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UNIVERSITY OF SOUTHAMPTON 
ABSTRACT 

FACULTY OF HEALTH SCIENCES 
Thesis for the degree of Doctor of Philosophy 

DANCING WITH PARKINSON’S – An exploration of teaching and the impact on whole 
body coordination during turning. 

By Mrs Sophia May Hulbert 
 

Parkinson’s is a common, progressive, neurodegenerative movement disorder of the central 

nervous system, presenting with particular impairment of the motor system. Despite a growing 

body of literature recommending the use of dance for the treatment and management of 

Parkinson’s, the exact impact and effect on turning ability has not been investigated. In addition, 

the experience of those teaching dance has also received little attention.   

  The purpose of this research study was to explore the experience of teaching ballroom and Latin 

American dance classes for people with Parkinson’s (PwP) from a qualitative perspective 

alongside the main aim of investigating effects on turning in PwP from a quantitative perspective. 

  Qualitatively, three dance teachers were approached to participate in semi-structured 

interviews before and after teaching dance classes for PwP over one year. A thematic analysis 

was undertaken using a framework approach, informed by the principles of Interpretative 

Phenomenological Analysis. Two dance teachers participated, with analysis generating four 

themes: 1) the role of adaptation, 2) the context and 3) practical application of the class and 4) 

how achievement was measured and the impact of the teacher.  

  Quantitatively, twenty-four PwP were randomly allocated to receive either twenty, one-hour 

dancing classes over 10-weeks (n=12), or usual care (n=12). Using 3-dimensional movement 

analysis before and after the intervention period, measures of latency and horizontal movement 

of the eyes, head, thorax, shoulders, pelvis and feet, centre of mass displacement, and the total 

time of a 180 degree on-the-spot turn were taken alongside clinical measures. 

  Statistical analysis (4-way ANOVA) demonstrated a significant four-way interaction for head 

latency (p=0.008), with mean values showing longer latency in the usual care. Similar trends were 

also shown in pelvis latency (p=0.077), first (p=0.063) and second (p=0.081) foot latency, with 

mean values suggesting longer pelvis latency and slower foot movement  in the usual care group, 

although all results were affected by prediction and preference of turn direction. Significant 

between-group differences were also found for pelvis rotation (p=0.036), with the usual care 

group showing greater rotation. No differences were found in the centre of mass displacement, 

turn time or clinical measures. As a result of interpretation the main findings suggest a tighter 

coupling and greater co-ordination of all segments following dance.  

  In conclusion, teachers’ expectations and experiences suggest a multidimensional impact of 

dance for PwP with importance of socialisation, increased confidence, level of achievement and 

participation, knowledge of which will support the development of dance classes for PwP.

Specifically, body segments (head, pelvis and feet) appear more coordinated in time and 

sequence following dance in PwP, suggesting a more ‘en bloc’ turning pattern with greater inter-

segmental coordination. However, this is influenced by direction of turn preference and 

prediction, with further research required to comment on the clinical implications.
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 “For dance and for rehabilitation medicine, movement is both method and 

result. In the rehabilitation paradigm, movement is medicine. In the dance 

paradigm, movement is art. Often a single movement can be both. Perhaps, 

through this phenomenon of movement, the arts and medicine are more 

interdependent than we previously imagined”
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Resulting in movement 

Inhibition of the output nuclei  

SNr and GPi 

Causes a reduced inhibitory effect  

on the thalamus 



Reducing movement 

Excitation of the inhibitory effect 

from GPi and SNr with STn causes 

an increased inhibitory effect on 

the thalamus 





 

 





 



 

Used in review 

Review of search 

Initial literature search 

'Parkinson*' & Danc*' 
304 papers 
identified 

84 selected 

84  selected 

220 excluded                  
(due inappropriate  

content or replication) 

17 selected from 
reference 
searching 













 





 





 







 





Paper Study design Aim Findings of interest Contribution to areas of this thesis 

Shanahan et 
al. 2015 

Meta-analysis  
Included studies of tango 
(partnered/non-
partnered), waltz, foxtrot, 
Irish 
 

To provide 
information on the 
frequency, intensity, 
duration and type of 
dance for PwP. 

Two one-hour dance classes per week, over 
10-13 weeks may have beneficial effects on 
endurance, motor impairment and balance in 
PwP. 

Evidence of the intervention design required to 
demonstrate a change in function.  
 
Supported the design of intervention used in 
the RfPB study (therefore this thesis). 

McGill et al. 
2014 

Literature review of dance 
for PwP. 
 

Proposal of the ICF 
classification of 
function for dance 
for Parkinson’s 
research.  

Necessity to use the ICF model to show the 
multimodal effect of dance for PwP. 

Consideration of the literature across the ICF 
framework to identify the gaps in research that 
are supported by this thesis.  

Mandelbaum  
et al. 2014 

Literature review of dance 
for PwP. 

Provide review of 
the sample size, 
dosage, frequency, 
intervention, class 
size, comparison or 
control groups, 
outcome measures 
and effect size. 

Identified essential components of 
intervention design. 

Due to date of publication, this paper 
contributed to suggestions for future studies 
rather than the design of the study discussed in 
this thesis.  

Hackney et 
al. 2007b 

Randomised, between 
subject, prospective, 
repeated measures (pre-
post). 
19 PwP 
20, 1 hour Tango or 
general exercise classes, 
twice a week. 

Compare the effects 
of tango dance to 
general exercise in 
PwP. 

Tango group showed an increase in balance 
scores (BBS) and trend for increased mobility 
(TUAG) not shown in the exercise group.  

Suggested the additional effects of dance on 
PwP above those expected by general exercise.  
 
Introduced the concept that components of 
dance may provide unique rehabilitation of the 
symptoms of PD.  

Hackney and Randomised, between Compare the effects Both dance groups improved more than the Introduced the concept that different dance 



Earhart, 
2009a 

subject, prospective, 
repeated measures (pre-
post). 
58 PwP randomised to 
Tango, ballroom dance or 
control. 
Intervention - 20, 1 hour 
dance classes, twice a 
week or usual care. 

of tango, 
waltz/foxtrot and no 
intervention on 
motor control in 
PwP. 

control group.  
 
The tango group improved as much or more 
than those in the waltz/foxtrot group on 
several measures. 

styles may affect the symptoms of Parkinson’s 
in different ways to differing extents.  
 
Evidence of a significant decline in disease 
severity and gait in the control group over 
intervention period.  

Hackney and 
Earhart, 
2010c 

Randomised, between 
subject, prospective, 
repeated measures (pre-
post). 
39 PwP randomised to 
partnered or non-
partnered tango classes. 
20, 1 hour, partnered or 
non-partnered Tango 
classes, twice a week. 

Compare the effects 
of partnered and 
non-partnered 
dance classes for 
PwP. 

Both groups improved on measures of 
balance (BBS) and mobility (cadence), 
maintained at one month follow up.  
 
Partnered participants expressed more 
enjoyment. 

Introduces the concept that the partner may 
have both a physical and emotional impact on 
the experience and effect of dance for PwP. 

Marchanta 
et al. 2010 

Uncontrolled pilot study. 
11 PwP 
10, 1 ½ hour classes, over 
two weeks. 

Feasibility and 
possible benefits of 
contact 
improvisation for 
PwP. 

Improvement in disease severity (UPDRS), 
balance (BBS) and gait variables. 

Other dance styles may also show an effect on 
the symptoms of Parkinson’s.  
 
The mechanisms of effect may be different 
depending on the dance style and delivery. 

Soriano and 
Batson, 2011 

Action research. 
 

One teachers 
process of 
developing a 
modern dance class 
for PwP. 

Modern dance offered a multi-sensory 
experience and opportunity to explore new 
movement material for PwP.  
 
Dance classes need to include opportunity to 

Reflective discussion of the experience from the 
perspective of the teacher, contributing to the 
qualitative component of this thesis and the 
concept that dance teachers and health 
professionals may approach a dance class for 



maximise expressive movement material.  
 

PwP from a different context. 

Houston and 
McGill, 2013 

Mixed methods study. 
Clinical measures of 
balance, stability and 
posture alongside 
ethnographic methods, 
grounded theory and 
effort analysis. 
12 week dance project run 
by English National Ballet. 

Exploration of 
research design to 
capture the multi-
faceted effects of 
dance for PwP. 

Motivation to attend and value of the class 
was expressed.  
 
Triangulation of results demonstrated 
improvements in balance and stability that 
were supported by qualitative findings.  

Identifies the importance of considering the 
multi-modal effects of dance for PwP through a 
range of research methods to capture the total 
effects on the person and their ‘world’.  

Houston, 
2014 

Book chapter. 
Qualitative design 
Semi-structured 
interviews of dance 
teachers already delivering 
dance classes for PwP. 

Examine the 
engagement of 
teaching artists with 
participants living 
with Parkinson’s. 

Many teachers adopt the ‘person centred 
approach’ to class, often emphasising the 
importance of the social aspects over the 
physical effects.  
 
Despite the therapeutic effect teachers did 
not consider themselves as therapists.  

Describes the experience of teaching a dance 
class for PwP from the perspective of the dance 
teacher, from which to compare results from 
this thesis. 

Demers et al, 
2014 

Qualitative design. 
3 focus groups across 3 
rehabilitation units, 
including 14 allied health 
professionals.  

To address the 
‘access barriers to 
knowledge use’ of 
the ‘Knowledge-to-
action’ process. 

4 themes concerning the implementation of 
dance intervention in the health care setting: 

1) Clinicians dance experience and 
training. 

2) Interests and personal belief towards 
the effects of dance for PwP. 

3) Support from the organisation. 
4) Available resources. 

Describes the barriers to implementation and 
expectations of clinicians to delivering dance in 
the medical model of rehabilitation.  



