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Summary: Sanctioning bodies that govern physical therapy practice have shifted their focus to pro-
moting methodologies and technologies that ensure the objectivity and reproducibility of examina-
tion techniques to maximize patient outcomes as well reimbursement rates. This article examines
isometric practices established in the existing literature and gives recommendations for the imple-
mentation of a novel strain gauge technology that allows for the quantification of mechanical load-
ing under the scope of knee-joint osteoarthritis management.

Abstract: Isometric exercises for physiotherapeutic rehabilitation are often prescribed, with little
quantification of the load being prescribed. This article aimed to provide a framework and practi-
cal examples of how the physiotherapist may take a more quantitative evidence-based approach to
isometric assessment, monitoring, and exercise prescription of knee osteoarthritis, by integrating a
strain gauge into their practice. Strength measures to monitor were discussed. A series of fourteen
studies were reviewed, with the intent of identifying isometric exercises that had been utilized in
the rehabilitation of knee osteoarthritis. Of the fourteen studies, the three most identified isometric
exercises were seated knee extension, knee flexion, and the supine straight leg raise. The integration
of strain gauge technology with these exercises provided the focus of the remainder of the article.

Keywords: isometric exercise; knee osteoarthritis rehabilitation; strain gauge device; physiothera-
peutic practice; exercise quantification

1. Introduction

The American Physical Therapy Association, published a vision statement, titled:
“Vision 2020”, which served as a “call to arms” for the maturation of the physiotherapeu-
tic profession, specifically citing evidence-based medicine as a priority. This was funda-
mentally centered on reinforcing the objectivity of the examination and intervention pro-
cesses by implementing modern technologies in the interest of justifying reimbursement
in the wake of changing healthcare policies. It has created an initiative to provide physical
medicine professionals, such as physiotherapists, with tools that are user-friendly, help
synthesize and interpret data, yet are also cost-effective choices. This “call to arms” and
integration of strain gauge technology in the isometric training of the knee in everyday
physiotherapeutic practice, provides the focus of this paper.

Isometric translates to ‘the same length’, so an isometric contraction, also known as
a static contraction, is performed by increasing tension in a muscle while keeping its
length constant [1]. The definition of isometric contraction at a musculotendinous level is
not technically correct as what happens in an isometric contraction against an immovable
object, is that the muscle contracts and the tendon lengthens the magnitude of both these
changes depending on the stiffness-compliance of the tissues involved. For example, there
will be very little tendon lengthening if it is naturally stiff. Irrespective of the stiffness-
compliance of the tissues, there is length change within the muscle and so defining iso-
metrics as a zero-velocity contraction, or no change in range of motion, is strictly more
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correct. Isometrics as a zero-velocity contraction sits between the eccentric and concentric
force-velocity curves as denoted in Figure 1. Isometric contractions allow individuals to
produce a greater force (maximal voluntary isometric contraction — MVIC) than a maxi-
mal concentric action otherwise known as a one-repetition maximum (1RM).

Force @  Eccentric (lengthening) contraction

e Isometric (zero velocity) contraction

9 Concentric (shortening) contraction

Lengthening Shortening
Velocity Velocity

Figure 1. Force velocity relationship.

Isometrics have enjoyed a resurgence in popularity in recent times, this being at-
tributed to many reasons: 1) isometric assessments are typically easy to administer, safe
and a more time-efficient method to measure maximal strength than traditional 1RM test-
ing [2]; 2) it's a reliable way to test maximal strength and peak force in youth and adult
athletes [3]; 3) some of the performance variables from isometric assessments have been
shown to significantly correlate to athletic movements such as the vertical jump and sprint
speed [4]; 4) isometrics can be performed at multiple angles and can be used to train “weak
points/sticking regions’ [5]; 5) isometrics can provide variability to your programming; 6)
in some activities or sports, isometric strength is key to performance e.g. isometric core
strength of sprinters to combat angular momentum of the limbs; 7) isometric contractions
results in less fatigue compared with high intensity concentric contractions; 8) produces
less stress on the body, due to lower impact forces, reducing injury risk [6]; (9) isometrics
as a training method can be used in training programs to develop strength, power, muscle
size and tendon stiffness; 10) one of the greatest benefits is its accessibility, being that it
can take place anywhere at any time, whether sitting in a plane or working out in a gym
and, 11) effectively improves one’s strength after injury whilst minimizing pain and risk
of reinjury [7].

