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Purpose. This study was aimed at comparing the effects of TheraBand and theratube eccentric exercises on quadriceps muscle
strength in young adults. Methods. Thirty young adults (19 females, 11 males) participated in this pretest-posttest experimental
study. Participants were randomly assigned to one of the two groups: TheraBand and theratube groups. They received the
training intervention 3 times a week for 4 weeks (12 sessions) with progression after 2 weeks. Maximum eccentric quadriceps
strength was assessed using the Biodex isokinetic dynamometer system. Additionally, quadriceps muscle mass was measured
using a tape. Results. Both groups showed a significant improvement in the peak torque of the eccentric isokinetic quadriceps’
strength after weeks 2 and 4. Strength change in the quadriceps was nonsignificant in the theratube group compared to the
TheraBand group after 4 weeks of training (p < 0:05). There was no increase in muscle mass during the 4 weeks of training in
any group (p > 0:05). Conclusion. Both the TheraBand and theratube are equally effective in the strengthening of the quadriceps
muscle in young adults. Therefore, either the TheraBand or theratube may be used according to the availability and feasibility of
the subjects for training intervention.

1. Introduction

Stability of the knee joint during locomotion is mainly sup-
ported by the lower limb muscles. The quadriceps muscle
may easily get fatigued due to weakness, resulting in poor
neuromuscular control causing pathological movement at
the knee joint. Additionally, weakness may also decrease
the shock absorption capacity, resulting in increased loading
on the knee joint. Consequently, quadriceps dysfunction may
contribute to early degenerative changes [1].

Results of past studies have suggested that quadriceps
weakness is a modifiable risk factor for progressive and
symptomatic knee osteoarthritis (OA) [1–3]. Previous stud-
ies have suggested reduced quadriceps muscle mass in people
with knee OA compared to age-matched controls [4, 5]. A
growing body of evidence reported a positive correlation

between muscle strength and mass [1–3]. While weakness
in the quadriceps muscle can be functionally significant, it
may be a potential risk factor for causing early onset knee
OA [6, 7]. Some studies reported weakness of the quadriceps
muscle prior to the development of knee OA. For instance,
Omori et al. [8] reported weakness of quadriceps strength
in asymptomatic women with radiographic knee OA with
no pain or muscle atrophy. Additionally, a previous system-
atic review indicates quadriceps muscle weakness, which is
a general risk factor causing the development of knee OA [9].

Resistance or strength training of the quadriceps has been
used to reduce pain and improve knee function in people
with knee OA [10]. There is a correlation between knee pain
and muscle weakness as knee pain may cause atrophy and
weakness of surrounding muscles [11]. It is also suggested
that a reduced quadriceps sensory and motor function may
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result in the progression of knee OA [12]. Another study
found weakness of quadriceps muscles in the absence of knee
pain or muscle atrophy, which indicates that the quadriceps
weakness may be due to muscle dysfunction [13]. Therefore,
it was suggested that the weakness of the quadriceps muscle
was possibly a primary risk factor for increased knee pain,
reduced function, and progressive joint damage in people
with knee OA [14].

While there is no direct evidence to support the positive
effects of quadriceps strength training on the incident or
progression of knee OA, strength training may reduce pain
and improve knee function in people with knee OA [15].
Therefore, more interventional studies are required to exam-
ine the role of strength training regimens in reducing the
risk of knee OA and protecting against functional loss in
people with knee OA [1]. Hostler et al. [16] evaluated the
effects of a resistance training program using an elastic band
in young adults, and they found skeletal muscle adaptations
following a short-term resistance training. However, weak
muscles may find difficulty to perform resistance training
using an elastic band, especially near the end of the range
of motion, where the muscle is in a shortened position and
the resistance of the material is greater [17]. The low cost
and easy availability of elastic bands or tubes make this a
highly versatile tool for resistance training during a thera-
peutic exercise program. Additionally, they are also useful
for home-based therapeutic exercise convenient for people
with knee OA [18, 19]. Furthermore, Mikesky et al. [20] sug-
gest that home-based resistance training using elastic tubing
is feasible and effective to improve muscle strength for older
adults (average age = 71:2 years). Patterson et al. [21] quanti-
fied elastic resistance of TheraBand tubing during knee reha-
bilitation exercise. A recent systematic review suggests that
elastic resistance training can promote strength gains com-
parable to conventional resistance training [22]. More
recently, a study was conducted in Malaysia, which showed
that variable resistance training with resistive bands pro-
duced significantly better strength and endurance compared
to combined weight and chain exercise in healthy adults
[23]. The TheraBand® product’s affordability, availability,
and portability make it ideal for worksite training, rehabilita-
tion in hospitals, or in-home use. Therefore, primarily, this
study examined the effects of TheraBand and theratube
eccentric exercises on quadriceps muscle strength in healthy
young adults. Secondarily, this study evaluated the effects of
TheraBand and theratube eccentric exercises on quadriceps
muscle mass in healthy young adults.

