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Improvement of isometric dorsiflexion protocol
for assessment of tibialis anterior muscle
strength$

Ariba Siddiqi *, Sridhar P. Arjunan, Dinesh Kumar
Biosignals Lab Electrical and Computer Engineering, RMIT University, Melbourne, VIC 3000, Australia

G R A P H I C A L A B S T R A C T

A comparison of the existing isometric dorsiflexion protocol (Setting 1) and the proposed improvement of the
protocol which includes the fixation of the toes in addition to fixing the ankle and foot (Setting 2) are shown. The
triceps surae muscle group comprises of the lateral gastrocnemius (LG), medial gastrocnemius (MG) and soleus
(SOL).

A B S T R A C T

It is important to accurately estimate the electromyogram (EMG)/force relationship of triceps surae (TS) muscle
for detecting strength deficit of tibalis anterior (TA) muscle. In literature, the protocol for recording EMG and force
of dorsiflexion have been described, and the necessity for immobilizing the ankle has been explained. However,
there is a significant variability of the results among researchers even though they report the fixation of the ankle.
We have determined that toe extension can cause significant variation in the dorsiflexion force and EMG of TS

and this can occur despite following the current guidelines which require immobilizing the ankle. The results also
show that there was a large increase in the variability of the force and the RMS of EMG of TS when the toes were
not strapped compared with when they were strapped. Thus, with the current guidelines, where there are no
instructions regarding the necessity of strapping the toes, the EMG/force relationship of TS could be incorrect and
give an inaccurate assessment of the dorsiflexor TA strength.
In summary,
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Current methodology to estimate the dorsiflexor TA strength with respect to the TS activity, emphasizing on
ankle immobilization is insufficient to prevent large variability in the measurements.
Toe extension during dorsiflexion was found to be one source of variability in estimating the TA strength.
It is recommended that guidelines for recording force and EMG from TA and TS muscles should require the
strapping of the toes along with the need for immobilizing the ankle.

ã 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license (http://
creativecommons.org/licenses/by/4.0/).
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ethod details

sometric dorsiflexion protocol

Participants sit in a sturdy chair, with their leg extended to rest on a foot plate, such that their hip,
nee and ankle are at 90�, 140�, and 90� angle, respectively. A force sensor is fixed to the foot plate and
easures the force applied to it. The non-dominant foot of the subject is placed firmly on the ground,

o prevent instability during isometric dorsiflexion.

The ankle is secured to the foot plate with a flexible strap, such that no heel lift can occur.
A flexible strap is secured at the junction of the metatarsal and phalanges, to ensure no foot
movement can occur.
A flexible strap is secured around the toe phalanges to secure the toes and prevent toe-extension.
The participants are instructed to dorsiflex their ankle and the examiner ensures that there is no foot
or toe movement.

ethod validation

To compare the proposed isometric dorsiflexion protocol with the existing method [1] that has
een described in literature, isometric dorsiflexion force and amplitude of the muscle activity of the
gonist tibialis anterior and antagonist triceps surae was recorded as follows:
Nine healthy participants (27.6 � 5.7 years) with no prior neuromuscular injury or disease

erformed the isometric dorsiflexion protocol in two different positions: Position 1 – toes strapped,
osition 2 – toes unstrapped. The experimental protocol was approved by RMIT University Human
esearch Ethics Committee and in accordance with Helsinki Declaration (revised 2004).
Electromyogram (EMG) is the recording of the muscle activity and in this study EMG was recorded

rom the tibialis anterior (TA) and the triceps surae muscle groups: medial gastrocnemius (MG), lateral
astrocnemius (LG) and soleus (SOL). Myomonitor 4 (Delsys, Boston) EMG data acquisition system was
sed. This has a gain of 1000, CMRR of 92 dB and bandwidth of 20–450 Hz, and 12 dB/octave roll-off.
he sampling rate was 1000 Hz with a resolution of 16 bits/sample. Delsys single-channel active
ifferential silver bar (10 mm � 1 mm) were used to record EMG. These have embedded preamplifiers
nd fixed inter-electrode distance of 10 mm. The skin at the electrode locations was abraded and
leaned with an alcohol swipe to reduce resistance, prior to electrode fixation. The electrode locations
ere determined from the SENIAM recommended positions as follows [2]:
TA: 1/3rd on the line between the tip of the fibula and the tip of the medial malleolus.
SOL: 2/3rd the line between the medial condylis of the femur to the medial malleolus.
MG: On the most prominent bulge of the muscle belly.
LG: 1/3rd the line between the head of fibula and the heel.
The force exerted during the dorsiflexion was recorded with a force sensor (Interface S type) that