Isometric exercise plays an important role in physiotherapeutic practice as part of
rehabilitation from many different injuries. This is exemplified none more so with the
knee, with isometrics being prescribed for the rehabilitation of osteoarthritis of the knee
[7-15]. Interest in isometric training spiked after Rio et al. [7] reported significantly greater
pain relief following a single session of isometric exercise as compared with isotonic ex-
ercise. Researchers subsequently have compared isometric and isotonic exercises for pa-
tellar tendinopathy-related rehabilitation, with many noticing greater pain relief from iso-
metric contractions [12-14]. The effect isometric exercise has on the reduction in pain has
been attributed to how it affects cortical changes with antinociceptive effects, including a
release of intracortical inhibition [7]. The isometric rehabilitation of the knee provides the
focus of this article.

One of the limitations noted when reading research using isometric exercise for re-
habilitation in physiotherapy is the lack of load quantification. In terms of monitoring
progress and prescribing load, the majority of the studies participant's exercise intensity
is quantified as an RPE or a % of max effort. In general, however, there is very little objec-
tive quantification of load intensity. Quantification of the mechanical load that tissue is
exposed to is important in terms of cellular signaling and tissue remodeling i.e., mecha-
notransduction [16]. So, metrics such as force (mean and peak), the force applied over a
certain time (impulse), the force associated with a change in muscle length (work), and/or
the rate at which the force is applied (rate of force development — RFD) are important in
terms of optimizing mechanical overload and therefore tissue remodeling.
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Given the limitations of load quantification with isometric training in physiothera-
peutic practice, and the importance of understanding this in terms of mechanotransduc-
tion, this article aims to provide a framework and practical examples of how the physio-
therapist may take a more quantitative evidence-based approach for isometric assess-
ment, monitoring, and exercise prescription by integrating a strain gauge into their prac-
tice. Furthermore, the knee will provide the focus for this implementation.

1.1. Strain Gauge Integration

The strain gauge is a device that can be used to quantify the strength/force output of
various muscles, during a myriad of exercises. Force applied from muscles distorts an S-
Beam load cell and this deformation produces a voltage change within the device, which
is then converted to a digital reading of load/weight/force. The strain gauge shown in
Figure 2 can detect both tensile (pulling) and compressive (pushing) forces depending on
the attachments being used as shown in Figures 3 and 4. The strain gauge shown
(TruStrength, Auckland, NZ) can measure forces up to 1000 kg or 10,000 N, which is
needed if you are measuring movements like isometric mid-thigh pulls and squats. How-
ever, smaller strain gauges could be used depending on the needs of the user. This model
also collects information (sampling rate) at 1000 Hz, which is thought important for accu-
racy when measuring time series data such as rate of force development (RFD) or impulse
at 200ms. The strain gauge is a highly portable and reliable device, that has high utility as
shown in Figure 3 and 4 where it can be attached to a rack to measure a multitude of
isometric movements depending on the attachments.

Figure 2. Strain Gauge and attachments.

Figure 3. Strain gauge affixed to rack using push plates.
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Figure 4. Strain gauge affixed to rack using ankle strap.

1.2. Strain Gauge Integration for Assessment and Monitoring

In terms of assessment and monitoring of strength or force capability, a simple model
is provided that gives insight into three strength qualities that could be monitored and
developed in the rehabilitation process (see Figure 5) i.e., strength-force endurance/im-
pulse or mean force, maximum strength/peak force, and explosive strength/rate of force

development (RFD).
Volume | = ° " " «
Strength Maximum s | Explosive
Endurance Strength  +; , Strongth
Intensity
Early Rehab Mid Rehab Late Rehab

Figure 5. Periodized model for progressing strength training qualities during early to late stages of
rehabilitation.

Strength endurance is the ability to sustain muscular force without fatiguing. This
applies to both dynamic and static/ isometric contractions. It provides the base of the train-
ing pyramid, and exercise prescription is typically high-volume and low-intensity mus-
cular contractions. Max strength is defined as the ability of the neuromuscular system to
produce a maximal voluntary force, which in isometric terms is referred to as an MVIC.
With this type of training, there is an increase in intensity and a decrease in volume. Fi-
nally, explosive strength describes one’s ability to produce force in very short time peri-
ods, otherwise known as rate of force development (RFD) and sits at the top of the pyra-
mid as the contractions are high intensity in nature. The progression of these strength
qualities is diagrammatized in Figure 5, where rehabilitation begins with low-intensity
muscular work incorporating higher volumes. At the other end of the progression is the
training of RFD which is typified by high intensity (explosive) — low volume type of mus-
cular contractions i.e., late-stage rehab.

