
PEER REVIEW HISTORY 

BMJ Open publishes all reviews undertaken for accepted manuscripts. Reviewers are asked to 

complete a checklist review form (http://bmjopen.bmj.com/site/about/resources/checklist.pdf) and 

are provided with free text boxes to elaborate on their assessment. These free text comments are 

reproduced below.   

 

ARTICLE DETAILS 

TITLE (PROVISIONAL) Strength training for adolescents with cerebral palsy (STAR): study 
protocol of a randomised controlled trial to determine the feasibility, 
acceptability and efficacy of resistance training for adolescents with 
cerebral palsy. 

AUTHORS Ryan, Jennifer M.; Theis, Nicola; Kilbride, Cherry; Baltzopoulos, Bill; 
Waugh, Charlie; Shortland, Adam; Lavelle, Grace; Noorkoiv, Marika; 
Levin, Wendy; Korff, Thomas 

 

VERSION 1 - REVIEW 

REVIEWER Nicholas Taylor 
La Trobe University, Australia 

REVIEW RETURNED 21-Jun-2016 

 

GENERAL COMMENTS Strength training for adolescents with cerebral palsy (STAR): study 
protocol of a randomised controlled trial to determine the feasibility, 
acceptability and efficacy of resistance training for adolescents with 
cerebral palsy  
This well-presented protocol describes a randomised controlled trial 
of strength training for adolescents with cerebral palsy. Strengths of 
the protocol are the background description of the literature with 
identification of the gaps in knowledge, and the design of the trial 
which will have a low risk of bias. The trial has been prospectively 
registered. The description of the primary outcome of gait efficiency 
and the secondary outcomes on muscle-tendon mechanics are well 
done. My comments are relatively minor and given on the 
understanding that the trial has already started recruitment.  
Some specific minor comments:  
1. In the trial registry it is noted that participants aged 12 to 19 years 
will be recruited, whereas in this protocol the age range is 10 to 19 
years. Should this be reported as a minor variation in this protocol?  
2. (Page 8, line 158): It may be useful to provide a little more detail 
on decision rules for the third inclusion criterion: ‘the ability to 
activate the ankle plantar flexors’. I imagine with some participants 
classified as GMFCS III with limited range of ankle movement and 
minimal activation, it could be difficult to prescribe a meaningful 
strength training program.  
3. (Table 1, Description of exercises, page 11, line 7): It is noted that 
all plantar flexor exercises will be completed with the knee extended. 
Perhaps a research paper citation to support this would be helpful 
e.g. maybe Hebert-Losier and Holmberg, 2013 could be considered.  
4. (page 11, line 22): Given that the same muscle group will be 
trained in up to 4 exercises, will the order of exercises be 
randomised to account for effects of muscle fatigue? 
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REVIEWER Dr Lee Barber 
The University of Queensland  
Australia 

REVIEW RETURNED 23-Jun-2016 

 

GENERAL COMMENTS Abstract  
P03L030: Consider revising the first sentence to remove the word 
”most”. There is other literature that does not support the statement.  
The authors should be complimented on the proposal to evaluate 
the impact of the resistance training intervention at multiple levels of 
the ICF.  
 
Introduction  
P05L069: As gait efficiency is the primary outcome measure for the 
study it is suggested that the definition of “gait efficiency” appear in 
the introduction. The introduction currently in uses the terms “energy 
cost of walking” and “gait inefficiency”. Please edit to improve 
readability.  
P05L072: The term “chronic fatigue” may create confusion for the 
reader. Please amend.  
P05L073: There is other literature that does not support the 
statement that “gait is most inefficient at age 12 years in CP”. The 
authors should consider revising this statement to provide a more 
balanced summary of the literature.  
P05L076: This is a very broad statement regarding intervention 
studies. It would be more appropriate to focus on resistance training 
intervention studies and/or studies to improve gait efficiency. Please 
remove.  
P05L080: This statement related to studies in TD individuals. Please 
qualify this in the text.  
P05L081: Is there evidence to suggest that a reduction in antagonist 
co-contraction following resistance training transfer to a reduction in 
co-contraction during gait? And further, to an improvement in 
walking efficiency?  
P05L083: Is it proposed that more concentric or eccentric muscle 
length changes during the stance phase of walking would contribute 
to a higher cost of muscular work?  
P05L090-98: The proposed theory of muscle and tendon properties 
relating to gait efficiency in CP may seem reasonable but does 
involve a number of assumptions that, at this time, have limited 
supporting data. There is little data reporting calf muscle and tendon 
function during gait in individuals with CP. Does REF 30 investigate 
mechanical properties during gait? Without understanding this, it is a 
large step to suggest that muscle and tendon properties measured 
in controlled single joint movements (passive and isometric) relate to 
function during gait, a multiple joint movement. There is a larger leap 
to gait efficiency, a full body movement that involves more 
confounding factors. I am sure that the authors have considered 
these concerns. If gait efficiency is to be the primary outcome it is 
important that the intervention is precise, well-structured and 
adherence ensured. Appropriately selected valid and reliable 
secondary outcome measures at a joint, multiple joint and capacity 
level that are responsive to the intervention are important.  
P06L086: The medial gastrocnemius has been shown to function 
siometrically only during mid-stance. A more thorough explanation 
for the reader is required.  
P06L088: The authors have already commented that the tendon is 
different in individuals with CP compared to TD peers. How can the 
authors justify that the CP tendon may adapt similarly?  
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P06L091: REF 30 is unpublished and should not be included. Has it 
since been published?  
P06L093: Please elaborate on “non-isometric” (will they contract 
concentrically or eccentrically?). At what stage during gait? Will pre-
intervention fascicle function during gait be assessed? What if the 
participant already has isometric fascicle function during gait? Does 
force production refer to the proposed non-isometric contraction or 
to later in the gait cycle during propulsion?  
P06L099-P07L117: The authors should be acknowledged for 
providing a broad summary of the strength training in CP literature. 
The conclusion was that there has been a paucity of information 
regarding the development of strength training programs and a 
paucity of evidence of training adaptations in CP. Where then have 
the authors based the creation of their intervention? The intervention 
should be well justified.  
P06L118: There is little support for single joint training alone (e.g. 
the plantar flexors) to transfer to improvements in functional capacity 
or efficiency in the current TD resistance training literature. The 
proposed intervention and outcome measures should be well 
justified.  
 