 







 

 



 

“Dance is a way out of a rut, a release valve, a health programme, a 

means of self-expression, a means of self-realisation, a means of 

belonging, a means of overcoming, a means of being free not in the 

escapist sense but in the enfolding of all their experience processed 

through the dance, finding and redefining new ways of being”  



Used in review 

Review of search 

Initial literature search 59 papers identified 

2 papers selected 

2 Papers 

57 papers excluded 

1 book chapter 













 







 



 

 

 



 



 

 



 

 



 

“So like movement wise, so they would be a bit shuffly with their feet and 

swaying movements they do and just a little bit slower in like their facial 

expressions…not very good at sort of minor motor skills, like doing up 

buttons and writing.” (Jamie) 

“I know that she has difficulty walking and turning round seems to be a 

very major problem.” (Sam) 

“I’m not a medical person, I’m purely a dancing teacher, I have no idea 

really, I know that it is something that happens in the brain…sparks off 

from mini strokes…but I don’t know what that does…once she started on 

medication it seemed to improve.” (Sam)  

“I think there are two types of Parkinson’s aren’t there, one where they 

shake and one where they don’t.” (Jamie) 



“They might become a little bit slower and have to take more time 

thinking about things, but the basic personality is not changing is it.” 

(Sam) 

“We do all the steps, but I just don’t go into as much detail, as the sort of 

technique” (Jamie)  

“…nothing too difficult that they can’t grasp…if we pitch it at the right 

level then its fine and I think they would be fine with it.” (Jamie) 

“…we focus more on steps and learning different steps and that’s how he 

progresses…so we do more complicated steps rather than making what 

he already knows more beautiful.” (Jamie) 

“You would still try to correct him, but it became increasingly more 

difficult and obviously the standard of dancing was deteriorating.” (Sam) 



“…can’t spend too long a time on them because their attention span 

disappears, need to keep changing things.” (Sam) 

“… not all people are going to learn things at the same speed…you find 

the average and work from there.” (Sam) 

“…try to make sure it is all light-hearted and nothing too serious…” 

(Jamie) 

“I think the trick is to treat everyone as normal and not to pussyfoot 

around it all too much –you know if you treat them as normal and then 

they come up against certain difficulties, then you work your way around 

those rather than thinking oh they won’t be able to do that from the ‘get 

go’ and not exploring that avenue at all.” (Jamie) 

“Well I think in some respects, it’s too easy to say I’ll change what I’m 

going to do, I’m not putting that there as an option at the moment, as far 

as I’m concerned, I’m going to do it in the same way as I would do for 

anybody else and then we’ll see how it goes you know.” (Sam) 

 “…that’s what being a dance teacher is all about because we adapt all 

the time…I don’t try to plan too much in advance because it always goes 

out the window…I tend to play it by ear and modify as I go along all the 

time…this is where teachers go wrong a lot of the time because they’ve 

sat at home and choreographed the routine and that’s their 

plan…whether you like it or not.” (Jamie) 

 “…if you put something there and say well this is going to cause me a 

problem, what you do is you put the barrier there yourself instead of 

waiting to see if they can overcome the barrier, you put the barrier in 

place in the first place.” (Sam)   



“…here there’s about 13 of us that all teach and I’ve had that experience 

all my life, of seeing other people teaching and observing other teachers 

and how they work and how they do their classes, so I’ve got quite a wide 

knowledge of dance steps and I’ve got quite a wide knowledge of how to 

make a class work I think.” (Jamie) 

 “…always try and hit the middle ground so, we try and get the lesser 

able ones to keep up with the rest of the class and vice versa.” (Jamie) 

“I mean for me, a lot of it is the interaction with people that’s what we do 

as dance teachers, it’s all about people.” (Sam) 

“…if you make it fun, then they’re going to get an enjoyable experience 

from it. If you make it rigid and you’ve got to do it, then it’s not going to 

be so much of an enjoyable experience and really that is it at the end of 

the day you know. They are not going to do well if they’re not enjoying it.” 

(Sam) 

“I know a lot of people that come here and literally we are their social 

life…that is their life and so they don’t have any other interaction with 



other people really much apart from when they come here, so I think 

that’s good and gives them a real social life and purpose.” (Jamie) 

“…they’ve been coming for years and they love it and that’s really, as I 

said at the beginning, really to me that’s what’s the vital thing…are they 

going to do it and are they going to enjoy it you know and if they get 

enjoyment from it then that’s a lot of what it’s all about.” (Sam) 

 

“…things are not quite the same and things might go at a slower pace 

and the music might not be normal speed…” (Jamie) 

“…work in a hold so that they’ve got somebody to stabilise them, because 

balance might be an issue so if they are being stabilised by an able 

bodied person then that’s fine.” (Jamie) 

“…standing another person in front of you immediately puts a barrier 

there doesn’t it and with able- bodied people, it’s very difficult to actually 

get them to move as one unit, It will be interesting to see…putting 

another body in front of them is that going to help them or going to 

hinder them?” (Sam) 



“I’m not sure about spins if they would be too tricky for the lady but again 

we can adapt that and do other things.” (Jamie)  

“…cha cha might be quite quick and it’s got that chassis which is like a 

side-close-side which might be quite tricky to do moving sideways…” 

(Jamie)

“…with Latin, it’s a lot more like, the men do one thing and the ladies do 

another…so I think that might be a bit confusing.” (Jamie)    

“…tango might prove a little bit tricky, but again that can be modified to 

make it simplified…to a repeatable sequence.” (Jamie) 

“I would say, you are probably going to need to be perhaps a little bit 

more patient you know, take your time about it.” (Sam) 

“I think that it will be very similar to a beginners’ class that we take 

already…as for steps, we are not really modifying that too much at all.” 

(Jamie) 

“Well I think the whole thing is going to be a challenge, but you know it’s 

one of those things that you can’t really sort of assess beforehand isn’t 

it…but you’ve got to take it as it comes I think you know because you just 

don’t know how they’re going to react.” (Sam) 



“I think the benefits are that it covers a broad spectrum of things really 

so it’s not just the obvious like fitness and like the physical element of 

it…it’s also their social and the brain like you know keeping your 

thoughts going all the time and socialising with other people and just that 

sort of interaction I think is really, really good for people.” (Jamie) 

“Well the great thing about dancing is it’s physical exercise combined with 

mental exercise and so that two things working together is a terrific way 

of exercising because you know you’re helping your mind and your body 

at the same time, which is good.” (Sam) 

 



 

“Yeah, yeah it was what I expected…it was very much similar to how we 

would teach a class anyway…” (Jamie) 



“Yeah pretty much I think. Yeah because of the way we work in this 

school, I mean we encourage people to socialise and I mean we’ve always 

worked the school as a dancing school/come social club so therefore 

we’re very tuned to the sort of the social side of it and developing from 

that aspect. So I kind of yeah, I kind of expected that.” (Sam) 

“It was normally in the jive, the ladies go one way and then they come 

back the other way, so they’re not making a full 360 they’re sort of doing 

180 and then back again and I think that threw them quite a lot.” (Jamie) 

“Like the waltz was quite complicated for them and the tango was quite 

complicated…[Sam] realised that that spin turn wouldn’t happen so 

[he/she] put the whisk and chasse in instead which was perfect, which 

worked really well.” (Jamie) 

 “On the first course, actually working out what they were going to be 

capable of doing was quite challenging really because of the whole 

turning round…” (Sam)  

“When we did the tango and doing the promenade and getting people to 

step across was actually a little bit difficult to start with…” (Sam). 



 “The worry is where when we introduce like in the rumba, we introduced 

the underarm turn for the lady, for a lady with Parkinson’s… what we 

tried to do was in effect straighten it out so we wouldn’t refer to it as 

you’re ‘gonna’ turn, we said you are going to take a forward step towards 

the end wall and then you take a forward step in the other direction with 

the other foot and then a step to the side so trying to do it so that we had 

actually changed the sort of the basis of how it works really.” (Sam). 

“We did turns in the rumba and the jive, uhm they weren’t as easy as I 

thought they were going to be and I mean they all did it but they took a 

bit of persuading to do that and I think that was yeah that was a bit 

difficult.” (Jamie) 

“One chap, he couldn’t put his foot across his body and put his weight on 

it, that was just a physical barrier that wasn’t happening but that was 

fine you know, we just carried on with him you know attempting to make 

those movements and we knew that wasn’t going to happen and so yeah, 

we let him carry on as he was.” (Jamie) 

“You’ve got to get your expectations on the right sort of level and it kind 

of does depend on the level of disability doesn’t it, so yeah so perhaps you 

would have to lower your expectations to a certain degree but not much 

though. As far as I’m concerned as I said earlier on you know that’s what 

you’re ‘gonna’ do and you make them do it – end of.” (Sam) 



“It was guess work and we developed it in the first one as we were going 

kind of, but having done that the other groups that followed were much 

easier to do because you knew exactly where you were going.” (Sam)   

“We had one guy in the last course who really challenged me as a person 

and a teacher because he would not accept help, he wouldn’t try and he 

had his own idea about what he was meant to be doing which was totally 

off and we had to just stand back and let him do that and that was the 

hardest pupil, I have ever had…I’ve never seen anything like it so that 

really challenged me not to say anything.” (Jamie) 

“One of the things that I did notice was the fact that if you had an 

experienced dancer that worked quite well but when you’ve got 

somebody…so if the partner never danced before, so when they were 

using their life partner, that could be a problem because sometimes the 

partner was worse than the people at picking things up.” (Sam). 

“Yeah we had to do it all holding and at first I thought is that ‘gonna’ 

work because that’s never been done before but that worked fine and 

that was ok…they did need that hold…I would say it was a luxury but it 

was also an essential thing you know because otherwise we wouldn’t have 

been able to do it the way we did and it could have gone horribly wrong 

because you know you could have had more falls.” (Jamie). 



“…we had to do this walking warm up which we had never done before 

and that was quite sort of new and I think for the first couple of sessions, 

we were all a bit like, what are we doing but actually as you got further 

along the course, you could see that walking warm up was actually 

essential for them to do at the beginning because it just got them moving 

properly. Yeah I think that was quite important in the end.” (Jamie) 

“I was quite relieved that they were a lot better than I think maybe even 

you guys had anticipated. We could have done more with them, definitely 

could have done more…we could have added probably two more styles I 

reckon…especially that last block, they were too good really, they needed 

more.” (Jamie) 

“I probably wasn’t prepared for perhaps the amount that they actually 

took in really…some of the people that came on, who were in actual fact 

quite handicapped as they came in, you know developed tremendously.” 

