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Abstract 

Introduction: Therapeutic Instrumental Music Performance (TIMP) is well suited for 

upper limb rehabilitation following stroke. Published protocols serve to inform 

clinicians on intervention design and delivery. However, few case studies are available 

that address patient suitability, protocol modifications to support treatment adherence 

and suitability of home environment. 

Methods: Two case studies from a small randomized controlled trial illustrate TIMP 

protocol modifications and considerations required for home delivery. Qualitative, 

quantitative and observational data report on participants' outcomes and engagement 

with six weeks of bi-weekly exercises. TIMP adaptations to enhance audio-motor 

synchronization are described.  

Results: Outcomes for the less impaired participant with fewer complex health needs 

were significantly better after six weeks, particularly pinch grip (1 peg in 20 seconds to 

15/120). The second participant improved on the water pouring task: 44 seconds to 

13.16.  
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Discussion: Severity of stroke and impairment are major factors influencing treatment 

outcomes. Flexibility in the TIMP protocols, such as emphasizing the underlying pulse 

and building the dynamic contour, aids treatment adherence and movement synchrony. 

It is essential to assess homes for access, sound containment and space. Outcome 

measures for detecting compensatory movement, smoothness and velocity of movement 

are needed to better inform treatment effects. 

Keywords: Stroke, hemiparesis, music therapy, home-care, upper limb 

rehabilitation, TIMP  

 

 

Introduction  

Hemiparesis is the most commonly encountered sensorimotor impairment following 

ischaemic or haemorrhagic stroke  (Sabini et al., 2013), occurring in 80% of patients  

(Adey-Wakeling & Crotty, 2013) and with the upper limb being particularly resistant to 

existing interventions. Research indicates that people with stroke recover significantly 

more upper limb function if there is less impairment in their upper limb initially caused 

by the stroke  (Coupar et al., 2012). Right hemisphere stroke is reported as being more 

resistant to upper limb rehabilitation treatment than left (Coupar et al., 2012), possibly 

due to the predominance of right handedness amongst populations and the left hand 

being less cortically represented. According to some data (Kwakkel et al., 2004)  an 

increase in treatment dosage in the first six months post stroke improves outcomes and 

increases recovery rate. Other evidence supports continued recovery of upper limb 

function at the chronic stage, beyond six months post-stroke  (Barrett & Meschia, 2013; 

Giaquinto et al., 1994). Movement disorders such as dystonia, tremors and apraxia may 

occur at stroke onset, sometime after (several years in some cases), or as a progressive 



 3 

condition  (Handley et al., 2009). Factors such as socioeconomic status (SES), personal 

circumstances and individual personality traits might influence level of recovery  

(Adey-Wakeling & Crotty, 2013; Putman et al., 2007). One study found that motor 

assessment scores for those who had attained higher educational achievement and 

income were significantly higher than for those of lower SES, potentially due to those 

of higher SES being more proactive in seeking coping strategies and problem solving, 

and thus counteracting their experience of uncertainty with regard to recovery (Putman 

et al., 2007). How this information would inform or should influence clinical reasoning 

is uncertain, and is beyond the scope of this article. In summary, there is large 

variability in the extent of impairment between stroke patients  (Langhorne et al., 2011). 

Using pooled data from 31 reviews,  moderate quality evidence was reported for seven 

stroke upper limb interventions. The review concludes that no high quality evidence for 

any interventions used within standard care currently exists. This is based on the 

specific methods of assessing study quality for this Cochrane review, including: risk of 

bias due to allocation concealment, blinding of participants and data collectors, and 

selective reporting. The authors state that further RCTs are required with a particular 

focus on determining treatment dosage  (Pollock et al., 2014). In addition, there is 

limited published research regarding interventions delivered in the home environment 

for stroke rehabilitation (Fens et al., 2013; Mcintyre et al., 2016), home-based music 

therapy interventions  (Schmid & Ostermann, 2010), and home-based upper limb 

interventions for stroke (Turton et al., 2017). 

 Music interventions for brain-injured populations have been developed,  

implemented and researched, producing a growing body of evidence for their efficacy  

(Magee et al., 2017). In recent years, neurologic music therapy (NMT) has presented 

and, to a degree, formalised a range of music-based interventions  (Thaut & Hoemberg, 
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2014). TIMP musical experiences are designed to target specific movement patterns 

with maximum repetition. Although it is possible and important for patients to identify 

movements that impair their activities of daily living, it is the music therapist’s role to 

design the music to facilitate the targeted movement patterns. TIMP involves the 

planning of functional exercises using musical instrument playing to meet functional 

physical goals, set within the multidisciplinary team, with the aim of transferring the 

therapeutic learning into real-world applications  (Thaut & Hoemberg, 2014). In 

addition to playing musical instruments in various spatial configurations to target 

movement range, TIMP employs external audio cues for the priming and timing of 

movement and for patients to synchronise their movements in order to improve 

movement quality  (Thaut, 2008; Thaut & Hoemberg, 2014).  

The tactile and auditory feedback from playing instruments as part of structured 

programs of upper limb rehabilitation following stroke have led to an effect termed as 

audio-motor coupling. This means that the auditory cortices support motor function  

(Schneider et al., 2007; Altenmüller et al., 2009; Schneider et al., 2010). Other research 

also shows neural reorganisation of audio-motor pathways in stroke patients due to the 

music they generated during instrumental playing (Rojo et al., 2011).  

 Since there is relatively little existing research to support TIMP for upper limb 

rehabilitation (Yoo, 2009), and there are few descriptions of its use in clinical settings  

(Vaudreuil et al., 2018), the aim of presenting these case studies is to help bridge the 

gap between NMT training, defined clinical protocols and the challenges that present 

within everyday clinical practice.   
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Method 

The two case studies reported here include qualitative and quantitative data from six 

weeks of twice weekly TIMP intervention. Follow-up data from the post-intervention 

period together with descriptive data taken from the research diary are included. These 

multiple sources of data provide information on factors potentially influencing 

engagement, adherence and outcomes for each participant. This is intended to inform 

music therapists on patient suitability for TIMP treatment and treatment delivery. The 

names of the two participants in these case studies have been changed in order to protect 

their identity. Informed consent was obtained from the participants. Ethical approval 

was granted by the Essex Research Ethical Committee (reference 13/EE/0400). The 

study from which the two case studies have been taken is registered with 

ClinicalTrials.gov, registration number NCT 02310438. 

 The TIMP protocol was developed for a home-based, pilot randomised 

controlled trial (RCT) in collaboration with a volunteer stakeholder with stroke 

hemiparesis, and in consultation with a specialist stroke rehabilitation physiotherapist  

(Street et al., 2015). The protocol includes targeted motor patterns or 

movements/movement sequences, with a different facilitating musical pattern for each 

of these, instruments and equipment required, positioning of instruments, and details of 

possible variations (Table 1) (Street et al., 2015). Fine motor exercises were performed 

by participants using touchscreen instruments on iPads, with Garageband™ and 

Thumbjam™ software installed, and using a touchscreen plectrum requiring pinch-grip. 

