maximal voluntary isomet-
ric contraction (MVIC) torque for the quadriceps on the tested
side was recorded in Nm using isokinetic equipment (Biodex
system 4 Pro, 1 Biodex Medical 2 Systems) with three efforts
completed with identical instructions, vocal encouragement and

set up for each trial at 60° of knee flexion. The outcome was
the maximum peak torque recorded during these three efforts.

TMS and electromyography
Baseline measures of corticospinal excitability and SICI were
obtained using single-pulse and paired-pulse TMS, respectively.
We optimised the accuracy of TMS by aligning the coil with ref-
erence markers on a tight fitting cap worn by participants and
marked with a latitude–longitude matrix, positioned with refer-
ence to the nasion-inion and interaural lines.22

Single-pulse stimulus-response curves were obtained during
low-level isometric contractions of the quadriceps muscle group.
Low-level contractions were performed by maintaining the knee
joint at 60° of flexion while performing a 10% MVIC, which
equated to 10±2% of root mean square (RMS) electromyogra-
phy (rmsEMG) during MVIC (table 1). A 10% isometric con-
traction is a non-painful task for someone with PT. Consistent
muscle activation was confirmed by recording prestimulus
rmsEMG throughout the session. For a single stimulus-response
curve, 10 stimuli were delivered in 20% increments from 90%
of the participant’s active motor threshold (AMT) up to 170%
of their AMT. The stimuli were delivered using a ramped proto-
col.23 The amplitude of the motor-evoked potential (MEP) or
slope of the stimulus-response curve represents corticospinal
excitability.24

SICI is a subthreshold stimulus that activates inhibitory inter-
neurons that synapse onto pyramidal neurons in the M1 and
results in reduced number of action potentials by the subsequent
suprathreshold stimulus.25 To quantify SICI, 10 single-pulse
stimuli and 10 short-interval paired-pulse stimuli were delivered
in random counterbalanced order. Intensity was set at 120% of
AMT, which was determined during familiarisation and adjusted
if there was a change in AMT. The conditioning stimulus for
paired-pulse stimulation was set at 80% of AMT, the interstimu-
lus interval was 3 ms, and posterior to anterior current flow was
used to induce I3 waves.26 27 Muscle activation during testing
does not affect SICI.27 SICI is represented as a percentage ratio
where high levels of inhibition are indicated by a low SICI ratio.
Therefore, an increase in the SICI percentage represents a
reduction in inhibition.

Participants were tested at the same time of day and the same
day of the week.28 TMS was delivered using two Magstim 2002

stimulators connected via a Bistim unit (Magstim Co, Dyfed,
UK) and a 110 mm concave double-cone coil (maximum output
of 1.4 T). The motor hotspot for the rectus femoris (RF) muscle
(with posterior-induced to anterior-induced current flow in the
cortex) was determined and AMTwere established as the inten-
sity at which at least 5 of 10 stimuli produced MEP amplitudes
of greater than 200 μV recorded from the RF muscle. The RF
muscle was selected as the best representative muscle as the
tendon fibres of the RF muscle are the only tendon fibres of the
quadriceps muscle group that continue over the anterior surface
of the patellar to form the patellar tendon,29 which was the
tendon of interest. Valid EMG data for RF can be captured with
surface electrodes.

The area of electrode placement was shaved to remove fine
hair, rubbed with an abrasive skin rasp to remove dead skin, and
then cleaned with 70% isopropyl alcohol. Bipolar gel Ag-AgCl
electrodes (8 mm diameter, model E258S; Biopac, Goleta,
California, USA) were placed over the RF muscle (centre–centre
interelectrode distance=2 cm). A grounding electrode was
placed over the patella and subsequently, used as a common ref-
erence for all electrodes. All cables were fastened with tape to
prevent movement artefact. The location of electrodes were
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marked with a permanent marker by tracing around the elec-
trode, and measured from anterior inferior iliac spine and
patella to maximise consistency of electrode placement relative
to the innervation zone. An impedance metre was used to check
that impedance did not exceed 10 kΩ prior to testing. Surface
EMG (sEMG) signals were amplified (×1000), bandpass filtered
(high pass at 13 Hz, low pass at 1000 Hz), digitised online at
2 kHz for 500 ms, recorded and analysed using PowerLab 4/35
(ADInstruments, Bella Vista, Australia).