(Sam) 

 



“At the beginning she wasn’t really doing much of the routines we were 

teaching, by the end she’d picked it up enough…ok not exactly as we 

would have liked but she was doing moves that were very similar to the 

routines that we were doing, which I think was phenomenal as she was 

struggling to even stand.” (Jamie) 

“…they stood up straight, their walking [was] clearer if that makes 

sense…” (Jamie) 

“I think there is a general thing going through the classes and I think that 

the amount they actually achieve over the period of time was really quite 

rewarding because they went from nothing at all, most of them, to in the 

end being able to get on the floor and dance and at the end we’re just 

putting on the music and they’re just getting up and doing the dancing so 

that to me is a huge achievement.” (Sam) 

“ One of the great things about dancing in general is that it gives people 

confidence and I think that showed up in the fact that people started off a 

little bit wary of it all, but then their confidence levels grew and so 

therefore they seemed to achieve more as they were going on.” (Sam) 



“I think the biggest one was confidence. They seemed more confident in 

moving you know just general movement by the end of it than they did 

when they came in and they first started.” (Jamie) 

“I think that social aspect is in some respects, is as important as doing the 

dancing really…” (Sam) 

“You know it’s a bit more of a support group and they find people who are 

similar to them in the same situation and they realise they’re not alone 

with it and that people are going through the same things.” (Jamie) 

 “I think when people struggle with something, it brings out their 

personality because they… feel like they have to make up for what they’re 

lacking in their dancing ability…when groups were of a mixed 

ability…there was a bit more of a camaraderie about it, whereas the 

groups that didn’t struggle, they didn’t have the same impact on us as 

teachers. Because they were good, we didn’t have to help them so then 

you’re not building that one to one relationship with them…you’re just a 

sort of support there, whereas the ones that I have had to help along the 

way so I’ve seen that really, on a one-to-one basis, that development.” 

(Jamie) 



 

“You’re happy with being a…not being a therapist but obviously you are 

driving a therapeutic outcome…” (Jamie) 

“I would have said it was therapeutic yeah just because of the way it sort 

of nurtured their needs emotionally and physically so they were getting 

that emotional support and connection with the group you know...We’re 

only a small part of that, I think that was more led by them themselves 

than us...I think that was a natural outcome rather than something that 

had to be staged or you know put on by us” (Jamie) 

“I basically see my role as being…obviously I’ve got dancing skills but I 

see myself as an entertainer more than, yeah I don’t see myself as…I 

wouldn’t know enough to be a therapist of some sort you know because 

that’s not what I do. I basically teach people to dance and I entertain 

them as well. That’s how I see myself.” (Sam) 

“I would say it is quite a rewarding dance class because you’re feeling the 

effects of people…going from not being able to put two feet in front of 

each other to…competent dancers by the end…that’s brilliant…” (Jamie) 

“Well I think it has been very rewarding because I think that they’ve 

picked up the work and the fact that they’ve all enjoyed it. To be honest I 

have enjoyed it as well because they’ve been a really good group of 



people to teach you know and this last week I’ve missed them you know.” 

(Sam) 

 

“Adding the two different styles...would have just added a bit more 

interest to the ones that were eager to learn more and I think you know it 

would have just filled the time a bit better… maybe if you made it an 

eight week block then you would not have to.” (Jamie) 

“…adding in quickstep and samba might be a possibility you know for a 

future one so that we’ve actually then covered all the standard eight 

dances.” (Sam) 

“…we just carried on with him you know attempting to make those 

movements and we knew that wasn’t going to happen and so yeah, we let 

him carry on as he was.” (Jamie) 

“…with the cha cha, we said it was difficult but we never gave up on it, we 

still did it…because you could have just taken it out and said we won’t do 

that but I feel that you know, ok they found it difficult to start with… but 

then you know, they overcame that.” (Sam) 



“…the music plays an important role too doesn’t it you see and we found 

right from the word go that they all seemed to latch on to the music and 

perform better once the music was introduced.” (Sam) 

 

 



 

 





 





 





 





 

 





 





 



 

 







 

Used in review 

Review of search 

Initial literature search 

'Parkinson*' & 'Turn*' 

2713 papers 
identified 

171 selected 

57 selected 
(specifically 
related to 
turning) 

 2542 excluded               
(due to in-appropraite 
content or replication) 

20 selected from 
reference 
searching 



 

 







 



 





 

 





 



 







 







 







 



 

Used in review 

Review of search 

Initial literature search 

'Task*', 'Environment*', 
'Quality of life' ,' Cue*' & 

'Parkinson*', 'Turn*' 

291 papers 
identified 

15 selected 

15  selected 

276 excluded                  
(due to inappropriate  
content or replication) 

4 selected from 
reference 
searching 



 



 





 



 



 





May be a useful compensatory strategy.  Leads to adoption of secondary compensatory 

strategies. 



May be an effort to preserve postural 

stability. 

Leads to un-coordinated movement of the axial 

and perpendicular structures.  

Leads to secondary step compensatory 

strategies. 

 

May be a compensation for the reduced axial 

rotation  
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“ There is a light behind you on the other side of the room, when the 

orange light in front of you changes to red, please turn around to face the 

light and stop” 



“Please look at the light in front of you, when the arrow pointing to the 

left/right comes up, please turn to the left/right, to face the light behind 

you” 

“Please look at the light in front of you, I am not going to tell you the 

direction to turn, but when the arrow lights up, please turn in the 

direction of the arrow to face the light behind you” 



 

“There is a video camera behind you that I would like you to walk 

towards when I say…When you are ready, please walk towards the camera”.

 

 







 

 

0.0

0 
0.2

5 
0.5

0 
0.7

5 
1.0

0 

0.38s 

Synchronization bars 

Eye angular displacement 

Key: 

------------   Start of Eye movement 



 

 

 



 

 



 





 

 

 

 

 

 

 

 

 

 



 

 

 

 



 

 



 

 



 

 

 

 

 

 



 



 

 



51 recruited to the RfPB study  

(36 dancers and 15 controls) 

48 consented to this study 

(33 intervention/15 controls)  

 

15 selectively recruited from the dance 

intervention  

(18 not recruited - based on H&Y 

classification) 

 

12 selectively recruited from the 

controls 

(3 not recruited – based on H&Y 

classification) 

 

12 dancers completed 

the study 

H&Y 1 = 6 

H&Y 2 = 2 

H&Y 3 = 4 

 

12 controls completed 

the study 

H&Y 1 = 5 

H&Y 2 = 3 

H&Y 3 = 4 

  

 

 

3 declined due to 

time commitment  

1 withdrew from RfPB study  

2 excluded at data collection phase 
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ay be a useful compensatory strategy.  Leads to adoption of secondary 

compensatory strategies. 



May be an effort to preserve postural 

stability. 

Leads to un-coordinated movement of the 

axial and perpendicular structures.  

Leads to secondary step compensatory 

strategies. 

May be an adaptive strategy to maintain 

greater postural stability.  

May be a compensatory strategy to lack of 

stability.   
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Abstract

Background: Self-help and physical leisure activities has become increasingly important in the maintenance of safe and functional
mobility among an increasingly elderly population. Preventing the cycle of deterioration, falling, inactivity, dependency, and
secondary complications in people with Parkinson disease (PD) is a priority. Research has shown that people with PD are interested
in dance and although the few existing trials are small, initial proof of principle trials from the United States have demonstrated
beneficial effects on balance control, gait, and activity levels. To our knowledge, there has been no research into long-term effects,
cost effectiveness, the influence on spinal posture and turning, or the personal insights of dance participants.

Objective: The purpose of this study was to determine the methodological feasibility of conducting a definitive phase III trial
to evaluate the benefits of dance in people with PD. We will build on the proof of principle trials by addressing gaps in knowledge,
focusing on areas of greatest methodological uncertainty; the choice of dances and intensity of the program; for the main trial,
the availability of partners, the suitability of the currently envisaged primary outcomes, balance and spinal posture; and the key
costs of delivering and participating in a dance program to inform economic evaluation.

Methods: Fifty participants (mild-to-moderate condition) will be randomized to the control (usual care) or experimental (dance
plus usual care) groups at a ratio of 15:35. Dance will be taught by professional teachers in a dance center in the South of England.
Each participant in the experimental group will dance with his or her spouse, a friend, or a partner from a bank of volunteers. A
blinded assessor will complete clinical measures and self-reported ability at baseline, and at 3 and 6 months after randomization.
A qualitative study of a subgroup of participants and partners will examine user’s views about the appropriateness and acceptability
of the intervention, assessment protocol, and general trial procedures. Procedures for an economic evaluation of dance for health
care will be developed for the main trial.

Results: Recruitment began in January 2013 and the last participant is expected to complete the trial follow-up in June 2014.

Conclusions: Findings from our study may provide novel insights into the way people with PD become involved in dance, their
views and opinions, and the suitability of our primary and secondary outcomes.

Trial Registration: International Standard Randomized Controlled Trial Number (ISRCTN): 63088686;
http://www.controlled-trials.com/ISRCTN63088686/63088686 (Archived by WebCite at http://www.webcitation.org/6QYyjehP7).
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Introduction

Parkinson disease (PD) is a common, progressive neurological
condition estimated to affect 100-180/100,000 of the population
[1]. People with this condition frequently experience
deterioration of their spinal posture, mobility, and stability,
leading to dependency and falls; therefore, preventing the cycle
of inactivity and secondary complications is a priority. Despite
disabling movement deficits, access to physiotherapy is limited
[2]. Poor performance on measures of balance and functional
tasks is common and has been associated with generalized
deficits of attention and fall events, leading to decreased quality
of life among sufferers [3]. The problem of unwanted secondary
deterioration is of considerable concern.

People with PD experience slow movements (bradykinesia),
rigidity, resting tremors, and abnormalities of postural reflexes.
Gait characteristics include a shuffling pattern of walking with
increased flexion of the hips and thoracic spine and reduced
movement at the ankle with loss of heel strike. Restricted
rotational movements of the head and trunk can contribute to
the overall instability experienced by individuals. Key
approaches to improving the function and activity of people
with PD include balance and strengthening exercises [4] as well
as strategies using rhythmical cueing to enable people to initiate
movements [5]. Ballroom dancing comprises many of these
facilitating components described; hence, the reason that dance
was considered an appropriate activity for people with PD. The
music provides the rhythmical cue for stimulating movement
and the stepping and turning activities challenge balance control.