Methods  
P07L127: Is the training and data collection occurring at multiple 
sites or just the training?  
P07L139: The proposed 10 week training program seems short. 
When starting a new training program there is a period of 
learning/familiarisation of all aspects of the program. The first two 
weeks of the 10wk program may be considered a familiarisation 
period for the participants, leaving eight weeks of effective training. 
Do the authors consider this is sufficient volume to stimulate 
morphological/architectural adaptation?  
P08L157: How will the confounding variable of age (development) 
within the sample be accounted for? There is a large difference in 
musculoskeletal development between a 10 year old and a 19 year 
old. What are the different neural or muscular adaptations across 
different age groups and how will these be managed?  
P08L158: How will the ability to activate the ankle plantar flexors be 
assessed for the inclusion/exclusion criteria?  
P08L161: Number 4 - How will this be assessed before the 
participants start the training? Please elaborate.  
P09L164: check the document for consistent number in text 
convention (10 or ten, 20 or twenty).  
P09L165: 66% of the training sessions will be completed at home by 
the participants (and with assistance from family in some instances). 
Adherence to the training program may be a concern for the 
successful completion of the 10wk intervention. There is a possibility 
that these sessions will not be completed or completed at an 
intensity/quality level that is not the same as the group sessions. 
How will the authors promote adherence/compliance? What plans 
will be in place for this?  
P10 TABLE 1: Some exercises will not be completed at home further 
reducing the training stimulus. There are only two exercises (of the 
four exercises) to be completed at home (66% of the total training 
sessions). Theraband exercises are also difficult to complete at high 
loads which will further decrease the intensity of training. It is 
believed that there is insufficient volume and intensity of resistance 
training to achieve the proposed morphological changes to the 
muscle. It is strongly recommended to restructure the training 
program if these are the aims of the intervention.  
Please provide consistent explanations and order for the start 
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position (knee and ankle position) of all exercises in the table.  
P11L004: Bilateral exercises seem to be in conflict with the 
specificity of training. Is it possible to structure the exercise to 
ensure a unilateral focus?  
P11L022: Why is there a two minute rest period provided between 
each exercise?  
P12 TABLE 2: This table doesn't match up with earlier statement 
"participants will perform 3 sets on the left and right leg in each 
session". Please provide consistent training periodization 
information between the text and tables. It is difficult to provide an 
appropriate review with inconsistent information. Also include 
Theraband progressions somewhere (band colour and or tension).  
How will you assess 1RM? A 1RM is difficult to assess appropriately 
in typically developed adults. How valid will the 1RM be in CP 
participants? ‘The authors should consider a 6RM or 12RM due to 
technique, familiarisation and safety of the CP participants. 
Familiarisation is also important for these outcome measures.  
There is a large difference between how many exercises performed 
in each session? Home based sessions involve two exercises and 
gym based sessions four exercises. The training volume seems 
insufficient for the proposed training adaptations. Please comment.  
Consider including the speed of movement, rest time between sets 
and rest time between exercises for a more complete table.  
P12L030: Please elaborate on “fatigue”. Is this to the point where 
participants are unable to complete a repetition with correct 
technique/ROM or just cannot “push” any further.  
P12L034: Warm-up, cool-down and stretching. There is little 
evidence that an aerobic exercise warm-up and cool-down and 
stretching has any benefit for increasing muscle strength and size. 
Why include this? A lower load resistance training warm-up may be 
of more benefit. For consistency what is proposed for the home 
program?  
P12L042: Will all participants have internet access? Will there be 
sufficient internet speed for the data transfer?  
P13L055: Why will participants be asked to fast?  
P13L064: Physical activity: Will weekdays or weekends be 
included/assessed? What is the hypothesis for physical activity 
(accelerometry) for this study? What is the justification that daily 
physical activity will change?  
P16L117: A submaximal ramped isometric dorsiflexion contraction 
will be difficult to complete in the CP participants. The data collected 
during these trials  
P16L130: Multiple sweep freehand 3D ultrasound has only been 
validated in adults when using a water bath to acquire the images. 
How will the multiple sweeps be performed without a water bath? 
Will the participant's leg be constrained to avoid movement during 
the sweeps? Anatomical cross sectional areas may be compromised 
using multiple sweeps when there is movement of the limb, either 
due to the inability of the participant to keep still (likely in CP 
participants) and due to the pressure of the transducer on the limb. 
ASCAs will also be compromised with tissue movement under the 
transducer during each sweep, underestimating the volume. Will 
there be an attempt to address these limitations of freehand 3D 
ultrasound? Also, the data will be compromised if the transducer is 
tilted during the sweep, it won't be perpendicular to the muscle, 
which may also either over or underestimating the ACSA. Freehand 
3D ultrasound has only been shown to be valid and reliable when 
using multiple sweeps (for muscle ACSAs larger than the size of the 
transducer) with the water bath method. MRI would be a more 
appropriate for the measurement of muscle volume in adolescents 
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and adults.  
P19L190: The term “resting length” is misleading to the reader and 
may be considered “at rest”. The term “slack length” has been used 
previously in the literature and may be more appropriate. Consider 
revising.  
P20L229: During the treadmill walking trials it is stated that the 
participants may hold on. This will alter the kinematics, kinetics and 
the musculotendinous behaviour of the calf during stride compared 
to walking without holding on. How will this be standardised between 
pre- and post-training and follow-up?  
P21L250: Why is only the knee flexion angle used as a change in 
gait kinematics? Considering the training is directed at the muscles 
of the ankle would ankle angle also be useful to indicate gait 
change?  
P21L255: is the additional 3 x 10m walking trials a separate 
outcome measure? Is it a walk from stil or a flying 10m walk?  
P22L276: The authors should be complemented on the proposed to 
monitor treatment fidelity and plan for exit interviews. Are there 
planned questions for the interview? If so then this should be 
included in the document.  
P23L306: Will all outcome measures (primary and secondary) be 
analysed in this way? I there any plans for sub-group analysis?  
 
Reference List  
Please review all references as there are some missing reference 
fields.  
 
Figures and Tables  
Please expand on the figure and table legends so that they can be 
interpreted without the reader having to refer back to the manuscript 
text.  
Why only a figure of the hack squat machine? Is it possible to 
include images of all of the activities to enhance the readability? 
Alternatively, include no exercise equipment figure/s.  
The figure of the tendon cross sectional area and the muscle and 
tendon length could be combined into one 1 x 2 figure (or add other 
pictures) that help the explanation of the muscle-tendon mechanics 
measurements.  
Could the authors add a figure of the 3D ultrasound muscle volume? 

 

VERSION 1 – AUTHOR RESPONSE 

Reviewer: 1  

Reviewer Name: Nicholas Taylor  

Institution and Country: La Trobe University, Australia  

Competing Interests: None declared  

 

Strength training for adolescents with cerebral palsy (STAR): study protocol of a randomised 

controlled trial to determine the feasibility, acceptability and efficacy of resistance training for 

adolescents with cerebral palsy  

This well-presented protocol describes a randomised controlled trial of strength training for 

adolescents with cerebral palsy. Strengths of the protocol are the background description of the 

literature with identification of the gaps in knowledge, and the design of the trial which will have a low 

risk of bias. The trial has been prospectively registered. The description of the primary outcome of gait 

efficiency and the secondary outcomes on muscle-tendon mechanics are well done. My comments 

are relatively minor and given on the understanding that the trial has already started recruitment.  
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Response: We thank Professor Taylor for his positive comments and useful feedback which will 

improve the quality of the protocol. We provide a response to his comments below.  

 

Comment 1: In the trial registry it is noted that participants aged 12 to 19 years will be recruited, 

whereas in this protocol the age range is 10 to 19 years. Should this be reported as a minor variation 

in this protocol?  

 

Response 1: Thank you for highlighting this. We have updated the trial registry and the manuscript to 

reflect this change to the protocol.  

Page 8, line 153: The inclusion criteria for the proposed trial are 1) adolescents with spastic CP aged 

10-19 years (amended from 12-19 years on 15 February 2016).  

 

Comment 2: (Page 8, line 158): It may be useful to provide a little more detail on decision rules for the 

third inclusion criterion: ‘the ability to activate the ankle plantar flexors’. I imagine with some 

participants classified as GMFCS III with limited range of ankle movement and minimal activation, it 

could be difficult to prescribe a meaningful strength training program.  

 

Response 2: We have added the following information (page 8-9, line 160-172): “Participants’ ability 

to activate their plantarflexors on the right and left leg will be assessed using a modified version of the 

Selective Control Assessment of the Lower Extremity (SCALE) [53]. Participants will be asked to 

dorsiflex, plantarflex, and dorsiflex the ankle, while sitting with their legs over the edge of the exam 

table with the knee extended as much as possible, and the calf supported by the assessor. This 

assessment will be performed by the person identifying eligible participants where possible and also 

by the research team when the participant attends the baseline assessment. Participants’ ability to 

activate their plantarflexors will be rated as “normal” if they can achieve 15° of active plantarflexion in 

the sagittal plane, “impaired” if they achieve less than 15° active plantarflexion in the sagittal plane or 

if plantarflexion is accompanied by ankle inversion, “no active movement” if they do not achieve active 

plantarflexion at the ankle but the plantarflexors are activated as determined by palpation, and 

“unable” if the plantarflexors aren’t activated as determined by palpation. Adolescents who are unable 

to activate their plantarflexors will be excluded from participating in the study.”  

We have added the following to the Data Analysis section (page 26, line 336-338): “Sub-group 

analysis will be conducted according to ratings of “normal”, “impaired” and “no active movement” to 

determine if participants’ ability to plantarflex the ankle affects change in primary and secondary 

outcomes.”  

 

Comment 3: (Table 1, Description of exercises, page 11, line 7): It is noted that all plantar flexor 

exercises will be completed with the knee extended. Perhaps a research paper citation to support this 

would be helpful e.g. maybe Hebert-Losier and Holmberg, 2013 could be considered.  

 

Response 3: We have included two references which support the use of an extended knee to activate 

the GM and GL, and as a secondary muscle, the soleus (page 10, line 194-196): “In all exercises, 

participants will be instructed to keep the knee joint as straight as possible to ensure activation of all 

triceps surae muscles [54,55,56].”  

 

Comment 4: (page 11, line 22): Given that the same muscle group will be trained in up to 4 exercises, 

will the order of exercises be randomised to account for effects of muscle fatigue?  

 

Response 4: The order of the exercises is not randomised during each exercise session. Although we 

acknowledge that exercise order may impact fatigue, the use of the same order at each session 

promotes consistency in the programme for the physiotherapist and participant, and most likely 

reflects the delivery of exercises in clinical practice. As the same muscle group (i.e. the ankle 

plantarflexors) is being trained with all exercises and adequate rest periods are given between each 
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set we do not believe that the order the exercises are performed in will impact on the outcomes of the 

study.  

 

Reviewer: 2  

Reviewer Name: Dr Lee Barber  

Institution and Country: The University of Queensland, Australia  

Competing Interests: None declared  

 

Response: We thank Dr. Barber for his useful feedback and the opportunity to clarify some aspects of 

the protocol that will improve the quality of the protocol and readability of the manuscript. We provide 

a response to his comments below:  

 

Abstract  

Comment 1: P03L030: Consider revising the first sentence to remove the word ”most”. There is other 

literature that does not support the statement.  