2. Materials and Methods

2.1. Participants. Thirty asymptomatic healthy collegiate
athletes (19 females, 11 males; age 18 to 30 years) from the
department of rehabilitation sciences, Hamdard University,
New Delhi, India, participated in this pretest-posttest exper-
imental study. Each participant was screened by a physician
to rule out any medical conditions that may preclude to
participate in the exercise intervention. Individuals with a
history of trauma to the lower extremities, systemic inflam-
mation (e.g., rheumatoid arthritis and gout), or low back

pain or who participated in a knee rehabilitation program
in the last 6 weeks were excluded. The study protocol was
approved by the research ethics committee, Hamdard Uni-
versity, New Delhi. A written informed consent was obtained
from each participant.

2.2. Study Design. The study was a two-group pretest and
posttest experimental design. Participants were randomly
assigned to one of the two groups: TheraBand (TBG, n = 15
) and theratube (TTG, n = 15) using a computer-generated
random number [24]. Both groups received eccentric exer-
cise of the knee for 4 weeks (Figure 1).

2.3. Outcome

2.3.1. Measurement of Muscle Mass. The muscle’s circumfer-
ence of the thigh was measured by a measuring tape and
compared to determine the amount of quadriceps muscle
mass in the dominant leg. Measurement of thigh circumfer-
ence was performed at 15 cm proximal to the superior pole
of the patella [25]. Measurements were taken at baseline,
week 2, and week 4.

2.3.2. Measurement of Eccentric Strength of the Quadriceps
Muscle. Eccentric strength of the quadriceps muscle (e.g.,
peak torque) in the dominant leg was measured using a cali-
brated Biodex isokinetic dynamometer (System 4) (Figure 2).
The subjects were made to sit in a position such that the
backrest reclined 5° from the vertical and the knees flexed
at 90°. The straps were fastened to stabilize the subject’s
thigh, pelvis, and trunk to avoid compensatory movements.
The dynamometer axis and lever arm were aligned with the
axis of knee rotation (e.g., lateral femoral epicondyle) and
distal leg (5 cm above the medial maleolus), respectively, to
allow full ankle dorsiflexion [26]. The eccentric peak torque
of the knee extensors of the dominant leg was recorded at
60°/s. Three maximal attempts were made, and the highest
value was used for data analysis. Measurements were taken
at baseline, week 2, and week 4.

2.4. Description of TheraBand and Theratubes. Elastic resis-
tive bands such as TheraBands and theratubes are commonly
used to improve muscle strength in rehabilitation. Both the
band and tube display similar resistance properties, for
example, the resistance increases as the band or tube is
stretched. In essence, the force produced by the bands or
tubes depend on three factors including the elastic coefficient,
cross-sectional area, and change in length as given in the fol-
lowing formula: F = k ∗ CSA ∗ ΔL, where k is a constant,
CSA is the increase in cross-sectional area, and ΔL is the
change in length [27]. The percentage change in resting
length can be calculated using the formula as follows:

%ΔL = Final length − Resting length
Resting length

� �
∗ 100: ð1Þ

In general, TheraBand or theratubes are available in 8 dif-
ferent colors (e.g., tan and yellow colors for beginners which
produce the least resistance and silver and gold colors for
advanced users which produce maximum resistance) as per
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their elastic resistance. For instance, a 1-meter length of yel-
low band or tube stretched to 100% (i.e., double the resting
length) would produce about 1.36 kg of elastic resistance
(Table 1) [28]. Each progressive band or tube produces 25%
and 40% higher pull force in the clinical range (Figure 3)
(tan through black) and the advanced range (silver through
gold), respectively [28].