Self-help and physical leisure activities are increasingly
important in the battle to maintain safe functional mobility
among people with PD. Although there is growing evidence of
the benefits of exercise for people with PD, research into the
benefits of long-term exercises through leisure pursuits such as
dance and self-help activities is limited. Research has shown
that people with PD are interested in dance and early findings
suggest a positive effect on balance and gait following Argentine
tango classes, partnered or nonpartnered [6]. The effectiveness
literature on dance in PD is growing, although the findings of
the early studies have been limited by small sample sizes—the
average study recruiting under 20 participants, and the largest
recruited 52. These studies have shown proof of principle that
dance, usually Argentine tango, for people with PD can be
delivered [6-12] and can positively influence balance control
and gait. Another study compared the tango with the waltz and
the foxtrot and dance was superior to no dance but there was
no distinction among dances. One-hour sessions, twice weekly
for 10 weeks is beneficial. Only one recently completed study
has evaluated dance delivered in the community. Earhart and
Duncan [13] and Foster and Earhart [14] described a 12-month
community-based tango program that demonstrated that dancing
using community facilities was possible and they showed that
those participants who danced increased their participation in

activities of daily living. Positive effects were also shown when
people were tested off medication.

Gaps in knowledge have been highlighted by a number of
researchers. Two meta-analyses have identified the need for
more well-designed randomized controlled trials and qualitative
studies of the dance experience of people with PD [15,16].
Hackney and Earhart [6] highlighted a gap of knowledge
concerning the long-term effects and cost effectiveness of dance.
No existing studies have examined the influence of dance on
spinal posture and turning (a task that inherently makes people
unstable) or the personal insights of participants about their
experiences with dance. We were aware that no-one had
examined the feasibility of teaching a number of standard
ballroom dances to people with PD through a local dance center
in the UK or how a center would cope with finding dance
partners for people with PD, and it is important to explore these
feasibility issues before running a large multicenter trial.

Because this is a feasibility study, we will not be testing a
hypothesis but will determine the methodological feasibility of
evaluating the benefits of multiple dances taught through a
dance center as a precursor to a definitive phase III trial. We
need to understand how much dance people with PD and healthy
partners will tolerate, which dances work best, how easy it is
for dance teachers and dance centers to accommodate the needs
of people with PD, and identify barriers and facilitators to
participation in dance including the financial costs. We will
build on the proof of principle studies [6-8] from the United
States, address gaps in knowledge in planning a definitive trial
of the impact of dance on balance and spinal posture, as well
as turning, long-term follow up, economic evaluation, and user
views. We will examine the appropriateness of primary and
secondary outcomes currently envisaged for the future main
trial and provide novel insight into user views on involvement
in dance through a qualitative component, and develop
procedures for economic evaluation for a future trial.

Specific questions of the feasibility study are:

1. What are the key routes to successful recruitment of healthy
partners, people with PD, and dance centers to a randomized
controlled trial of dance?

2. What are the most appropriate dances for people with PD?

3. How frequent, and how much dance is reasonable and likely
to result in benefit for people with PD and healthy partners?

4. What specific adjustments do dance centers need to make
regarding the delivery of dance to this group of people?

5. What level of dancing will be sustained to 3 and 6 months?

6. Will we obtain high quality data on spinal posture, balance,
turning, and walking during home assessments?

7. Will we obtain high quality data on self-reported health status
and balance confidence?
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8. How appropriate and burdensome is the battery of
assessments?

Methods

Overview
We followed the Standard Protocol Items: Recommendations
for Interventional Trials (SPIRIT) guidelines [17] for developing
the protocol and Figure 1 presents a diagrammatic representation
of the study based on the Consolidated Standards of Reporting

Trials (CONSORT) [18] flowchart. Two research fellows,
physiotherapists with experience in PD, will conduct the
research trial in collaboration with the dance teachers in a dance
center in the South of England. Research fellow A will recruit
participants and conduct baseline and follow-up assessments
and will be blind to group allocation. Once a participant has
consented to the trial, their name will be passed on to the second
research fellow B, who will carry out the random allocation
procedures, be present throughout all the dance classes, help
arrange transport to the dance classes according to need, and
organize volunteers for dance partners.

Figure 1. Flowchart of trial design.

JMIR Res Protoc 2014 | vol. 3 | iss. 3 | e34 | p.3http://www.researchprotocols.org/2014/3/e34/
(page number not for citation purposes)

Ashburn et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Participants With Parkinson Disease
Research fellow A will obtain informed consent and recruit 50
people with PD from outpatient services, local support groups
(Parkinson’s UK), and the DeNDRoN (Dementia and
Neurodegenerative Disease Research Network, a clinical
research network for dementia and neurodegenerative
conditions). Eligible people with PD will have a confirmed
diagnosis of PD, Hoehn and Yahr [19] scale of 1-3 indicating
mild-to-moderate mobility and stability; will be able to stand,
turn, and walk safely and unsupported but may experience
freezing of gait [20]; will live at home; understand and follow
commands, through a screen for cognitive impairment [21]; and
be able to tolerate the dance intervention. People with PD
lacking sufficient stability to dance with another person in the
clinical opinion of research fellow A (eg, in danger of losing
balance control each time they turn around) will be excluded.
The decision as to whether a potential participant with limited
mobility can safely undertake the dance intervention will be
based primarily on their performance on the Berg balance scale
(BBS) [22] and the motor component of the unified Parkinson’s
disease rating score (UPDRS) [23]. For example, someone
scoring 0 on questions 7, 8, or 13 of the BBS, indicating inability
to “stand unsupported with feet together,” inability “to attempt
to reach forward” in standing without losing balance or inability
“to stand unsupported with one foot in front of the other” will
be considered ineligible. The UPDRS motor component gait
questions 29 and 30 will also be used as indicators: a severe
disturbance of gait that requires constant assistance or lack of
postural stability to such an extent that balance is spontaneously
lost in standing, will also discount potential participants.

Healthy Dance Partners
Healthy people identified by participants in the dance group
will act as dance partners. Some people with PD will be single;
others may have a spouse unwilling to participate, so relatives,
volunteers, or responders to an advert will also be considered.
The feasibility of recruiting healthy dance partners will be
examined in the study. Our inclusion criteria for the dance
partners are similar in age to people with PD, able to understand
and follow commands, willing to participate, and able to tolerate
the dance intervention. Evidence of a neurological condition,
vestibular impairment, or multiple falls would lead to exclusion,
but experience of a single fall would be acceptable (risk of
falling is linked to repeated falling, not a single fall event) [24].
Otherwise healthy individuals who are considered to be at risk
of instability while dancing will be excluded.

Randomization
After the baseline assessment, eligible and consenting people
with PD will be randomized to the dance or control group.

Research fellow B obtained allocations by telephone from the
trial medical statistician. Allocation will be randomized in 1
block of 11 participants (8 dance and 3 control), and 3 blocks
of 13 (9 dance and 4 control), to yield participants entering each
of 4 consecutive series of dance classes. The feasibility trial is
too small to incorporate stratification. The dance-to-control
ratio of 35:15 was chosen to maximize the number of people
with PD experiencing the dance classes, while still including
some control participants for feedback on the acceptability of
randomization to control, retention, and fidelity in this group.
The research fellow will contact participants to inform them of
their allocation and of the times of their dance classes.

Interventions

Control Group
Participants in this group will continue with usual care. Usual
care comprises medication, attendance at medical clinics, and
review by PD nurses. Exercise therapy may be accessed but this
is not routinely prescribed in the UK. As a way of encouraging
adherence to follow-up at the end of the trial, participants in the
control group will be offered vouchers to attend nontrial dance
classes at the dance center.

Dance Group
In addition to usual care, participants will attend dance classes
(with a healthy partner) at a local dance center, led by a
professional dance teacher and supported by a second teacher
and research fellow B (Figure 2). Classes will last 1 hour, twice
a week for 10 weeks. The length and number of sessions was
chosen following discussions with the dance teacher and based
on results from published literature [6]. Care will be taken to
ensure that the pace of teaching is appropriate and will reflect
that recommended by Hackney and Earhart [6]. Class sizes will
be small and supervision from both the dance teachers and
research fellow B will minimize any risk of falling. Participants
will learn 6 dances (3 ballroom and 3 Latin American dances).
Each session will start with a warm-up, then new steps will be
introduced and practiced, and a record of the session will be
kept. Proposed dances included the social foxtrot, the waltz, the
cha cha, ballroom tango, the rumba, and rock and roll. Emphasis
will be placed on encouraging individuals to extend their
postures, turn their heads and trunks, heel strikes, and toe
push-offs because these movements are affected by PD and
associated with changes in balance responses. The dance
program will be tailored to individual capabilities in each class
(the dance teachers will dance with couples who were
struggling), and the research fellow will ensure the safety and
well-being of participants and their partners. The research fellow
will keep a record of each class, and some of the classes will
be videotaped (with consent from participants).
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Figure 2. Participants enjoying a dance class.

Assessments
Research fellow A will carry out baseline and follow-up
assessments at 3 and 6 months and will be blinded to participant
group allocation. Prior to each assessment, participants will be
reminded not to reveal whether they have been dancing, and
following each assessment the assessor will be asked to record
awareness of group allocation. The assessments will be
organized at similar times of the day, will last approximately 1
hour, and be completed in the person’s home approximately
mid-point in the medication cycle.

Data collected for the anticipated primary outcome measures
for the main trial will be the BBS [22], a categorical scale of
balance activities (a high score is good with a maximum of 56),
and spinal posture, which will be measured using the spinal
mouse [25]. The spinal mouse is a handheld device that can
measure the position and mobility of the pelvis, and lumbar and
thoracic spine by recording the segmental angles as it is rolled
over the spine. This device has been used with people with PD
[26] and the data will describe angles of the participants’ spinal
segments in the standing position and the overall degree of
forward inclination in relation to upright. We used these tests
in previous research studies [27].

At baseline, we will characterize our sample using the following
measures: demographic data; measures of disease severity
(Hoehn and Yahr Scale [19]; 1-5, high score is poor) and
UPDRS motor section [23] (0-56, high score is poor);
medication (using levodopa equivalent daily dose); freezing of
gait questionnaire [20] (0-24, high score is poor); the Montreal
cognitive assessment of cognitive function [21] (0-30, high

score is good); and we will ask participants to retrospectively
recall fall events during the previous 12 months using a
standardized questionnaire [28].

