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Abstract

Objectives: The aims of this study were threefold: (1) to compare the amplitude of patellar tendon reflex (T-reflex) between women with

patellofemoral pain (PFP) and pain-free controls; (2) to compare the amplitude of vastus medialis Hoffmann reflex (VM H-reflex) between women

with PFP and pain-free controls; (3) to investigate the association between the amplitude of patellar T-reflex and VM H-reflex in women with PFP

and pain-free controls.

Design: Cross-sectional observational study.

Setting: Laboratory of biomechanics and motor control.

Participants: Thirty women with PFP and 30 pain-free women aged 18 to 35 years (NZ60).

Main Outcome Measures: Peak-to-peak amplitudes of maximal VM H-reflex (elicited via electrical stimulation on the femoral nerve) and patellar

T-reflex (elicited via mechanical percussion on the patellar tendon) were estimated.

Results: Women with PFP had significant lower amplitude of patellar T-reflex (mean differenceZ0.086; 95% confidence intervalZ0.020 to

0.151; PZ.010; moderate effect) and VM H-reflex (mean differenceZ0.150; 95% confidence interval Z0.073 to 0.227; P<.001; large effect)

compared to pain-free controls. The VM H-reflex was strongly correlated with patellar T-reflex in both PFP group (rZ0.66; P<.001) and

control group (rZ0.72; P<.001).

Conclusions: As the T-reflex is easier to perform than H-reflex assessments in a clinical setting, it represents a feasible option to assess the

impaired excitability of the stretch reflex pathway associated with PFP.
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Patellofemoral pain (PFP) is a common knee disorder, especially
in women,1 affecting up to 13% of women aged between 18 and
35 years old.2 Even though it is frequently considered as a con-
dition with low morbidity, PFP has been recently linked to the
development of patellofemoral joint osteoarthritis.3,4 A large
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variety of proximal (hip and trunk), local (knee), and distal (ankle
and foot) biomechanical factors have been proposed to explain the
pathomechanisms underlying PFP.5,6 However, when inserted in
regression models, previously reported biomechanical factors do
not explain high percentages of pain and/or functional deficits in
individuals with PFP, highlighting the multifactorial nature and
poor understanding of the condition.7,8

The Hoffmann reflex (H-reflex), which is considered an
“electrical homologous” of the stretch reflex, is elicited by a
transcutaneous electrical stimulus that activates afferent fibers
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from muscle spindles (which connects directly to spinal moto-
neurons).9 This might lead to the generation of a compound
muscle action potential that is recorded with surface EMG elec-
trodes at the associated muscle, termed H-reflex.10 This technique
has been widely used to assess the excitability of the stretch reflex
pathway and hence to investigate a variety of spinal cord mech-
anisms that play important roles in movement control.9 In this
direction, a decreased excitability of the quadriceps H-reflex has
been shown in response to nociceptive stimulus (saline injec-
tion)11 and even in response to anticipation of pain (ie, stimuli
associated with pain but without nociceptive discharge),12 which
suggests that pain may contribute to the down regulation of the
H-reflex in some musculoskeletal conditions as PFP.13 Accord-
ingly, De Oliveira Silva et al13 reported that the amplitude of
vastus medialis (VM) H-reflex is lower in women with PFP
compared to pain-free controls. Moreover, in a subsequent study,
the lower amplitude of VM H-reflex in women with PFP was
associated with higher pain levels, lower self-reported physical
function, and greater chronicity of pain.14 A plausible hypothesis,
yet to be tested by means of prospective studies, is whether the
impaired VM H-reflex excitability is a risk factor for PFP or,
alternatively, a byproduct of long-term pain.15 Such an investi-
gation might help in the early identification of PFP and/or in the
design of more effective interventions.