Acoustic instruments on stands and some hand percussion were used for proximal, gross 

movement. iPads were chosen for pinch-grip and fine motor exercises for the following 

reasons: 1) portability; 2) flexibility for positioning (stand, table surface, lap); 3) 

rechargability (no power cables); 4) wider range of sounds including guitars and 
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keyboards, giving more tailored choices to meet participants’ preferences; 5) less 

resistance involved in moving the touchscreen plectrum/stylus across the screen as 

compared to an acoustic guitar; 6) greater auditory feedback using amplification 

through a speaker with adjustable volume, in comparison to using an acoustic guitar 

which has no touch sensitivity setting; 7) the guitar may be associated with ‘being a 

musician’ and be off-putting to those who consider themselves to have no musical 

ability; and 8) greater harmonic variation, as the guitar would be limited to a single, 

open-tuned chord unless chord changes were facilitated. 

All percussion equipment, stands and mallets were stored and transported in a 

large, hard-backed luggage case with two wheels and extending handle. The guitar was 

transported in a hard case. A small shoulder bag was used for the two iPads (also in 

cases), speaker, two cables and splitter jack (for connecting two iPads to the speaker 

simultaneously), metronome and earpiece, finger picks, touchscreen plectrum and 

research log. The iPad stand (microphone boom stand with iPad clamp fitted) was 

carried separately. In the case of this small RCT, when the community stroke team 

discussed potential participants with the researcher, they were able to inform on 

parking, accessibility and available space in home environments. Before being recruited 

into the study, a home visit was made by the researcher in order to assess each home 

and plan the sessions to allow enough time to travel from one property to the next, park, 

transport equipment, gain access, set up and put away all equipment safely. 

 

INSERT TABLE 1 ABOUT HERE 

 

 The criteria for inclusion for the study were: 1) aged 18 + (no upper age limit), 

2) 3-60 months post stroke, 3) had completed statutory community rehabilitation, 4) 
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able to lift their affected upper limb onto a table whilst seated and move one or more 

fingers, and 5) able to consent to treatment. Participants were excluded if currently 

receiving interventions for upper limb rehabilitation.  

 The intervention was found to be feasible to deliver in different home 

environments, with ten participants completing their 12 scheduled sessions and all data 

collection over 18 weeks. Qualitative analysis of the structured interviews found that 1) 

TIMP was motivating, 2) facilitating music and instruments were supportive of target 

upper limb movements, and 3) tolerance for TIMP was high and fatigue low. The 

shared, interactive nature of the exercises was also reported as an important component 

of the intervention  (Street et al., 2017).  

 Upper limb movements were synchronized with accompanying, strongly pulsed 

musical patterns played live by the researcher on an acoustic guitar. Equipment set-up 

time was 15 minutes. Precise periodicity of the pulse, an essential attribute of TIMP  

(Thaut & Hoemberg, 2014), was ensured by the use of a metronome beat audible only 

to the researcher through an earpiece. Each participant was assessed in the first session 

by the researcher to determine the most appropriate motor patterns and tempo. 

The researcher/interventionist had completed neurologic music therapy training, was 

experienced in delivering the intervention and in working conjointly with 

physiotherapists and occupational therapists on upper limb rehabilitation. He had also 

supervised clinicians’ NMT work and completed the NMT fellowship training, 

presenting video clips of clinical work to the primary trainers and receiving feedback on 

treatment fidelity to published guidelines. Participants were required to play the 

exercises for 20 - 30 minutes in each session. This was considered long enough to 

practice targeted movement patterns, but avoid excess fatigue. 
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Case Studies 

Participants’ medical information 

As can be seen in Table 2, the two participants were varied in age, type of stroke, 

handedness, period post stroke, and their pre- and post-treatment Action Research Arm 

Test (ARAT), (Lyle, 1981) and 9 Hole Peg Test (9HPT)  (Kellor et al., 1971) scores.  

 

 

INSERT TABLE 2 AROUND HERE 

 

 

Case Study 1: Fiona  

Fiona was a 74 year-old female who had a right hemisphere frontoparietal stroke. Her 

stroke occurred three months prior to joining this study and she had been in acute care 

for six weeks. She was right handed and prior to her stroke she had been a highly 

accomplished, self-taught musician. The occupational therapist in the community stroke 

team explained that she had loss of sensation in her fingers, affecting proprioceptive 

feedback. The impact of this was that she could not perform ADLs requiring the picking 

up and manipulating of objects such as cutlery or play her instrument, the recorder.  

 Fiona’s primary objective was to be able to play music again, initially focusing 

on achieving the note ‘C’ requiring precise left and right hand finger coordination on 

her recorder. Secondary to this was holding cutlery without dropping it in order to eat.  

Home environment 

Fiona lived with her husband in a large, detached house with a driveway for parking and 

easy groundfloor access. There were no other people living in the property and no pets.  

As such, there were no concerns regarding sound levels disturbing neighbours and other 
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residents, or accessing with equipment. Initial sessons took place in the kitchen, but 

Fiona then expressed a preference for them to move to a room upstairs, on the first 

floor, that she used as an art and music space. The room was more cluttered, but still 

offered ample space to set up and position equipment, with a table available for 

positioning the iPad, and two wooden kitchen/dining chairs without arms. All exercises 

upstairs used the iPad and speaker, so there were no issues with carrying the heavier, 

bulkier percussion stands up the steep set of stairs. Data collection took place in the 

kitchen, where a table was available for the ARAT and 9HPT. 

 

TIMP exercise selection 

The first five sessions included TIMP 11 (Table 1) which targets grip, release and ulnar 

deviation wrist movements using a cabasa. Following this, exercises focused 

exclusively on pinch-grip (holding the touchscreen plectrum) and finger dexterity using 

TIMP 8, 9 and 10 with all variations and finger combinations. As Fiona was 

experiencing loss of sensation, feedback from instruments was important (this is linked 

to the audio-motor coupling discussed earlier), emphasizing the need for an external 

speaker to the iPad. Exercises predominantly involved using touchscreen instruments 

and the Bluetooth speaker was always positioned on the table surface with the iPad so 

that Fiona could feel the resonance of the speaker through the table each time that she 

played (the built-in iPad speaker did not give adequate sensory feedback). Sometimes 

there is a delay with Bluetooth speakers between contact with the touchscreen and the 

sound being heard (Latency). This can be  resolved by connecting the speaker using a 

cable. When using two iPads a splitter and two cables can be employed. 