Implicit in the systematic progression of these strength qualities is the ability to assess
and monitor changes in their status. Strain gauge technology can not only provide a means
of quantifying isometric overload, but also provide the practitioner with data about
changes in these strength qualities (enhanced diagnostics).
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1.2.1. Strain Gauge Assessment of Strength Endurance (Impulse)

The various strength qualities have an equivalent force measure that can be deter-
mined from the force-time data provided by the SG software. Working with injured cli-
ents/athletes, it is also possible to calculate the degree of asymmetry or strength deficits
between the injured and non-injured limbs.

The strain gauge can be used in three ways to monitor changes in the strength endur-
ance of clients. First, the change in initial force production can be measured and compared
to the final force output via a fatigue index (FI = Final/Initial x 100) for isometric contrac-
tions, an example of which is shown in Figure 6. The intention is to reduce the level of
fatigue over time by increasing strength endurance. Strength endurance is measured over
multiple repetitions (e.g., > 20) or over longer time periods (e.g. 20-30 s) with moderate
resistance while maintaining a consistent force.

Fatigue Index:
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Figure 6. Assessing static/isometric strength endurance by calculating the fatigue index.

Two other methods to assess and monitor changes in strength endurance involve
comparing the mean force and impulse between limbs and testing occasions (see Figure
7). The mean force is simply the averaged force over the entire signal. Impulse is a measure
of the magnitude of the force applied and the time over which it acts and is calculated as
the area under the force-time graph. Increases in mean force or impulse over the same
time period mean that the client/athlete is applying a greater overall force i.e., force en-
durance. However, it needs to be ensured that the SG device can quantify such measures
to use such diagnostics. The instructions for assessing strength endurance should involve
verbal cues such as, “produce as much force as you can for as long as you can.”
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Figure 7. Assessing isometric strength endurance by quantifying mean force (average of all points
on the black line) or impulse (grey area under the curve).

1.2.2. Strain Gauge Assessment of Maximal Strength (Peak Force)

The strain gauge can be used to assess and monitor improvements in maximal
strength by comparing peak force values between interventions. The peak force can be
measured during an isometric or dynamic contraction as shown in Figure 8. It needs to be
ensured that the client/athlete uses a ramped (steadily increasing) contraction over 5-6
seconds to attain this measurement. Also, peak force can be normalized to body mass i.e.,
Peak force/body mass = N/kg. This allows the comparison of maximal strength between
clients/athletes/sexes and accounts for any changes in body mass between testing occa-
sions. Instructions for assessing maximum strength could be, “produce the greatest
amount of force possible” or “push or pull as hard as you can.”
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Figure 8. Quantifying differences in isometric maximal strength as a change in peak force.

1.2.3. Strain Gauge Assessment of Explosive Strength (RFD)

The strain gauge can be used to assess explosive strength via the calculation of RFD.
It can be read on the graph where an isometric contraction RFD is calculated from the
slope of the force-time curve [17,18]. However, there are many ways to calculate RFD,
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from taking the time from the onset of the contraction to the peak force to finding the peak
RFD over the entire force-time signal. In Figure 9 you can observe two curves that have
the same peak forces, however, the maximum force in curve A occurs early and therefore
this curve has a higher RFD as denoted by the slope of the red line as compared to curve
B.

The instructions for assessing explosive strength could be to focus on applying force
by, “pulling or pushing as fast and as hard as you can, to generate maximum force in the
shortest time possible.”
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Figure 9. Force time curve for RFD.

1.3. Strain Gauge Integration for Exercise Prescription and Recovery

The general adaptation syndrome (GAS) describes how the body requires stress to
allow for adaptation [19]. As can be seen in the diagram (Figure 10) when the muscles are
overloaded such as with isometric training, they experience fatigue and a loss in force
capability. When the exercise stimulus ceases, the muscles begin the recovery process and
can recover, whereby they become stronger than the previous baseline status i.e., super-
compensation. If another isometric exercise bout is not prescribed in a timely fashion, then
the strength/force capability will revert to baseline or homeostasis. Alternatively, if iso-
metric training is prescribed during the recovery compensation phase when the client/ath-
lete hasn’t adequately recovered then there is a possibility of cumulative fatigue, compro-
mised adaptation, and potential overtraining and injury.