Outcome measures will be recorded at baseline, and at 3 and 6
months and included the primary outcome measures, the Berg
balance scale [22] and the spinal mouse [25]. The secondary
outcomes include a measure of turning, the standing start 180°
(SS180°) test in which the individual turns in both directions
and the number of steps, time, and quality of turn are rated [29];
the timed up and go test, stand up from a chair and walk forward
3 meters and turn and return [30]; the PDQ39 (a self-completing
questionnaire rating how hard it is to complete a range of
everyday activities [31]; 0-100, low score indicates better
health); the ABC, which is a questionnaire about balance
confidence [32] (0-100, high score is good) ;the phone-FITT,
a questionnaire delivered over the phone and designed to gather
information about levels of the physical activity of older adults,
such as how many times a week do you do housework activities
such as tidying or dusting, walking, swimming [33], scoring is
according to frequency of activities, duration, and intensity; and
the Euroquol-5D, which is a simple quality-of-life measure [34]
(1-5, high score is poor but a high visual analoge score is good).

At the final assessment, participants will be given a
questionnaire about resource use that will be used in economic
evaluation such as travel, refreshments, and buying shoes for
the dance class and their views on the acceptability and benefits
of the research project and to collate additional information
needed for the economic evaluation. Participants will be asked
to complete this questionnaire on their own time and to return
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it to the research team in the freepost envelope provided. We
plan to ensure that the measurement battery is appropriate for
use in a definitive multicenter phase III trial and not burdensome
for the assessor or participants.

Statistical Analysis
Feasibility issues will be addressed by examining numbers and
percentages successfully recruited and completing various
components of the trial protocol. The choice of outcomes for
the main trial will be addressed by examining the completeness
of data collection, relevance to issues raised as important by
users, and comparison to related studies in the literature. The
statistical analysis plan for the primary efficacy outcome in the
main trial is currently envisaged to contrast the dancing and
control groups (presented with 95% CI), after controlling for
the primary outcome measured at baseline and center, either
performed separately at 3, 6, and 12 months in analysis of
covariance, or in a mixed model including both follow-up points.
Depending on the primary outcome chosen, the corresponding
modelling approach in logistic or Poisson models may be
appropriate. Comparisons of outcome will be done on an
intention-to-treat basis, with sensitivity analyses restricted to
those completing the allocated interventions. The analysis of
outcome data from the pilot randomized controlled trial, along
with information from the literature, will inform the power
calculation for the main trial. The current trial is not powered
to demonstrate efficacy. We will examine the predictive power
of baseline characteristics such as the Hoehn and Yahr severity,
freezing of gait, and phone-FITT scores, to assess the benefit
of additionally including them as stratifiers in the randomization
of the main trial.

Qualitative Substudy

Aim
The aim of the qualitative substudy will be to identify and
explore the views of people with PD and their dance partners
about the appropriateness and acceptability of the dance
programs and the perceived impact on their mobility. Their
views of the trial procedures will also be explored. An
experienced qualitative researcher has been employed to
complete this part of the study.

Methods
Fifteen of the 35 couples in the experimental group will be
recruited to the qualitative study. Couples will be recruited with
the aim of attaining maximum variation in the qualitative sample
of the factors that may affect their experiences of the dance
intervention, such as age, sex, and relationship with the dance
partner.

Interviews
In-depth, semistructured, qualitative interviews will be
conducted using an interview guide developed for the study.
The interviews will be conducted in the home separately with
the people with PD and their dance partners where possible
(where couples are spouses this may not be possible) within 1
month of completing the dance program. With participants’
consent, the interviews will be audiorecorded and fully
transcribed. For people with PD, the interviews will explore the

following issues: their perceptions of the impact of PD on their
day-to-day lives and their experience of physiotherapy or any
other interventions since diagnosis that were designed to
promote activity; and experiences with exercise activity (dance
or other exercise activity) before their diagnosis of PD. The
following issues will be explored with people with PD and their
dance partners: their reasons for deciding to take part in the
dance program and their perceptions and expectations of it, the
number of sessions they attended and reasons for missing any
sessions or dropping out, what it was like to take part, enjoyment
of the activity, maintaining enthusiasm for the activity, the
implications of working with a partner, perceptions of the impact
of participating in the dance program, interest in continuing
with dance classes or other activity, and their perceived impact
on their mobility. Participants will also be asked about any
personal costs they experienced while participating.

Analysis
Facilitated by QSR International’s NVivo 9.2 software, the data
will be managed using Framework [35] and analyzed
thematically to explore participants’ views about the
acceptability and appropriateness of the dance program. Features
of grounded theorizing and constant comparison will be used
to identify and develop themes [36]. Data analysis will be
undertaken by experienced social science qualitative researchers
(JR and RW).

The framework is a staged approach that is well-suited to applied
health research. In the first stage, the researchers will identify
topics for an initial analytic framework based on prior
understanding of the issues and concepts arising from close
reading of the transcripts. In the second stage, participants’
accounts will be condensed on a case-by-case basis into charts
according to the framework topics. The third stage will involve
working through the data in detail to draw out themes or
categories of experience that capture the full range of
perspectives identifying commonalities and differences within
and between participants.

The qualitative findings will be used to inform interpretation
of the findings of the trial. Analysis of the qualitative data will
take part in isolation from the trial researchers. Data from the
qualitative study will be integrated at the end of the trial to avoid
contamination.

Finally we will explore the views of those who choose not to
take part in the study. Typically it is viewed as unethical or
unnecessary to ask people to give reasons for declining to take
part in research; however, in this study the information that is
handed out as part of the recruitment process will give people
the option to tell us if and why they find the dance intervention
unattractive by completing an anonymous short questionnaire.

Economic Evaluation Substudy

Aim
Our aim is to inform a future economic evaluation for the Phase
III trial. We will use the EQ5D to assess quality of life.
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Methods
A questionnaire about resource use such as travel, refreshments,
and clothing (dance shoes) costs will be completed at 6 months.
This information will enable us to judge the feasibility of this
type of measure for people with PD. We will also calculate the
resources needed to provide the intervention such as cost of
dance lessons, hire of a hall, and personal expenditures.

Results

Recruitment began in January 2013 and the last participant is
expected to complete the trial follow-up in June 2014.

Discussion

The main aim of this study is to determine the methodological
feasibility of conducting a definitive phase III trial to evaluate
the benefits of dance in people with PD. Recruitment to the
feasibility trial began in January 2013 and the last participant
is expected to complete their follow-up assessment in June 2014.
Findings from our study will provide a novel insight into the
way people with PD become involved in dance, their views and

opinions, and the suitability of our primary and secondary
outcomes. We will report on the challenges of recruiting healthy
dance partners as well as people with PD, and because we
believe the dance partnership is key to the success of the dance
experience, we look forward to understanding better the
ingredients required for success. We suspect that threats to the
viability of the feasibility trial are likely to come from poor
recruitment of healthy partners to dance with people with PD,
demands and difficulties related to traveling to the dance center,
and reluctance of people with PD to dance twice a week for 10
weeks. We anticipate that ease of travel and access to facilities
such as the availability of car parking and taxis as well as
environmental hazards will affect the experience. We will
consider the steps that need to be taken to ensure safety and we
are keen to analyze the types of dances that are enjoyed and
those that create challenges for people with PD. We look
forward to evaluating the potential benefits and challenges of
running the dance classes for people with PD as well as
providing practical information, such as participants’preferences
and experiences of the different dances, which has not
previously been reported. With this study, we will be well placed
to inform future research in this field.
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https://www.youtube.com/watch?v=A3qzTL00TYQ

























 
 
 

 
 

 
Date: 
 
 
Dear: 
 
I am writing to you to inform you about a research study that you are invited to 
take part in, ‘What are the experiences of dance teachers delivering 
ballroom dance classes to people with Parkinson’s disease?. This is part of 

a larger study ‘Parkinson’s and Dance’ by the University of Southampton. 

 
Attached to this letter is an information sheet that explains in more detail what 
the study involves. If you have any questions that are not answered in the 
information sheet please do not hesitate to contact me. 
 
If you are interested in taking part in this study and would like further 
information, I would be most grateful if you could complete the reply slip below 
and return it in the stamped addressed envelope provided. This will not commit 
you to taking part in the study. 
 
Thank you, 
 
Yours faithfully 
 
Sophia Hulbert 
 
 
 
 
 



 

 
 

 
PARTICIPANT INFORMATION SHEET  

For the teachers of the Dance class 
 
‘What are the experiences of dance teachers delivering ballroom dance 
classes to people with Parkinson’s disease’ 
 
We would like to invite you to take part in our research study. Before you decide 
whether or not to take part, we would like you to understand why the research is 
being carried out and what it will involve. Please take time to read the following 
information carefully. If you would like further information, please do not hesitate 
to contact me on the telephone number given on this information sheet. 
 
What is the purpose of this study? 
Dance for people with Parkinson’s disease has been shown to be beneficial for 
the participants by a number of research studies. However, there is little 
information available regarding the experience of the class for those delivering 
it. An improved understanding of what it is like to deliver the class may not only 
help the experience for the participants but also the teachers for subsequent 
classes.  
 
The purpose of this small study is to gain an understanding of what it is like to 
deliver a ballroom dance class for people with Parkinson’s disease. We hope to 
look at the experience of delivering a new class with participants that have not 
danced before. We will use the information to gain an understanding of the 
experience of dance teachers delivering a ballroom dance class for people with 
Parkinson’s disease.  
 
The study is in collaboration with a larger study run by the University of 
Southampton looking at many aspects of ballroom dance for people with 
Parkinson’s disease, including balance, mobility, turning and the experience of 
the participants.  
 
Why have I been invited? 



You have been invited as you have been identified by the Diamont School of 
Dance to deliver a new ballroom dance class for people with Parkinson’s as part 
of the larger research project.  
 
Do I have to take part? 
It is up to you to decide to join the study. By returning the reply slip with this 
letter you are only agreeing to be contacted by the researcher at this point. We 
will describe the study and go through this information sheet. If you agree to 
take part, we will then ask you to sign a consent form. You are free to withdraw 
at any time without giving a reason.  
 
What will happen to me if I take part? 
If you return the attached form saying you are interested in taking part then you 
will be contacted by the researcher, preferably by telephone although 
arrangements can be made if this is not convenient. The researcher will again 
describe the process of your involvement and you will have further opportunity 
to ask questions.  
 
The process: 
In order to gain as much information about your experience of delivering the 
classes the researcher will need to meet with you for an interview. They will 
have a number of questions to ask you about your thoughts and experiences 
and you will also have opportunity to talk about any other aspect of the class 
that you wish. This will take approximately an hour, however this time can be 
flexible.  
 