Monitoring progress and adapting the TIMP protocol 
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Using the touchscreen guitar on the iPad enabled Fiona to monitor how many of the 

target chords she could activate before dropping the plectrum. Initially, when Fiona held 

the touchscreen plectrum (Figure 1) with opposing thumb and index finger, she could 

only manage to play four of the chords in the eight-chord sequence.  However, in the 

first session this soon increased to her completing the sequence twice without dropping 

the plectrum or adjusting her grip on it. In the second session she was able to complete 

three minutes of playing this pattern without dropping the plectrum or repositioning it 

once. She began to extend finger and thumb combinations in the second session, 

holding the plectrum using middle finger and thumb, but dropped it frequently. In 

session six, she was able to use this finger combination and play twice through the 

sequence without dropping or repositioning the plectrum. Using the smartbass 

touchscreen instrument, Fiona made rapid progress in improving finger coordination. In 

the third session,  she reported playing four notes on her recorder for the first time since 

her stroke. Throughout this process, the positioning of the iPad and the musical 

structures used to facilitate movements remained unchanged. Tempo adjustments could 

be made, provided that any increases did not compromise movement quality. 

 

INSERT FIGURE 1 ABOUT HERE 

 

Figure 1. Touchscreen plectrum held over guitar App on tablet (TIMP 6B, 7D & 9F). 

 

Fiona’s development of a new TIMP pattern variation 

In session 10, whilst playing the iPad touchscreen guitar and plectrum exercise (TIMP 

9) with her left hand, Fiona placed the plectrum on the table surface and picked it up to 

play the chord sequence using her right, unaffected, hand. She did this in order to 

observe the difference in how it felt and looked between her affected and unaffected 
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hands. Following this, I suggested that she place the plectrum on the table top once 

more and pick it up using her affected side, rather than putting it into this hand using her 

unaffected hand. We continued to play through the pattern alternating left and right 

hand fingers. In addition, if the plectrum began to slip in her affected left hand fingers, 

she would reposition it by manipulating her left hand fingers, rather than reaching over 

to do this using her right hand. As previously stated, this variation in movement 

sequence was facilitated using the same music played by the therapist. While Fiona 

placed the plectrum on the table surface to swap hands, the researcher would continue 

playing the music at the set tempo and she would rejoin and re-synchronise. It was also 

possible to pause and count-in, starting together with Fiona, depending on how easily 

she was able to synchronise. 

Results 

Fiona made the most significant score increase in the ARAT (Table 3) from pre- to post 

treatment out of all study participants in the main study, with an increase of 10 points.. 

Seventeen points is estimated to be the minimal clinically important increase in ARAT 

score for non-dominant hemiparetic upper limb  (Lang et al., 2008). Fiona continued to 

improve in this area as shown in the follow-up 

assessments (weeks 9-18, Table 3). She also achieved the largest improvement in the 

9HPT. Whereas she was only able to insert a single peg in her pre-treatment assessment,  

she achieved all pegs in 60 seconds in the final follow-up. 

 The highest increase in score over the duration of the study for Fiona was in the 

pinch subcategory (Table 4), with a total increase of seven points in the ARAT score, 

followed by the grip subscale which increased by a total score of five. Both of these 

subcategories require greater finger dexterity, picking up and moving smaller objects 
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using various finger and thumb combinations, which correspond with a wide range of 

ADLs such as personal care, food preparation and holding cutlery. 

Summary 

The majority of sessions focused on fine motor control, with clear progress shown in 

exercises requiring pinch-grip. Fiona was able to maintain focus on the exercises 

throughout the treatment period, synchronizing the required movements with the 

facilitating music despite some minor impairment in sustained attention and procedural 

memory. There were no signs of anxiety, but a keen determination to regain musical 

and ADL skills. The TIMP protocol did not require adaptation due to the home location 

or environment. The home environment was conducive to exercise delivery with regard 

to parking, access, space and furniture to facilitate spatial arrangement and positioning 

of equipment, and sound insulation from neighbours.  

 

 

 

INSERT TABLES 3 AND 4 ABOUT HERE 

 

Case Study 2: David 

The second participant was a 61-year-old British male, who suffered a right hemisphere 

stroke, causing multi-focal infarcts (small areas of dead cells in multiple areas in the 

brain) in the frontal, parietal and occipital lobes. His stroke occurred 14 months prior to 

joining the study. David presented with left side hemiparesis and tremors in the left 

lower and upper limb, particularly when trying to extend his upper limb in order to 

reach, grasp or release an object. Tremors cause rapid oscillations, usually in the hand, 

whilst performing an action. They have been associated with lesions in the caudate 
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nucleus, thalamus, striatum, cerebellum and brain stem, and sub-thalamic, frontal or 

parietal infarcts (Handley et al., 2009). Tremors render the performance of self-care and 

food preparation tasks such as shaving and pouring liquids extremely challenging, if not 

impossible. David’s dominant hand was his paretic, left hand. Following his stroke, he 

was still able to lift his affected upper limb and move his fingers and thumb slightly. In 

addition to his stroke and heart problems, David also had a serious lung infection, was 

nil-by-mouth, taking nutrients through a percutaneous endoscopic gastronomy tube 

(PEG) directly into his stomach.  

 David presented as a serious person and understandably concerned about his 

current state of health. He appeared keen to try TIMP, as evident by his immediate 

response to the study invitation letter. Before beginning treatment David commented 

that he did not like nor listen to music and that he could not play music in any form, be 

it singing a melody or tapping along to music in-time.  

 David was unstable when walking, using a walking aid, and his Berg balance 

scale score at acute stage was 12/56, increasing four months before beginning music 

therapy to 28/56. Due to David’s medical complications and balance problems when 

walking, extra care was required when he transferred from his arm chair to a more 

upright dining chair, which was required to maintain best posture in order to perform 

TIMP exercises with greatest efficiency. The PEG bag needed to be carried each time 

David transferred at the beginning and end of each session and for assessments. This 

was facilitated either by the researcher, the assessor (separate visits to collect data) or 

David’s wife, ensuring that the tube connecting it to his PEG site (on his stomach) was 

not pulled and that he was not at risk of falling. David’s remarks and demeanour 

throughout the treatment period indicated his feelings of vulnerability, uncertainty and 
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pain, as well as his desire to receive effective interventions, and his hope and 

determination to recover. 

Home environment 

David lived with his wife in a detached house with easy groundfloor access and on 

street parking. There were no other residents or pets present. On one occasion relatives 

were visiting, including young children, and remained in the openplan lounge/dining 

area with the television on at low volume throughout the session. A conservatory was 

available for the sessions which was tidy and clean with no clutter, but too small to 

facilitate and position equipment. There was a dining table and chairs, one of which 

David transferred into from his armchair each session. The dining table was used for 

ARAT and 9HPT data collection.  

TIMP exercise selection 

In the first session, pre-recorded music from the iPad was used to facilitate 

movement so that the researcher could provide hand-over-hand guidance. This is 

necessary where participants are not yet able to synchronise movements to the music. 