The general adaptation syndrome highlights the importance of knowing when and
how an applied workload has significant effects on adaptation. Integrating load cell tech-
nology throughout this process can lead to better analysis and therefore timing of training
for better adaptation. For example, understanding the mechanical stress (force-length)
that you are prescribing during isometric training will help understand the magnitude of
the overload and fatigue and help avoid excessive overloading or underloading. Also, it
provides baseline data for you to progress on ensuing occasions. During the compensation
and super-compensation phases you can use the load cell to monitor fatigue and recovery
status, and possibly distinguish when the client/athlete is ready for another exercise bout
i.e., whether or not the individual is still fatigued and underperforming and needs more
rest. In short, the strain gauge can be used to identify the optimal time for the next training
stimulus and therefore could assist in more effective knee rehabilitation.
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Figure 10. Diagram of the general adaptation syndrome and where the strain gauge can be inte-
grated.

2. Exercises and Progressions

In the following section, an exemplar will be given of how the strain gauge can be
integrated into the rehab of a specific pathology, in this case, osteoarthritis of the knee.
First, a selection of training studies have been reviewed with the intent of identifying the
isometric exercises that have been utilized in the rehabilitation of knee osteoarthritis. The
exercises and equipment prescribed as well as the number of sessions, duration, repeti-
tions, intensity, and methods of quantification are detailed. Thereafter examples of strain
gauge integration are given.
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Author/ Study

Exercise/ Equipment

Loading Parameters

Yadav et al., 2017
e Ankle plantarflexion
e Ankle dorsiflexion
e Knee flexion
e  Knee extension
e  Hip flexion
e Hip extension

e  TheraBand equipment

e  3x per week for 4 weeks

e 30 mins duration

e 1 set of 8 repetitions in 1st and 2nd week

e 3 sets of 12 repetitions in 3rd and 4th week.
¢ No intensity mentioned

e  No quantification mentioned

Abdel-aziem et al., 2018
e Isometric quad contraction in full knee ex-
tension
e  Straight leg raise in crook lying position
@45 degree

e  Dynamometer

e  3x per week for 4 weeks
e Ex1-5sechold, 20 reps
e Ex2-6sechold, 3x 10 reps
¢ No intensity mentioned

e No quantification mentioned

Kilinc et al., 2020
o  Knee flexion/ extension @ 0-, 30-, 45-, & 60-

degree joint angles

e Both knees 3x per week for 4 weeks

e 3reps at max effort for 5 s hold at each angle

Onwunzo et al., 2021
e I[sometric quadriceps (1st set)

e  Straight leg raise exercises (Both = 2nd set)

e 3x per week for 6 weeks

e 50 min duration

e st set performed five times a day, with a
slow count of one to five in the first three
weeks

e  2nd set performed five times a day, with a
slow count of one to five in the fourth to sixth
week

¢ No intensity mentioned

e No quantification mentioned

Nagqi et al., 2021

e  Isometric quadriceps

e  6x per week for 4 weeks

e 10repsheld for 10 s

o Towel ¢ No intensity mentioned
¢  No quantification mentioned
Rosa et al., 2012 e  Every third day for 8 weeks

e  Standing with the leg extended, the thigh

is held in a contraction (1)

e (1) Standing with the leg extended, 10 sets of
10 contractions and relaxations of the thigh

with a duration of 5 s each were carried out;
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Isometric quad contraction in full knee ex-
tension (2)

Standing with the hip in abduction and the
knee in flexion, with the contralateral leg in
a neutral position (3)

Standing exercises were conducted for the

toes, inward and then outward for 5 s (4)

there within 45 s of rest was allowed between
each set.

(2) 5 s hold followed by relaxation, repeated
10 times and then on the opposite leg; be-
tween each set there was a time for a rest of 45
S.

(3) 10 repetitions with rest between sets; this

was repeated with the opposite leg.

Isometric quadriceps (1)
Straight leg raising 10 cm (2)

Isometric hip adduction exercise (3)

Towel

Pillow

e 2x Towels (4) 5 s and repeated 10 times
No intensity mentioned
No quantification mentioned
Anwer et al., 2014 5x per week for 5 weeks

10 repetitions

1 set of all exercises was performed twice a
day for the 1st week. Progressed to 2 sets
twice a day until the 3rd week and 3 sets
twice a day until the 5th week.