2.5. Interventions

2.5.1. TheraBand Group (TBG). Participants in this group
used TheraBand exercise bands and performed exercises in
standard positions and were progressed through the color
hierarchy (Table 1). TheraBand has different color coding
according to the level of resistance. Participants begun with
the less resistive bands (e.g., yellow band) to perform two sets
of 10 repetitions of each exercise in the correct manner. Con-

sequently, they progressed to the higher resistance exercise
band (e.g., red band) and performed each exercise 3 sets of
10 repetitions. As the exercises with resistive bands at one
level became easier to perform, participants were asked to
progress to the next level of exercise (exercise progression:
yellow band in the first two weeks and red band in the last
two weeks). Participants in this group received a 4-week,
thrice-weekly, individualized, supervised exercise program
as described below [29, 30].

(a) Static quadriceps exercise: the participant was in a
supine position, and he was asked to contract the
quadriceps muscle and push the knee downwards
while maintaining the foot in full dorsiflexion

(b) Straight leg raise exercise: the participant was made to
lie on his back on the treatment couch. He was asked

Subjects (aged 18 –30 years) who matched the proposal of the study were invited

Subjects underwent musculoskeletal assessment

Randomization

�eraband group (TBG) �eratube group (TTG)

Baseline data for muscle strength and muscle mass were collected on day 1 before
training intervention

TBG group received isometric and
eccentric exercises of knee extensors

using �erabandwith progressive
resistance thrice a week for 4 weeks

TTG group received isometric and
eccentric exercises of knee extensors

using �eratube with progressive
resistance thrice a week for 4 weeks

Posttest data was collected a�er 4 weeks of training intervention

Data analysis

Figure 1: Study procedure.

(a) (b)

Figure 2: Measurement of quadriceps peak torque using Biodex isokinetic dynamometer System 4: (a) starting and (b) end positions.
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to bend his dominant knee to a 90-degree angle, and
with the foot flat on the surface, the dominant leg was
lifted slowly away from the couch up to 20 degrees
and held it for 10 seconds

(c) Quadriceps extensor exercise: participant was asked to
sit on the quadriceps chair and extend his dominant
leg straight where the quadriceps muscle is pulled
while maintaining the foot in full dorsiflexion and
hold it for 10 seconds

(d) Eccentric knee extension exercise: participant was
made to lie in a supine position, and his dominant
knee was at the edge of the plinth (Figure 4). While
lying, the elastic TheraBand was placed underneath
the foot. The participant held on to the ends and
straightened the knee to full extension. The partici-
pant was asked to flex the knee towards the resistance
as slowly as possible so that the quadriceps was
contracting eccentrically

2.5.2. Theratube Group (TTG). Participants in this group
used the theratube and performed exercises in standard posi-
tions and were progressed through the color hierarchy. Var-
ious resistance levels of the tubes were provided, which were
colors coded according to their resistance level. Exercises
using theratubes were initially performed for 2 sets of 10 rep-
etitions using the lightest resistance (yellow) [29]. When the
participant was able to perform 3 sets of 10 repetitions with-

out fatigue, they progressed to increased resistance (red) and
worked up with 3 sets of 10 repetitions [29]. Participants in
TTG were asked to perform the same set of exercises (e.g.,
isometric and eccentric knee exercises) using the theratube
for resistance as described above for the TBG [29, 30].

3. Data Analysis

Data was analyzed using the SPSS (version 16.0, SPSS Inc.,
Chicago, IL). Independent t-test was used to compare the
changes in eccentric quadriceps strength and muscle mass
between the groups. Repeated measure analysis of variance
(ANOVA) was used for within-group analysis to study the
changes in eccentric quadriceps strength and muscle girth.
A statistically significant difference was defined as a p value
less than 0.05.

4. Results

4.1. Demographic Data. A total of 30 subjects (19 females, 11
males) participated in the study and completed the training
interventions. Their demographic data was analyzed by com-
paring means of descriptive analysis. Their age, height, and
weight were recorded. The mean age (standard deviation,
SD) of TBG and TTG was 24.6 (1.34) and 24.7 (1.22) years,
respectively. The mean height (SD) of TBG and TTG was
162.4 (9.76) and 157.9 (8.09) cm, respectively. The mean
weight (SD) of TBG and TTG was 59.8 (9.90) and 59.7

Table 1: Progression of TheraBand or theratubes.