The prerecorded facilitating music was the researcher playing the guitar at 50bpm and 

60bpm in order to offer some flexibility for patients with different movement 

frequencies. Facilitating synchronisation to the music is beneficial to patients as it 

allows them to use the pulse to cue the priming and timing of movements (planning and 

execution), which David was struggling to achieve. Independent synchronisation of 

movements indicates that the external auditory cue has been internalised, with potential 

to strengthen auditory-motor pathways. Sometimes verbal cueing was required from the 

researcher in order to assist with synchronisation, such as ‘get ready, and play, relax 

your arm’, chanted rhythmically in-time to the music. David commented in session two 

that he could not do it because he had no sense of rhythm and did not know when to 
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play. In following sessions, he commented on his performance regularly, 

communicating with the researcher that he was ‘getting into the swing’, or ‘getting 

warmed up’, which he felt took about ten minutes, and that if he could hit the cymbal it 

gave him more confidence. 

 Initially David played the cymbal set at its lowest point on the stand using an 

adaptive mallet. This type of mallet is heavier than a drum stick, with a thicker handle 

and a large, round, rubber end approximately the size of a table-tennis ball. The 

facilitating music was composed to support a single movement that can be played at a 

slow tempo setting, whilst still providing temporal cues for movement priming and 

timing (see Figure 2 for transcription). The main objective was to improve elbow 

extension and this pattern was used in all sessions, gradually extending the distance of 

the cymbal from David, and using TIMP 1a (fingers; without a mallet) and 1b (regular 

mallet). We also used this pattern to improve shoulder adduction and flexion, and elbow 

flexion by positioning the cymbal on his right side above head height. In the fourth 

session, during TIMP 1 David relaxed his upper limb, fully extended, down by his side 

following each cymbal hit, making it part of the movement pattern. This was a 

spontaneous modification of the playing pattern. He commented that it gave more 

momentum to his playing, producing more volume and improving performance. The 

researcher observed that this larger upper limb movement facilitated more repeated 

flexion movements of greater range, and without compensatory movements of the trunk 

or shoulder.  

 All TIMP patterns were played in two-minute blocks, monitored using a timer, 

which allowed the researcher to frequently assess whether David was experiencing 

fatigue, shoulder pain or any other discomfort, and to adjust the spatial arrangement of 

equipment. Vigilance towards pain and fatigue was particularly important with David, 
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who was still in a vulnerable state of health and very driven and determined to recover 

even in the face of pain during and due to treatment. In session five, during TIMP 5 

(playing bilaterally crossing midline), David’s left upper limb extended well to hit the 

cymbal, whereas initially he was only just clipping the edge of it. The researcher noted 

that there were fewer tremors than in the previous session and that they reduced in 

general as each session progressed. This observation corresponded with David’s own 

observation and communication that he felt warmed-up ten minutes into each session. 

 The majority of TIMP was delivered using live music played by the researcher 

to a metronome, which was listened to through an earpiece. Metronome settings usually 

began at 50bpm, which required more shoulder stability than at a faster tempo when 

extending the elbow, and increased in speed in order to facilitate more elbow extension 

repetitions with less strain on the shoulder. Metronome settings for finger exercises did 

not increase as much as for the more proximal upper limb exercises and maintained a 

setting between 50 and 60bpm. These metronome settings for fine motor exercises were 

calculated based on David’s existing frequency of movement and were informed by the 

researcher’s clinical experience. Retraining impaired finger movement requires a slower 

frequency as to allow the participants to focus on isolated finger movements, whilst 

avoiding the build-up of tension in the larger, proximal muscles. Finer motor movement 

retraining, if undertaken at a frequency that is too high and beyond the participant’s 

current ability, can cause secondary neuromuscular problems, such as dystonia; also 

reported as a secondary movement disorder in stroke cases (Handley et al., 2009).  

 

INSERT FIGURE 2 ABOUT HERE (musical transcription of TIMP 1) 

 

 

Figure 2. Transcription of facilitating music for TIMP 1. 
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 More focused observation of and exercises for thumb movement using TIMP 6 

were required with David as he was able to grip and lift, but not combine these 

movements with upper limb extensions. Using the Garageband touchscreen guitar, this 

exercise requires participants to rest their fingers on the edge of the iPad and extend 

their thumb across as many of the virtual guitar strings as possible before then flexing 

back across the strings to produce a sound (Figure 3). In other sessions, the focus was 

on upper limb extension and flexion using the cymbal as described earlier.  

 

 

 

INSERT FIGURE 3 ABOUT HERE. SHOWING IPAD AND TOUCHSCREEN 

GUITAR 

 

 

Figure 3. Touchscreen guitar exercise for thumb extensions/flexion (TIMP 6). 

 

 

 The researcher adjusted certain musical parameters for TIMP 5 (used in 7/12 

sessions), adding much more crescendo, or intensity, to the strumming of each chord. It 

was noted that this improved David’s synchronisation possibly because the musical cues 

for his priming and timing of movement, including the required muscle force, were 

more exaggerated and clearer to him.  

 David began to rotate the cymbal around and position it so that the 

manufacturer’s name that was printed on the surface became his target for hitting, thus 
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autonomously fine-tuning the quality and precision of his movements. This action 

reflects his understanding of the puropose of exercises and motivation to engage in them 

and invest thought in how to optimise benefit. 

 Following an episode of playing in session 4 David demonstrated to his wife his 

improved range of movement, touching his mouth with the palm side of his hand. This 

movement is the final item of the ARAT gross movement subscale, indicating that he 

was not only demonstrating increased capacity to perform ADLs, but also possibly 

linking this to the assessment. His hand began to tremor as he did this, possibly due to 

the effort required to stabilise the shoulder and the angle of elbow flexion. There were 

no tremors as he played the cymbal and bongos in synchrony with the music when 

positioned extreme right above head height, requiring the same movement and elbow 

flexion as with hand to mouth, but made with repeated rhythmic movements as opposed 

to being held in a sustained position. 

Results 

A small improvement was found in ARAT scores from pre- to post-treatment (Table 3), 

as David was unable to complete most tasks at all, or unable to do so within the 60 

seconds permitted (120 seconds for the 9HPT), including the gross section. Only the 

water-pouring task, from one glass into another (ARAT task 7), arguably the one most 

obviously linked to ADLs, was achievable throughout the study and showed a marked 

improvement in completion timing as shown in Table 5. The normative data for the 

timing of this task has been reported as 7.9 seconds (Van, 2001).    

Summary  

David was highly motivated, self-monitored throughout the study (not only the 

treatment period) and showed great resilience in coping with his complex, comorbid 

medical conditions. TIMP 1, supporting upper limb reaching and flexing movements, 
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was the most used pattern over the course of treatment. Drumsticks and adaptive mallets 

were used and towards the final sessions he used his hands in order to maximize range 

of movement for reaching and grasping. Quantitative outcome scores did not show any 

significant increases, but task performance time for ARAT task 7, pouring water from 

one glass to another, did show significant improvement, indicating improvement in 

movement quality to perform ADLs (Table 5). TIMP treatment over a more extended 

period would have led to exercises combining grip and release with upper limb 

extension exercises. Nine hole peg test scores did not show any significant change from 

pre- to post-treatment or at follow-up.  

There were minimal disruptions to sessions due to activity in the home 

environment. Visits by relatives did not appear to distract David. When his wife arrived 

home from work during one or two sessions, David took the opportunity to demonstrate 

to her the increase in movement range he had achieved. 