The researcher will need to meet with you once before you start to deliver the 
classes and once after all the classes have finished.  
 
If you agree, the interview will be recorded on audiotape and then written. All 
meeting times will be made at a time and place convenient to you. 
 
What are the possible benefits of taking part? 
There will be no direct benefit to you from taking part in the study. However it is 
hoped that the information collected will allow us to gain a better understanding 
of the experience for dance teachers involved in delivering ballroom dance to 
people with Parkinson’s disease.   
 
Are there any risks involved? 
There should be no risks from taking part in the study. You will be able to stop 
the discussion at any point should you wish without giving reason. 
 
What if there is a problem or I have a complaint? 
If you feel you any concerns or a complaints about this study you should contact 
Professor Ann Ashburn (Address: Southampton General Hospital, Level E, 
Centre Block, MPT 886, SO166YD; Tel: +44 (0)23 8079 6469; Email: 
ann@soton.ac.uk) . If you remain unhappy and wish to complain, Ann will 



provide you with details of the University of Southampton and University 
Hospital Southampton NHS Foundation Trust Complaints Procedure. 
 
Who is organizing the research & reviewing the study? 
The study is being run by the University of Southampton and has been 
reviewed by the South Central- Southampton A Research Ethics committee.  
 
Will my participation be kept confidential? 
All information which is collected about you during the course of the research 
will be kept strictly confidential. Each person will be allocated an ID number by 
which any documentation will be identifiable to the researchers only. All 
information will be kept in a locked filing cabinet in accordance with storage of 
medical records. The results from the study will be entered into a university 
computer, accessible only to the researchers. Any information about you which 
is used in research reports or publications will have your name and address 
removed so that you cannot be recognised from it. 
 
What will happen to the results of the research? 
At the end of the research, the data collected will be securely stored at the 
University of Southampton for 10 years. The results will be presented at 
conferences and may be published in research papers for scientific journals. If 
you would like a copy of the published results at the end of the study please let 
us know. 
 
Contact for further information: 
If you would like any further information please contact Sophia Hulbert on  
(023) 8079 8669. 
 
 
Thank you once again for taking the time to read this information. 
 



Reply Slip 
 

What are the experiences of dance teachers delivering ballroom dance 
classes to people with Parkinson’s? 
 
I would like further information about this study and am happy for the researcher 
to contact me. 
 

 
              I agree for you to contact me (Please initial the box) 
   

 
 
Please use the following contact details to contact me: (Please Print) 

 

Name:                                                

____________________________________ 

Telephone Number:  ____________________________________ 

OR Address:         ____________________________________ 

                                            ____________________________________ 

 ____________________________________ 

 ____________________________________ 

 ____________________________________ 

OR e-mail:             ____________________________________ 

Please return the reply slip in the stamped addressed envelope. 
Thank you very much for your interest. 
 
Yours faithfully, Sophia Hulbert





 

 

 

 

 

 

 

 





 

 

 

 

 

 

 





 
CONSENT FORM 

 

Title of Project: What are the experiences of dance teachers delivering ballroom dance 
classes to people with Parkinson’s disease? 
 
 Name of Researcher: Sophia Hulbert 

 
                                        Please initial box 

 
1. I confirm that I have read and understand the information sheet   
 Dated 24/08/13 (version.1.) for the above study and  
 have had the opportunity to ask questions. 
 
 
2. I understand that my participation is voluntary and that I am free to  
 withdraw at any time, without giving any reason, without my legal rights    
     being affected. 
 
 
3. I understand that at the end of the study data collected from me will be  

securely stored at the University of Southampton for 10 years. 
 

 
4. I agree to take part in the above study. 

 
 

5. I understand that my name will not be identifiable in any reports, papers  
or presentations arising from this research. 

 
 

6. I agree to anonymous information to be used for teaching purposes  
and at conferences. 

 
 

______________________  _______________________        _________________ 
Name of Participant                           Signature                                            Date 
 
  
  
_______________________ _______________________        _________________ 
Name of Researcher                          Signature                                            Date 

      
      1 for participant, 1 for researcher 





Category 

Sub Catergory Physiological (medical based) Functional (practical issues Psychological Social Where 

knowledge was 

gathered from

01 Pre Movement wise - bit shuffly with their 

feet, swaying, slower, not very good 

facial expression, (17-19)

Shake (but not seen in people she 

knows) (26-27)

Believes there are two types of PD - ones 

where they shake and one where they 

don’t (28-29)

Aware that it is more prevalent in Males 

(260)

not very good minor motor 

skills - buttons terrible 

handwritting (20-21)

Not diagnosed until later on 

in some cases (36-37)

Quite a bit of 

knowledge as 

best friend's 

Dad had PD (5-

6).

The best 

friend's Mum 

got quite 

involved (6-7) , 

lots of research 

in PD, knows 

research team 

(7), part of a PD 

association (9). 

EXPERENTIAL - 

Friends Dad - 

discussion with 

her friends Mum.

Seeing her Nan 

(who has PD)

02 Pre Understand very little/no idea really (21) 

"I am not a medical person, I'm purely a 

dancing teacher" (17-18)

Know that it is something that happens in 

the brain - as a result of the mini strokes 

that his mother had (21-24) but don’t 

know what that does (24)

medication helps quite a lot (27)

gradual decline (108)

Shuffly walk (116)

could dance normally so possibly this 

made different part of the brain work 

(125-126)

Be a bit slower (421)

moving forward seems to be a struggle 

for most(670)

one minute they can do 

something and the next they 

can't (88-89)

doesn't change 

their 

personality 

(419), so if you 

have a 

competative 

instinc beofre 

PD then you 

still will have 

(423)

houmour is still 

there but there 

is a delay in the 

reponce (104)

dance client and 

mother both 

have PD

pilot classes

Prior Knowledge













 
Telephone/Lab screening checklist sheet  

 
Participant’s 
ID:…………………………………………………………………………………………………. 
 
Date:…………………………. 

         

1. Diagnosis of Parkinson’s disease:         No                  Yes  

Consultants Name…………………………………………………………… 

2. Stage I – III on Hoehn and Yahr Scale: No                  Yes 

 

3. Visual problems:                              present             absent  

4. Ability to understand/remember instructions:  

                                                         unable                  able 

5.  Ability to stand/turn:                        unable                  able 

 

6.  Other neurological problems:        present              absent 

7.  Musculoskeletal problems:            present              absent  

     

‘To be included in the study, all the boxes on the right need to be 

ticked 

Through both telephone conversation and reviewed at point of consent’ 



 

Further Screening Information 

8. Initial side of onset……………………….. 

9. Current symptoms and duration 

……………………………………………………………………………………………

……………………………………………………………………………………………

……………………………………………………………………………………………

……………………………………………………………………………………………

……………………………………………………………………………………………

…………………………………………………………………………………………… 

10. Current Medications 

……………………………………………………………………………………………

……………………………………………………………………………………………

……………………………………………………………………………………………

……………………………………………………………………………………………

……………………………………………………………………………………………

…………………………………………………………………………………………… 

11. Optimum medication time (time of day)……………………………………... 

12. Age at testing……………………………………………………...…………… 

13. Hand dominance………………………………………………………………. 

(Assessed as hand used to write with) 

14. Foot dominance (Trial 1…………..2…………..3…………) ………………… 

(Assessed as foot used to kick a foam ball whilst seated – repeated three times) 

15. Relevant Past Medical History 

……………………………………………………………………………………………

……………………………………………………………………………………………

……………………………………………………………………………………………

……………………………………………………………………………………………

……………………………………………………………………………………………

…………………………………………………………………………………………… 



Date of Lab 

Meeting

Section 1; Steps & Time

Turning Steps (n)

DU Turn

Turn Time (sec)

Independence

Page 1

SS 180 Assessment
Eye, Head, Body Coordination while Turning

DS Turn

Toward

Pivotal

Lateral 

Incremental

Delayed

Mean

ID

Section 2; Turn Type (circle one)

DS TurnDU Turn

Toward

Pivotal

Lateral 

Incremental

Delayed

Section 3; Turn Quality (Yes = 0, No = 1)

Mean:

DU Turn DS Turn

Posture

Continuity

Stability

Clearance

Total





Berg balance scale 

The Berg Balance Scale (BBS) was developed to measure balance among older people 

with impairment in balance function by assessing the performance of functional tasks. It is a 

valid instrument used for evaluation of the effectiveness of interventions and for quantitative 

descriptions of function in clinical practice and research. The BBS has been evaluated in 

several reliability studies. A recent study of the BBS, which was completed in Finland, 

indicates that a change of eight (8) BBS points is required to reveal a genuine change in 

function between two assessments among older people who are dependent in ADL and 

living in residential care facilities. 

 

Description: 

14-item scale designed to measure balance of the older adult in a clinical setting. 

 

Equipment needed: Ruler, two standard chairs (one with arm rests, one without), 

footstool or step, stopwatch or wristwatch, 15 ft walkway 

 

Completion: 

Time: 15-20 minutes 

 

Scoring: A five-point scale, ranging from 0-4.  

“0” indicates the lowest level of function and “4” the highest level of function.  

Total Score = 56 

 

Interpretation: 41-56 = low fall risk 

21-40 = medium fall risk 

0 –20 = high fall risk 

A change of 8 points is required to reveal a genuine change in function between 2 

assessments. 



Berg Balance Scale 

Name: __________________________________ Date: ___________________ 

Location: ________________________________ Rater: ___________________ 

 

ITEM DESCRIPTION         SCORE (0-4) 

Sitting to standing         ________ 

Standing unsupported         ________ 

Sitting unsupported         ________ 

Standing to sitting         ________ 

Transfers          ________ 

Standing with eyes closed        ________ 

Standing with feet together        ________ 

Reaching forward with outstretched arm      ________ 

Retrieving object from floor        ________ 

Turning to look behind         ________ 

Turning 360 degrees         ________ 

Placing alternate foot on stool        ________ 

Standing with one foot in front                   ________ 

Standing on one foot         ________ 

Total  _______ 

 

GENERAL INSTRUCTIONS 

Please document each task and/or give instructions as written. When scoring, please 

record the lowest response category that applies for each item. In most items, the subject is 

asked to maintain a given position for a specific time. Progressively more points are 

deducted if: 

 the time or distance requirements are not met 

 the subject’s performance warrants supervision 

 the subject touches an external support or receives assistance from the examiner 

Subject should understand that they must maintain their balance while attempting the tasks. 

