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ABSTRACT

Background. It is unclear whether the clinical use of tibial rotation to measure the strength of the medial hamstrings
and lateral hamstrings in isolation is based on sound scientific evidence or is simply based on anatomical features.
Objectives. To verify the appropriateness of tibial rotation for isolation of the medial hamstrings and lateral
hamstrings, the participants performed neutral rotation (NR), external rotation (ER), and internal rotation (IR).
Methods. Forty-six young and healthy adults (age 21.9 + 2.2 years, height 167.9 £+ 8.6 cm, the weight of 63.8 £ 13.9
kg) participated in the study. The electromyography (EMG) activity and knee flexion torque were measured and
compared among different postures; NR, ER, and IR. Results. The Max of the EMG activity of the biceps femoris
long head, semitendinosus, and semimembranosus muscles was significantly reduced in ER and IR compared with that
in NR. There were no significant differences in muscle activity between ER and IR. Knee flexion force and torque
were significantly reduced in IR compared with those in NR and ER. EMG activity was significantly diminished during
tibial rotation compared with that in NR. Conclusion. Contrary to the general assumption, IR and ER had a limited
influence on the isolation of medial hamstrings and lateral hamstrings; thus, they may be unnecessary for medial
hamstrings and lateral hamstrings normalization. The uniform training of the hamstring muscles in NR for MVIC may
be more appropriate than isolating the muscles in ER and IR.
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INTRODUCTION

The hamstring is divided into the MH and LH
according to the anatomical course and
attachment of the muscle. The MH consists of the
semitendinosus (ST) and semimembranosus
(SM) muscles, and the LH consists of the long
(LHBF) and short head of the biceps femoris
(SHBF). Owing to their anatomical positions, the
MH is known to assist the internal rotation (IR).
In contrast, the LH assists the external rotation
(ER) of the tibia in an open-kinetic chain.
Because the MH and LH are antagonistic in tibial
rotation, textbooks recommend independent
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measurement and assessment of the MH and LH
for manual muscle testing (MMT) (1, 2). This is
also why, in clinical practice, specialized exercise
programs are designed for each of the hamstring
muscles instead of including all of them into one
exercise program. However, it is unclear whether
the application of tibial rotation is rooted in
scientific evidence or is based on mere
assumptions (i.e., bias) based on anatomical
features.

There have been various attempts to identify
the differences in the EMG activities of the lower-


http://www.aassjournal.com/
http://dx.doi.org/10.29252/aassjournal.907
https://crossmark.crossref.org/dialog/?doi=10.29252/aassjournal.907

Isolation of the Medial and Lateral Hamstrings

limb muscles about postural change (3). A study
comparing the vastus medialis and vastus
lateralis, which comprise the quadriceps, vastus
medialis activity was significantly elevated
during adduction compared with during IR, ER,
and abduction (4-6). Concerning the hamstring,
which has a posterior position on the thigh,
multiple studies have examined the effects of
changes of hip and knee joint angles on the EMG
activity of the MH and LH and the changes in
resistance (7-9). However, there were limitations
in studies investigating how much tibial rotation
influences the EMG activity of the MH and LH.
This is associated with the knee flexion force, a
commonly used parameter in clinical practice.

In clinical practice, the strength of the MH and
LH is measured and assessed in isolation before
and after treatment based on the MMT posture
suggested in textbooks (1, 2). However, universal
use cannot serve as scientific evidence. Sound
evidence from experiments is needed. As
generally inferred, if muscle activity is elevated
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Protocol. The participants laid on the
treatment table in the prone position with their
knee joint bent 60° (8, 10-12). The pelvis and
contralateral lower extremity were fixed to the
table with a belt. Three trials of maximal
voluntary isometric contraction (MVIC) were
performed for each posture (5 s/trial, 30-s rest
between trials). To prevent fatigue, the
participants rested for 2 min after performing
three trials of MVIC in one posture before

Isometric Contraction of the Hams't“ring's in Prone Position.

or diminished according to the tibial rotation,
normalizing other values based on the maximum
value can be used as critical evidence in
developing effective treatment plans. The present
study measured and comparatively analyzed the
EMG activity and knee flexion force in three
postures neutral rotation (NR), ER, and IR—for
the isolation of the LHBF, ST, and SM, which
comprise the MH and LH.