 

Response 1: We have removed the word “most”.  

 

Comment 2: The authors should be complimented on the proposal to evaluate the impact of the 

resistance training intervention at multiple levels of the ICF.  

 

Response 2: Thank you for your positive feedback.  

 

Introduction  

Comment 3: P05L069: As gait efficiency is the primary outcome measure for the study it is suggested 

that the definition of “gait efficiency” appear in the introduction. The introduction currently in uses the 

terms “energy cost of walking” and “gait inefficiency”. Please edit to improve readability.  

 

Response 3: We have defined gait efficiency as the oxygen cost of walking (page 5, line 69-71): The 

oxygen cost of walking, which is often used as a measure of gait efficiency [10]. We have replaced all 

subsequent uses of “oxygen cost” or “energy cost” with “gait efficiency” or “gait inefficiency” to 

improve readability.  

 

Comment 4: P05L072: The term “chronic fatigue” may create confusion for the reader. Please amend.  

 

Response 4: We have deleted the word “chronic”.  

 

Comment 5: P05L073: There is other literature that does not support the statement that “gait is most 

inefficient at age 12 years in CP”. The authors should consider revising this statement to provide a 

more balanced summary of the literature.  

 

Response 5: We have searched the literature to identify studies that investigate the association 

between gait efficiency, as defined as the oxygen cost of walking, and age, and have been unable to 

find additional studies. We would greatly appreciate it if the reviewer could indicate the literature he is 

referring to and we will amend our background information to reflect its findings.  

 

Comment 6: P05L076: This is a very broad statement regarding intervention studies. It would be more 

appropriate to focus on resistance training intervention studies and/or studies to improve gait 

efficiency. Please remove.  

 

Response 6: The sentence “Interventions can alleviate disability, but less than a quarter have proved 

to be effective [16]” has been deleted.  
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Comment 7: P05L080: This statement related to studies in TD individuals. Please qualify this in the 

text.  

 

Response 7: As studies cited refer to both children with TD and children with CP the following has 

been added for clarity (page 5, line 80-83): “Studies involving children with typical development 

indicate that early resistance training-induced strength gains are predominantly neural in nature [21-

23]. A study of children with CP suggests that a reduction in antagonistic co-contraction may be a 

partial contributor [24].  

 

Comment 8: P05L081: Is there evidence to suggest that a reduction in antagonist co-contraction 

following resistance training transfer to a reduction in co-contraction during gait? And further, to an 

improvement in walking efficiency?  

 

Response 8: Thank you for raising this point. At present, there is no direct evidence to support that a 

reduction in antagonist co-contraction may transfer to improvements in walking efficiency. However, 

there is evidence to suggest a direct relationship between the magnitude of co-contraction and energy 

cost during treadmill walking [20]. In addition, it has been demonstrated that early resistance training 

strength gains may be partly accounted for by a reduction in antagonist co-contraction (Hamer, 

Alderson, and Lloyd, 2010). These findings suggest that a reduction in antagonist co-contraction may 

reduce the energy cost of walking. A main aim of this study is to investigate this hypothesis.  

 

Comment 9: P05L083: Is it proposed that more concentric or eccentric muscle length changes during 

the stance phase of walking would contribute to a higher cost of muscular work?  

 

Response 9: In typically developing gait, the fascicles have been shown to act almost isometrically 

during the single support phase, which serves to reduce the energy cost of gait. The only two studies 

to investigate this in children with CP found that rather than remaining isometric, the fascicles 

lengthen during single support [30,31]. This finding of fascicle lengthening during single support may 

be partly explained by the fact that the fascicles are unable to resist the tensile forces in stance 

resulting in eccentric muscle contractions as the foot moves into dorsiflexion. If this is the case then 

this eccentric lengthening may contribute to the higher cost of muscular work in people with CP.  

We have amended the manuscript as follows (page 5-6, line 83-95): “Secondly, excessive 

lengthening of the muscle fascicles during the single stance phase of walking could contribute to the 

increased energy cost of walking among people with CP. In typically developed gait it has been 

shown that in spite of significant length changes of the plantarflexor muscle-tendon unit as a whole, 

triceps surae muscle fascicles operate almost isometrically during the early to mid-stance phase of 

walking [25]. In the subsequent propulsive phase, the fascicles shorten at velocities associated with 

high efficiency [26, 27,28]. This has been proposed to be an energy saving mechanism during walking 

[29]. In children with CP, it has been shown that rather than act isometrically, the fascicles of the 

gastrocnemius muscle lengthen during the single support phase of walking [30,31], potentially due to 

the muscle’s inability to resist the tensile forces in stance. Since eccentric muscle contractions are 

metabolically less efficient than isometric contractions [32] this may contribute to walking inefficiency 

in people with CP. An increase in the volume and strength of these muscles due to resistance training 

may have a positive effect on oxygen cost by enabling fascicles to work more isometrically during 

gait”.  

 

Comment 10: P05L090-98: The proposed theory of muscle and tendon properties relating to gait 

efficiency in CP may seem reasonable but does involve a number of assumptions that, at this time, 

have limited supporting data. There is little data reporting calf muscle and tendon function during gait 

in individuals with CP. Does REF 30 investigate mechanical properties during gait? Without 

understanding this, it is a large step to suggest that muscle and tendon properties measured in 
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controlled single joint movements (passive and isometric) relate to function during gait, a multiple joint 

movement. There is a larger leap to gait efficiency, a full body movement that involves more 

confounding factors. I am sure that the authors have considered these concerns. If gait efficiency is to 

be the primary outcome it is important that the intervention is precise, well-structured and adherence 

ensured. Appropriately selected valid and reliable secondary outcome measures at a joint, multiple 

joint and capacity level that are responsive to the intervention are important.  

 

Response 10: We agree that there are a number of assumptions relating to muscle and tendon 

function and gait in CP, which at this time have limited supporting evidence. We aim to collect data 

through the STAR trial that will enable us to support or refute a number of these hypotheses. One of 

our outcome measures is gastrocnemius muscle fascicle and Achilles tendon lengthening during gait. 

For this purpose, we are simultaneously collecting ultrasound data from the gastrocnemius fascicle 

and Achilles tendon in order to derive fascicle length and Achilles tendon length changes during 

treadmill walking. This will provide important information regarding walking mechanics in this 

population, both pre- and post-intervention.  

We currently make the assumption that if resistance training is able to increase plantarflexor muscle 

strength (as well as alter neuromuscular factors) this may improve gait efficiency. This assumption is 

based partially on research which suggested that the ankle joint performs 60% of the summed ankle, 

knee, and hip positive mechanical work during the stance phase (DeVita, Helseth, Hortobagyi, 2007). 

Therefore, as a result it may be a reasonable assumption that changes to musculature surrounding 

the ankle joint may have a profound effect on gait efficiency.  

 

Comment 11: P06L086: The medial gastrocnemius has been shown to function isometrically only 

during mid-stance. A more thorough explanation for the reader is required.  

 

Response 11: To provide a more thorough explanation we have amended this as follows (page 5-6, 

line 85-89): “In typically developed gait it has been shown that in spite of significant length changes of 

the plantarflexor muscle-tendon unit as a whole, triceps surae muscle fascicles operate almost 

isometrically during the early to mid-stance phase of walking [25]. In the subsequent propulsive 

phase, the fascicles shorten at velocities associated with high efficiency [26, 27,28]. This has been 

proposed to be an energy saving mechanism during walking [29]”.  

 

Comment 12: P06L088: The authors have already commented that the tendon is different in 

individuals with CP compared to TD peers. How can the authors justify that the CP tendon may adapt 

similarly?  

 

Response 12: We apologise for not being able to fully respond to this comment but we are unable to 

see which line you are referring to, where we suggest the tendon may adapt similarly in children with 

CP and with typical development. It has been shown in children with typical development that the 

tendon adapts with resistance training, which may or may not occur in CP. In the manuscript we have 

been speculative as to whether this would occur in CP, we have stated that (page 6, line 100-104): 

“Resistance training has been shown to increase tendon stiffness by up to 25% in children with typical 

development [34], thus demonstrating the potential to affect the ratio of muscle to tendon stiffness in 

CP in a way that promotes a more efficient muscle-tendon interaction and muscle contraction during 

gait. Such changes may improve gait efficiency in this population.”  

 

Comment 13: P06L091: REF 30 is unpublished and should not be included. Has it since been 

published?  

 

Response 13: This paper is under review so we have removed this reference from the manuscript. 

We have amended the manuscript as follows (page 6, line 97-98): “It has been previously 

demonstrated that children with CP have an increased passive stiffness and disproportionally long 
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Achilles tendon [33]”.  

