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APPENDIX A

Participant information questionnaire
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APPENDIX B

Reliability of the study

A reliability study of the measurements was conducted. Ten healthy
participants were recruited to attend the plantar flexion strength, tendon displacement,
and tendon moment arm length. The test-retest reliability of the tests was conducted
with 1 day apart. For each test, participants were carefully familiarized with the
testing procedure before the test. Intra-tester reliability of each test was determined
using the intra-class correlation coefficients (ICC (33)) from three trials of all
variables. In addition, the present study conducted inter-tester reliability of tendon
displacement as well (the tester and sonographist). Inter-tester reliability of tendon

displacement was determined using the inter-class correlation coefficients (ICC (2 3)).

1.1 Intra-rater reliability of the study

The within session test-retest variability of variables measured in this study
was conducted to examine the reliability of plantar flexion strength, tendon
displacement at 25%, 50%, 75%, and 100% MVC, and tendon moment arm length.
The intra-class correlation coefficients (ICCs) of theses variables were calculated
from three trials of each variable. The confident interval (CI) of the measurement
indicated the probability to district from measurement error. The intra-class

correlation coefficients; ICCp3) of maximal plantar flexion strength, tendon
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displacement, and tendon moment arm length showed excellent reliability (0.83- 0.98)

and were 0.92, 0.83, 0.93, 0.89, and 0.88 respectively as shown in Table 5.

Table 5 Intra-rater reliability of maximal plantar flexion strength, tendon

displacement, and tendon moment arm length.

Variables ICCg 3 SEMs 95 % CI of ICC

Maximal plantar flexion strength 0.92 0.18 0.85-0.97

Tendon displacement

25 %MVC 0.83 0.29 0.30-0.96
50 %eMVC 0.93 0.18 0.72-0.98
75 %MVC 0.89 0.23 0.57-0.97
100 %MVC 0.88 0.33 0.51-0.97
Tendon moment arm length 0.98 0.01 0.93-0.99

1.2 Inter-rater reliability of the study

This study was tested inter-tester (the tester and radiographer) reliability of
tendon displacement at 25%, 50%, 75%, and 100% MVC. The intra-class correlation
coefficients (ICCs) were used to describe the inter-rater reliability for tendon
displacement. The confident interval (CI) of the measurement indicated the
probability to district from measurement error. The inter-class correlation coefficients;

ICC (2,3) of tendon displacement at 25%, 50%, 75%, and 100% MVC showed
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excellent reliability (0.94 - 0.99) and were 0.99, 0.99, 0.99, and 0.94, respectively as

shown in Table 6.

Table 6 Inter-rater reliability of tendon displacement

Variables ICCq3 SEMs 95 % CI of ICC

Tendon displacement

25 %MVC 0.99 0.81 0.33 -1.00
50 %MVC 0.99 1.09 0.78 - 1.00
75 %MVC 0.99 1.64 0.96 - 1.00
100 %MVC 0.94 2.85 0.43-1.00

Both intra-rater and inter-rater reliability in this study showed that the standard
error of measurements (SEMs) of plantar flexion strength tendon displacement at
25%, 50%, 75%, and 100% MVC and tendon moment arm length were 0.18 Nm,
0.29, 0.18, 0.23, 0.33, 0.01 mm, respectively for intra-rater reliability. For inter-rater
reliability of tendon displacement at 25%, 50%, 75%, and 100% MVC were 0.81,
1.09, 1.64, and 2.85 mm. The results indicate that the test-rater and inter-rater
reliability for these measurements were high with a minimal error of measurement

(SEMs were less than 5%).
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Daily log book
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APPENDIX D

Estimation of Achilles tendon moment arm length

The centre of rotation (COR) method was used to determine the moment arm
length in the study which measured the perpendicular distance from the joint centre of
rotation to the muscle-tendon action line (61) (Fig.6). The centre of rotation and the
orientation of the muscle-tendon action line were obtained from MR images. The
participants were in the supine position with foot at -15° (dorsiflexion), 0° (neutral
position), and +15° (plantarflexion). By using the modified Reuleax graphical
analysis, ankle joint instant centres of rotation of -15°, 0°, and +15° were identified
for ankle rotation from 0° to -15° and from 0° to +15°. The tibia was defined as the
stationary segment and the talus was defined as the whole rotating foot. In the image

with the ankle at -15° at rest, two reference points were marked (Fig.10).
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Figure 10 Calculation of instant centres of rotation in the tibio-talar joint. The talus
represents the whole rotating segment in relation to which two reference points were
marked. The intersection CR of the perpendicular bisectors to the lines connecting
points A and A' and points B and B' is the instant centre of rotation for that given
ankle rotation (51, 52).

