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Abstract—Patients with acquired neurological deficits m ay
capitalize on cortical reorganization to recover functional skills 
that have been lost. Research in neuroplasticity proposes that a 
high number of repetitions may lead to cortical reorganization. 
The p urposes of t his st udy were to quantify the number and 
type of a ctivities pe rformed by pa tients wi th t raumatic b rain 
injury (T BI) and stro ke in physical and occupational the rapy 
sessions to det ermine whet her ( 1) th e nu mber of  rep etitions 
approaches the numbers in neuroplasticity research, (2) there 
were differences based on patient diagnosis, and (3) patient or 
therapist characteristics affected the type or amount of activities 
performed. Forty-eight patient and forty provider subjects par-
ticipated. One hundred seven therapy sessions were observed. 
Data from therapy sessions were  counted and categorized. Nei-
ther patient grou p ap proached the to tal number of rep etitions 
neuroplasticity research  suggests may  be required for  neur o-
plastic change. Repet itions per session did not di ffer between 
groups. Sub jects wi th TBI p erformed more re petitions per  
minute in three categories ( total u pper-limb r epetitions, g ait 
steps, and transfers) than subje cts with stroke. Therapists with 
<1 year o r >1 5 y ears of ne urological therapy experie nce 
instructed pat ients in  fewer fu nctional rep etitions per minute 
than did therapists with 5 to 15 years of experience.

Key words: cortical reorganization, CVA, neuroplasticity, obser-
vation, occupational therapy, physical therapy, rehabilitation, repe-
titions, stroke, TBI.

INTRODUCTION

The process by which neuronal circuits are modified 
by experience, learning, or inju ry is referred to as  neuro-
plasticity [1]. Knowledge o f this process has greatly 
expanded in recent ye ars, with important implications for 
rehabilitation. Both the brain and body need to relearn how 
to function following neurol ogical injury, and harnessing 
this inherent ability for neuronal circuit change in the brain 
may be essential to maximize the benefit of rehabilitation. 
Motor-learning research in  nondisabled subjects and sub -
jects with neurolo gical comp romise has suggested that 
high numbers of repetitions (reps) of task-specific activity 
may be required to promote n europlastic change. An imal 
studies in neuroplasticity have shown that 400 to 600 reps 
per day of a challenging functional task (fine-motor grasp-
ing) can lead to s tructural neurological changes following 
an induced stroke to the ha nd area in  nonhuman primates 
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[2–4]. In  nondisabled humans, repeated practice of spe -
cific thumb movements can alter the trans cranial magnetic 
stimulation evo ked responses toward the trained direction 
[5]. Th is change required 15 to 30  minu tes of continuous 
effort of one movement a nd extin guished after approxi -
mately 20 to 30 minutes. After stroke, increased amounts of 
task repetition have been shown to cause cortical changes 
and functional improvement [6–8] . As a specific example, 
in Carey et al., subjects with impaired grasp-and-release sec-
ondary to stro ke performed more than 100  reps per day 
(1,200 total) of a finger-tracking exercise and demonstrated 
significant co rtical reorganization and  functional improve -
ment compared with control subjects [6]. In the lower limb 
(LL), gait evidence in animal models suggests that approxi-
mately 1,00 0 to 2,000 steps per session are required to 
improve hind-limb stepping and step quality [9–11].

While task repetition is not the only important feature, 
it is beco ming clear that neurop lastic change and fun c-
tional improvement occur afte r la rge n umbers o f a  sp e-
cific task are performed but do not occur with fewer 
numbers [12–13]. Thus, one item of focus for rehabilita-
tion professionals should be the number of reps and type 
of activity performed. Howeve r, very little research is 
available that quantifies th e amount an d typ e of mov e-
ment practice t hat occurs during a clinical rehabilitation 
session [14–16]. In a p ilot study [16] and a lar ger multi-
center study across North America [17], practice of task-
specific functional upper-limb (UL) mo vement occurred 
in only 51 percent of session s that addressed the UL and 
the average number of reps per session was 32. The aver-
age number of gait steps performed per session was 3 57. 
These findings are an ord er of mag nitude lower than th e 
number of reps documented in neuroplasticity research.