MATERIALS AND METHODS

Participants. Forty-six healthy young adults
were enrolled. The participants had a mean age of
21.9 + 2.2 years, the height of 167.9 £ 8.6 cm, and
weight of 63.8 + 13.9 kg (Table 1). The included
participants did not have any disease, injury,
deformity, or history of surgery of the lower back
and knee joint. Those who had pain in the relevant
areas in the last six months were excluded from
the study. Informed consent was obtained from all
participants. This study was approved and
monitored by the Institutional Review Board.

proceeding to the next posture (13, 14).
Resistance to movement during MVIC was
provided using a strap, and EMG and knee
flexion force values were recorded in real-time
using the Delsys EMG system (Delsys Inc.,
Boston, MA, USA) and the wireless strain
gauge (Re-live Inc., Kimhae, Korea) placed on
the middle of the strap, respectively (15). To
prevent movement during contraction, one end
of the strap was tightly fixed 3 cm below the



lateral malleolus and the other end to a fixed
pillar. To calculate the torque, the strap was
vertically placed against the lower leg (Figure
1). The torque was calculated by multiplying
the force (N) by the distance (m) from the
lateral epicondyle of the femur to the ankle
strap (16). Three postures were used (NR, IR,
ER) in random order. For the LHBF, the
examiner provided downward and inward
resistance when the participant flexed the knees
after the tibia was externally rotated by 30°.
The toes were facing outward with the knees
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bent 60°. The examiner instructed the
participant to keep the tip of the toe facing
outward to maintain the ER during knee
flexion. For measuring MVIC for the ST and
SM, the tibia was internally rotated by 30°
during knee flexion, and resistance was
provided in downward and outward directions.
From the root mean square (RMS) measured at
three different postures, the highest RMS was
set to 100, and the other two were computed and
presented as %Max.

75
NR

ER IR

Figure 2. Changes of Electromyographic Activities of the Hamstring Muscles According to Tibial Rotation. BF = biceps
femoris, ST = semitendinosus, SM = semimembranosus, NR = neutral rotation, ER, external rotation, IR = internal rotation.

Table 1. Characteristics of the Participants

Gender Age (y) Weight (kg) Height (cm)
Male (n = 24) 224+28 728+12.2 1743 +£5.0
Female (n = 22) 21.3+1.0 541+7.7 160.9£5.8

Data ia table are presented as mean + standard deviation.

Table 2. Reliability of Electromyographic Activity and Knee Flexion Force Measurements Between the 1%t and 2" Trials

Biceps femoris Semitendinosus Semimembranosus Force
Neutral rotation 0.960 0.916 0.956 0.885
External rotation 0.907 0.911 0.914 0.832
Internal rotation 0.949 0.947 0.889 0.871

Table 3. Changes of Knee Flexion Force and Torque According to Tibial Rotation

Force (N) Torque (Nm)
Neutral rotation 133.8 £59.3 53.1+27.3
External rotation 136.4 +54.9 53.9 +24.7
Internal rotation 117.9 +47.6 46.6 £21.9

Data are presented as mean + standard deviation.

Surface EMG signals were collected from the
LHBF, ST, and SM using a Trigono™ wireless
EMG system. Delsys EMGworks® Acquisition
and Analysis software were used to analyze the

EMG signals. Raw EMG data were sampled at
2000 Hz. Then, the signals were processed into
the RMS with a window of 125 ms. A 20-450-Hz
band-pass filter was used in this study, together
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with a 60-Hz notch filter. The EMG electrodes
were placed on selected hamstrings by the SIAM
(Surface Electromyography for Non-invasive
Assessment of Muscles) guidelines and the
Anatomical Guide for the Electromyography
textbook (17, 18). Knee flexion force was
measured simultaneously with electromyography
using a wireless strain gauge at a frequency of 4/s
(once every 0.25 s). For the storage of data, the
measurements were transmitted to a laptop.
Statistical Analysis. The reliability of the
three measurements of the RMS of the EMG
activity and knee flexion force of the hamstring
was analyzed wusing intraclass correlation
coefficients (ICC 2,1). The RMS of the EMG
activity for each muscle was converted to % Max.
The differences among three postures (NR, ER,
IR) were analyzed using one-way repeated-
measures analysis of variance (ANOVA).
Additionally, the Bonferroni test was performed
as a post-hoc test for pairwise comparisons. The
knee flexion force and torque values among the
three postures were also compared using one-way
repeated-measures ANOVA. Statistical analysis
was done with IBM SPSS Statistics 23 for
windows (IBM Corp., Armonk, NY, USA).
Statistical significance was set at p<0.05. The
sample size was calculated using the G*Power
version 3.1.9.7 software (Heinrich- Heine-
Universitat Disseldorf, Dusseldorf, Germany).