 

 

INSERT TABLE 5 ABOUT HERE. 

Discussion 

Severity of stroke and tailored treatment programs 

The following discussion makes some comparison between Fiona and David’s 

demographic background and responses, home environment and musical training. 

Dosage of treatment, monitoring and measuring change is also discussed, and areas of 

the protocol where flexibility was beneficial. The discussion ends with some advice to 

clinicians on working conjointly with physiotherapists and occupational therapists when 

first using TIMP. 
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The effects experienced by David following his stroke were clearly more severe 

than for Fiona. His ARAT baseline score was significantly lower and showed the least 

post-treatment increase. These factors alone concur with previous research findings, that 

severity of stroke is a major predictor of upper limb recovery (Coupar et al., 2012). It 

cannot be ruled out, given her earlier stage post stroke, that Fiona may have been 

making some spontaneous recovery, which might confound clear identification of 

treatment effects.  

 Treatment for both participants was within the context of a RCT, where there 

was no flexibility for altering the dosage or length of treatment. The question arises as 

to whether an increased dosage (more weekly sessions) and/or increased length of 

treatment, 12+ weeks for example, might have led to greater improvements for the 

participants, particularly David who had more severe hemiparesis. This is a crucial 

consideration for music therapists when taking on new referrals and planning 

treatments, particularly in cases of self-funded treatment or limited allocated funding for 

rehabilitation services. For example, if a patient is receiving funding for only once-

weekly music intervention for six weeks, the clinician being commissioned needs to 

know whether this is to increase existing dosage of another intervention or as a 

standalone therapy. If the latter, then this might be insufficient dosage to bring about 

any change. The clinician should determine whether funds are available for increased 

weekly sessions over an adequate period of time, provided the patient is deemed fit to 

tolerate this. Some stroke guidelines state that patients should receive 45 minutes per 

day of each therapy for as long as they are showing measurable benefit  (Intercollegiate 

Stroke Working Party, 2016). However, research has shown significant recovery of arm 

function in chronic stroke with three times per-week piano exercises (60 minutes) and 

bi-weekly self-delivered home practice for three weeks (Villeneuve & Penhune, 2014).  
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Flexibility within protocols 

As shown in these case studies there must be flexibility in such protocols as TIMP. 

Music therapists have the skills to quickly adapt musical frameworks developed for the 

synchronisation of clients’ specific upper limb movements in order to enhance it. 

Examples of this are: emphasizing the underlying pulse, building the dynamic contour 

and intensity towards the beat on which the client plays, mirroring the muscle force 

required to lift and extend the upper limb. Whilst this can only be achieved through live 

music delivery, using recorded music in initial sessions enables the music therapist to 

provide hand-over-hand support to aid clients’ movement synchronization. Hand-over-

hand support can also help with reducing compensatory movements such as extending 

the trunk in order to aid raising the upper limb. It should be noted, based on the lead 

author’s clinical experience and training, that such hands on support can only be safely 

and confidently delivered by music therapists who have worked alongside 

physiotherapists or occupational therapists specializing in upper limb rehabilitation for 

people with stroke. These clinicians have comprehensive knowledge of anatomy and 

physiology, and of stroke specific musculoskeletal and neuromuscular complications.  

 When clients reach the point of being able to initiate some variation within an 

exercise, as Fiona did with the plectrum placed on the table surface and David did with 

his arm extending between beats by his side, this might indicate that they are familiar 

enough with the exercise and relaxed enough whilst performing it to be able to think 

creatively and introduce variations spontaneously in ways that meet their needs.  

Home environment 

David and Fiona’s home environments did not pose any issues to session delivery with 

regard to parking, access, sound insulation or space. However, inner city dwellings 

where parking is unavailable, distanced or costly would require more budgeting, 
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planning and time. Accessing apartments with stair or lift access needs consideration 

when carrying heavy musical equipment. Home-based treatment may also need to be 

coordinated with daily visits by other health professionals such as physiotherapists and 

community nurses.  

Measuring outcomes and self-monitoring 

Although the ARAT and 9HPT gave an indication of change, these scales do not 

capture progress in movement quality as in David’s case. Changes in movement quality, 

which includes speed, precision and smoothness of movement, could only be recorded 

using motion capture systems as shown in related studies (Schneider et al., 2007). Such 

data would more accurately inform on patient progress, tracking changes that cannot be 

detected using standard outcome measures, and identifying compensatory movements 

that could then be reduced, as reported in related literature (Knippenberg et al., 2017). 

The questions for clinicians are: what assessment tools are needed or will do the job, 

and who needs to administer them? In some cases both patient and clinician can easily 

observe that function has changed. The participants described here found the assessment 

sessions using outcome measures useful for self-monitoring as, even when still unable 

to complete tasks, they could observe that there were improvements in certain ARAT 

tasks in terms of reach or timing. From a rehabilitation perspective, speed of task 

completion does not always correlate with quality of upper limb function as tasks may 

have been completed with compensatory movements. Again, motion capture technology 

would more accurately record changes in these movements. 

Patient musical training 

Fiona was a highly proficient musician, which may have provided her with more 

neurological resilience in terms of plasticity, greater bilateral cortical representation of 

left and right hands, and increased volume of the corpus collosum  (Tan et al., 2003; 
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Bangert et al., 2006; Grahn & Rowe, 2009; Wan & Schlaug, 2010; Lotze et al., 2011). 

As part of future research into home-based music interventions for upper limb recovery 

following stroke, it would be useful to collect data on musical training, in order to detect 

any correlation in the areas of motivation, adherence, tolerance and outcomes, and help 

inform on treatment dosage in relation to these factors. In contrast, David stated that he 

did not like music and could not play it, which did not have any observable effect on his 

sustained high level of motivation to engage in treatment, but may have influenced the 

potential for neural reorganization within the treatment period and dosage delivered. 

Progress through the TIMP playing patterns to those requiring more demanding 

movement sequences may also have been impaired by him not having any previous 

musical experience in a practical or listening capacity. This appeared to affect his ability 

to synchronise movements to the facilitating music and benefit from movement timing 

and quality. Another possibility is that patients will not engage in music therapy at all if 

they do not like music. In this case, the music therapist could refer the patient to another 

therapy. However, articulating the benefits of engaging in music-based rehabilitation 

interventions more clearly might open up otherwise unexplored benefits to patients. 

People who have received musical training may have more facility for upper limb 

recovery following stroke, depending on severity, than those who have no musical 

training, particularly recovery of the non-dominant hand. Musical training has been 

noted to enhance neural organization (Lotze et al., 2003) and to be associated with 

greater gray matter volume increases (Levitin, 2013). However, more research is needed 

specific to stroke recovery and musical training.   