The choices of which leg to stand on or how far to reach are left to the subject. Poor 

judgment will adversely influence the performance and the scoring. 

Equipment required for testing is a stopwatch or watch with a second hand, and a ruler or 

other indicator of 2, 5, and 10 inches. Chairs used during testing should be reasonable 

height. Either a step or a stool of average step height may be used for item # 12.



Berg Balance Scale  

SITTING TO STANDING 

INSTRUCTIONS: Please stand up. Try not to use your hand for support. 

( ) 4 able to stand without using hands and stabilize independently 

( ) 3 able to stand independently using hands 

( ) 2 able to stand using hands after several tries 

( ) 1 needs minimal aid to stand or stabilize 

( ) 0 needs moderate or maximal assist to stand 

 

STANDING UNSUPPORTED 

INSTRUCTIONS: Please stand for two minutes without holding on. 

( ) 4 able to stand safely for 2 minutes 

( ) 3 able to stand 2 minutes with supervision 

( ) 2 able to stand 30 seconds unsupported 

( ) 1 needs several tries to stand 30 seconds unsupported 

( ) 0 unable to stand 30 seconds unsupported 

If a subject is able to stand 2 minutes unsupported, score full points for sitting unsupported. Proceed to item #4. 

 

SITTING WITH BACK UNSUPPORTED BUT FEET SUPPORTED ON FLOOR OR ON A STOOL 

INSTRUCTIONS: Please sit with arms folded for 2 minutes. 

( ) 4 able to sit safely and securely for 2 minutes 

( ) 3 able to sit 2 minutes under supervision 

( ) 2 able to able to sit 30 seconds 

( ) 1 able to sit 10 seconds 

( ) 0 unable to sit without support 10 seconds 

 

STANDING TO SITTING 

INSTRUCTIONS: Please sit down. 

( ) 4 sits safely with minimal use of hands 

( ) 3 controls descent by using hands 

( ) 2 uses back of legs against chair to control descent 

( ) 1 sits independently but has uncontrolled descent 

( ) 0 needs assist to sit 

 

TRANSFERS 

INSTRUCTIONS: Arrange chair(s) for pivot transfer. Ask subject to transfer one way toward a seat with armrests 

and one way toward a seat without armrests. You may use two chairs (one with and one without armrests) or a 

bed and a chair. 

( ) 4 able to transfer safely with minor use of hands 

( ) 3 able to transfer safely definite need of hands 

( ) 2 able to transfer with verbal cuing and/or supervision 

( ) 1 needs one person to assist 

( ) 0 needs two people to assist or supervise to be safe 



 

Berg Balance Scale continued… 

STANDING UNSUPPORTED WITH EYES CLOSED 

INSTRUCTIONS: Please close your eyes and stand still for 10 seconds. 

( ) 4 able to stand 10 seconds safely 

( ) 3 able to stand 10 seconds with supervision 

( ) 2 able to stand 3 seconds 

( ) 1 unable to keep eyes closed 3 seconds but stays safely 

( ) 0 needs help to keep from falling 

 

STANDING UNSUPPORTED WITH FEET TOGETHER 

INSTRUCTIONS: Place your feet together and stand without holding on. 

( ) 4 able to place feet together independently and stand 1 minute safely 

( ) 3 able to place feet together independently and stand 1 minute with supervision 

( ) 2 able to place feet together independently but unable to hold for 30 seconds 

( ) 1 needs help to attain position but able to stand 15 seconds feet together 

( ) 0 needs help to attain position and unable to hold for 15 seconds 

 

REACHING FORWARD WITH OUTSTRETCHED ARM WHILE STANDING 

INSTRUCTIONS: Lift arm to 90 degrees. Stretch out your fingers and reach forward as far as you can. (Examiner 

places a ruler at the end of fingertips when arm is at 90 degrees. Fingers should not touch the ruler while reaching 

forward. The recorded measure is the distance forward that the fingers reach while the subject is in the most forward 

lean position. When possible, ask subject to use both arms when reaching to avoid rotation of the trunk.) 

( ) 4 can reach forward confidently 25 cm (10 inches) 

( ) 3 can reach forward 12 cm (5 inches) 

( ) 2 can reach forward 5 cm (2 inches) 

( ) 1 reaches forward but needs supervision 

( ) 0 loses balance while trying/requires external support 

 

PICK UP OBJECT FROM THE FLOOR FROM A STANDING POSITION 

INSTRUCTIONS: Pick up the shoe/slipper, which is in front of your feet. 

( ) 4 able to pick up slipper safely and easily 

( ) 3 able to pick up slipper but needs supervision 

( ) 2 unable to pick up but reaches 2-5 cm (1-2 inches) from slipper and keeps balance independently 

( ) 1 unable to pick up and needs supervision while trying 

( ) 0 unable to try/needs assist to keep from losing balance or falling 

 

TURNING TO LOOK BEHIND OVER LEFT AND RIGHT SHOULDERS WHILE STANDING 

INSTRUCTIONS: Turn to look directly behind you over toward the left shoulder. Repeat to the right. (Examiner may pick 

an object to look at directly behind the subject to encourage a better twist turn.) 

( ) 4 looks behind from both sides and weight shifts well 

( ) 3 looks behind one side only other side shows less weight shift 

( ) 2 turns sideways only but maintains balance 

( ) 1 needs supervision when turning 

( ) 0 needs assist to keep from losing balance or falling 

 



 

Berg Balance Scale continued… 

TURN 360 DEGREES 

INSTRUCTIONS: Turn completely around in a full circle. Pause. Then turn a full circle in the other direction. 

( ) 4 able to turn 360 degrees safely in 4 seconds or less 

( ) 3 able to turn 360 degrees safely one side only 4 seconds or less 

( ) 2 able to turn 360 degrees safely but slowly 

( ) 1 needs close supervision or verbal cuing 

( ) 0 needs assistance while turning 

 

PLACE ALTERNATE FOOT ON STEP OR STOOL WHILE STANDING UNSUPPORTED 

INSTRUCTIONS: Place each foot alternately on the step/stool. Continue until each foot has touched the step/stool four 

times. 

( ) 4 able to stand independently and safely and complete 8 steps in 20 seconds 

( ) 3 able to stand independently and complete 8 steps in > 20 seconds 

( ) 2 able to complete 4 steps without aid with supervision 

( ) 1 able to complete > 2 steps needs minimal assist 

( ) 0 needs assistance to keep from falling/unable to try 

 

STANDING UNSUPPORTED ONE FOOT IN FRONT 

INSTRUCTIONS: (DEMONSTRATE TO SUBJECT) Place one foot directly in front of the other. If you feel that you 

cannot place your foot directly in front, try to step far enough ahead that the heel of your forward foot is ahead of the 

toes of the other foot. (To score 3 points, the length of the step should exceed the length of the other foot and the width 

of the stance should approximate the subject’s normal stride width.) 

( ) 4 able to place foot tandem independently and hold 30 seconds 

( ) 3 able to place foot ahead independently and hold 30 seconds 

( ) 2 able to take small step independently and hold 30 seconds 

( ) 1 needs help to step but can hold 15 seconds 

( ) 0 loses balance while stepping or standing 

 

STANDING ON ONE LEG 

INSTRUCTIONS: Stand on one leg as long as you can without holding on. 

( ) 4 able to lift leg independently and hold > 10 seconds 

( ) 3 able to lift leg independently and hold 5-10 seconds 

( ) 2 able to lift leg independently and hold L 3 seconds 

( ) 1 tries to lift leg unable to hold 3 seconds but remains standing independently. 

( ) 0 unable to try of needs assist to prevent fall 

 

(   )TOTAL SCORE (maximum = 56)   





Appendix 15 - Raw data sheet
Descriptive Statistics 

Type of turn

Group 

Descriptive Mean Median SD Mean Median SD Mean Median SD Mean Median SD

Eye 0.705 0.723 0.253 0.668 0.592 0.236 0.57 0.54 0.24 0.56 0.52 0.22

Head 0.477 0.467 0.111 0.48 0.451 0.135 0.461 0.426 0.106 0.467 0.423 0.143

Shoulder 0.451 0.556 0.076 0.455 0.436 0.13 0.453 0.448 0.109 0.5 0.452 0.221

Thorax 0.47 0.436 0.13 0.443 0.418 0.113 0.452 0.443 0.104 0.45 0.439 0.125

Pelvis 0.676 0.626 0.23 0.591 0.634 0.2 0.621 0.659 0.129 0.639 0.63 0.16

First Foot 0.743 0.706 0.224 0.743 0.706 0.272 0.687 0.72 0.149 0.684 0.648 0.177

Second Foot 1.118 1.089 0.272 1.14 1.077 0.291 1.09 1.08 2.159 1.088 1.066 0.258

Time Coda 4.013 3.507 1.317 3.93 3.534 1.154 3.835 3.771 0.749 3.77 3.858 0.871

Head 9.24 8.98 3.63 9.92 11.08 4.9 8.63 7.15 5.67 8.4 8.2 4.12 Key

Shoulder 6.51 5.71 3.54 6.82 5.54 4.09 6.15 6.2 2.89 5.46 4.93 2.97 Controls Dancers

Thorax 6.21 5.99 3.03 7.27 5.77 4.53 7.09 6.99 4.53 6.47 6.45 3.2 All turns =

Pelvis 4.62 4.69 1.8 5.9 5.64 3.12 4.27 4.12 1.96 3.98 3.72 1.93 Predicted/ Preferred turns =

Predicted/ Un-preferred turns=

M/L weight transfer 44.47 43.42 11.4 44.51 44.55 9.57 43.72 43.9 7.75 44.97 44.87 6.4 Un-predicted/ Preferred turns = 

Total weight transfer 137.95 126.63 45.15 145.45 132.53 49.11 135.15 132.83 35.12 140.02 137.18 38.88 Un-predicted/ Un-preferred turns = 

Stance width 172.87 162.98 42.42 179.06 169.46 40.66 183.433 173.49 49.78 184.86 196.6 41.33

A/P Weight transfer 14.9 15.17 5.16 15.65 15.05 6.39 13.16 13.63 5.37 14.57 3.86 6.77