Prestimulus rmsEMG activity was determined in the RF
muscle, 100 ms prior to each TMS stimulus during pretesting
and post-testing. Any trial in which prestimulus rmsEMG
exceeded 10±2% of maximal rmsEMG was discarded and the
trial repeated. The surface rmsEMG was calculated from a
500 ms segment that occurred during the asymptote of each
maximal voluntary contraction (MVC) and was calculated as the
amplitude of the RMS value.

Maximal compound muscle action potential
Direct muscle responses were obtained from the RF muscle by
supramaximal electrical stimulation (pulse width 2000 ms;
DS7A, Digitimer, UK) of the femoral nerve under resting condi-
tions. The site of stimulation that produced the largest M-wave
was located by positioning the bipolar electrodes in the femoral
triangle. An increase in current strength was applied to the
femoral nerve until there was no further increase observed in
the amplitude of the sEMG response (MMAX). To ensure Mmax

was obtained, the current was increased an additional 20% for
five more stimuli, with a period of 6–9s separating each stimulus
to ensure there were no further increases. MMAX was recorded
at baseline and following the intervention, to ensure that there
were no changes in peripheral muscle excitability that could
influence MEP amplitude.30

Intervention protocols
Protocols were matched for time under load and rest between
sets (set at 2 min to allow muscle recovery)31 (table 2).
Repetition maximum and MVIC were determined in the famil-
iarisation session. As muscle work during isometric exercise and
isotonic exercise cannot be directly measured, protocols were
matched for perceived exertion on the basis of pilot studies.

Isotonic repetitions were paced by a metronome. The metro-
nome was also used for isometric contractions to control for
any potential confounding effect. Furthermore, auditory cues
have been shown to be beneficial on the induction of neuroplas-
ticity.16 32–36

Follow-up testing and time course
Testing immediately after the intervention consisted of pain and
strength testing measures (SLDS and MVIC), MMAX and TMS
measures (stimulus-response curve and SICI). Testing for MMAX

was timed so that it was tested a minimum of 4–5 min after
training.37 38 SLDS and MVIC were also tested 45 min postin-
tervention (figure 1).

Data analyses
The peak-to-peak amplitude of MEPs evoked in the period 10–
50 ms after stimulation were analysed using LabChart 8 soft-
ware (ADInstruments, Bella Vista, New South Wales, Australia)
after each stimulus was automatically flagged with a cursor, pro-
viding peak-to-peak values in μV, averaged and normalised to
the Mmax and multiplied by 100. To construct stimulus-response
curves, stimulus intensity was plotted against MEP amplitude
and then fitted with a non-linear Boltzmann equation using
Prism 6 (Graphpad software Inc, California, USA).36

The conditioning MEP amplitude was expressed as a percent-
age of the unconditioned test MEP amplitude to calculate the
level of intracortical inhibition.

Statistical analysis
All data were screened with the Brown-Forsythe test and found
to be normally distributed (all p>0.05) and thus, the assump-
tions of the analysis of variance (ANOVA) were not violated. A
split-plot in time-repeated measures ANOVA was used to
compare the effect of each condition (isometric and isotonic) on
pain, strength, and corticospinal excitability and inhibition.
When appropriate, univariate and post-hoc t tests (with
Bonferroni correction) analyses for pairwise comparisons of
means for each dependent measure were used when significant
interactions were found. For all tests, if the assumption of spher-
icity was violated, the Huynh-Feldt correction was applied. The
α was set at p<0.05; all results are displayed as means±SD and

Figure 1 Testing protocol of weeks
2 and 3 (AMT, active motor threshold;
CON, concentric phase; CS,
conditioning stimulus; ECC, eccentric
phase; MVIC, maximal voluntary
isometric contraction; RM, repetition
maximum; SICI, short-interval
intracortical inhibition; SLDS, single-leg
decline squat; TMS, transcranial
magnetic stimulation; TS, test
stimulus).

Table 1 Means (±SEM) root mean square EMG: condition average as a percentage of EMG recorded during maximal isometric contraction

SP 130% AMT SP 120% AMT PP

Exercise Pre Post Pre Post Pre Post

Isotonic trials 10.80±0.15 10.69±0.16 10.34±0.18 10.25±0.17 10.77±0.16 10.69± 0.16
Isometric trials 10.42±0.11 10.67±0.10 10.63±0.16 10.69±0.12 10.47±0.13 10.25±0.15

AMT, active motor threshold; EMG, electromyography; PP, paired pulse; SP, single pulse.
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CI, where appropriate, within the text. Where mean±SEM are
reported, this has been indicated.

