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- INTRODUCTION

Stretch reflex is the contraction of a muscle in response to the
stretch.

Reflex is a inborn, involuntary, stereotypic response to a
stimulus - Executed through a reflex arc.
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Phasic stretch reflex occurs in response to rapid, transient
stretch.

Tonic stretch reflex occurs in response to a steady stretch
applied to the muscle.

Patellar tendon reflex (PTR) is one of the Phasic muscle
stretch reflexes (MSR) evaluated during the clinical
examination.



PATELLAR TENDON REFLEX (PTR)
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Various pathological conditions causes an alteration in the
predictable response of the stretch reflexes!?

Diabetes is one of the complications that can decline the
skeletal muscle function3#

Hyperglycemia damages muscle fibers and results in loss of
muscle mass & strength® - Diabetic myopathy.

The magnitude of the reflex response might be reduced due to
decrease in the force generated by muscle during contraction.



Therefore, it is essential to distinguish a normal reflex
response from an abnormal response.

In clinical practice, assessment of these reflexes are carried out
by reflex grading scales (NINDS scale)

However, these reflex grading scales are qualitative, subjective
and lack temporal data.

In addition, the grading of the reflex purely depends on the
visual judgment of the examiner.



REFLEX GRADING SCALES

Table 2 NINDS scale for tendon reflex assessment’ || 7ble 1 Mayo Clinic scale
for tendon reflex assessment’
Description Score
Description Score
Reflex absent 0
Reflex slight, less than normal: includes a trace Absent —4
response or a response brought out only by Just elicitable =3
reinforcement 1 || Low —2
Reflex in lower half of normal range 1y || Moderately low —1
: Normal 0
Reflex in upper half of normal range +3 Brisk +1
Reflex enhanced, more than gormal: includes a Very brisk +2
clonus if present which optionally can be noted Hxhaustibleclonuas +3
in an added verbal description of the reflex +4 || Continuous clonus +4
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£*MECHANOMYOGRAPHY (MMG)

»MMG can detect mechanical oscillations (Dimensional changes)
generated by muscle contraction from the surface of the skin®.

>»MMG is a non-invasive tool that utilizes transducers such as
accelerosensor, laser distance sensors or acoustic sensors’.

Accelerosensor Laser displacement sensor Acoustic sensor




£ DESIGN OF THE SYSTEM
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« MMG signals were measured using Accelerosensor
(ADXL335) manufactured by Analog Devices Inc (US).

* This sensor can convert mechanical oscillations during
muscle activity into analog signals (Voltage data)

* The signals from the sensors captured by ADC (Analog to
Digital converter) module.



DATA ACQUISITION

Data acquisition can be done using SmartDAQ V1.4

software application (Open source software).

T

SmartDAQ v1.4.0.0 [iCircuit Technologies © 2015 - www.piccircuit.com]
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DATA ACQUISITION
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& . EXPERIMENTAL PROCEDURE
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COMPARISON OF STRETCH REFLEXAMPLITUDE
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COMPARISON OF KNEE ANGULAR DISPLACEMENT

Extension

Flexion Leg movement oscillations

Knee angular displacement {Degrees)

Reflex response
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fime (ms)

Chart Title
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Movement latency (ML)

Total PTR response time (TPTR)

Resting angle (RA)

Peak extension angular
displacement (PEAD)
Peak flexion angular

displacement (PFAD)

Angular velocity (AV)

Peak — to- Peak amplitude

MMG Amplitude
MMG Frequency

Reflex mediated peak EMG

amplitude

Tendon tan force (TTE)

Milliseconds

Milliseconds

Degrees

Radians

Radians

rad / sec

Millivolts

Volts

Hz

Millivolts

Newtons

OUTCOME VARIABLES UNITS DEFINITION

Duration from the point of tendon tap to the onset of

first movement of leg into extension.
Duration of total deep tendon reflex response.

The absolute angle at the Knee or Ankle in resting
position
Maximum angular change in the response curve from

the baseline to the peak (Degrees of knee extension)
Maximum angular change in the response curve from
the peak to the baseline (Degrees of knee flexion)

Rate of angular displacement occurring due to
biomechanical movement during PTR response
Difference between highest amplitude value and

lowest amplitude value

Amplitude of muscle activity
Frequency of muscle oscillations

Reflex-mediated peak EMG signal of the quadriceps

muscles

Degree of impact force measured during tendon



ADVANTAGES

Non-invasive tool

Can yield quantitative data
Inexpensive

Portable

No skin preparation is required - Less discomfort to the
patient

Can not be influenced by external noise

LIMITATIONS

The data is processed offline due to which real time results are
not possible.

Data processing is tedious

* The device usage requires minimal computer knowledge.

Needs to verify its accuracy in different clinical scinarios.



APPLICATIONS OF MECHANOMYOGRAPHY

* MMG can be applied to measure the fatigue threshold.