Handedness  

In the cases we present, David was affected on his dominant side, meaning that he had 

more cortical representation of the affected hand due to predominant use. Therefore, 
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those dominant motor cortices would be more integrated into other, associated brain 

regions and neural networks (attention, memory, initiation, executive function). Fiona 

was required to focus on using her non-dominant left hand. However she had received 

many years of musical training requiring bilateral hand use, potentially leading to more 

cortical representation of the non-dominant hand. It is possible that due to a less severe 

stroke and increased cortical representation of the affected non-dominant hand, Fiona 

was able to recover more upper limb function with this particular treatment protocol and 

dosage.   

The authors advise music therapists to deliver interventions such as TIMP 

conjointly with physiotherapists or occupational therapists as often as is possible in 

order to understand the mechanisms of upper limb hemiparesis and all comorbid 

sensorimotor impairments. Following this, music therapists will be able to work 

independently with patients, consulting physiotherapists and other relevant clinicians on 

specific upper limb issues that may not have been previously encountered. In addition, 

work of this nature must be viewed  from a neurological, top-down perspective, being 

caused by damage to the brain and nervous system. This is essential in order to maintain 

focus on how the intervention – the auditory and tactile feedback, motivation and 

musical interaction – can potentially lead to neural reorganization and improved 

sensorimotor function. When such change is facilitated it can be observed in improved 

performance of activities of daily living. 

Conclusion 

The case studies presented in this article illustrate that flexibility in the TIMP protocol 

can support treatment efficacy and adherence in order to achieve the prescribed dosage 

of target exercises. They also inform on patient suitability based on severity of stroke 

and time since stroke. In contrast to clinical work, these cases were part of an RCT with 
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a prescribed dosage that could not be adjusted. However, the TIMP protocol developed 

for this study did include variations to meet the variability in participants’ upper limb 

function, such as using adapted musical equipment).  
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Table 1. TIMP playing patterns with equipment, directions for set-up, instructions to patients, and pattern  variations. 

 TARGET MOVEMENT1  INSTRUMENT/S 
& EQUIPMENT 

POSITIONING PARTICIPANT 
INSTRUCTIONS 

PLAYING 
PATTERN 

FACILITATING 
MUSIC 

VARIATIONS 

        
1 
 
 
 
 
 
 

Single beat with affected side: 
 
Elbow and shoulder flexion 
& extension, shoulder 
abduction and adduction. 
Some wrist extension or 
deviation, finger extension, 
wrist between pronation and 
supination, core muscles. 
Note: variation A enables the 
above movements in 
combination with individual 
finger extensions.  
 
 

14” Cymbal on 
boom stand, 
adaptive beater 
and wooden 
drum stick, or 
finger picks 
slotted over 
thumb and/or 
finger/s 

Cymbal 
positioned at a 
distance and 
height that the 
participant can 
reach to play 
 
Gradually raise 
height/increase 
distance and 
angle to 
facilitate 
increased 
movement 
range 

Relax 
shoulders, feet 
flat as possible 
on floor/foot 
rests. Extend 
upper limb and 
fingers to 
cymbal. Relax 
& rest hand on 
lap or by side 
after playing 
Prompt can be 
sung to music: 
‘reach & reach 
& play, relax’  

Affected side 
always play on 
beat 3 of each bar  
 
 

C, C, Am, 
Am, F, G, C, 
C 8 bar chord 
sequence in 
4/4 
 
Arpeggiating 
quavers, semi-
quavers,, 
building the 
intensity of 
each chord 
towards beat 3 
(hit cymbal), 
back to semi-
quavers 
 
Each cycle of 
the sequence 
requires 8 
beats of the 
cymbal 

A: using 
hand/fingers/ 
finger picks  
 
B: adaptive 
beater or drum 
stick 
 
C: alternating 
affected  & 
unaffected side 
(bell of cymbal 
on one beat) 
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2 2 successive beats with 

affected side: 
 
Elbow flexion & 
extension, slight shoulder 
extension and adduction, 
wrist between pronation and 
supination, grip, core 
muscles 

Cymbal on 
boom & bongos 
on stand, 
adaptive beater 
and 2 X wooden 
drum sticks, 
finger picks  
 
 
 
 
 
 
 
 
 
 
 

Bongos on 
affected side, at 
achievable height 
& angled so that 
larger one is 
further from 
participant, 
cymbal for 
unaffected side. 
Gradually 
reposition for 
increased range 
of movement 
 
 
 
 
 
 
  

Try to focus 
on elbow 
bending & 
stretching  
 
Relax 
shoulders, 
feet flat as 
possible on 
floor, reach 
upper limb 
(and 
fingers). 
Relax upper 
limb & rest 
hand on lap 
after playing 
 
Sung 
prompt: Left 
(affected) & 
left & right, 
relax 

In 6/8, play on 
the underlying 
pulse: affected 
hand plays 
bongo 1, then 2 

Rhythmic, 
energetic, jazz 
idiom: G7, 
G♯Dim, Am7, 
D7, played in 
6/8 over 4 
bars. 
Arpeggiated 
and/or 
strummed 
with strongly 
accented beats  
 
Each cycle of 
chords 
requires 6 
beats on the 
percussion (4 
on affected 
side) 

A:  using 
hand/fingers/ 
finger picks  
 
B: adaptive beater 
(affected) drum 
stick 
(unaffected)C: 
drum stick both 
hands 
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3 
 
 
 
 

3 successive beats with 
affected side: 
 
Shoulder and elbow 
flexion, & extension, 
shoulder abduction, slight 
shoulder adduction, wrist 
between pronation and 
supination, grip, core 
muscles 
 
 
 
 
 

Cymbal on 
boom and 
bongos on stand, 
adaptive beater 
and wooden 
drum sticks, 
finger picks 

Bongos on 
affected side (as 
above), adjusting 
the height and 
positioning of 
instruments to 
facilitate greater 
shoulder & elbow 
extension or 
shoulder 
abduction 

Try to focus 
on elbow 
bending & 
stretching  
Sung 
prompt: Left 
(affected) & 
left & left 
and right 

In 6/8, play on 
underlying 
pulse: affected 
side plays 
bongo 1, then 
2, then cymbal, 
then unaffected 
side plays 
cymbal bell 
(hitting the 
centre of the 
cymbal) 

Any 1, 6, 2, 5 
chord 
sequence 
played over 4 
bars. Strongly 
pulsed 
arpeggios or 
strummed 
rhythm in 6/8 
 
Each cycle of 
chords 
requires 8 
beats on the 
percussion (6 
on affected 
side) 

A:  using 
hand/fingers/ 
finger picks  
 
B: adaptive beater 
(affected side) and 
drum stick 
(unaffected) 
 
C: two drum sticks 

4 
 
 
 

4 successive beats with 
affected side: 
 
Shoulder & elbow flexion 
& extension, shoulder 
abduction, slight shoulder 
adduction, wrist between 
pronation and supination, 
grip, core muscles 

Cymbal on 
boom and 
bongos on stand, 
adaptive beater 
and wooden 
drum sticks, 
finger picks 

Bongos on 
affected side (as 
above), adjusting 
the height and 
positioning of 
instruments to 
facilitate greater 
shoulder & elbow 
extension or 
shoulder 
abduction 