As with stroke, patients w ith traumatic brain injury 
(TBI) also require cortical reorganization to overcome neu-
rological damage. Occupational and physical th erapy set-
tings are experiencing increasing numbers of patients with 
TBI on their ca seloads because of advances in medical 
technology that allow more people to survive brain  injury. 
According to Rutland -Brown et al., of the approximately 
1.57 million Americans who sustained TBI in 2003, 97 per-
cent survived [18]. TB I is  als o not ed as  the “signature 
injury” of O peration Iraqi Freedom and Operation Endur-
ing Freed om. More than 12,0 00 members of the armed 
forces reported TBI from March 2003 to March 2007 [19], 
thereby increa sing th e prev alence of TBI in the U nited 
States and the number of patients requiring rehabilitation. 

Limited research describes and quantifies the rehabilitation 
of patients with this diagnosis.

Patients with TBI ha ve be en shown to h ave po sitive 
rehabilitation outcomes as a result of high numbers of 
functional reps, such as is re quired in constraint-induced 
movement therapy (CIMT) [20]. Patients with TBI who 
received additional functional reps (+160 reps of sit-to-
stand and step-ups) had  a lar ger functional improv ement 
compared with a group who did not receive the additional 
reps, suggesting that the dose  of rehabilitation is also 
important in TBI [21]. No studies to date have documented 
the number of reps typically performed by patients with 
TBI during a clinical therapy se ssion. Similarly, the extent 
to which patient diagno sis or  therapist characteristics 
affect number of reps performed by patients is unknown.

The purposes of this study were to quantify the num-
ber and type of activities performed by patients with TBI 
and stroke in physical and occupational therapy sessions 
to determine whether (1) the number of reps appro aches 
the numbe rs in neuropla sticity re search, (2) there we re 
differences based on patient diagnosis, and (3) patient or 
therapist characteristics affected the type or a mount of 
activities. This comparison between diagnoses allows 
insight i nto whether this limited repetition number is 
unique to strok e or wh ether it occurs in another major 
diagnostic category as well.

METHODS

Subjects
This observ ational study was condu cted at two 

metropolitan-area hospital settings: an acute hospital and a 
long-term acute rehabilitation facility. Both the rehabi lita-
tion providers and  patients were co nsidered sub jects and 
both diagnoses were seen at each facility. The rehabilitation 
providers were referred to as “provider subjects” an d the 
patients were r eferred to as “patient sub jects.” Provider 
subjects were included in  the study if they were a licensed 
physical therapist (n = 17), physical therapist assist ant (n = 
7), occupational therapist (n = 13), or certified occupational 
therapist assistant (n = 3). A to tal of 50 p rovider subjects 
consented, 40 of whom (3 male, 37 female) were observed. 
Provider su bjects were divided into  five gro ups b ased 
on their years of neurorehabilitation experience: <1 year 
(n = 3), 1 to <5 years (n = 13), 5 to <10 years (n = 7), 10 
to <15 years (n = 6), and >15 years (n = 11).



853

KIMBERLEY et al. Amount of practice in TBI/stroke
A total of 48 patient subjects (29 male, 19 female) par-
ticipated in the study. All patient subjects were referred for 
physical or o ccupational therapy. Patients with uni lateral 
or bilateral paresis due to stroke or TBI met inclusion crite-
ria. Patient subjects were excluded if they or a famil y 
member could not provide informed consent or if the func-
tional level of the patient prevented any active limb move-
ment. Patient subjects were th en divided into two  groups 
based on diagnosis. There were  24 p atient subjects in the 
TBI group and 24 patient subjects in the stroke group.