* Useful tool in clinical diagnosis in various rehabilitation
interventions.

* To study the muscle function during dynamic activities
such sports activities.

* To monitor training induced changes in muscle power
output and other areas of muscle function assessments.

* To diagnose neuromuscular and neurological diseases
* Assessment balance and gait analysis.

It is applicable to all population (Paediatrics to
Geriatrics) and to all form of muscle activities (Static and
Dynamic muscle contractions)



MMG is a non-invasive indicator of muscle function of
experimental and clinical importance.

The MMG along with electromyography provides an useful
quantitative data of muscle stretch reflexes.

The information of MMG signal frequency and knee angular
velocities could provide a valuable information.

It has more advantage compared to the conventional qualitative
reflex grading scales.

Inexpensive, and user friendly, screening tool that can be
utilized clinical practice.
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Background

Deen tendon reflex (DTR) also
known as myotatic stretch reflex is
a monosyaaptic reflex. A stretch
reflex is an involuntary response of
a muscle to passive stretch. Eliciting
tendon reflexes is an  important
scroening tool im assessing the
Integrity of the meural system [11)
This test is commonly used in clinical
practice because it i a simple pro-
cedure and can be performed quickly
with ease. Assessment of DTR is roe.
tinely wsed to evaluate varous
clinical conditions such as stroke,
traumatic benin injury, peripheral
neuropathy and thyrold dysfunctions
[4]. One of the major disadvantages
of the traditional climical examin-
ation of tendon reflex test is varia.
bility within the subject and between
subjects [15,14]. Conventionally the
tendon reflexes are described in
qualitative terms such as brisk, slug-
qish or expressed in semi-quantitat-
ive rating scates in the form grading

[13]. Tendon reflaxes ame ctinkcally
evaluated by reflex grading scales
such as NINDS (National Irstitute
of Neurological Disorders and stroke)
scale or by Mayo clinic scale, These
scales lack temporal cata and may
also wvary in  elucdation [6].
Besides, the inter-observer reliability
of these scales is uncertain [8], This
Intriesic disadvantage of qualitative
asessment of OTRs  emphasizes
the need for the implementation
of objective methods, The electro-
diagnostic  technigues ke ENG
(Blectromyography), Nerve conduc-
tion studies are widely used to
quantify tendon jerks but these
methods are sublect to dificulties
concerning the placement of electro-
des, need expensive experimental
setups and restricted only to research
institutes and specialized clinical
setups  [10). Heace, Improved
methods and instruments are
requited to guarantee qQuantitative
evaluation of the tendon reflex test
in clinical practice, This paper
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ARTICLE INFO ABSTRACT

Insroducrion: Deep tendan reflex

s a part of the and a wide varicty of

neurological and neuromuscular disorders manifest alterations in deep tendon reflex responses. Conventional
mﬂhodsmmtmdmrzﬂauln(hnlmmsﬂrﬂvedw&md‘lhm@lm

be adequate in the

Hence, a to provide an objective outcome of
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tendon reflex respanses.
Materials & meshods: A

1 study was lnwhdmyﬂm-gadhﬂw:nm-ndﬂvm

Assessment of the tendon reflex was performed using wearable i into
MAmxmqummmemmwmammmm
Results: Analysis of phase — 1 results of the subjective assessment showed high interrater variability and signif-
icant bilateral FTR test variability. Whereas the results of the objective assessment showed that the bilateral PTR
test variability is minimal by both the assessars. However, the resalts of all quantified PTR test varishles showed

tendoa reflex quantification toal is noa — Invasive, portable and inexpensive that can be used for field studies in
different clinical conditions.

1. Introduction

Reflex is a inborn, involuntary and stereotypic response to a stim=
ulus, and for any reflex to be present, an intact reflex arc is a must.’ The
evaluation of deep tendon reflexes (DTR) is one of the essential com-
ponents in clinical examination of the nervous system. Assessment of
ﬁslaﬂmnﬂmummﬂdn:ﬂmﬁlu i ing and

and disorders.”," Therefore,
i i ics of tendon refelexes provides
valuable um;h mm unedngnmxsmd pmgmsn of the patient’s
, the o assess
l!:lu\dunuﬂemmsﬂm-qunnﬂnn\-emﬁugndmxmhdb
pend.lmthg iner's visual jud, Ao i Institute

and .” Patellar tendon
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Pathological alterations in these reflexes are important signs of neuro-
logical diseases and distinguishing between delayed or exaggerated PTR
responses may help to detect neurological disorders.”,” The reflex la-
tency and amplitude of PTR response may vary in people with
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assessment.'” But, these scales lack temporal data and have high
i ** Therefore, improved tools and

required mquannfym responses accurately to enhance the utility of
DTR examination. The objective of this stidy was to improve the clinical
utility of DTR by ifying the PTR ki ic features
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