(1) 5 s hold

(2) lift the leg up to 10 cm above the plinth,
hold for 10 s

(3) 5shold

No intensity mentioned

No quantification mentioned

Saleki et al., 2013

Knee Isometric exercises were used in 3 an-

gles, 0°, 45°, and 90° of knee flexion

2x per day for 4 weeks

Each angle was held for 6 s, repeated 6 times
in every angle

No intensity mentioned

No quantification mentioned

Topp et al., 2002

0° of dorsi- and plantarflexion

10° of knee flexion when performing knee
flexion and extension

10° of hip flexion and 10° of hip extension
Maximum resistance Thera-Band elastic
bands

3x per week for 16 weeks

Weeks 1 and 2, each subject performed 1 set of
8 repetitions while producing mild or sub-
maximum muscle tension during the exercise
with a 3-5 s hold at each joint angle

After 2 weeks, they increased to maximum
muscle tension for 3to 5 s

Subjects increased the number of repetitions
and/or sets of repetitions every week in a
scheduled progression of training outlined in

their exercise booklets.
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Progression of training continued until weeks
9 to 16 each subject performed 3 sets of 12 rep-
etitions of each exercise with a 2 min rest be-

tween sets (approximately 50 min).

Hasan. S (2015)
e  Isometrics quadriceps exercise (1)

e Terminal knee extension exercise (2)

o Towel

5 days per week for 3 weeks
(1) 3 sets x 10 reps each side
(2) 3 sets x 10 reps each side
Maximal contraction

No quantification mentioned

Rutherford et al., 2011

e (1) knee extension at 45° of knee flexion
(KE45) in sitting

e (2) knee extension at 15° of knee flexion
(KE15) in supine

e (3) knee extension-hip flexion at 45° of
knee flexion and 90° of hip flexion (KEHF)
in sitting

®  (4) knee flexion at 55° of knee flexion
(KF55) in sitting

e (5) knee flexion at 15° of knee flexion
(KF15) in supine

e (6) knee flexion at 55° of knee flexion
(prone KF55) in prone

e (7)sitting plantarflexion with the ankle in
neutral

e  (8) standing unilateral plantarflexion.

One-off test

Two sets of three-second maximal isometric
contractions were completed for each exercise
Participants were instructed to provide maxi-
mal efforts on each trial

A minimum 60 s rest period separated each

contraction

Huang et al., 2017
e  Straight leg raising 10 cm lift (1)
e  Side lying straight leg lift 10 cm (2)

e  Seated isometric hip adduction with a ball

2sets of each exercise performed twice per day
3months duration

(1) 10 reps of 10 s hold, 2 s rest

(2) 10 reps of 10 s hold, 2 rest

3) (3) 20 reps of 10 s hold, 2 s rest
e Ball No intensity mentioned
No quantification mentioned
Tok et al., 2011 5 days per week for 3 weeks

e  Isometrics quadriceps exercise

e Pillow

20 min duration
10 s contraction and 20 s rest in between
No intensity mentioned

No quantification mentioned
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Choi et al., 2015 e 3x per week for 8 weeks
¢ Quadriceps isometric exercise e 20 min sessions
e Hand Towel e  Maximal contraction for 5 s
e 10srest

Prone Knee Flexion

Muscle length Long muscle length Mid muscle length Short muscle length

(~10 degrees) (45 degrees) (90 degrees)

Image

Force production at long, mid,

and short muscle lengths during

Long Muscle
knee flexion. Length
0w
£
il
m -
S Mid Muscle
© Length
[z}
7]
=
=
Short Muscle
Length
0 10 20 30 40 50 60 70 80
Force (N)

Description/ standardisation: Patients lie on stomach with legs extended. Ankle strap is attached to the ankle which is flexed.
The knee is then bent to each muscle length either; long (LML) (90 degrees), mid (MML) (45
degrees) or short (SML) (10 degree approx.). Patient then holds leg at this length for a given
time to produce force readings like those shown in the figure.

The specifics of the studies (n=14) reviewed are described in Table 1. The isometric
quadriceps exercise was prescribed in eight studies, followed by knee extension/ flexion
at different joint angles in six studies, and the straight leg raise was used in four studies.
All these exercises focused on quadriceps strengthening, which has been noted to improve
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knee osteoarthritis pain and function, as well as protecting against knee joint damage and
progression of existing osteoarthritis [20]. For example, Anwer and Alghadir [12] stated
‘isometric quadriceps’ exercise has been proven effective, ‘in increasing the range of mo-
tion, leading to good function and a decrease in pain in patients diagnosed with osteoar-
thritis of the knee’ (pg. 747). They also acknowledged similarly the use of the isometric
‘straight leg raise’ for the same purpose, which was used in four of the studies above. The
use of knee flexion also targets the quadriceps muscles, one study reporting that even
isolated knee extension and flexion exercise can induce large improvements in strength,
particularly in the more painful knee joint [21]. Hence why these three exercises are reoc-
curring within the studies.