The first point (point A) was marked on the straight line passing from the
posterior process of talus, vertically orientated in relation to the straight line
connecting the lateral and the posterior process of talus, 10 cm proximal to the
posterior process. The second point (point B) was marked at a right angle 10 cm
anterior to the point A. Tracings were drawn on a transparency of the outline of the
tibia and talus including the reference points. The tibia outline on the transparency
was superimposed on the tibia in the image showing the next ankle position at rest (0

degree) and the talus outline for this position was drawn in. The talus outline at this
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new ankle position was superimposed on the talus in the image at -15° to mark the
corresponding location of the referece points. Straight lines were drawn connecting
each set of points and perpendicular bisectors to these lines were then identified. The
point at which these bisectors intersected was taken as the instant centre of rotation
for an ankle angle rotation from 0 to —15 degree. The same procedure was followed
for 0 to +15 degree. Then the tendon moment arm length was obtained by measuring
the perpendicular distance from the Achilles tendon action line to the center of

rotation (Fig.6).

Achilles tendon
action line

Figure 6 Sagittal plane magnetic resonance images of the foot at the neutral position
at rest, the black circle on the talar bone is the instantaneous center of rotation in the
tibiotalar joint, the white line from the middle of Achilles tendon represents Achilles
tendon action line. The moment arm length (black line) represents perpendicular

distance from center of rotation to Achilles tendon action line.
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Information sheet
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APPENDIX F
Consent form
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Ethical clearance
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APPENDIX H

The exercise progression

In this study, participants’ maximal plantar flexion forces were assessed in
every week to adjust proper number of sets and loads. Therefore, either two sets or
two kilograms were used to progress the exercise. Backpack was used to apply the

load. Between the exercise sets, the participants rested for 2 minutes.

For the eccentric leg condition, maximal plantar flexion forces were 34.1 + 3.2
Nm in pre-training, 36.9 = 3.4 Nm in week 1, 40.1+ 3.7 Nm in week 2, 43.4 = 3.4 Nm
in week 3, 48.4 £ 3.3 Nm in week 4, 51.8 £ 4.1 Nm in week 5, and 56.1+3.6 Nm in
week 6. For the control leg condition, maximal plantar flexion forces were 35.0 + 3.6
Nm in pre-training, 37.14+ 3.6 Nm in week 1, 39.9+ 3.2 Nm in week 2, 41.9+ 3.2 Nm
in week 3, 42.4+ 3.2 Nm in week 4, 44.8+ 3.6 Nm in week 5, and 46.1+ 3.6 Nm in

week 6 ( Table 7 and Fig. 11).
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Figure 11 The progression of the exercise in six weeks. EL=eccentric leg condition

and CL=concentric leg condition.
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Comparison between pre-training and each week of training for the maximal

plantar flexion forces in both EL and CL found that significant differences in both

legs (p < 0.05) except CL in pre-week 1 (Table 7).

Table 7 Comparison of MVC in progression of exercise between pre-training and

each week of training in EL and CL.

Week EL p-value CL p-value
Pre-wk 1l | 341432-369+34 | 0.016% | 35.0+3.6-37.1+3.6 | 0.109
Pre-wk2 | 341432-40.1+3.7 | 0.004* | 350+3.6-39.9+32 | 0.006*
Pre-wk3 | 341132.434+34 | 0001* | 350£3.6-41.9+£32 | 0.004*
Pre-wk4 | 341132-484+33 | 0.001* | 35.0+3.6-424+32 | 0.004*
Pre-wkS | 341432-518+4.1 | 0.001* | 35.0+3.6-448+3.6 | 0.002*
Pre-wk 6 | 341432-56.1+3.6 | 0.001* | 35.0+3.6-46.1+3.6 | 0.001*

* Significant difference (p < 0.05) found between pre-training and each in both

conditions. MVC= maximal isometric voluntary contraction. Pre=pre-training,

EL=eccentric leg condition, CL=control leg condition.
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