TheraBand® band or tube color Increase from preceding color at 100% elongation Thickness Resistance at 100% elongation (kg)

Tan — Very thin 1.09

Yellow 25% Thin 1.36

Red 25% Medium 1.68

Green 25% Heavy 2.09

Blue 25% Extra heavy 2.63

Black 25% Special heavy 3.31

Silver 40% Super heavy 4.63

Gold 40% Advanced heavy 6.44
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Figure 3: Force production of TheraBand or theratubes after 100 and 200% elongation.
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(14.52) kg, respectively. Table 2 gives details of the descrip-
tive statistics of the demographic data. These variables had
insignificant differences between the two groups.

4.2. Eccentric Isokinetic Quadriceps Strength. The data analy-
sis revealed a nonsignificant difference in peak torque of the
eccentric isokinetic quadriceps’ strength at baseline, week 2,
and week 4 between the two groups (p = 0:075, 0.421, and
0.322, respectively). Within-group comparison showed a sig-
nificant improvement in the peak torque of the eccentric iso-
kinetic quadriceps’ strength after week 2 in each group. The
improvements in peak torque of the eccentric isokinetic
quadriceps’ strength remained significant after week 4 in
each group (Table 3).

4.3. Muscles Mass. The data analysis revealed nonsignificant
differences in the quadriceps muscle mass at baseline, week
2, and week 4 between the two groups (p = 0:705, 0.437,
and 0.432, respectively). Similarly, within-group analysis
showed insignificant changes in the quadriceps muscle mass
over 4 weeks of training (Table 4).

5. Discussion

The present study was conducted to compare the effects of
TheraBand and theratube eccentric exercises in the improve-
ment of quadriceps muscle strength in young adults. This
study proposed to integrate strength training with exercise
and elastic resistance to see its effect on quadriceps strength.
It was hypothesized that the use of TheraBand or theratube
for eccentric exercises would be an effective strategy to
improve the strength of the quadriceps muscle in young
adults. The results of the current study indicate that both
TheraBand and theratube are equally effective in the
improvement of quadriceps muscle strength over 4 weeks
of training.

Many studies showed that most of the evidence indicated
that elastic resistance training can be an effective tool to
increase the strength of the quadriceps muscles [31–33].
Elastic resistance training either by TheraBand or by thera-
tube with voluntary exercise has shown significant improve-
ment in strength in healthy subjects with and without
musculoskeletal pain [34, 35].

The possible mechanism for strength gain during this
training can be explained by the neural adaptation mecha-

nism [36]. If there is an increase in muscular strength with
no obvious hypertrophy, it indicates the involvement of neu-
ral adaptation for gaining muscular strength. A previous
study examined strength gain using surface electromyogra-
phy (sEMG), and they found a significant association
between strength gain in the early phase of training and the
increase in the amplitude of sEMG activity [37]. This type
of strength gain is primarily due to an increase in neural
drive, which represents the magnitude of the efferent neural
output of active muscle fibers. While sEMG activity denotes
the amount of muscle activity, changes in sEMG activity
are the result of various motor unit firing patterns as mea-
sured by electrodes. A few studies have found a transient
increase in the motor unit firing rate [38, 39]. Training-
dependent increases in the rate of tension development have
also been associated with an increased firing rate in individ-
ual motor units. Motor unit synchronization is another pro-
posed mechanism causing increased muscle strength;
however, it is yet to be examined [40].

There are the following suggestions recommended con-
sidering the existing evidence. First, while mental practice
(e.g., imagined contractions) may help increase the excitabil-
ity of the cortical areas that are used for movement and
motion planning [41], the effects of such training are not bet-
ter with physical training. Therefore, it is suggested to incor-
porate motor learning theory and imagined contractions into
strength training practice for an effective exercise regime
[42]. Second, since the length of the muscle is important for
muscle contraction, static contraction should be practiced
at greater muscle lengths to increase force production [43].
Third, in the presence of muscle pain, immobilization, or
detraining, submaximal eccentric contraction can be used
[44]. Fourth, in the case of older adults, especially to reduce
fall risk, the reversal of the antagonist (antagonist-to-agonist)
proprioceptive neuromuscular facilitation contraction pat-
tern may be used to improve the rate of tension development
in the muscles [37]. Fifth, in sEMG recordings, it is recom-
mended to measure antagonist EMG activity to evaluate the
neural changes induced by strength training [45].