as attached to the foot plate.
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Two different settings were used for fixing the foot of the participants to the foot plate: (i) following
existing protocol, where the foot was fixed and ankle immobilized, and (ii) in addition to the current
protocol, the toes were strapped. Participants were instructed to exert maximal voluntary contraction
(MVC) for 5 s and repeated with a 120 s rest period. The higher of the two trials was recorded as the
MVC of the individual. This was repeated for both the foot fixing protocols. Minimum 5 min rest period
was given between two recordings. The first and the last 1 s of the recordings tended to have transients
and thus was discarded. The root mean square (RMS) of the remaining 3 s of EMG recording were
calculated for the TA and the three TS muscles: MG, LG and SOL. The RMS values of the TS muscles were
summed to compute the overall TS RMS. Coefficient of variation of the force and TS EMG RMS was
determined to investigate the change in variability.

The nonparametric Wilcoxon signed-rank test was performed to determine the statistical
significance of the difference between the two settings. This test was chosen because of the small
sample size.

The results show a 65% increase in the RMS of the triceps surae muscles in Setting 1
(35.5 � 27.9 mV) compared with Setting 2 (21.5 �12.6 mV) (Fig. 1) while a 36% increase in the RMS of
the TA was observed in Setting 1 (102.0 � 79.1 mV) compared with Setting 2 (74.8 � 64.3 mV) (Fig. 2).
The results also show that the mean value of force (in Newton) was 22% higher in Setting 1
(117.9 � 56.3 N), where the toes were unstrapped compared with Setting 2 where the toes were
strapped (96.5 � 38.4 N) (Fig. 3)

The coefficient of variation of the force and TS EMG activity were higher in Setting 1 (force: 47%, TS:
78%) in comparison to Setting 2 (force: 39% TS: 58%). This further supports our hypothesis that
securing the toes during dorsiflexion would reduce the variability.

To determine if these results were repeatable, a second trial was performed by the participants. The
nonparametric Wilcoxon signed-rank test determined no significant difference of the force exerted
and the EMG activity of the TA and TS (p > 0.1) between the two trials.

Additional information

There is a discrepancy in the reported age-related strength decline of the tibialis anterior (TA), with
values ranging from 63% to 14% [3–8], and some studies reporting that there is no significant decline
[9,10]. This discrepancy has been attributed to inaccurate assessment of the muscle strength in the
protocols [1]. Taking into consideration the triceps surae (TS) antagonistic force, Simoneau et al. [1]
found a non-significant decline in the resultant dorsiflexion MVC (�15%), but a significant decline in
the agonist MVC during dorsiflexion (�39%). This finding asserts the importance of measuring the
antagonist force for accurate measurements of muscle strength in the TA.

The force at the ankle is dependent on the joint angle because this changes the muscle length [11].
It also alters the contribution by the antagonist muscle to the resultant force [12,13]. Thus,

Fig. 1. EMG RMS for the triceps surae muscle group for Setting 1 with toes unstrapped and Setting 2 toes strapped. *p < 0.05.
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mmobilizing the ankle during isometric plantar flexion or dorsiflexion to measure the force has been
mphasized [14].
An example of the existing isometric dorsiflexion protocol is seen in Fig. 1 used by Simoneau et al.

1]. They have described the use of a shoe bolted on to a foot plate and a strap around the shoe to
revent heel lift or foot movement; however, they did not mention the need for fixation of the toes. As
ost shoes allow movement of toes, the singular strap would not have been sufficient in securing it,
nd hence the need for modifying the protocol to address this.
The action of toe extension leads to the tightening of the plantar fascia via the “windlass”

echanism [15]. It has been demonstrated that at higher dorsiflexion angles of the toes, greater
chilles tendon strains are transferred to the plantar fascia [16]. In converse, greater dorsiflexion
ngles of the toe leads to increased strain in the plantar fascia and consequently the Achilles tendon.
his increased strain on the Achilles tendon may increase the dorsiflexion angle of the ankle, although
his needs to be verified by ultrasound studies.