 

Comment 14: P06L093: Please elaborate on “non-isometric” (will they contract concentrically or 

eccentrically?). At what stage during gait? Will pre-intervention fascicle function during gait be 

assessed? What if the participant already has isometric fascicle function during gait? Does force 

production refer to the proposed non-isometric contraction or to later in the gait cycle during 

propulsion?  

 

Response 14: Thank you for pointing out this ambiguity. To address the first and last part of your 

comment we have amended a paragraph in the manuscript to address these points and a previous 

comment (comment 9) made regarding the term “non-isometric” contraction (page 5-6, line 83-104): 

“Secondly, excessive lengthening of the muscle fascicles during the single stance phase of walking 

could contribute to the increased energy cost of walking. In typically developed gait it has been shown 

that in spite of significant length changes of the plantarflexor muscle-tendon unit as a whole, triceps 

surae muscle fascicles operate almost isometrically during the early to mid-stance phase of walking 

[25]. In the subsequent propulsive phase, the fascicles shorten at velocities associated with high 

efficiency [26, 27,28]. This has been proposed to be an energy saving mechanism during walking 

[29]. In children with CP, it has been shown that rather than act isometrically, the fascicles of the 

gastrocnemius muscle lengthen during the single support phase of walking [30,31], potentially due to 

the muscle’s inability to resist the tensile forces in stance. Since eccentric muscle contractions are 

metabolically less efficient than isometric contractions [32] this may contribute to walking inefficiency 

in people with CP. An increase in the volume and strength of these muscles due to resistance training 

may have a positive effect on oxygen cost by enabling fascicles to work more isometrically during 

gait. Finally, the degree to which the muscle shortens during dynamic contractions is governed by the 

elastic properties of muscles and tendons (i.e. stiffness). It has been previously demonstrated that 

children with CP have an increased passive stiffness and disproportionally long Achilles tendon [33]. 

This may reduce the ability of muscle to generate adequate force in the propulsive phase of gait, as 

they are not operating at optimum lengths or velocities. Resistance training has been shown to 

increase tendon stiffness by up to 25% in children with typical development [34], thus demonstrating 

the potential to affect the ratio of muscle to tendon stiffness in CP in a way that promotes a more 

efficient muscle-tendon interaction and muscle contraction during gait. Such changes may improve 

gait efficiency in this population.”  

 

To address the second part of your comment, we are tracking fascicle length changes during treadmill 

walking. These measures are taken pre-intervention, immediately post-intervention, and 12 weeks 

post-intervention in both the intervention and control group. It may well be the case that a participant 

already has isometric fascicle function during walking. This could be indicative of a “normal” muscle 

function during gait, which should then also be reflected in gait kinematics. However, it could also be 

indicative of a stiff muscle, which is unable to lengthen. During data analysis we may adjust for 

baseline fascicle function if we have sufficient data, to assess the impact of baseline fascicle function 

on study outcomes, e.g. if participants’ with isometric fascicle function at baseline respond differently 

to the intervention than those with non-isometric fascicle function.  

 

Comment 15: P06L099-P07L117: The authors should be acknowledged for providing a broad 

summary of the strength training in CP literature. The conclusion was that there has been a paucity of 

information regarding the development of strength training programs and a paucity of evidence of 

training adaptations in CP. Where then have the authors based the creation of their intervention? The 

intervention should be well justified.  

 

Response 15: We have highlighted in the method that the intervention is based on current guidelines 

for youth resistance training, page 9, line 178-179, “The progressive resistance training intervention is 

based on current guidelines for youth resistance training [43]”.  
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Comment 16: P06L118: There is little support for single joint training alone (e.g. the plantar flexors) to 

transfer to improvements in functional capacity or efficiency in the current TD resistance training 

literature. The proposed intervention and outcome measures should be well justified.  

 

Response 16: As highlighted on page 6-7, line 113-115, people with CP may have severe muscle 

weakness, which may result in them using stronger muscle groups to produce a movement when 

performing multi-joint exercises. Verschuren and Damiano proposed that this may be one reason why 

previous resistance training interventions have failed to improve function among children and young 

adults with CP [38,39].  

We have added the following information to page 7, line 118-120 to further justify the use of single 

joint plantarflexor exercises: “pilot data suggest that progressive resistance training of the 

plantarflexors using single-joint exercises training improves muscle strength, muscle volume [49], 

walking speed and stride length [50].“  

 

Methods  

Comment 17: P07L127: Is the training and data collection occurring at multiple sites or just the 

training?  

 

Response 17: We have added the following information to page 7, line 136-137: “Assessments will be 

conducted at Brunel University London.” As stated on page 9, line 180-182, “10 supervised group 

sessions will be carried out at participants’ local physiotherapy department or gym and 20 sessions 

will be carried out at participants’ homes”.  

 

Comment 18: P07L139: The proposed 10 week training program seems short. When starting a new 

training program there is a period of learning/familiarisation of all aspects of the program. The first two 

weeks of the 10wk program may be considered a familiarisation period for the participants, leaving 

eight weeks of effective training. Do the authors consider this is sufficient volume to stimulate 

morphological/architectural adaptation?  

 

Response 18: The intervention is based on current guidelines for youth resistance training [43], which 

suggest that strength gains are observed among youth after 8 weeks of progressive resistance 

training [43]. A recent systematic review investigating the impact of strength training on muscle 

morphology and architecture in children and adolescents with CP reported that increases in muscle 

size were observed after strength training programmes of 6 to 12 weeks duration [Gillett et al., 2016]. 

We therefore believe that 10 weeks is sufficient duration to stimulate changes in muscle strength and 

size.  

 

Comment 19: P08L157: How will the confounding variable of age (development) within the sample be 

accounted for? There is a large difference in musculoskeletal development between a 10 year old and 

a 19 year old. What are the different neural or muscular adaptations across different age groups and 

how will these be managed?  

 

Response 19: Randomisation should result in an even distribution of ages across each group. 

Although there may be different neural or muscular adaptations across ages these difference are 

likely to be equal in each group. Therefore, any differences in neural or muscular adaptations 

between groups can be attributed to the intervention. If the age of participants is not distributed 

equally across groups we will examine the effect of age on study outcomes by controlling for age in 

our analysis.  

 

Comment 20: P08L158: How will the ability to activate the ankle plantar flexors be assessed for the 

inclusion/exclusion criteria?  
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Response 20: As outlined in our response to comment 2 from reviewer 1 and in the manuscript (page 

8-9, line 160-172): “Participants’ ability to activate their plantarflexors on the right and left leg will be 

assessed using a modified version of the Selective Control Assessment of the Lower Extremity 

(SCALE) [53]. Participants will be asked to dorsiflex, plantarflex, and dorsiflex the ankle, while sitting 

with their legs over the edge of the exam table with the knee extended as much as possible, and the 

calf supported by the assessor. This assessment will be performed by the person identifying eligible 

participants where possible and also by the research team when the participant attends the baseline 

assessment. Participants’ ability to activate their plantarflexors will be rated as “normal” if they can 

achieve 15° of active plantarflexion in the sagittal plane, “impaired” if they achieve less than 15° active 

plantarflexion in the sagittal plane or if plantarflexion is accompanied by ankle inversion, “no active 

movement” if they do not achieve active plantarflexion at the ankle but the plantarflexors are activated 

as determined by palpation, and “unable” if the plantarflexors aren’t activated as determined by 

palpation. Adolescents who are unable to activate their plantarflexors will be excluded from 

participating in the study.”  

We have also added the following to the Data Analysis section (page 26, line 336-338): “Sub-group 

analysis will be conducted according to ratings of “normal”, “impaired” and “no active movement” to 

determine if participants’ ability to plantarflex the ankle affects change in primary and secondary 

outcomes.”  

 

Comment 21: P08L161: Number 4 - How will this be assessed before the participants start the 

training? Please elaborate.  

 

Response 21: The clinician identifying participants and the adolescent’s parent will determine if the 

adolescent has sufficient cognitive understanding to comply with the assessment and training 

programme. We have amended this exclusion criterion to be more specific as follows (page 9, line 

175-176): “insufficient cognitive understanding to comply with assessment procedures and training 

programme.” As part of the process evaluation we will determine through exit interviews with the 

physiotherapist if the participant’s cognitive ability was a limiting factor in their compliance with the 

training programme.  

 

Comment 22: P09L164: check the document for consistent number in text convention (10 or ten, 20 

or twenty).  

 

Response 22: We have ensured the document is in line with the Cochrane style guide for consistency 

i.e. numbers less than 10 are spelled out in full unless used with units (e.g. 8 repetitions) or in a list 

with other numbers. Numbers at the start of a sentence are written in full.  