RESULTS

Both the reliability of the RMS values of the
LHBF, SM, and ST during three trials of MVIC
in one posture and the reliability of the knee
flexion force of the hamstrings during three trials
of MVIC in one posture were high. The ICC for
RMS was 0.9 or less than but close to 0.9 for the
following comparisons: 15t vs. 2" trial (Table 2),
2" ys, 3 trial, and 3 vs. 1t trial (P < 0.001).

Concerning the %Max, which indicates
whether tibial rotation influences the change of
the activity of the involved muscle, the percentage
significantly decreased for the LHBF (P = 0.004),
ST (P < 0.001), and SM (P < 0.001) during ER
compared with NR (Figure 2). Compared with
that during NR, the %Max also significantly
decreased for the LHBF (P < 0.001), ST (P =
0.015), and SM (P < 0.001) during IR. Between
ER and IR, there were no significant differences
in the LHBF (P = 0.548), ST (P = 0.372), and SM
(P =0.903).

Both knee flexion force and torque were
significantly reduced during IR: NR vs. IR (P <

0.001) and ER vs. IR (P < 0.001) (Table 3). There
were no significant differences between NR and
ER (P = 1.000).

DISCUSSION

In clinical practice, individual muscles need to
be measured and assessed in isolation to identify
a patient's problem accurately, which enables
selective training. Thus, there are recommended
postures for individual muscle assessment during
MMT. For the lower limbs, tibial rotation is
required in the prone knee bending position for
the selective training of the MH and LH.
However, whether the utility of tibial rotation is
scientifically proven or is simply a bias based on
the anatomical features of the hamstring has not
been established. In the present study,
quantitative measurements were taken using
EMG and a tension gauge for scientific
verification. The reliability of the experiment was
established, with high ICC values obtained for all
measurements.

Theoretically, the LHBF, which is a part of the
LH, shows elevated activity in ER as an external
rotator of the knee joint and relatively diminished
activity in IR. Further, the ST and SM, both of
which are a part of the MH, should show
antagonistic actions. However, in the actual
experiment, a contradictory pattern was observed
when examining the differences of EMG activity
among the LHBF, ST, and SM, according to the
tibial rotation. One notable finding is that all three
muscles showed statistically similar patterns.
EMG activity was significantly reduced in ER
and IR compared with that in NR. More
specifically, the LHBF, which functions as an
external rotator, showed a 7.4% activity reduction
in ER than in NR.

Meanwhile, the ST and SM, which function as
internal rotators, showed an activity reduction of
11.0% and 11.5%, respectively, in ER compared
with that in NR. Although the ST and SM showed
higher activity reductions than the LHBF in ER,
the difference was not substantial, contrary to
clinical expectations. The %Max was the highest
in NR for all muscles, and the percentage
decreased during tibial rotation regardless of
direction. This suggests that results contrary to the
expected outcome may be obtained when tibial
rotation is performed for the purpose of selective
training in clinical practice. In some studies on
tibial rotation, the MH showed elevated EMG
activity during IR, and the LH showed increased
EMG activity during ER, consistent with the



general assumption (19). However, the resistance
used was very low (only ~5% of body weight),
and the same results may not be obtained in the
clinical setting when high-intensity resistance
training is performed. In two different studies,
similar to this study, the maximal isometric
contraction was performed. In a study by
Jonasson, the Influence of tibial rotation on EMG
activity of hamstrings were analyzed, though the
activity was not measured in NR (20). MH versus
LH activation ratio was significantly lesser in ER
than IR, but there was no difference in the ratio in
men and women when analyzed separately. A
recent study by Beyer also showed a decrease in
MH activity in IR and ER, and no significant
difference in LH at 60° knee flexion (21). In the
present study, in which maximal isometric
contraction was applied, the EMG activities of all
three muscles were significantly diminished in
ER and IR compared with those in NR. However,
the differences in the maximum and minimum
values for each posture were not large, with
10.7% for LHBF, 11.0% for ST, and 13.3% for
SM. On the basis of findings in this study and
those of previous studies, even if hamstring
isolation is somewhat possible with tibial
rotation, it may have low practical value for
patients because low-intensity muscle training
has little benefits. Further, the isolation of
particular muscles through tibial rotation may be
limited, as found in this study.