Despite the promising contribution of neurophysiological
factors to the understanding of the underlying mechanisms asso-
ciated with PFP, VM H-reflex evaluation may not be feasible in
the clinical setting as it requires a rigorous control of the electrical
stimulation to be delivered to the mixed muscle nerve. Alterna-
tively, the stretch reflex pathway can also be assessed by a me-
chanical (tendon percussion) stimulus, also called tendon jerk or
tendon reflex (T-reflex). Despite some differences such different
sensitivity to conditioning stimuli and dependence from fusimotor
drive,16 the H- and T-reflexes can be interpreted similarly from a
clinical point of view. Both reflect the excitability of the stretch
reflex pathway by means of electrical (H-reflex) or mechanical
(T-reflex) stimulation of Ia afferent fibers that impinge directly
onto alpha motoneurons.9 Furthermore, for muscles in which an
H-reflex is not easily obtained, T-reflex is considered an alterna-
tive method for assessing motoneuron excitability.17 The T-reflex
is routinely used in clinical assessments of spinal cord integrity,
since a basic mechanical percussion only requires a simple clinical
hammer, which is easier and inexpensive as compared to electrical
stimulation.18 Therefore, whether T-reflex is able to differentiate
between individuals with and without PFP (as previously shown
for H-reflex) is an important, clinically-relevant research question,
that remains unanswered. If patellar T-reflex of women with PFP
present similar results as VM H-reflex in differentiating woman
with and without PFP, it may be proven as a promising tool to be
List of abbreviations:

AKPS anterior knee pain scale

BMI body mass index

EMG electromyogram

H-reflex Hoffmann reflex

Hmax maximal Hoffmann reflex

Mmax maximal motor waves

PFP patellofemoral pain

T-reflex tendon reflex

VAS visual analog scale

VM vastus medialis
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used in the clinical settings, thereby increasing the clinical
applicability of assessing the excitability of spinal pathways in
individuals with PFP.

In this context, the aims of this study were threefold: (1) to
compare the amplitude of patellar tendon reflex (T-reflex) between
women with patellofemoral pain (PFP) and pain-free controls; (2)
to compare the amplitude of vastus medialis Hoffmann reflex (VM
H-reflex) between women with PFP and pain-free controls; (3) to
investigate the association between the amplitude of patellar
T-reflex and VM H-reflex in women with PFP and pain-free
controls. Based on previous research on the H-reflex,13 it was
hypothesized that the amplitude of both T-reflex and VM H-reflex
would be lower in women with PFP as compared to pain-free
controls. It was also hypothesized that there would be signifi-
cant correlations between T- and H-reflex.
Methods

Participants

For this cross-sectional observational study, 30 women with PFP
and 30 pain-free women aged 18 to 35 years were recruited by
opportunity sampling between September 2016 and May 2017 via
advertisements in fitness centers, public places for physical
activity and social media. The study was approved by the local
human ethics committee, and all participants provided written
informed consent.

The eligibility criteria were based in the last PFP consensus
statement and previous studies.14,19-21 The following inclusion
criteria for PFP participants were assessed by a clinician (>5y
experience) (1) presence of anterior knee pain when performing at
least 2 of the following activities: sitting for prolonged time,
squatting, kneeling, running, ascending and descending stairs,
jumping and landing; (2) insidious onset symptoms lasting at least
1 month; (3) worst pain level in the previous month corresponding
to at least 30 millimeters in the visual analog pain scale (VAS); (4)
unilateral PFP. Women were included in the pain-free group if
they had no signs or symptoms of PFP or other neurological or
musculoskeletal condition. Exclusion criteria, also assessed by a
clinician, for both PFP and pain-free groups included signs or
symptoms of any other knee dysfunction (eg, meniscal injury,
ligament tears, knee osteoarthritis, Osgood-schlatter, patellar
tendinopathy) history of surgery in any lower limb joint, history of
patellar subluxation, and referred pain coming from the lumbar
spine. Those who had received oral steroids, opiate treatment,
acupuncture, physiotherapy, or any other treatment for pain during
the preceding 6 months were also excluded from this study.
Participants were asked to not take any medication or practice
unusual types of physical activity in the previous day of the data
collection.