 

Comment 23: P09L165: 66% of the training sessions will be completed at home by the participants 

(and with assistance from family in some instances). Adherence to the training program may be a 

concern for the successful completion of the 10wk intervention. There is a possibility that these 

sessions will not be completed or completed at an intensity/quality level that is not the same as the 

group sessions. How will the authors promote adherence/compliance? What plans will be in place for 

this?  

 

Response 23: We acknowledge that adherence to the programme, particularly the home sessions, 

may be poor and that this will impact on the results of the study. However, this concern applies to all 

exercise interventions, which require participants to adhere to a programme over a sustained period 

of time. We believe that prescription of both home and supervised exercise sessions reflects current 

physiotherapy practice, meaning that the results of this trial will provide information on whether this 

intervention will be feasible, acceptable and efficacious as part of routine care. Further, we believe 

that it is important to promote independence among adolescents with CP and prescription of the 
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home exercise programme, alongside supervised sessions, is important in promoting independence. 

We will determine if participants believed they gained independence in exercising and if gaining 

independence in exercising was a benefit of the programme from the narratives collected during exit 

interviews.  

An aim of this trial is to differentiate between intervention failure and implementation failure using the 

process evaluation. In order to do this we are recording adherence and fidelity to the intervention. The 

following information is provided on page 24-25, line 293-311: “Attendance and compliance to the 

intervention will be monitored by the physiotherapist delivering the supervised session. During each 

session the physiotherapist will record details of the warm-up, cool-down and stretches, the type of 

exercises that were completed, the number of repetitions and sets of each exercise that were 

completed, the type of resistance and load that was added to each exercise, and how each exercise 

was progressed. In order to monitor compliance with the home exercise programme and adverse 

events participants will record their adherence to the home exercise programme and any potentially 

related or unrelated adverse events during home sessions using the patient support tool or paper 

exercise diary. Information from the patient support tool will be transmitted directly to the research 

team.  

 

Fidelity of the resistance training programme to trial protocol will be quantified by observations of four 

sessions (two home sessions and two group sessions) for each participant during the 10-week period 

using a protocol checklist. A member of the research team will record the quantity and quality of 

exercises. The number of repetitions and sets performed of each exercise, and the amount of 

resistance added to each exercise will be recorded. It will be noted if the exercise was progressed 

based on individual strength capacity. The calf muscle will be palpated during each exercise to 

determine if it is being activated. Aspects of the quality of the exercise (range of motion that the 

exercise is performed through, level of fatigue at the end of the prescribed number of repetitions, 

movement quality, and degree of knee extension during the exercise) will be rated on a 4-point scale, 

where a higher score indicates better quality.”  

 

This quantitative data on adherence and fidelity to the intervention will be triangulated with data 

obtained from the exit interviews with physiotherapists. Reasons for non-compliance will also be 

ascertained from participants (page 25, line 314-316): “Participants will be asked to reflect on their 

experience, including any positive or challenging aspects of taking part in the programme, to help 

identify factors which may impact on adherence”.  

 

Comment 24: P10 TABLE 1: Some exercises will not be completed at home further reducing the 

training stimulus. There are only two exercises (of the four exercises) to be completed at home (66% 

of the total training sessions). Theraband exercises are also difficult to complete at high loads which 

will further decrease the intensity of training. It is believed that there is insufficient volume and 

intensity of resistance training to achieve the proposed morphological changes to the muscle. It is 

strongly recommended to restructure the training program if these are the aims of the intervention.  

 

Response 24: We have rewritten and added information to the description of the resistance training 

programme in order to clarify that participants will be prescribed exercises based on their individual 

capacity to ensure they are working at an adequate intensity to improve muscle strength.  

Page 9-10, line 189-191: “The physiotherapist delivering the programme will prescribe at least one of 

the following exercises each week depending on the adolescent’s individual capacity: 1) seated 

straight knee calf press against resistance band (TheraBand, Hygenic Corporation, Ohio, USA), 2) 

seated straight knee calf press with a leg press machine, 3) standing calf raises against body weight 

with or without additional resistance, and 4) standing calf raises in a hack squat machine (Table 1). In 

all exercises, participants will be instructed to keep the knee joint as straight as possible to ensure 

activation of all triceps surae muscles [54,55,56] and perform the exercise through full available range 

of ankle movement where possible.”  
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Page 12, line 7-15: “Load will be added to each prescribed exercise incrementally at every supervised 

session to ensure that the participant can complete the prescribed number of repetitions in each set to 

fatigue. For example, in week 8, each participant’s 8 repetition maximum (RM) will be determined at 

the start of the supervised session for each prescribed exercise so that the participant performs 8 

repetitions to fatigue in each set. The load may be adjusted during the class depending on the 

individuals’ capacity to ensure they are reaching fatigue during each set.”  

 

Page 13, line 29-39: “Participants will not perform all four exercises at each session. Instead, they will 

perform a combination of one or more exercises, depending on their individual strength capacity each 

week. Each participant will perform the prescribed exercise (s) until they complete the required 

number of sets and repetitions of plantarflexor exercises on each leg. For example, in week 1 a 

participant may be prescribed 4 sets of 12 repetitions of seated straight knee calf presses against a 

resistance band on each leg. In week 2, if they are able to perform greater than 12 repetitions against 

the strongest resistance band they may be prescribed 4 sets of 12 repetitions of standing calf raises 

on each leg. They could also be prescribed 2 sets of 12 repetitions of standing calf raises and 2 sets 

of 12 repetitions of the seated straight knee calf press with the leg press machine, on each leg. The 

number and type of exercise prescribed will be at the discretion of the physiotherapist provided they 

adhere to the prescribed repetitions, sets, and intensity for a given week.”  

 

Comment 25: Please provide consistent explanations and order for the start position (knee and ankle 

position) of all exercises in the table.  

Response 25: This has been amended in Table 1.  

 

Comment 26: P11L004: Bilateral exercises seem to be in conflict with the specificity of training. Is it 

possible to structure the exercise to ensure a unilateral focus?  

 

Response 26: As stated on page 13, line 40-42 unilateral exercises will be performed where possible. 

However, in some situations it may not be possible to prescribe a unilateral exercise. For example, a 

participant may be able to complete more than the prescribed number of repetitions to fatigue when 

performing the calf press against resistance band but is unable to perform a unilateral calf raise 

without added resistance or a unilateral calf press using the leg press machine without added 

resistance. In this case the participant will be prescribed bilateral calf raises or a bilateral calf press 

using the leg press machine until they can perform the exercise unilaterally.  

 

Comment 27: P11L022: Why is there a two minute rest period provided between each exercise?  

 

Response 27: We have amended this to state that “a rest period of at least two minutes will be 

allowed between each set” (page 12, line 2-3). This is in line with the current guidelines for youth 

resistance training [43].  

 

Comment 28: P12 TABLE 2: This table doesn't match up with earlier statement "participants will 

perform 3 sets on the left and right leg in each session". Please provide consistent training 

periodization information between the text and tables. It is difficult to provide an appropriate review 

with inconsistent information.  

 

Response 28: This has been amended.  

 

Comment 29: Also include Theraband progressions somewhere (band colour and or tension).  

 

Response 29: As stated on page 12, line 17-18, the length of the resistance band and the position of 

the participants’ hands when holding the band will be kept constant to ensure that tension does not 

alter. We have included the colour of the band on page 13, line 21-23, “The stiffness of the resistance 

 on M
ay 16, 2023 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2016-012839 on 4 O

ctober 2016. D
ow

nloaded from
 

http://bmjopen.bmj.com/


band increases according to the colour of the band, from least resistance to most resistance as 

follows: yellow, red, green, blue, black, silver, gold.”  

 

Comment 30: How will you assess 1RM? A 1RM is difficult to assess appropriately in typically 

developed adults. How valid will the 1RM be in CP participants? ‘The authors should consider a 6RM 

or 12RM due to technique, familiarisation and safety of the CP participants. Familiarisation is also 

important for these outcome measures.  

 

Response 30: We will not assess 1 RM. The % of 1 RM stated in Table 2 is an estimation based on 

the number of repetitions performed to fatigue. This has been removed from the table and the 

following information has been added to the text for clarity (page 12, line 7-11):  

 

“Load will be added to each prescribed exercise incrementally at every supervised session to ensure 

that the participant can complete the prescribed number of repetitions in each set to fatigue. For 

example, in week eight, the participant’s 8 repetition maximum (RM) will be determined at the start of 

the supervised session for each prescribed exercise by adding load to the exercise so that the 

participant performs 8 repetitions to fatigue in each set.”  

 

Comment 31: There is a large difference between how many exercises performed in each session? 

Home based sessions involve two exercises and gym based sessions four exercises. The training 

volume seems insufficient for the proposed training adaptations. Please comment.  