Many clinicians have readily accepted and
widely used the posture for MMT recommended
by Daniels and Worthingham or Kendall and
McCreary in their textbooks (1, 2). However,
these two textbooks show disparities for some
muscles, leading to different results (22). In other
words, the current posture widely used for MMT
should be scientifically tested instead of being
blindly accepted. Like this study, some other
studies have reported that it is difficult to isolate
a specific muscle from its synergist during
maximal isometric contraction. Perry performed
the gastrocnemius standing heel-rise test to isolate
the gastrocnemius from calf muscles consisting of
superficial (gastrocnemius) and deep muscles
(soleus). However, as the EMG activity of the
soleus increased to 87% of the maximum, the
gastrocnemius could not be isolated during MMT
(23). In another experiment, nine MMTs were
performed, including the scapular protraction
muscle test, to isolate the serratus anterior, which
is essential for scapular stability. However,
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maximum serratus anterior activity was observed
in several MMTSs, not in a single MMT.

Furthermore, in the scapular protraction test,
which is the most commonly used test, the EMG
activity was lower than in other MMTs (24). The
rhomboid is another muscle essential for scapular
stability, and multiple attempts have been made to
isolate this muscle from other muscles owing to
its significance. In the three classic rhomboids
MMTs, the rhomboid could not be isolated from
its synergists such as the posterior deltoid, levator
scapulae, and middle trapezius during MVIC
(25). Another study attempted to differentiate
various muscles mobilized for shoulder stability
(e.g., supraspinatus, infraspinatus, trapezius,
deltoid) using 15 MMTs. However, it was
difficult to isolate the muscles, as several muscles
were maximally activated simultaneously in most
MMT postures (26). For the lower limbs, one
study examined changes in the EMG activity of
the MH and LH according to the tibial rotation,
similar to this study. The EMG activities of the
MH and LH were measured during maximal
isometric contraction with the knee joint bent 70°.
Although the degree of statistical differences
varied across groups, the degree of reduction
caused by tibial rotation was small (14% for the
ST, 18% for the SM, and 17% for the BFLH) (27).
However, the findings have limited clinical value
and must be interpreted with caution because
muscle force was not measured during the
experiment. In the present study, knee flexion
force was also quantified in addition to EMG
activity for each muscle.

Although EMG is an excellent tool for muscle
activation analysis, it does not show the force or
torque created during muscle activation (28, 29).
In the current study, it was able to measure the
knee flexion force in real-time during maximal
isometric contraction by attaching a tension gauge
in the middle of the strap over the ankle. Torque,
which was calculated by multiplying by individual
moment arm, was partially inconsistent with other
EMG values. The %Max was significantly
reduced in ER and IR compared with that in NR;
however, it did not significantly differ between ER
and IR. Meanwhile, force and torque were
significantly reduced in IR compared with those in
both NR and ER, with no significant difference
between NR and ER. This was consistent with a
previous study, which showed a significant
decrease in peak force output (21). Although EMG
activity and force seem inconsistent with each
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other in this study, EMG activity was also partially
diminished in IR. There were no significant
differences in %Max between ER and IR;
however, the BF and SM showed minimum values
(85.3% and 84.6%, respectively) in IR. The ST
reached the minimum value in ER; however, the
frequency of minimum values by posture, instead
of the mean, for each muscle was 26.6% in IR and
15.6% in ER, showing a higher frequency of
minimum values in IR.

A single factor and multiple causes cannot
explain the significant reduction of force in IR.
First, the reduction of force in IR results from the
involvement of all muscles related to knee flexion
instead of only the three muscles measured in this
experiment. Muscles involved in knee flexion
other than the three muscles in this study co-
contracted as synergists and led to the final knee
flexion force (30). Second, some muscles change
in length during tibial rotation, and a change of
muscle length means that the muscle force could
be reduced owing to the length-tension
relationship (8, 31). Considering that the lowest
force was observed in IR, it is possible that the
sarcomere length for efficient muscle contraction
is not achieved in ER and IR compared with NR.
Finally, muscles can lose or gain force depending
on the change in their course. There is no loss of
force in the direction of a muscle, and the bone
where it is inserted makes a 90° angle. However,
if this angle is changed as a result of a change of
insertion during longitudinal axis rotation, the
absolute value of the force of the individual
muscle is not altered, but some of the force is
diverted horizontally; therefore, the vertical force
(on the actual bone movement) may be
diminished. The site of muscle insertion is altered
during tibial rotation, which changes the direction
of the muscle course. Some muscles involved in
this action will gain force, while some will lose
force. Furthermore, because tibial rotation alters
muscle insertion, it will also alter the length of the
MA, the distance between a joint axis and the line
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was also reduced in IR. Besides providing limited
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also not have substantial benefits for the selective
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requiring maximum or equivalent high-
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