Characteristics of the participants

Demographic data were collected prior to testing, including age,
weight, height, body mass index (BMI), and subcutaneous adipose
thickness of the thigh. A skinfold caliper was used to measure the
subcutaneous adipose thickness.22 All participants were asked to
rate their worst knee pain intensity in the last month and knee pain
before the data collection on VAS (0-100 mm). Additionally,
duration of knee-related symptoms (months) and self-reported
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Table 1 Characteristics of the participants

Characteristic Pain-Free Controls PFP Group

Age (y) 22.47�3.19 21.83�3.35

Body mass (kg) 58.10�7.07 62.00�7.98

Height (m) 1.62�0.06 1.62�0.06

BMI 22.05�2.63 23.60�3.39

Subcutaneous adipose thickness of the thigh (mm) 11.56�4.42 13.30�3.81

Function (AKPS) 97.70�6.27 70.30�11.84*

Symptoms duration (mo) NA 52.73�56.43

Worst knee pain in the last month (VAS) NA 54.10�16.95

Knee pain before the data collection (VAS) NA 16.14�12.00

NOTE. The values are presented as mean � SD.

Abbreviation: NA, not applicable.

* Indicates P<.05.
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knee function (anterior knee pain scale [AKPS]) were obtained.
The AKPS has been validated for people with PFP and has been
reported to demonstrate high test-retest reliability.23,24
VM H-reflex and patellar T-reflex recording

Bipolar surface electrodes,a placed 2 centimeters distally to the
motor point in the direction of the corresponding muscle belly
(VM muscle),11,25 were used for recording H-reflex and patellar
T-reflex. Electromyographic signals were amplified (final gain of
1000) using an MSC 1000 V3 system,b with a common rejection
mode ratio of >130 decibels, an input impedance of 1000 U, and a
signal/noise ratio of <3 mV.13,14 Signals were sent to an analog to
digital interfacec with a 5 kilohertz sampling rate, and then stored
for later offline processing.13,14 VM H-reflex and patellar T-reflex
were measured from symptomatic lower limb in PFP group and
from dominant lower limb in control group. The reference elec-
trode was placed over the contralateral medial malleolus to avoid
movement artefact.
VM H-reflex stimulation

Direct motor waves and H-reflexes from VM were obtained by
electrical stimulationd applied to the femoral nerve through sur-
face electrodes (rectangular pulses, 1-ms duration). The self-
adhesive cathodee was placed on the skin over the femoral nerve
in the inguinal canal (laterally to the femoral artery) and the
anodef on the gluteal fold.26 The intervals between consecutive
stimuli ranged pseudorandomly from 10 to 15 seconds. These
relatively large intervals were chosen to minimize afferent input
from stretch receptors during repeated muscle stretch and to avoid
depression of the H-reflex due to reduced neurotransmitter release
(ie, homosynaptic depression).
Table 2 Comparison between women with PFP and pain-free controls

Variables Pain-Free Controls P

VM H-reflex (%Mmax) 0.25�0.20 0

Patellar T-reflex (%Mmax) 0.23�0.16 0

NOTE. The values are expressed as mean � SD or as otherwise indicated.

Abbreviations: CI, confidence interval; ES, effect size.

* Indicates P<.05.
VM H-reflex assessment

To record VM H-reflexes, the participants remained in the supine
position, with the arms kept parallel to the trunk and the head
resting in a neutral position. They were asked to relax completely
and avoid making any voluntary effort during the trials. Initially,
the H-reflex recruitment curve was obtained by progressively
increasing the intensity of electrical stimulation in 0.5- to 1.0-mA
increments to find the largest observable H-reflex, as measured by
the peak-to-peak amplitude of single unrectified electromyo-
graphic sweeps displayed by an oscilloscope.9,13,14 Based on the
stimulation intensity found to evoke the maximal amplitude of
H-reflex (Hmax), a sample of 10 Hmax was obtained. After Hmax
assessments, 4 maximal motor waves (Mmax) were evoked.13,14

As the amplitude of motor waves increases with the increase in
stimulus intensity and then reaches a plateau, supraximal stimulus
intensity was used to elicit Mmax.14,25
Patellar T-reflex assessment