RESULTS
Participants had substantial tendon pain, the mean VISA-P was
52.8 (47.5 to 66.5). There were no systematic differences
detected in baseline SLDS pain, stimulus-response slope, SICI or
MVIC at the first or each subsequent testing session indicating
sufficient wash-out between sessions. Therefore, only preinter-
vention and postintervention data (weeks 2 and 3) are reported.
There were no differences detected in MMAX at any time point
(p=0.88). The 10% muscle contraction maintained during
TMS testing was a pain-free activity for participants.

Baseline SLDS pain did not differ significantly prior to either
intervention. Preisometric intervention pain (mean±SD) was 7/
10±2.04 and preisotonic intervention pain was 6.33/10±2.80
(p>0.99). Isometric exercise reduced pain on the SLDS (mean
±SD) immediately from 7/10±2.04 to 0.17/10±0.41
(p=0.004); the reduction was sustained at 45 min (p<0.001;
figure 2). Isotonic exercise resulted in immediate pain relief on
SLDS (mean±SD) from 6.33/10±2.80 to 3.75/10±4.67
(p=0.04), but this was not sustained at 45 min. This corre-
sponds to an immediate mean reduction in pain following

isometric exercise of 6.8/10 compared with 2.6/10 postisotonic
exercise. Individual data are shown in figure 3.

An increased MVIC torque was observed immediately after
the isometric intervention (mean increase of 18.7% compared
with baseline isometric, mean difference between isometric and
isotonic 27 Nm, 95% CI 12.96 to 41.04, p<0.001) that was
sustained for at least 45 min postintervention (mean increase
from isometric baseline 17.4%, mean difference between iso-
metric and isotonic 30.5 Nm, 95% CI 16.46 to 44.54,
p<0.001). This increase was significantly different to the iso-
tonic exercise that resulted in a small, but non-significant reduc-
tion in MVIC immediately following the intervention and at
45 min after (figure 4).

The mean SICI ratio prior to the isometric intervention was
27.53±8.30% (figure 5), and prior to the isotonic condition
was 30.26±3.89% (p=0.31). There was a significant condition
by time effect immediately postintervention; isometric exercise
significantly released this inhibition to 54.95±5.47% (an
increase in SICI ratio; mean difference compared with isotonic
23.66, 95% CI 12.28 to 35.05, p=0.004) (figure 5). Inhibition
was not measured at 45 min.

There was no difference in SLDS pain scores in the contralat-
eral leg after a unilateral exercise intervention in people with
bilateral PT; however, there were only three participants. There
were no systematic differences detected between isometric and
isotonic exercise in corticospinal excitability, as represented by
the slope of the modified stimulus-response curve (p=0.81).

DISCUSSION
Isometric exercise immediately reduced patellar tendon pain
with the effect sustained for at least 45 min. There was a smaller
magnitude immediate effect for isotonic exercise that was not
sustained. Release of intracortical inhibition was associated with
pain reduction and may be implicated as an underlying mechan-
ism for the changes in pain. There was an increase in MVIC
postisometric exercise that may be attributed to a decrease in
intracortical inhibition. Time course testing of SLDS and the
inclusion of a purely baseline measure (no intervention) 1 week
prior to the first intervention session demonstrated that changes
were due to the intervention, and not TMS or MVIC testing.

The pain reduction observed following isometric exercise may
be due to the cortical changes observed and motor neurone
pool recruitment, and/or driven by changes at a tissue level.
Spinal and supraspinal activation strategies and signals may be
different depending on the type of contraction.39 The percent-
age of motor unit activation during an isometric contraction is
significantly higher than that during either eccentric or concen-
tric contractions.40 These differences may be due to the signal
discharged from the spinal cord and/or the central activation of
the α (cells bodies located in the ventral horn of the spinal cord
that innervate extrafusal muscle fibres) or γ (innervate intrafusal
muscle fibres found within the muscle spindle) motor neurone
pools.41 The distinction between isometric contraction and an
isotonic contraction is simply whether there is fibre length or
whole muscle length change.42 During a concentric/eccentric
action there must be constant modulation of motor unit activity
as less is required in the eccentric phase. There is also greater
feedback from muscle spindles during eccentric contractions.43

It has been hypothesised that there may be unique activation
patterns rather than simply a scaled down version of the activa-
tion signal used during the concentric movement related to
torque requirements44 45 and that there is more cognitive atten-
tion required during eccentric actions, especially in planning
and movement execution.39 However, this is quite complex as

Table 2 Loading protocols in the study

Apparatus Prescription
Recovery
(min)

Loading
bolus

Isometric Biodex Pro 5×45 s at 60° 2 70% MVC
Isotonic Leg

extension
machine

4×8 repetitions
4 s eccentric
phase
3 s concentric
phase

2 100% 8RM

MVC, maximal voluntary contraction; RM, repetition maximum.