Try to focus 
on elbow 
bending & 
stretching  
Sung 
prompts as 
TIMP 2 & 3 

In 6/8, on 
underlying 
pulse: affected 
side plays 
bongo 1, then 
2, then cymbal, 
then cymbal 
bell, unaffected 
side then plays 
the pattern in 
reverse order 

Any 1, 6, 2, 5 
arpeggiated or 
strummed 
chord 
sequence 
played over 
two bars, 
strongly 
pulsed rhythm 
in 6/8  
 
Each cycle of 
chords 
requires 8 
beats from the 
affected side 

A:  using 
hand/fingers/ 
finger picks  
 
B: two drum 
sticks, affected 
side plays the 
pattern, then 
unaffected side 
plays pattern in 
reverse while 
affected side rests 
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5 
 
 
 

Bilateral playing, crossing 
midline: 
 
Shoulder adduction, 
extension and flexion, 
elbow flexion & extension, 
grip, wrist between 
pronation & supination, 
core muscles 

Cymbal on 
boom and 
bongos on stand, 
adaptive beater 
and wooden 
drum sticks, 
finger picks 

Bongos on 
affected side, 
cymbal on 
unaffected side 
 
Distance of 
instruments from 
participant and 
width apart of 
instruments 
varies, to 
facilitate 
increases in 
shoulder 
adduction and 
extension 
 

Feet flat as 
possible on 
floor, try to 
relax 
shoulders 
and achieve 
smooth 
twisting 
action at 
shoulders 
and torso to 
play left and 
right  

Both hands 
crossing 
midline 
alternating 
affected and 
unaffected side 
on beat 3 of 
each bar, 
progressing to 
beats 1 (L) & 3 
(R) 

Open ‘A’ bass 
note played 
over 
arpeggiated or 
strummed 
chords: A, 
Bm, C♯m, 
Bm, Played 
with clear 
pulse, 4/4 
time over two 
bars 

A:  using 
hand/fingers/ 
finger picks  
 
B: adaptive beater 
(affected) and 
drum stick 
(unaffected)  
 
C: two drum sticks 

6 Thumb extension and 
flexion. Fine motor: thumb 
only or thumb and index, 
middle or ring finger 
gripping a plectrum 
 
 

Tablet & 
Garageband 
music software 
using 
‘Smartguitar’, 
tablet touch 
screen plectrum, 
speaker 
connected 

On lap on 
affected side, on 
stand at 
appropriate 
height, or on 
table top 

Fingers rest 
on the side 
of the tablet,  
thumb 
extends 
across the 
screen.  
Participants 
aim to strum 
across as 
many strings 
as possible 
with each 
thumb 
stroke, in 
time to the  
beat 

Chord 
strummed using 
thumb only on 
beat 1 and 3 
until final bar 
(C), which is 
beat 1 only 

C, F, G, C 
sequence in 
4/4. Each 
played with 
bass ‘lead in’ 
as follows: g, 
a, b, C 
(chord), c, d, 
e, F (chord), f, 
e, d, G 
(chord), g, a, 
b, C (chord) 

A: up and down 
stroke with thumb, 
twice on each 
chord, including 
final chord 
strummed 4 times 
 
B: holding the 
tablet plectrum 
using the thumb 
and index, middle 
or ring finger and 
strumming across 
the strings 



 35 
 7 Fine motor control of 

fingers or upper limb: single 
or two finger combinations 
using various fingers, or 
pinch grip 
 
Shoulder stabilisation, 
finger extension (any/all 
finger/s or part of finger), 
wrist deviation, elbow 
extension, wrist extension 

Tablet & 
Garageband 
with 
‘Smartpiano’,  
sustain switch                      
on, chords set to 
G  (Left side of 
screen) and G, 
D5, G in centre 
of screen, 
speaker 
connected. 
Alternatively, 
Smartguitar 
using the 
plectrum 

In line with 
affected side. At 
a height 
approximate to a 
standard 
keyboard height, 
or that does not 
demand 
participant to 
extend upper 
limb excessively 
to reach the keys. 
 
In some instances 
placing the tablet 
on the 
participant’s lap 
or a table 
(affected side) 
may offer the 
most accessibility 
and focus on 
finger extension 

Relax 
shoulders, 
reach with 
your 
finger/s, feet 
flat as 
possible on 
floor 
 
Participants 
may initially 
trigger the 
sounds using 
knuckle or 
other part of 
finger 
The therapist 
should 
encourage 
and support 
use of finger 
tips where 
possible 

tablet: playing 
a single ‘G’ 
chord by 
sliding finger 
tip/s, knuckle, 
etc, vertically 
upwards over 
the chord 
and/or slightly 
away from 
body 
 
Alternating 
affected and 
unaffected side, 
1st beat of each 
bar 

Frere Jacques 
in G major 
with strong 
pulse 

A: unaffected 
fingers play the G, 
D5, G, chords on 
‘ding, dang, dong’ 
lyric section of 
song  
 
B: affected side 
plays G, D5, G 
section 
 
C: affected hand 
uses index, then 
middle finger to 
play ‘G’ 
unaffected hand 
plays G, D5, G 
section 
 
D: using the tablet 
plectrum and 
Smartguitar 
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8 Fine motor control: single 

to 4 finger combinations 
 
Finger movements or 
finger extensions, shoulder 
stabilizing, elbow flexion 
and extension, shoulder 
extension, abduction and 
adduction. Core muscles 

2 X tablets: both 
mounted on a 
single 
microphone 
stand 
Garageband 
music software 
using 
‘Smartpiano’. 
Tablets 
connected to 
speaker using 
two mini jack 
leads and a 
splitter input 

Tablets one 
above the other 
or next to each 
other, mounted 
on two tablet 
clamps which are 
both on the same 
microphone stand  

Initially, 
therapist 
instructs 
participants 
whilst 
playing the 
chords by 
singing the 
chord names 
or ‘play’ 
each time 
the 
participant is 
required to 
play the next 
chord.  

Any finger or 
finger 
combination 
playing each 
chord 
individually in 
time to the 
music. Finger 
can extend to 
play ascending 
chord or flex to 
play 
descending 
chord (down 
the screen) 

8 chord 
sequence  
played to 
accompany 
the alternating 
chords on 
tablet 1 and 
tablet 2 as 
follows: C, G, 
Am, Em, F, 
G, C, C. with 
each chord 
arpeggiated. 
Clear accents 
on bass note 
of each chord 
to emphasize 
pulse 

A: single finger 
extension 
alternating left and 
right hands 
 
B: single finger 
extensions, 
affected hand only 
 
C: 2 fingers 
alternating left and 
right hands (index 
L, index R, middle 
L, middle R, etc) 
 
D: alternating left 
and right hands 
using 3 fingers (as 
above) 
 
E: alternating left 
and right hands 
using 4 fingers (as 
above) 
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9 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fine motor control: single 
to 4 finger combinations or 
thumb and finger pinch grip 
using tablet plectrum 
 
Finger movements or 
finger extensions, Thumb, 
Index, middle and ring 
finger extension and 
flexion, shoulder 
stabilization, elbow flexion, 
core muscles 

Tablet: 
Garageband 
music software, 
‘Smartbass’ or 
‘Smartguitar’ 
and speaker, 
mounted on 
stand or resting 
on lap or table 
top, tablet 
plectrum 

Tablet positioned 
in portrait rather 
than landscape in 
order to facilitate 
‘keyboard’ style 
finger patterns on 
the strings. 
Tablet on stand, 
or on 
participant’s lap 

Relax 
shoulders, 
feet flat as 
possible on 
floor 
 
Initially, 
sing each 
chord name  
 
 

Playing on the 
first beat, then 
1 & 3, then 1, 
2, 3. 