Patellar T-reflex was elicited manually by a reflex hammer. The
participants were seated with the legs dangling freely at 90� of
knee flexion. To maximize the amplitude and success rate of the
reflex response, the most sensitive region that elicits the reflex was
located and marked27 through 3 pretrials tendon taps performed at
random time intervals (10 to 15s). The reflex response was
allowed to stop naturally, and the next tap was applied only when
the lower leg was stationary. A sample of 10 T-reflexes was ob-
tained and a minimum rest period of 10 seconds was provided
between taps. The neuromuscular responses to the tapping stim-
ulus were evaluated by VM EMG measurement. The patellar
T-reflex and the VM H-reflex assessment were performed
randomly in the same day by the same rater. The randomization
FP Group Mean Difference (95% CI) ES

.10�0.08 0.15 (0.07; 0.22)* 0.97

.14�0.09 0.09 (0.02; 0.15)* 0.68
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Fig 1 Scatterplots showing the correlation between the amplitude of VM H-reflex and patellar T-reflex in both PFP and control groups.
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sequence was drawn up and kept off-site by a scientist not
involved in data collection, using a random number generator with
no stratification. Assessment order was concealed in sequentially
numbered sealed opaque envelopes, which were opened by the
rater at the moment of the data collection.

Data processing

Electromyographic signals were processed in MATLAB soft-
ware.g The average Hmax was computed from the peak-to-peak
amplitude of all 10 Hmax. Tmax was defined as the maximal
peak-to-peak amplitude observed among 10 T-reflexes responses.
Both Tmax and Hmax were normalized to the Mmax generated by
supramaximal electrical stimulation.

Statistical analysis

Power calculation for this study was performed based on a pre-
vious study.13 Sample size was determined on the basis of pre-
dicted power to detect a difference of 0.14�0.12% Mmax in VM
H-reflex between groups, considering a level of .05, 2-tailed and a
power of 80%. Based on the calculations performed with Sam-
plePower software,h a minimum sample size of 12 subjects per
group was indicated.

Descriptive values (means and standard deviations) for each
measurement were first obtained. All measurements were assessed
for normality using the ShapiroeWilk test. Mean age, weight,
height, BMI, AKPS, VM H-reflex, and T-reflex measures were
compared between groups using independent group t tests. Effect
sizes were calculated (Cohen’s d) and the guidelines for inter-
preting the Cohen’s d are as follows: 0 to 0.40 small effect, 0.41 to
0.70 moderate effect, 0.71 or higher large effect.28

A Pearson product-moment correlation matrix (r) was used to
explore the association between patellar T-reflex and VM
H-reflex. Cohen has suggested the general guidelines of r values
0.10 to 0.30 as small, 0.31 to 0.50 as moderate, and 0.51 to 1.00 as
strong relations to aid in the interpretation of correlational find-
ings.28 Statistical analyses were performed using Statistical Soft-
ware for Social Sciencesi with an a priori level of significance
of 0.05.
Results

Women with PFP presented lower physical function (P<.001) than
pain-free controls, however groups presented similar
www.archives-pmr.org
anthropometric characteristics (table 1). The duration of knee-
related symptoms, worst knee pain in the last month and knee
pain before data collection are also presented in table 1. The PFP
group showed lower amplitude of VM H-reflex (P<.001; large
effect) and patellar T-reflex (PZ.010; moderate effect) (table 2).
The VM H-reflex was strongly correlated with patellar T-reflex in
both PFP group (rZ0.66; P<.001) and control group (rZ0.72;
P<.001) (fig 1).
Discussion

As hypothesized, the amplitude of patellar T-reflex (as assessed by
VM EMG) and VM H-reflex were significantly lower in women
with PFP as compared to pain-free controls. Additionally, the
amplitude of patellar T-reflex was strongly correlated with the
amplitude of VM H-reflex.