The loading parameters for the different exercises were not clearly stated in all the
papers. For knee flexion/extension, three studies noted the use of maximal effort contrac-
tions, with only one specifying the progression from submaximal contractions in the first
two weeks to maximal contractions after week two [10, 22-23]. For the isometric quadri-
ceps exercise, two research groups used maximal contractions only [24, 25]. There were
no loading parameters mentioned, however, from studies that included the straight leg
raise. In terms of isometric contraction durations, 3 to 6 s holds were prescribed for the
knee flexion/extension exercises. The number of repetitions prescribed ranged between 2
to 12 reps. The isometric quadriceps contraction durations ranged between 5 and 10 s and
5 to 20 repetition ranges. Similarly, the isometric leg raise contraction durations ranged
between 5 and 10 s and 5 to 10 repetition ranges.

Of the eight studies that used the isometric quadriceps exercise only three reported
their rest intervals, which were 10-20 s after each contraction [25, 26] and 45 s rest after
each set [27]. For the knee flexion/ extension exercise only one research group reported
rests of at least 60 s between contractions [23], and another noting 120 s rest periods be-
tween sets [22]. With regards to the straight leg raise only one study reported a rest period
of 2 s between repetitions. In summary, the rest periods between repetitions and sets var-
ied a great deal between studies.

The following table outlines how strain gauge technology may be integrated into the
isometric exercises to provide quantitative feedback on the loading of a patient. It needs
to be noted that this process could be implemented with any pathology, however, in this
case knee osteoarthritis is used as an example.

Seated knee extension

Muscle length Long muscle length Mid muscle length Short muscle length

Picture

Image

Description Patients sit upright with knee on edge of plinth/seat. A towel is rolled up and positioned under the knee and a strap
is attached around the ankle which remains in a flexed position. The strap is adjusted for each muscle length and the
patient contracts the quadriceps for a given time with foot flexed and knee pressing down into towel.
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Supine straight leg raise

Picture
Image
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: & & Mid Muscle
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straight leg =

raise. Short Muscle

Length
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Force (N)

Patients lay in a supine position on back. They bend both knees with feet flat on bench. The leg that the ankle strap
Description  is attached to is then lifted into the air to each strap height according to the different muscle lengths/range of mo-
tions. They then hold the contraction during the lifting phase for the given period of time.

3. Conclusion

Isometric training is commonly prescribed in rehabilitation settings, or early in phys-
ical preparation plans as a means to increase neuromuscular, musculoskeletal, and pro-
prioceptive function. It is thought that the aforementioned improvements will later trans-
fer to dynamic performance once specific movement patterns are integrated into the phys-
ical preparation plan. However, isometric training in physiotherapeutic practice can be
very qualitative in terms of monitoring, assessing, and exercise prescription. This article
addressed the concerns of the American Physical Therapy Association, requesting a “call
to arms” for the maturation of the physiotherapeutic profession, specifically citing evi-
dence-based medicine as a priority. The integration of strain gauge technology in every-
day practice is one such solution and provided the focus of this paper.

The integration of strain gauge technology allows the practitioner a better under-
standing of mechanotransduction, a process that is important in understanding the effects
that certain mechanical variables have on cellular signaling and tissue remodeling. Ulti-
mately it is mechanical variables like force, length, and velocity (zero velocity in the case
of isometrics), that drive adaptation and optimize the repair and remodeling of injured
tissue [16]. Khan and Scott reported that mechanotransduction was not being taught as an
important biological principle in physical therapy and medical programs, which they
thought was a major failing of medical education. With the integration of strain gauge in
practice, and consequently constant mapping of loading and monitoring of tissue and
movement recovery, the fundamentals of mechanotransduction can be implemented, and
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as such a mechanotherapy approach can be taken to the healing of tendon, muscle, carti-
lage, and bone.

Finally, the strain gauge is a portable, affordable, and flexible device that can be used
for assessment, monitoring, and exercise prescription across a multitude of pathologies.
Knee osteoarthritis was used as an example in this article; however, the device and the
many attachments allows the user to quantify the force output of many different move-
ments and resistance types. With continued use by the physiotherapist, from objective
examination to a rehab by-numbers approach to patient care, it is envisaged that the re-
habilitation and return to activity pathway of the client will be better optimized.

4. Patents

The device listed in this article has been patented and is covered under application
number 16/520,089
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