 

Response 31: Although the number and type of exercises performed may vary from session to 

session the total number of sets, repetitions, and intensity will remain standardised according to the 

periodised progressive resistance training programme presented in Table 2. It is necessary to change 

the type of exercise performed as, as participants’ strength increases, some exercises will not result 

in adequate loading of the muscle. Further, some participants may not be able to perform certain 

exercises initially because of muscle weakness. Please see our response to comment 24 for further 

description of the programme.  

 

Comment 32: Consider including the speed of movement, rest time between sets and rest time 

between exercises for a more complete table.  

 

Response 32: We have added the muscle action and speed of movement to Table 2. We have added 

the rest period between sets to the text (page 12, line 2-3).  

 

Comment 33: P12L030: Please elaborate on “fatigue”. Is this to the point where participants are 

unable to complete a repetition with correct technique/ROM or just cannot “push” any further.  

 

Response 33: The following information has been added to page x line x: “Fatigue will be indicated by 

participants’ refusal to complete another repetition, an inability to perform another full repetition, or 

improper form that results in the plantarflexors not being activated.”  

 

Comment 34: P12L034: Warm-up, cool-down and stretching. There is little evidence that an aerobic 

exercise warm-up and cool-down and stretching has any benefit for increasing muscle strength and 

size. Why include this? A lower load resistance training warm-up may be of more benefit. For 

consistency what is proposed for the home program?  

 

Response 34: The current guidelines for youth resistance training suggest starting each session with 

a 5 to 10 minute dynamic warm-up period and cooling down with less intense calisthenics and static 

stretching (Faigenbaum). As indicated there is little evidence that this has any benefit for increasing 

muscle strength so this is not part of the intervention. We have added amended the following 
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sentence to indicate that participants are advised to perform a warm-up, cool-down and static 

stretches at each session (page x line x): “Participants are advised to perform a 5-10 minute warm-up 

of lower limb aerobic exercise, and a 5 minute cool-down consisting of lower limb aerobic exercise 

and plantarflexor stretches at each session”.  

 

Comment 35: P12L042: Will all participants have internet access? Will there be sufficient internet 

speed for the data transfer?  

 

Response 35: Participants will have the option of using an online patient support tool or a paper 

exercise diary. The following information has been added to page 14, line 54-57: “Participants will be 

provided with a paper exercise diary containing photographs of the prescribed exercises and the 

prescribed number of repetitions and sets for each exercise. They will also be provided with videos on 

how to perform their home exercises via a patient support tool….”  

 

Comment 36: P13L055: Why will participants be asked to fast?  

 

Response 36: Participants will be asked to fast to obtain an accurate measurement of resting oxygen 

cost as proposed in a standardised protocol for measuring net oxygen cost data [57].  

 

Comment 37: P13L064: Physical activity: Will weekdays or weekends be included/assessed?  

 

Response 37: Participants will be asked to wear the accelerometer for seven consecutive days, 

therefore assessing physical activity on both weekdays and weekend days. The word “consecutive” 

has been added to page 15, line 81.  

Participants with at least 2 days of physical activity data will be included in the analysis as 2 days of 

monitoring provides acceptable estimates of daily moderate-to-vigorous physical activity [60]. The 

number of weekdays and weekend days required to achieve a reliability coefficient of 0.70 has not 

been stated [60] and therefore we will not specify the number of weekdays and weekend days to be 

included. However, we will present data for weekend and weekday days combined and separately in 

the published report.  

 

Comment 38: What is the hypothesis for physical activity (accelerometry) for this study? What is the 

justification that daily physical activity will change?  

 

Response 38: As stated in the introduction (page 5, line 72-74) “Reduced gait efficiency is negatively 

associated with gross motor function and participation in mobility-related activities [14]”. This would 

suggest that gait efficiency is associated with habitual physical activity, a large proportion of which 

consists of mobility-related activities. Further, objectively assessing physical activity allows us to 

determine changes in the intensity of physical activity performed. For example, the intervention may 

result in a reduction in sedentary behaviour and an increase in light activity, rather than an increase in 

moderate-to-vigorous activity because of improved gait efficiency.  

 

Comment 39: P16L117: A submaximal ramped isometric dorsiflexion contraction will be difficult to 

complete in the CP participants. The data collected during these trials  

 

Response 39: It is correct that dorsiflexion contractions are more difficult to attain than plantarflexor 

contractions. However, participants to date have been able to successfully manage sub-maximal 

dorsiflexion contractions, which is consistent with its use in previous studies [Elder, Kirk, Stewart, 

Cook, Weir, Marshall & Leahey, 2003).  

 

Comment 40: P16L130: Multiple sweep freehand 3D ultrasound has only been validated in adults 

when using a water bath to acquire the images. How will the multiple sweeps be performed without a 
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water bath? Will the participant's leg be constrained to avoid movement during the sweeps? 

Anatomical cross sectional areas may be compromised using multiple sweeps when there is 

movement of the limb, either due to the inability of the participant to keep still (likely in CP 

participants) and due to the pressure of the transducer on the limb. ASCAs will also be compromised 

with tissue movement under the transducer during each sweep, underestimating the volume. Will 

there be an attempt to address these limitations of freehand 3D ultrasound? Also, the data will be 

compromised if the transducer is tilted during the sweep, it won't be perpendicular to the muscle, 

which may also either over or underestimating the ACSA. Freehand 3D ultrasound has only been 

shown to be valid and reliable when using multiple sweeps (for muscle ACSAs larger than the size of 

the transducer) with the water bath method. MRI would be a more appropriate for the measurement of 

muscle volume in adolescents and adults.  

 

Response 40: Thank you for pointing out the main limitations of the 3D freehand ultrasound method. 

We have made the following amendments to the method’s description on page 17-18, line 144-149: 

“Participants will be asked to lie prone on an examination table foot extended off the edge of the table 

for 10 min prior to the assessment of muscle size, to allow fluid shifts in the muscle to stabilise [70]. 

Participants will be instructed to relax their calf muscles during the imaging. A strap will be placed 

over the participant’s thighs just above the knee and a researcher will apply a gentle pressure on the 

heel in order to avoid any movement of the limbs.” ; and on page 18, line 153-156: “In order to keep 

the pressure minimal and avoid dark ‘gaps’ of the lateral edges of the image (probe width = 6 cm), a 

customised curved gel pad will be held in between of the skin and the probe’s imaging surface. The 

probe will be kept perpendicular to the surface curvature of the shank (i.e. muscle).”  

Unfortunately it is not possible to use MRI for the assessment of muscle volume in this study for 

logistical reasons. However, unpublished data collected by our group indicates that multiple sweep 3D 

ultrasound is a valid method of assessing ACSA compared to MRI.  

 

Comment 41: P19L190: The term “resting length” is misleading to the reader and may be considered 

“at rest”. The term “slack length” has been used previously in the literature and may be more 

appropriate. Consider revising.  

 

Response 41: We have corrected the term to “slack length” (page 20, line 212) in line with the 

definition proposed by Barber et al. [33].  

 

Comment 42: P20L229: During the treadmill walking trials it is stated that the participants may hold 

on. This will alter the kinematics, kinetics and the musculotendinous behaviour of the calf during stride 

compared to walking without holding on. How will this be standardised between pre- and post-training 

and follow-up?  

 

Response 42: Thank you for raising this important point. Gait patterns may change as a result of 

holding on. We have standardised a number of factors across assessments to minimise any impact 

holding on may have on the results: if participants hold on to the handrail they do so across all visits; 

the height of the handrail remains consistent; the hand position remains consistent. To ensure the 

test-retest reliability of data collected during treadmill walking we averaged peak vertical ground 

reaction forces over 5 strides, measured at 0 and 10 weeks, in 5 adolescents with CP. The intraclass 

correlation coefficient showed excellent reliability (0.986, p = 0.002). As a result, we are confident that 

the use of the handrail does not confound our ground reaction force data during treadmill walking.  

 

Comment 43: P21L250: Why is only the knee flexion angle used as a change in gait kinematics? 

Considering the training is directed at the muscles of the ankle would ankle angle also be useful to 

indicate gait change?  

 

Response 43: We agree this will be a useful addition and intend to look at both. We have amended 
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the manuscript to read “ankle and knee flexion angles” (page 23, line 272).  

 

Comment 44: P21L255: is the additional 3 x 10m walking trials a separate outcome measure? Is it a 

walk from still or a flying 10m walk?  

 

Response 44: Self-selected walking speed is a separate outcome measure. The following information 

has been added to page 23-24, line 283-287:  

“Participants’ self-selected walking speed will be calculated using the time they take to walk 10 m over 

ground measured by a blinded assessor. Participants will walk approximately 2 m up to the start point 

of a 10 m walkway and continue to walk for approximately 2 m after the stop point of the 10 m 

walkway. Participants will not be told where the start and stop point is. Participants will complete this 

three times and the average speed of the three trials will be used in analysis.”  