A/P position

Time (mean) 2.218 1.843 1.202 2.132 1.65 0.966 2.295 2.038 0.865 2.237 2.283 0.578

Time (DU) 2.307 1.91 1.233 2.229 1.92 0.956 2.33 2.035 0.99 2.238 2.28 0.421

Time (DS) 2.13 1.84 1.195 2.035 1.53 1.02 2.261 2.065 0.792 2.237 2.125 0.935

Steps (DU) 4.58 4 2.275 4.42 4 2.021 4.08 4 0.9 4.75 4.5 1.712

Steps (DS) 4.25 3.5 2.454 4.42 3 2.314 4.17 3.5 1.586 4.58 4 2.466

Steps (mean) 4.417 3.75 2.31 4.42 3.5 2.1 4.13 4 1.04 4.67 4.5 1.92

Quality (mean) 4.38 4.25 0.64 4.42 4.75 0.9 4.33 4.5 0.75 4.17 4 0.75

Type of turn (DU/DS) - Towards 0/3 1/1 1/1 0/2

Pivotal 1/1 0/1 0/1 0/0

Lateral 2/1 3/5 2/3 4/1

Incremental 7/5 6/3 7/5 3/6

Delayed 2/2 2/2 2/2 5/3

Berg Balance Total score 51.92 54.4 6.4 50.42 54 2.17 50.5 52.5 1.45 5.3 5.5 1.78

Age 71.2 71 5.63 73.42 73.5 4.91

H&Y 1.8 1.5 0.92 1.8 1.5 0.92 1.92 2 0.9 1.92 2 0.9

Yrs since Dx 6.05 5.5 4.153 5.95 5 4.167 5.3 6 3.85 5.3 6 3.85

Type of turn

Group 

Descriptive Mean Median SD Mean Median SD Mean Median SD Mean Median SD Mean Median SD Mean Median SD Mean Median SD Mean Median SD

Eye 0.711 0.614 0.315 0.62 0.47 0.361 0.561 0.54 0.165 0.591 0.527 0.22 0.658 0.656 0.221 0.63 0.547 0.28 0.482 0.513 0.383 0.556 0.487 0.207

Head 0.418 0.445 0.203 0.521 0.395 0.098 0.399 0.388 0.092 0.413 0.402 0.082 0.483 0.43 0.18 0.415 0.4 0.092 0.445 0.404 0.0145 0.437 0.348 0.153

Shoulder 0.419 0.411 0.104 0.428 0.396 0.119 0.404 0.423 0.072 0.524 0.432 0.382 0.421 0.398 0.102 0.423 0.41 0.079 0.429 0.402 0.159 0.442 0.398 0.14

Thorax 0.521 0.445 0.203 0.42 0.403 0.131 0.41 0.416 0.089 0.409 0.383 0.103 0.483 0.411 0.203 0.391 0.371 0.086 0.428 0.428 0.127 0.385 0.371 0.096

Pelvis 0.61 0.585 0.133 0.633 0.606 0.139 0.616 0.605 0.164 0.582 0.569 0.097 0.688 0.608 0.297 0.375 0.558 0.818 0.56 0.578 0.125 0.586 0.539 0.195

First Foot 0.639 0.653 0.084 0.699 0.684 0.211 0.632 0.665 0.13 0.628 0.585 0.177 0.768 0.698 0.422 0.725 0.622 0.4 0.659 0.679 0.139 0.639 0.593 0.211

Second Foot 1.041 1.034 0.175 1.072 1.078 0.224 1.067 1.078 0.201 1.045 0.988 0.266 1.182 1.135 0.421 1.077 1.008 0.355 1.073 1.118 0.185 1.024 0.939 0.297

Time Coda 3.908 3.33 1.3 3.957 3.603 1.081 3.71 3.729 0.801 3.6 3.8 0.89 4.066 3.492 1.415 3.724 3.317 1.209 3.907 4.035 0.886 3.837 3.513 1.209

Head 8.58 8.87 5.42 9.07 7.79 5.84 8.86 6.22 7.35 7.39 7.51 3.95 9.35 8.82 5.77 9.47 10.21 6.45 9.42 9.63 5.78 8.14 5.48 5.73

Shoulder 5.95 5.5 2.4 6.48 5.5 3.69 5.42 5.29 3.08 6.18 5.29 2.79 7 6.5 4.54 4.38 7.56 7.6 7.39 6.98 4.11 5.43 4.33 4.09

Thorax 5.79 5.91 2.1 6.76 5.87 3.83 5.91 6.45 3.32 6.93 6.84 4.99 6.65 6.7 4.2 4.86 8.14 7.61 7.54 7.44 3.95 6.71 6.12 4.15

Pelvis 5.27 5.05 1.97 3.92 3.58 2.88 4.07 3.95 1.91 4.11 3.82 2.16 5.16 4.4 3.89 3.85 7.44 8.21 4.41 3.32 2.47 4.75 3.62 3.72

M/L weight transfer 47.75 44.74 17.41 46.62 44.21 12.71 45.3 45.58 10.47 46.66 46.15 8.9 43.03 45.73 13.77 47.29 43.23 24.45 46.25 47.47 11.49 42.71 43.67 12.88

Total weight transfer 129.14 136.48 30.89 147.96 148.27 55.6 129.22 120.77 31.28 133.41 137.43 41.37 140.97 130.9 80.11 136.22 125.23 50.97 137.9 134.95 41.13 134.71 123.92 68.27

Stance width 175.04 160.8 43.59 178.58 165.15 41.8 185.98 172.8 48.76 184.18 179.52 43.22 170.43 159.63 45.94 176.56 169.47 48.9 185.06 176.3 51.19 193.43 197.55 53.94

A/P Weight transfer 17.44 16.56 8.43 16.32 15.37 9.24 11.39 11.8 3.73 12.26 11.85 5.46 13.81 13.6 7.38 15.25 13.45 7.42 12.83 12.45 4.94 13.41 13.88 6.11

A/P position 8 Ant 6 Ant 5 Ant 8 Ant 7 Ant 6 Ant 5 Ant 7 Ant

Type of turn

Group 

Descriptive Mean Median SD Mean Median SD Mean Median SD Mean Median SD Mean Median SD Mean Median SD Mean Median SD Mean Median SD

Eye 0.837 0.767 0.425 0.718 0.596 0.337 0.546 0.591 0.608 0.594 0.504 0.342 0.629 0.703 0.405 0.73 0.681 0.271 0.674 0.595 0.469 0.482 0.528 0.204

Head 0.541 0.472 0.153 0.493 0.431 0.198 0.502 0.503 0.107 0.518 0.446 0.167 0.487 0.488 0.094 0.496 0.436 0.154 0.496 0.488 0.15 0.5 0.433 0.207

Shoulder 0.47 0.414 0.157 0.473 0.42 0.13 0.505 0.505 0.148 0.513 0.454 0.196 0.494 0.478 0.101 0.496 0.433 0.147 0.473 0.438 0.15 0.535 0.439 0.225

Thorax 0.479 0.458 0.136 0.432 0.423 0.123 0.484 0.463 0.142 0.523 0.528 0.187 0.495 0.476 0.122 0.494 0.461 0.156 0.486 0.488 0.125 0.484 0.42 0.211

Pelvis 0.698 0.635 0.348 0.634 0.583 0.135 0.653 0.634 0.148 0.697 0.688 0.196 0.704 0.662 0.194 0.725 0.678 0.161 0.656 0.693 0.169 0.69 0.671 0.213

First Foot 0.752 0.73 0.266 0.743 0.687 0.245 0.751 0.774 0.199 0.757 0.765 0.219 0.723 0.767 0.198 0.828 0.742 0.372 0.72 0.708 0.164 0.689 0.603 0.2

Second Foot 1.138 1.033 0.331 1.17 1.109 0.342 1.14 1.12 0.269 1.146 1.167 0.311 1.128 1.188 0.291 1.257 1.183 0.44 1.1 1.118 0.232 1.073 0.992 0.257

Time Coda 4.066 3.388 1.496 4.048 3.578 1.235 3.811 3.793 0.827 3.642 3.499 0.725 3.992 3.896 1.068 3.985 3.62 1.25 3.911 4.013 0.785 3.983 3.845 1.089

Head 10.18 8.24 6.5 8.79 6.74 5.77 9.44 6.52 7.65 8.83 6.41 7.3 8.85 9.36 7.04 11.62 8.7 9.28 7.86 6.28 5.39 10.59 8.06 7.36

Shoulder 6.88 6.24 5.5 6.57 5.68 3.62 6.18 4.43 4.32 5.93 4.5 4.99 6.19 4.81 5.24 6.69 5.39 5.04 6.44 5.79 3.9 5.66 4.52 4.54

Thorax 6.22 5.54 4.29 7 5.76 4.06 9.27 4.7 10.7 7.03 6.64 4.38 6.2 4.82 4.9 7.18 5.2 6.77 6.52 5.25 4.62 6.14 6 3.65

Pelvis 4.35 3.43 3.27 3.9 3.64 1.93 4.54 3.49 3.86 3.51 2.94 2.84 3.7 4.33 1.67 8.35 6.18 6.71 4.48 3.29 2.98 4.02 2.73 3.73

M/L weight transfer 44.58 45.32 14.41 46.44 43.35 11.57 43.92 47.15 11.82 47.14 46.51 12.95 42.62 42.27 13.61 37.86 39.24 10.95 39.33 41.07 10.42 43.31 42.31 13.27

Total weight transfer 144.97 136.27 50.95 146.83 153.27 47.21 136.69 146.17 49.27 155.45 135.6 48.87 137.17 116.37 50.35 150.65 154.35 60.01 139.14 129.12 54.72 136.94 126.82 52.89

Stance width 172.3 161.68 38.9 180.61 172.32 38.36 180.15 165.34 52.03 176.62 170.63 40.55 173.93 161.65 45.27 181.03 168.62 37.11 182.72 184.25 49.05 185.14 185.75 42.28

A/P Weight transfer 14.86 14.71 5.38 15.73 15.94 6.82 12.72 13.8 3.76 18.65 12.15 20.17 13.21 12.33 6.81 15.35 13.8 6.8 15.93 13.55 11.66 14.05 14.29 5.8

A/P position 9 Ant 10 Ant 4 Ant 7 Ant 7 Ant 8 Ant 6 Ant 7 Ant
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