Coactivation of the agonist and antagonist muscle is used to stabilize the joint [17], distribute
rticular capsule pressure [18], and prevent bone displacements [19]. In fact, it has been shown that at
igher dorsiflexion ankle angles, the coactivation level of the antagonist TS increased from the neutral
nkle angle (90�) [20]. Therefore, the increased coactivation of the TS observed, could be due to an
nkle joint instability due to toe extension. This increased coactivation would overestimate the agonist
A force, which is important for assessing muscular strength in the elderly.

Fig. 2. EMG RMS for the tibialis anterior for Setting 1 with toes unstrapped and Setting 2 toes strapped. **p < 0.1.

Fig. 3. Dorsiflexion force (N) for Setting 1 with toes unstrapped and Setting 2 toes strapped. **p < 0.1.

10 A. Siddiqi et al. / MethodsX 2 (2015) 107–111



Acknowledgment

MethodsX thanks the (anonymous) reviewers of this article for taking the time to provide valuable
feedback.

References

[1] E. Simoneau, M. Billot, A. Martin, J. Van Hoecke, Antagonist mechanical contribution to resultant maximal torque at the
ankle joint in young and older men, J. Electromyogr. Kinesiol. 19 (2) (2009) e123–e131.

[2] SENIAM [Internet]. Surface electromyography for the non invasive assessment of muscles. http://seniam.org/.2009
[3] A.A. Vandervoort, A.J. McComas, Contractile changes in opposing muscles of the human ankle joint with aging, J. Appl.

Physiol. 61 (1) (1986) 361–367.
[4] K.J. Winegard, A.L. Hicks, D.G. Sale, A.A. Vandervoort, A 12-year follow-up study of ankle muscle function in older adults,

J. Gerontol. Biol. Med. Sci. 51 (3) (1996) B202–B207.
[5] D.M. Connelly, C.L. Rice, M.R. Roos, A.A. Vandervoort, Motor unit firing rates and contractile properties in tibialis anterior of

young and old men, J. Appl. Physiol. 87 (2) (1999) 843–852.
[6] I.R. Lanza, T.F. Towse, G.E. Caldwell, D. Wigmore, J.A. Kent-Braun, Effects of age on human muscle torque: velocity, and

power in two muscle groups, J. Appl. Physiol. 95 (6) (2003) 2361–2369.
[7] I.R. Lanza, D.W. Russ, J.A. Kent-Braun, Age-related enhancement of fatigue resistance is evident in men during both

isometric and dynamic tasks, J. Appl. Physiol. 97 (3) (2004) 967–975.
[8] C.J. McNeil, T.J. Doherty, D.W. Stashuk, C. Rice, L Motor unit number estimates in the tibialis anterior muscle of young, old,

and very old men, Muscle Nerve 31 (4) (2005) 461–467.
[9] E. Simoneau, A. Martin, J. Van Hoecke, Muscular performances at the ankle joint in young and elderly men, J. Gerontol. Biol.

Med. Sci. 60 (4) (2005) 439–447.
[10] C.J. Hasson, R.H. Miller, G.E. Caldwell, Contractile and elastic ankle joint muscular properties in young and older adults, PloS

One 6 (1) (2011) e15953.
[11] F.C. Anderson, M.G. Pandy, Static and dynamic optimization solutions for gait are practically equivalent, J. Biomech. 34

(2001) 153–161.
[12] R. Baratta, M. Solomonow, B. Zhou, D. Letson, R. Chuinard, R. D’ambrosia, Muscular coactivation. The role of the antagonist

musculature in maintaining knee stability, Am. J. Sports Med. 16 (1988) 113–122.
[13] C.N. Maganaris, V. Baltzopoulos, A.J. Sargeant, Differences in human antagonistic ankle dorsiflexor coactivation between

legs; can they explain the moment deficit in the weaker plantarflexor leg? Exp. Physiol. 83 (1988) 843–855.
[14] S.P. Magnusson, P. Aagaard, S. Rosager, P. Dyhre-Poulsen, M. Kjaer, Load–displacement properties of the human triceps

surae aponeurosis in vivo, J. Physiol. 531 (2001) 277–288.
[15] L.A. Bolgla, T.R. Malone, Plantar fasciitis and the windlass mechanism: a biomechanical link to clinical practice, J. Athl.