The stroke g roup in this study  was p art o f a lar ger 
multicenter study, and observers were trained to correctly 
classify ea ch therapy exerc ise through writ ten materials 
and videos that were developed for use in the pilot study 
by Lang et al. [16]. Each observer was then tested for reli-
ability, requiring a score of at least 90 percent in order to 
collect study data. Previous use of this method resulted in 
an interrater reliability intraclass correlation coefficient of 
0.99 ( p < 0.0 01). The observer ob tained the data by  
recording each repetition with in a therapy session and 
placing the count in its desi gnated ca tegory. Obse rvers 
positioned themselves so they  did not interfere with the 
therapy session yet could s till hear and see what took 
place. Observers had no  direct contact with  the subjects 
during the treatment sessions but could approach the thera-
pist after th e session in order to clarify the purpose of an  
activity to ensure c orrect cla ssification a nd do cumenta-
tion. The same observation procedure was used during all 
observations, regardless of patient subject diagnosis.

Three trained observers conducted a total of 107 obser-
vations (53 stroke, 54 TBI; range, mean age ± standard devi-
ation [SD] = stroke: 31–88 yr, 64 ± 16 y r, TBI: 19–90 yr, 
49 ± 20.5 yr) over 9 months at both facilities. Each pati ent 
subject was allowed to be observed for a maximum of three 
therapy sessions. Observations occurred during the p atient 
subject’s regularly scheduled occupational or physical ther-
apy sessions, which addressed motor impairments related to 
the patient’s diagn osis (not evaluations or dischar ge plan -
ning). Initial contact with the patient sub ject was made 
through th e patient’ s primary th erapist (prov ider subject). 
After initial contact was made , the observer explai ned the 
study to the p atient subject and obtained informed consent 
before the observation. Neither the patient subjects nor the 
provider su bjects knew that number of reps was being  
counted. Provider and p atient subjects were told that the 
observers were “recording what happened during a ther -
apy session.”

Categories
Data were collected by the counting of reps of a particu-

lar activity according to the following categories: UL, LL,
and mobili ty. The UL and LL ca tegories we re fu rther 
divided into the fo llowing subcategories: (1) active ex er-
cise, (2) passive exercise, (3) sen sory, and (4) fu nctional 
activity. Mobility was divided into the following subcatego-
ries: gait, transfers, stairs, wheelchair mobility, and balance 
(see Table 1  for complete description and examples; also 
see Lang et al. [17]). If during an instructed task more than 
one type of activity was performed, then each was counted, 
such as might occur when a patient performs a balance task 
that incorporates a UL functional movement. In addition, a 
repetition was counted if a clear attempt was made at the 
task; the task di d not have to be completed in its entirety. 
We also documented d uration of  ther apy se ssion, pa tient 
diagnosis, side  af fected, age , a nd sex ( Table 2 ). Each
patient subject’s Functional Independence Measure (FIM) 
score [22] on admission was documented when available. 
However, the entire FIM was not completed in the majority 
of cases and therefore could not be used in a ny statistical 
analysis. Thus, scores o n FIM items were used but mean 
values for the to tal FIM sco re could not be calculated for 
each group. Range and mean of the documented FIM loco-
motor scores are reported in Table 2  to provide an example 
of locomotor skills at the baseline. Provider subject infor-
mation was collected and included age, sex, years of expe -
rience, years of neurological rehabilitation experience, and 
degree earned. Of the 107 sess ion observations, 6 were  
conducted by providers in the <1-year group, 40 by the 1 to 
<5-year group, 20 by the 5 to <10-year group, 13 by the 10 
to <15-year group, and 28 by the >15-year group.