 

Comment 45: P22L276: The authors should be complemented on the proposed to monitor treatment 

fidelity and plan for exit interviews. Are there planned questions for the interview? If so then this 

should be included in the document.  

 

Response 45: Thank you for the positive feedback. We have included the indicative topic guides for 

interviews with participants and physiotherapists, respectively, as supplementary files.  

 

Comment 46: P23L306: Will all outcome measures (primary and secondary) be analysed in this way? 

Is there any plans for sub-group analysis?  

 

Response 46: The following has been added to page 26, line 336-338: “Sub-group analysis will be 

conducted according to: 1. the participants’ ability to plantarflex the ankle, i.e. rated as “normal”, 

“impaired” and “no active movement”; 2. adherence categorised as ≥ or < 70 % of the total dose (30 

sessions).”  

 

Reference list  

Comment 47: Please review all references as there are some missing reference fields.  

 

Response 47: We have updated the reference list as indicated in the comments above.  

 

Figures and Tables  

Comment 48: Please expand on the figure and table legends so that they can be interpreted without 

the reader having to refer back to the manuscript text.  

 

Response 48: We have expanded the figure and table captions to include more detail.  

 

Comment 49: Why only a figure of the hack squat machine? Is it possible to include images of all of 

the activities to enhance the readability? Alternatively, include no exercise equipment figure/s.  

 

Response 49: We have included images of all exercises as supplementary files.  

 

Comment 50: The figure of the tendon cross sectional area and the muscle and tendon length could 

be combined into one 1 x 2 figure (or add other pictures) that help the explanation of the muscle-

tendon mechanics measurements.  

 

Response 50: We have added more detail to the figure of tendon CSA (Figure 3) to provide clarity. In 

addition, we have added another figure to help explain how stiffness is derived (Figure 5).  

 

Comment 51: Could the authors add a figure of the 3D ultrasound muscle volume?  
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Response 51: We have included a figure of the 3D ultrasound muscle volume (Figure 2).  

 

Reference list:  

DeVita P., Helseth, J., Hortobagyi, T. (2007). Muscles do more positive than negative work in human 

locomotion. Journal of Experimental Biology, 210, pp. 3361–3373.  

Elder, G.C., Kirk, J., Stewart, G., Cook, K., Weir, D., Marshall, A., Leahey, L. (2003). Contributing 

factors to muscle weakness in children with cerebral palsy. Developmental Medicine and Child 

Neurology, 45(8), pp. 542-550.  

Gillett, J.G., Boyd, R.N., Carty, C.P., Barber, L.A. (2016) The impact of strength training on skeletal 

muscle morphology and architecture in children and adolescents with spastic cerebral palsy: A 

systematic review. Research in Developmental Disabilities, 56, pp. 183-196.  

Hamer, P., Alderson, J., Lloyd, D. (2010) Neuromuscular adaptations to eccentric strength training in 

children and adolescents with cerebral palsy. Developmental Medicine and Child Neurology, 52(4), 

pp.358-363. 

VERSION 2 – REVIEW 

REVIEWER Nicholas Taylor 
La Trobe University, Australia 

REVIEW RETURNED 01-Aug-2016 

 

GENERAL COMMENTS The authors have done an excellent job at addressing the reviewers' 
comments resulting in an improved manuscript of their protocol.  

 

REVIEWER Dr Lee Barber 
The University of Queensland, Australia 

REVIEW RETURNED 03-Aug-2016 

 

GENERAL COMMENTS Introduction  
P05L075: “As gait is most inefficient at age 12 years in CP…” To 
clarify the definition of “efficient/inefficient” is related to “oxygen cost 
of walking” provides support for the current statement in text. To 
note, the reference in text reports on age related trends in oxygen 
cost of children with CP (initial age range 4-6-17.5years). Other 
literature, that may not measure the “oxygen cost of walking”, report 
stability in ambulatory ability through adolescence and a decline in 
adult CP (Day et al. (2007), Jahnsen et al. (2004), Opheim et al. 
(2009)).  
 
P06L091: Please acknowledge that references 30 and 31 are pilot 
data only. Ref 30 is in children with equinus gait. It is suggested that 
the authors define the participants in Ref 31 considering the recent 
manuscript by Hosl et al. (2016).  
Hosl, M., Bohm, H., Arampatzis, A., Keymer, A. & Doderlein, L., 
2016. Contractile behavior of the medial gastrocnemius in children 
with bilateral spastic cerebral palsy during forward, uphill and 
backward-downhill gait. Clinical Biomechanics 36, 32-9.  
 
P06L097: It is suggested that the reference Theis et al. (previously 
REF 30) should be included as pilot data (unless now published).  
 
Table 2: The speed of movement as “moderate” needs to be clarified 
in the text or table caption. What does this mean? Is the movement 
controlled through the eccentric and concentric phases of the 
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exercise? Is there timing associated with each exercise (e.g. 1sec 
CONC:1sec ECC)?  
 
P17L139: “Muscle ACSA” Section: This section needs further 
explanation. Is the outcome measure muscle ACSA or volume? If 
muscle volume is the outcome measure, then will it be measured 
using a freehand 3D ultrasound method (Ref 69) or estimated using 
the method of Mersmann et al. (Ref 71)? The concerns with the 
freehand 3D ultrasound method to assess volume using multiple 
sweeps has been expressed in the first review. The generalisability 
of the triceps shape factors and the location of the maximum ACSA 
reported by Mersmann et al. needs further investigation in CP 
muscle (and other specific pathologies) as the morphology of CP 
muscle can be quite different compared to typically 
developed/developing muscle. Please clarify the methodology. The 
muscle volume/ACSA measurement is an important outcome 
measure that needs to be sensitive to change following training and 
not compromised by methodological limitations. It is our experience 
that MRI would be best option for muscle volume measurement in 
adolescents and adults with CP.  
Will the muscle length be measured using the freehand 3D 
ultrasound method (Ref 69) or an alternate method? At what angle 
or torque will the ankle/knee be for the baseline and follow-up 
measurement? Please clarify the methodology.  
 
P20L214: Please acknowledge an earlier reference, Hoang et al. 
2007, for the term slack length.  
Hoang, P. D., Herbert, R. D., Todd, G., Gorman, R. B. & Gandevia, 
S. C., 2007. Passive mechanical properties of human gastrocnemius 
muscle–tendon units, muscle fascicles and tendons in vivo. Journal 
of Experimental Biology 210, 4159-4168.  
 
P22L251: The authors acknowledge that the gait pattern will change 
while holding a handrail on a treadmill. The change in kinematics, 
kinetics and muscle function (ultrasound) following 10 weeks of 
resistance training may be confounded by holding the handrail.  
 
References  
Reference 71: Author is Mersmann.  
The number for reference 72 doesn’t appear on your reference list. 
The reference text is currently part of reference 71.  
 
Figures and Tables  
Figure 2. The image appears squashed on the revised document. 
The figure on the left appears to be muscle length and fascicle 
length. The figure on the right is muscle ACSA (MG or LG?). The 
segmentation of the ACSA (green line) extends beyond the width of 
the US image. Please provide an appropriate image for ASCA. The 
caption requires additional information and please add additional 
notes to the image to orient the reader. Can an image of a 
segmented and rendered muscle volume be provided? If the volume 
is estimated, additional information in the methods is required.  
Figure 3. The caption requires additional information. 

 

VERSION 2 – AUTHOR RESPONSE 

Reviewer: 1  

Reviewer Name: Nicholas Taylor  

Institution and Country: La Trobe University, Australia  
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Competing Interests: None declared  

 

Comment 1: The authors have done an excellent job at addressing the reviewers' comments resulting 

in an improved manuscript of their protocol.  

Response 1: Thank you for reviewing the updated protocol and for your positive feedback.  

 

Reviewer: 2  

Reviewer Name: Dr Lee Barber  

Institution and Country: The University of Queensland, Australia  

Competing Interests: None declared  

 

Response: Thank you for reviewing the updated protocol and for your useful feedback. Please find 

our responses to your comments below.  

 

Comment 1: Introduction  

P05L075: “As gait is most inefficient at age 12 years in CP…” To clarify the definition of 

“efficient/inefficient” is related to “oxygen cost of walking” provides support for the current statement in 

text. To note, the reference in text reports on age related trends in oxygen cost of children with CP 

(initial age range 4-6-17.5years). Other literature, that may not measure the “oxygen cost of walking”, 

report stability in ambulatory ability through adolescence and a decline in adult CP (Day et al. (2007), 

Jahnsen et al. (2004), Opheim et al. (2009)).  

Response 1: Thank you for clarifying this point. Opheim et al., 2009 and Day et al., 2007 are 

referenced on lines 66 and 67.  