Figure 2 Single-leg decline squat (SLDS; tendon pain) preintervention
and postintervention: mean (±SD) changes in SLDS preisometric and
postisometric and preisotonic and postisotonic strength training.
Immediately following an acute bout of isometric strength training,
SLDS numerical pain rating scale improved by 87% and was sustained
at 45 min post compared with isotonic. Immediately following an acute
bout of isotonic strength training, SLDS numerical pain rating scale
improved by 42%, however by 45 min post the intervention, it was not
significantly different to baseline. * Denotes difference to
preintervention (p<0.05); † denotes difference to same time point for
the isotonic intervention (p<0.05).
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different studies report different size MEPs (representing cor-
tical) and H-reflexes (representing peripheral) depending on
contraction type.46

Local tissue effects may include changes to cell metabolism,
receptor expression and the biochemical environment during
isometric exercise, which are then transmitted to the CNS. For
example, the balance of ion channel and receptor-operated
channel function may change in milliseconds.47 This would
implicate a different local tissue effect when completing an iso-
metric muscle contraction as compared with an isotonic muscle
contraction. A potentially important finding in this unilateral
protocol was that there was no effect on the contralateral leg
pain in those with bilateral PT (n=3); however, this warrants
further investigation with greater numbers. The changes to
intracortical inhibition indicate no widespread CNS pain inhib-
ition (a feature following isometric exercise that has been
reported in populations without musculoskeletal pain using
pressure pain thresholds). The lack of any detectable effect on
the contralateral knee pain of those with bilateral pain demon-
strates that the analgesia observed on the exercised leg is not
simply a consequence of systemic inhibitory control, although it
does not rule out this consideration.

Cortical reorganisation reflects changes in the response profile
of brain cells. Reorganisation of the motor cortex (M1) can be
detected by changes in both the magnitude of the muscle

Figure 3 Individual participant data
for single-leg decline squat (SLDS) pre,
post and at 45 min: SLDS pain scores
at each interval for individual
participants. (A) Isometric intervention
and (B) isotonic intervention. Note due
to the same pain scores reported for
different participants, lines in the
isometric intervention graph overlap.

Figure 4 Maximal voluntary isometric strength: mean (±SD) maximal
voluntary isometric contraction torque preisometric and postisometric
and preisotonic and postisotonic strength training. Immediately
following an acute bout of isometric strength training, isometric
strength increased by 19% and was sustained at 45 min post compared
with no change following a single bout of isotonic strength training.
* Denotes difference to preintervention (p<0.05); † denotes difference
to the same time point for the isotonic intervention (p<0.05).
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response and the cortical topographical motor maps that are
evoked by stimulation. Although the changes might occur any-
where along the motor neuroaxis, these are generally attributed
to changes in cortical excitability. We did not observe an effect
of a single bout of isometric or isotonic contractions on cortical
excitability; however, this protocol employed modified stimulus-
response curves. Therefore, it cannot be ruled out that changes
were simply not observed using this method. Furthermore, neu-
roplastic changes to the M1 could require repeated and targeted
strategies to address them.

Unlike cortical excitability, SICI appears to be mediated
through low-threshold GABAA receptor-dependent inhibitory
pathways14 and was altered with a single bout of isometric exer-
cise. Strength training is known to modulate inhibition in
normal controls.48 However, few studies have examined intra-
cortical inhibition in other musculoskeletal conditions. In
osteoarthritis-related pain, inhibition did not significantly differ
from the control group whereas in chronic neuropathic pain,
following peripheral nerve lesion, there was a significant reduc-
tion in inhibition.49 When normal volunteers are subjected to
experimental muscle pain SICI levels are increased;28 however,
the intervention protocol of the current study was non-painful.
Despite the limited literature available for comparison, the high
levels of inhibition present in people with PT (mean of 27%
whereas data reported for the quadriceps in normal participants
ranges between 50% and 70%)16 appears to be a novel finding.
Further, this was altered following a single bout of isometric
exercise.