Chord 
sequence: C. 
G. Am, Em, 
F, G, C:||  4/4, 
(one chord per 
bar) 

A: index 
 
B: index and 
middle 
 
C: index, middle 
ring 
 
D: index, middle, 
ring, little finger 
 
E: thumb, index 
and other fingers 
 
F: using tablet 
plectrum held 
using thumb and 
index, middle or 
ring finger and 
used to play 
individual notes on 
each string or 
chords 
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10 Fine motor control: single 

to 2 finger combinations 
 
Finger movements or 
finger extensions, finger, 
wrist, elbow or shoulder 
extensions, some shoulder 
abduction or adduction 
depending on positioning 
 
 
 
 
 

Tablet: mounted 
on the boom 
stand, speaker 
connected. 
ThumbJam 
Cello, E3 to E4, 
major scale 
setting 

Mounted on 
stand in portrait 
position, so that 
as the fingers 
move up the 
screen, the scale 
ascends 

Keep finger 
in contact 
with screen 
for the full 
duration of 
the music, 
moving it 
up/changing 
finger in 
time with the 
music 
 
Sing ‘play’ 
to 
participants 
each time 
they are 
required to 
move to the 
next note 

Playing up the 
screen: E, F♯, 
G♯, A, B, C♯, 
D♯, E 

Ascending 
scale: E, B, E, 
A, E, A, B, E. 
Descending 
scale: E, B, A, 
E, A, E, B, E . 
Arpeggiating 
the chords and 
with a ‘turn 
around’ 
phrase at the 
end to 
indicate ‘back 
to the start 
note (E)’ For 
example the 
notes: b, c♯, 
d♯ on the ‘B” 
string 

A: hold position 
sustaining the top 
‘E’ note of the 
scale at the top of 
the screen, then 
following the 
music to descend 
back down the 
screen to bottom 
note ‘E’ 

11 Grip, wrist  
ulnar and radial 
deviation, elbow flexion 
(Baker & Tamplin, 2006)  

Cabasa: small, 
medium and 
large sizes  
 
Bongos or 
cymbal on stand 

Cabasa held in 
unaffected hand, 
affected hand 
aims to grip the 
beads over the 
top/round the 
side with any 
finger/thumb 
combination and 
twist to produce 
sound  
 
 
 
 

Relax 
shoulders, 
'twist, 
release, 
reach, play’ 
(spoken or 
sung to 
participants 
in-time with 
music) 

Playing on 1st 

(cabasa twist) 
and 3rd 
(bongo/cymbal) 
beat of each bar  

Strongly 
pulsed, 
rhythmic and 
staccato 
music, for 
example 
Spanish idiom 
using E, F/E 
bass, 4/4 time 

A: grip and twist 
cabasa with 
affected hand on 
beat 1, then release 
it and hit the 
cymbal on beat 3 
using the affected 
hand (no stick or 
beater) 
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Note. 1. Under ‘Target Movement’ the associated muscle groups are written in bold type.

12 Wrist and foreupper limb 
pronation & supination, 
shoulder adduction, elbow 
extension, core muscles 

Cymbal on 
boom & bongos 
on stand, two 
drum sticks or 
beaters taped 
together so there 
is a tip at either 
end or single 
stick/beater 
rotated so that 
tip plays cymbal 
then bongo 

Cymbal and 
bongos slightly 
less than a 
beater’s distance 
apart focusing 
efforts on wrist 
and foreupper 
limb rotation  
 
Alternatively, 
play bongos, 
rotating 
wrist/foreupper 
limb to play 
bongo 1 then 
bongo 2 

Sung 
prompt: turn 
&turn & 
play 

Affected hand 
only plays 
bongo with one 
end of the stick, 
then cymbal or 
bongo 2 with 
the other end 
on beat 3 only 
(slow rotation) 
or 1 & 3 

Octaves or 
chords: F 
slide to C, 
slide to Gm, 
slide to Dm 
 
4/4 time over 
2 bars, with 
strong accent 
on beats 1 & 3 
& crescendo 
between each 
chord 

A: holding just the 
adaptive beater 
and making full 
foreupper limb 
pronation and 
supination 
movement to play 
cymbal then bongo 
or bongo 1, bongo 
2 
 
B: using a cabasa 
instead of 
stick/beater 
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Table 2. Demographic and clinical data  
 
 Gender/Age Stroke 

Type 
Side 
affected 

Months 
post 
stroke 

ARAT2 
Pre- 

ARAT 
Post- 

9HPT3 
Pre- 

9HPT 
Post- 

Fiona F/74 Embolic Left-non-
dominant 

3 
months 

35/57 + 10 1/120 15/12s 

David M/61 Ischaemic Left- 
dominant 

14 
months 

12/57 + 1 1/120s 1/120s 

Note. 2. Action Research Arm Test. 3. Nine Hole Peg Test. 
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Table 3. ARAT and 9HPT scores for Fiona and David 

 Fiona  David 
ARAT score    9HPT    
of 57                score 

ARAT score    9HPT 
of 57                scores 

Week 1  
Pre-
treatment 

35 1 in 120 
seconds 

 12 1 in 120 
seconds 

Week 6 
Post-
treatment 

45 15 in 120 
seconds 

 13 1 in 
120seconds 

Week 9 
Washout 

49 All in 75 
seconds 

 17 2 in 120 
seconds 

Week 15 
Follow-up 

48 All in 77 
seconds 

 16 0 in 120 
seconds 

Week 18 
Follow-up 

50 All in 60 
seconds 

 16 4 in 120 
seconds 
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Table 4 . ARAT subscale scores for Fiona 

ARAT 
subscale                  

Week 1 
 

Week 6 Week 9 Week 15 Week 18 Change 
(+/-) 

Grasp (/18) 17 18 18 18 18 +1 
Grip (/12) 7 11 12 12 12 +5* 
Pinch (/18) 4 7 10 9 11 +7* 
Gross (/9) 7 9 9 9 9 +2 
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Table 5. David: Changes in time taken to perform ARAT task 7, water pouring. 

ARAT Time-point Time to complete ARAT task 7 (seconds) 
Week 1 pre treatment 44 
Week 6 post treatment 13.16 
Week 9 washout 15.78 
Week 15 follow up 24.73 
Week 18 follow up 19.08 
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