Lower VM H-reflex in women with PFP as compared to pain-
free controls has been previously reported,13 with the mean dif-
ference being quite similar between the previous and the present
study. Interestingly, Park et al11 reported a 12% reduction of VM
H-reflex in healthy individuals after immediately induced anterior
knee pain (hypertonic saline injection). The findings of the present
study showed that the VM H-reflex was 41.7% lower in women
with PFP as compared to pain-free controls. The larger difference
in our study may be explained by the presence of chronic pain in
women with PFP. As reported recently,14 there is an association
between chronicity and the excitability of VM H-reflex. These
findings may suggest that early interventions aiming at increasing
excitability of the monosynaptic stretch reflex pathway, such as
cortico-motor facilitation via attention-oriented tasks or trans-
cranial magnetic stimulation,29 proprioceptive exercises,30 sensory
stimulation,31 or even reflex operant conditioning,32 may add to
current evidence-based treatment for women with PFP.33 How-
ever, such interventions should be tested in randomized controlled
trials before implementation in clinical practice.

Similar to VM H-reflex, the patellar T-reflex was lower in
women with PFP as compared to pain-free controls. Despite some
differences between H- and T-reflexes, both are mediated by the
same spinal pathway, as the activation of Ia afferents elicits the
excitatory drive that leads to the motoneuronal discharges, which
might be assessed by means of either H- or T-reflexes.9 However,
the H-reflex is generated by direct electrical stimulation of Ia
afferents and hence bypasses muscle spindles, producing a single
synchronous volley.9,25 Conversely, the T-reflex is elicited by a tap
that stretches muscle spindles primary endings, thereby generating
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a more prolonged discharge in Ia afferents and hence also depends
on the sensitivity to stretch of primary endings, a property that
may be altered by the activity of g efferents.9 Moreover, H- and
T-reflexes have been shown to behave differently as a function of a
variety of condition stimuli. For instance, T-reflex is believed to be
less sensitive to some conditioning protocols designed to assess
the levels of presynaptic inhibition.16 Possibly, this could occur
due to a post-tetanic potentiation of Ia terminals associated with
the more prolonged burst of spikes.16 Therefore, as the specific
mechanisms responsible for the impaired excitability of the stretch
reflex in individuals with PFP are not understood, the question of
whether altered T-reflex excitability would be observed in people
with PFP could not be answered before the present study.

Taken together with the strong correlations that were found
between VM H-reflex and patellar T-reflex, implementing the
assessment of the stretch reflex excitability in individuals with
PFP may be a good substitute for the H-reflex in the research
setting as it is easier and cheaper. In addition, it could be also
implemented in specialized clinics that have access to EMG. From
a clinical perspective, it is important to evaluate the state of spinal
neurophysiological pathways pre and postinterventions, given that
regaining stretch reflex excitability might be a strategy (yet un-
explored) to maintain the gains acquired during the rehabilitation
programs.14

Study limitations

Four participants of the PFP group had a dominant limb different
from the control group. As are some biomechanical and neuro-
physiological differences between dominant and nondominant
limbs that could have influenced the present results, further studies
are needed to investigate potential neurophysiological differences
between dominant and nondominant limbs in patients with PFP. In
addition, some studies that assessed patellar T-reflex have built
devices to firmly hold the reflex hammer at the desired position
and automated the hammer so as to apply an equal force for each
tendon tap.18,34 The method used in the present study may have
involved some variation in the force that was applied among the
tendon tap trials. However, we chose to keep the patellar T-reflex
as clinical as possible, without any mechanical control of position
and force in order to provide findings which are clinically appli-
cable indeed.
Conclusion

This study provides a clinically feasible option (ie, the T-reflex) to
assess the excitability of spinal cord pathways associated with
PFP, without having to deal with the rigorous control of the
electrical stimulation and the sophisticated apparatus involved in
H-reflex assessment. Together with the positive strong correlations
between VM H-reflex and patellar T-reflex, the present findings
indicate that clinicians may consider using the patellar T-reflex to
assess the excitability of the stretch reflex pathway in women with
PFP in the clinical setting.
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