With regard to the secondary aim of this study, both
TheraBand and theratube eccentric exercises yield no change
in muscle mass after the 4 weeks of training in any group.
The factors that reveal the mechanism state of the strength
gain in response to strength training are primarily deter-
mined by two aspects, the morphological characteristics of

(a) (b)

Figure 4: Eccentric knee extensor exercise with TheraBand or theratube: (a) starting and (b) end positions.
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the muscles and the neural activation of the muscles. The
neural activation of the muscles can be altered by the number
of motor units that are recruited, the firing frequency of each
motor unit, and the coordination between synergistic mus-
cles and inhibitory reflexes [36, 46]. Those participants who
have no previous experience in training usually demonstrate
a rapid increase in strength during the first few weeks [47].
This rapid change in strength is commonly attributed to neu-
ral adaptations, because often no significant alteration in
muscle size can be found during this period [36]. Muscle
hypertrophy may become measurable only after several
weeks of training [47], although it has been reported that
the concentration of contractile proteins may be upregulated
even after a single training session [48].

5.1. Clinical Implications.Muscle weakness plays a major role
in the pathogenesis of many diseases of the knee such as oste-
oarthritis (OA), even in the early stages of the disease; there-
fore, emphasis should be laid on the strengthening of the
quadriceps muscles. Elastic resistance training could be an
effective intervention to improve muscle strength, especially
during a home exercise program when individuals such as
an elderly who may not be able to attend the rehabilitation
center for strength training [49, 50]. Since the current study
demonstrated a significant change in the strength of the
quadriceps femoris muscle after 4 weeks of strength training
with elastic resistance, it may reduce the treatment costs and
rehabilitation time for patients as well as the therapist.

5.2. Study Limitations. This study had some potential limita-
tions. This study used only two colors of TheraBand and
theratube. As different colors of these elastic bands produced
different resistance, so the color code of higher resistance
might produce a significant difference between the two
bands. Elastic resistance training is an area that needs to be
explored more with special attention given to strengthening
in healthy individuals. Although many studies have investi-
gated the effects of TheraBand on muscle strength, few stud-
ies evaluated the effects of theratube on muscle strength.
Additionally, no studies have compared the effectiveness of
these two resistive techniques on muscle strength. Since the
present work examined the effects of 4 weeks of training, it
can be said that the effects were mainly due to neuromuscular
adaptations. Future studies are warranted to examine the
long-term effects of TheraBand or theratube resistive training
programs on muscle hypertrophy. Additionally, the current
study only measured quadriceps muscle strength after Thera-
Band and theratube resistance training. Future studies may
examine other muscle groups such as hamstring and upper
limb muscles (e.g., biceps and triceps).

6. Conclusions

This study concludes that both the TheraBand and theratube
can be used for the strengthening of the quadriceps muscle
according to the availability and feasibility of the training
intervention. The study also indicates no increase in muscle

Table 2: Demographic data.

TBG mean ± SD TTG mean ± SD Descriptive analysis

No. of subjects 15 15 p value

Age (years) 24:6 ± 1:34 24:7 ± 1:22 0.888

Height (cm) 162:4 ± 9:76 157:9 ± 8:09 0.177

Weight (kg) 59:8 ± 9:90 59:7 ± 14:52 0.988

TBG: TheraBand group; TTG: theratube group.

Table 3: Between and within-group comparisons of eccentric isokinetic quadriceps’ strength.

TBG mean ± SD TTG mean ± SD p value (t-test)

Baseline 75:4 ± 10:03 67:6 ± 12:99 0.075

Week 2 78:6 ± 8:46∗ 76:5 ± 5:82∗ 0.421

Week 4 88:9 ± 17:92∗∗ 83:8 ± 8:43∗∗ 0.322

p value (ANOVA) At week 2, 0.014∗; at week 4, 0.005∗∗ At week 2, 0.002∗; at week 4, 0.001∗∗

TBG: TheraBand group; TTG: theratube group.

Table 4: Between and within-group comparisons of muscle mass at dominant thigh.

TBG mean ± SD TTG mean ± SD p value (t-test)

Baseline 46:2 ± 3:34 47:9 ± 7:83 0.705

Week 2 46:2 ± 3:34 47:9 ± 7:83 0.437

Week 4 46:2 ± 3:34 47:9 ± 7:83 0.432

p value (ANOVA) >0.05 >0.05
TBG: TheraBand group; TTG: theratube group.
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mass of the quadriceps during the 4 weeks of training
intervention using either the TheraBand or the theratube.
More randomized controlled trials are needed to confirm
these results.
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