Inhibition affects motor patterning by altering the number of
action potentials that reach the corticospinal pathway to activate
the motor neurone pool. People with PT appear to be using
large amounts of inhibition to moderate their motor output,
which may be an aberrant control mechanism compared with
normal motor control. This strategy may contribute to the recal-
citrance of PT, and may be a new and important consideration
in effective rehabilitation. Furthermore, isometric exercise, but
not isotonic exercise, modulated inhibition in those with PT,

which improves the net corticospinal drive to the motor
neurone pool. This change occurred without evidence of a sys-
tematic decline in muscle performance (fatigue), as muscle per-
formance (MVIC) was actually improved by the isometric
protocol. This difference between the protocols indicates the
effect is not simply the result of load or exercise-based analgesia,
but is task specific and only observed during isometric contrac-
tions. The clinical implications are that isometric exercise using
70% of MVC may be a useful protocol prior to activity to
reduce pain without inducing muscle fatigue. Increased inhib-
ition may be a method of reducing motor recruitment in PT and
could be an important finding to address in rehabilitation.

MEPs are reduced during experimental pain conditions.50

The testing and intervention protocols here were not painful
and this excludes the possibility that the observed effect reflects
competitive inhibition or diffuse noxious inhibition.

There are a number of limitations of the study. First, it is
acknowledged that the sample size was small. The robustness of
the study was improved by the cross-over design and 3-week
protocol where sessions were completed on the same day, at the
same time of day, with consistent loading prior (and therefore,
tendon pain) to the session. However, it is unknown if the
results are generalisable given the small numbers. Second, these
results are not applicable to people with anterior knee pain and
may be specific to PT. The diagnosis of PT is important; it is not
expected that positive results would be observed if other presen-
tations of anterior knee pain were included, for example, heavy
quadriceps loading may aggravate someone with patellofemoral
pain due to the compression in this position. Third, this study
only included men, but did include unilateral and bilateral pain
presentations. Finally, the inclusion of a non-intervention
control group would provide greater quantification of the
changes observed.

This study has several clinical implications. Despite the small
sample size, participants reported a broad pain severity at base-
line reflecting the variability of clinical presentations.
Furthermore, there were no non-responders to isometric exer-
cise regardless of pain severity or length of time of symptoms.
In contrast, there was variation in the amount of pain reduction
following isotonic exercise which was significantly less than
from isometric and the effect was not retained at 45 min. Thus,
it may be a less attractive pain relief option. The clinical implica-
tions are that isometric exercise may be used to reduce pain and
motor inhibition in the early stages of rehabilitation and provide
an important option for clinicians to offer for painful tendons
that are difficult to load. There may be a role for using isometric
exercise to reduce motor inhibition and improve responses to
strength training as it is currently known that deficits persist
despite rehabilitation.51 Tendon rehabilitation needs to be pro-
gressed beyond isometric exercise to enable a resilient tendon to
return to sport. However, this may provide an important option
for clinicians to offer in painful tendons that are difficult to load
without aggravating symptoms or potentially prestrength train-
ing sessions in latter stages.

As a further consideration, the optimum prescription of iso-
metric exercise for pain reduction is not yet known. While this
study extensively piloted different protocols prior to data collec-
tion, further studies should identify optimal load, length of time
under tension, rest and sets. In summary, this is the first study to
demonstrate immediate pain reduction using strength training in
people with tendinopathy. Future research should continue to
investigate exercise for pain relief in other tendons and also
provide optimal guidelines around dosage.

Figure 5 Effect of intervention types on short-interval intracortical
inhibition (SICI). There were no differences at baseline in SICI. SICI
before and after isometric and isotonic interventions. * Denotes
significantly different post isometric from pre isometric (p<0.05); †
denotes significant to isotonic group (p<0.05). The lines on the graph
represent the range of normal SICI ration reported for the quadriceps.
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What are the new findings?

▸ Heavy isometric exercise immediately reduced patellar
tendon pain that was sustained for at least 45 min.

▸ People with patellar tendinopathy have higher amounts of
cortical muscle inhibition for their quadriceps than normal
controls.

▸ Heavy isometric exercise reduced cortical muscle inhibition
and may be a factor in the mechanism of pain reduction.

▸ Isotonic exercise did not result in sustained pain relief or any
changes to muscle inhibition.

How might it impact on clinical practice in the near
future?

▸ Isometric exercise may be used as analgesia—to reduce
pain immediately in patellar tendinopathy.

▸ Isometric exercise may be useful in-season, preactivity or
postactivity, when alternate loading, such as eccentric
exercise, has not shown to be beneficial.

▸ Patellar tendon pain affects muscle inhibition—isometric
exercise may be used to reduce pain and change muscle
inhibition without a reduction in muscle strength.
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