Train. 39 (1) (2004) 77.
[16] R.E. Carlson, L.F. Lamar, C.H. William, The biomechanical relationship between the tendoachilles: plantar fascia and

metatarsophalangeal joint dorsiflexion angle, Foot Ankle Int. 21 (1) (2000) 18–25.
[17] E. Kellis, Quantification of quadriceps and hamstring antagonist activity, Sports Med. (1998) 37–62.
[18] F.C. Anderson, M.G. Pandy, Static and dynamic optimization solutions for gait are practically equivalent, J. Biomech. 34

(2001) 153–161.
[19] M. Solomonow, R. Baratta, B.H. Zhou, H. Shoji, B.W. Bose, C. Beck, R. D’ambrosia, The synergistic action of the anterior

cruciate ligament and thigh muscles in maintaining joint stability, Am. J. Sports Med. 15 (3) (1987) 207–213.
[20] M. Billot, E.M. Simoneau, Y. Ballay, J. Van Hoecke, A. Martin, How the ankle joint angle alters the antagonist and agonist

torques during maximal efforts in dorsi-and plantar flexion, Scand. J. Med. Sci. Sports 21 (6) (2011) e273–e281.

A. Siddiqi et al. / MethodsX 2 (2015) 107–111 111

http://refhub.elsevier.com/S2215-0161(15)00009-6/sbref0005
http://refhub.elsevier.com/S2215-0161(15)00009-6/sbref0005
http://seniam.org/.2009
http://refhub.elsevier.com/S2215-0161(15)00009-6/sbref0015
http://refhub.elsevier.com/S2215-0161(15)00009-6/sbref0015
http://refhub.elsevier.com/S2215-0161(15)00009-6/sbref0020
http://refhub.elsevier.com/S2215-0161(15)00009-6/sbref0020
http://refhub.elsevier.com/S2215-0161(15)00009-6/sbref0025
http://refhub.elsevier.com/S2215-0161(15)00009-6/sbref0025
http://refhub.elsevier.com/S2215-0161(15)00009-6/sbref0030
http://refhub.elsevier.com/S2215-0161(15)00009-6/sbref0030
http://refhub.elsevier.com/S2215-0161(15)00009-6/sbref0035
http://refhub.elsevier.com/S2215-0161(15)00009-6/sbref0035
http://refhub.elsevier.com/S2215-0161(15)00009-6/sbref0040
http://refhub.elsevier.com/S2215-0161(15)00009-6/sbref0040
http://refhub.elsevier.com/S2215-0161(15)00009-6/sbref0045
http://refhub.elsevier.com/S2215-0161(15)00009-6/sbref0045
http://refhub.elsevier.com/S2215-0161(15)00009-6/sbref0050
http://refhub.elsevier.com/S2215-0161(15)00009-6/sbref0050
http://refhub.elsevier.com/S2215-0161(15)00009-6/sbref0055
http://refhub.elsevier.com/S2215-0161(15)00009-6/sbref0055
http://refhub.elsevier.com/S2215-0161(15)00009-6/sbref0060
http://refhub.elsevier.com/S2215-0161(15)00009-6/sbref0060
http://refhub.elsevier.com/S2215-0161(15)00009-6/sbref0065
http://refhub.elsevier.com/S2215-0161(15)00009-6/sbref0065
http://refhub.elsevier.com/S2215-0161(15)00009-6/sbref0070
http://refhub.elsevier.com/S2215-0161(15)00009-6/sbref0070
http://refhub.elsevier.com/S2215-0161(15)00009-6/sbref0075
http://refhub.elsevier.com/S2215-0161(15)00009-6/sbref0075
http://refhub.elsevier.com/S2215-0161(15)00009-6/sbref0080
http://refhub.elsevier.com/S2215-0161(15)00009-6/sbref0080
http://refhub.elsevier.com/S2215-0161(15)00009-6/sbref0085
http://refhub.elsevier.com/S2215-0161(15)00009-6/sbref0090
http://refhub.elsevier.com/S2215-0161(15)00009-6/sbref0090
http://refhub.elsevier.com/S2215-0161(15)00009-6/sbref0095
http://refhub.elsevier.com/S2215-0161(15)00009-6/sbref0095
http://refhub.elsevier.com/S2215-0161(15)00009-6/sbref0100
http://refhub.elsevier.com/S2215-0161(15)00009-6/sbref0100

	Improvement.pdf
	Improvement of isometric dorsiflexion protocol for assessment of tibialis anterior muscle strength
	Method details
	Isometric dorsiflexion protocol

	Method validation
	Additional information
	Acknowledgment
	References