 

Comment 2: P06L091: Please acknowledge that references 30 and 31 are pilot data only. Ref 30 is in 

children with equinus gait. It is suggested that the authors define the participants in Ref 31 

considering the recent manuscript by Hosl et al. (2016).  

Hosl, M., Bohm, H., Arampatzis, A., Keymer, A. & Doderlein, L., 2016. Contractile behavior of the 

medial gastrocnemius in children with bilateral spastic cerebral palsy during forward, uphill and 

backward-downhill gait. Clinical Biomechanics 36, 32-9.  

Response 2: We have stated that this is pilot data in children with equinus gait: “Pilot data suggests 

that in children with CP and equinus gait, the fascicles of the gastrocnemius muscle lengthen during 

the single support phase of walking [30,31], rather than act isometrically, potentially due to the 

muscle’s inability to resist the tensile forces in stance.”  

Reference 31 has now been published as a full article and the reference has been updated.  

 

Comment 3: P06L097: It is suggested that the reference Theis et al. (previously REF 30) should be 

included as pilot data (unless now published).  

Response 3: This reference is now published and has been included on page 6 line 99, reference 33.  

 

Comment 4: Table 2: The speed of movement as “moderate” needs to be clarified in the text or table 

caption. What does this mean? Is the movement controlled through the eccentric and concentric 

phases of the exercise? Is there timing associated with each exercise (e.g. 1sec CONC:1sec ECC)?  

Response 4: We have clarified this in text as follows: “Exercises will be performed at moderate 

velocity, i.e. 1-2 s concentric, 1-2 s eccentric.” We have removed the column referring to velocity of 

movement from Table 2 to avoid repetition between the text and table.  

 

Comment 5: P17L139: “Muscle ACSA” Section: This section needs further explanation. Is the 

outcome measure muscle ACSA or volume? If muscle volume is the outcome measure, then will it be 

measured using a freehand 3D ultrasound method (Ref 69) or estimated using the method of 

Mersmann et al. (Ref 71)? The concerns with the freehand 3D ultrasound method to assess volume 

using multiple sweeps has been expressed in the first review. The generalisability of the triceps shape 
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factors and the location of the maximum ACSA reported by Mersmann et al. needs further 

investigation in CP muscle (and other specific pathologies) as the morphology of CP muscle can be 

quite different compared to typically developed/developing muscle. Please clarify the methodology. 

The muscle volume/ACSA measurement is an important outcome measure that needs to be sensitive 

to change following training and not compromised by methodological limitations. It is our experience 

that MRI would be best option for muscle volume measurement in adolescents and adults with CP.  

Will the muscle length be measured using the freehand 3D ultrasound method (Ref 69) or an 

alternate method? At what angle or torque will the ankle/knee be for the baseline and follow-up 

measurement? Please clarify the methodology.  

Response 5: We acknowledge that the assessment of muscle morphology in CP is a challenge that 

requires further study when scanned with ultrasound or MRI methods. Thank you for sharing your 

experience and valuable comments. As stated in our previous response unpublished data collected 

by our group indicates that multiple sweep 3D ultrasound is a valid method of assessing ACSA in 

comparison to MRI. We are also planning to undertake a reliability and validity study of 3D freehand 

ultrasound method described in this protocol and compare muscle volume and length assessed with 

the 3D freehand ultrasound method and MRI.  

We have revised the manuscript according to your comments:  

a) The outcome measure is muscle volume using a 3D freehand method. As a secondary outcome, 

we are measuring ACSA in all three triceps surae muscles and for the estimation of force contribution 

of medial gastrocnemius (page 20, lines 204-211). Muscle length in relation to the shank length will be 

also measured with 3D freehand method for the standardisation of the ACSA location.  

Page 18-19, lines 165-173: “Anatomical cross-sectional area will be measured from muscle regions 

corresponding to each muscle’s maximum anatomical cross-sectional area. The location of the 

maximum ACSA for normally developed adults has been reported to be at 67%, 81% and 84% of the 

shank length (measured from the tuberositas calcanei to the tibial plateau) for the soleus, medial and 

lateral gastrocnemius, respectively [72]. The location of the maximum CSA in adolescents with CP is 

not known and the possibility of a region-specific hypertrophy in response to resistance training 

cannot be excluded. However, for the standardisation purposes we will measure the CSA at the same 

locations of all participants recommended for normally developed adults [72], but will also report the 

location of the true maximal ACSA and its inter-individual variation.”  

 

b) We have also clarified the muscle length assessment methodology (page 18, lines 146-159): “The 

mid-point of the line connecting the lateral and medial tibial plateau and tuberositas calcanei will be 

marked on the skin and the distance between these points will be measured. The starting point of all 

ultrasound sweeps will be the line connecting the medial and lateral tibial plateau. The same starting 

point of the sweeps and the measured distance between the tibial plateau and calcanei will guide the 

standardisation of muscle length and CSA analysis. Participants will be instructed to relax their calf 

muscles during the imaging. A strap will be placed over the participant’s thighs just above the knee 

and a researcher will apply a gentle pressure on the heel in order to avoid any movement of the limbs. 

Hip and knee joints will be fully extended, unless full joint extension is not possible, in which case the 

degree of joint extension will be measured with goniometer and kept identical during the post and 

follow up measurements. During the assessment, the foot will be extended off the edge of the 

examination table, completely relaxed and the ankle joint will be in its resting position. Either single or 

multiple sweeps (depending on the size of the muscle) will be taken by moving the probe across the 

calf whilst the position of the four markers attached to the probe will be tracked by a position sensor 

system.”  

 

Comment 6: P20L214: Please acknowledge an earlier reference, Hoang et al. 2007, for the term slack 

length.  

Hoang, P. D., Herbert, R. D., Todd, G., Gorman, R. B. & Gandevia, S. C., 2007. Passive mechanical 

properties of human gastrocnemius muscle–tendon units, muscle fascicles and tendons in vivo. 

Journal of Experimental Biology 210, 4159-4168.  
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Response 6: This reference has been added to page 21, line 227, reference 75.  

 

Comment 7: P22L251: The authors acknowledge that the gait pattern will change while holding a 

handrail on a treadmill. The change in kinematics, kinetics and muscle function (ultrasound) following 

10 weeks of resistance training may be confounded by holding the handrail.  

Response 7: We agree that kinematics and muscle function may also be affected as a result of 

holding the handrail. However, our preliminary analyses demonstrated very good reliability between 

pre, post and follow up kinetics during treadmill walking (ICC = 0.99). Therefore, we believe the 

variability is minimised by maintaining the same height of the handrail, hand position, upright head 

and body posture during walking. We plan to extend our reliability analyses further to check for 

variation in muscle function and kinematics as more data is collected.  

 

Comment 8: Reference 71: Author is Mersmann.  

The number for reference 72 doesn’t appear on your reference list. The reference text is currently part 

of reference 71.  

Response 8: Thank you for highlighting these errors; they have been corrected.  

 

Comment 9: Figure 2. The image appears squashed on the revised document. The figure on the left 

appears to be muscle length and fascicle length. The figure on the right is muscle ACSA (MG or LG?). 

The segmentation of the ACSA (green line) extends beyond the width of the US image. Please 

provide an appropriate image for ASCA. The caption requires additional information and please add 

additional notes to the image to orient the reader. Can an image of a segmented and rendered 

muscle volume be provided? If the volume is estimated, additional information in the methods is 

required.  

Response 9: We have replaced Figure 2 as suggested and revised the figure caption accordingly: 

“Figure 2. 3D freehand ultrasound method for the assessment of muscle volume and ACSA. A 

segmented and rendered medial gastrocnemius volume of a 12 y boy with a CP, GMFS level II, 

moderate muscle atrophy. Three parallel transverse sections of the reconstructed muscle volume are 

depicted. The same transverse sections (2D B-mode images) with outlined ACSA of medial 

gastrocnemius (MG; white dotted line) are shown from proximal and distal regions of the muscle, 

respectively. The B-mode scans were acquired with a modified curved gel pad with a probe length of 

60 mm and with a single sweep. The B-mode slice thickness for the 3D muscle model reconstruction 

was set to 5 mm.”  

 

Comment 10: Figure 3. The caption requires additional information.  

Response 10: Additional information has been provided in the Figure 3 caption as follows::  

“Figure 3. Measurement of Achilles tendon cross sectional area. The area outlined in red represents 

the cross section of the Achilles tendon. The silicon boundary shown on the image is formed by the 

silicon gel pad that is placed in between the ultrasound probe and the skin surface.” 

 

VERSION 3 – REVIEW 

REVIEWER Dr Lee Barber 
The University of Queensland, Australia 

REVIEW RETURNED 09-Sep-2016 

 

GENERAL COMMENTS The authors have responded to the reviewers' comments to an 
appropriate level. 
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