Data Reduction
Sessions that contained no entries in a given category 

or subcategory were eliminated from that category or sub-
category for analyses. For exampl e, if no UL exercises in 
any subcatego ry (active, p assive, sensory, or functional) 
were instructed within a therapy session, we assumed that 
UL fu nction was no t the fo cus of the session and , th us, 
should not be included in the statistical comparison. Thus, 
different n values (observed sessions) are assigned  fo r 
some subcategories (Tables 2–4). Additionally, if <10 per-
cent of the observed sessions contained a particular sub-
category of intervention, this subcategory was eliminated 
from the comparison between groups. This was the case  
for sen sory, passive exercise, and wheelchair mobility . 
These data are reported in the results ta bles but were not
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compared between groups because of the very low 
observed frequency. Thoug h data were co llected fro m 
providers wi th four different licenses, th e distribution of 
categories did not allow for comparisons between licen-
sure. This is because, in the investigated s ettings, occupa-
tional therapy tend ed to  fo cus more on UL issues and 
physical the rapy more on LL. Th us, we po oled all pro -
vider subjects into one group.

Statistical Analysis
Data were assessed for normality. We used two met-

rics to ex amine the amounts of pr actice. First, we com-
pared the number of reps per session between groups in 
each cate gory and subc ategory. We also computed and 
compared the reps per minute by d ividing the tot al reps 
by the therapy time for each session. This second metric 
controlled for differences in total therapy time across

Table 1.
Description of activity within each subcategory.

Subcategory Description
Passive Exercise Any joint movement that is done by therapist or outside source without active participation of patient. 

Examples include but are not limited to stretching of wrist and finger flexors, stretching of ankle muscles, 
and passive shoulder range of motion.

Active Exercise Any movement in which patient partially or completely engages in moving limb from resting position, 
through specific movement, and back to resting position. Examples include but are not limited to raising 
arm out in front and returning it to side, flexing and extending elbow, bending knee and hip up to chest and 
then straightening out leg, adducting and abducting leg, and flexing ankle.

Functional Activity Any movement that produces end result or contributes to productivity. Examples include but are not limited to 
reaching or grasping for target object and activities of daily living, such as dressing, bathing, tooth brushing, and 
cooking. Many of these tasks were broken down into subunits for counting purposes. (Although gait and stairs 
are considered purposeful activities in clinical setting, they were counted separately for purposes of this study.)

Sensory Any activity that involves providing patient stimulation for sensation or proprioception. Examples include 
but are not limited to vibratory stimulation to muscle.

Gait Ambulation with or without assistive device. Recorded in episodes and individual steps within each episode. 
If patient rested for >20 seconds, new episode was recorded.

Transfers Any movement by patient from one place to another or change in position. Examples include but are not 
limited to sit to stand, stand to sit, mat to chair, supine to sit, chair to toilet, and stand to kneel. Transfers 
were only counted if they were specifically instructed by therapist.

Balance Any task instructed by therapist to maintain balance. Examples include but are not limited to standing or 
sitting with and without assistance. One episode of balance was counted for each balance task presented.

Wheelchair Propulsion Any activity that requires patient to navigate wheelchair independently. Recorded in episodes and repetitions 
within that episode counted as number of arm movements needed to propel wheelchair. If patient rested for 
>20 seconds, new episode was recorded.

Stairs Any activity that requires patient to navigate single step-up or flight of stairs. Recorded in episodes and 
individual stair steps within each episode. If patient rested for >20 seconds, new episode was recorded.

Table 2.
Demographics for stroke and traumatic brain injury (TBI) patients.

Demographic Stroke TBI
Age, Mean ± SD (years) 63.00 ± 19.38 51.34 ± 19.32
Duration Between Injury & Session (days)

Range 5–300 10–86
Mean 42 (3 outliers >100 days) 40

Side Affected (%)
Right 42 12
Left 50 16
Bilateral 4 38
Not Specified in Medical Chart — 29

Sex (%)
Male 54 66
Female 46 33

FIM Locomotor Score
% Reported 50 80
Range 1–7 1–5
Mean 2.91 2.55

FIM = Functional Independence Measure, SD = standard deviation.
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patients and groups. For comparisons be tween the stroke 
and TBI groups, either parametric two-tailed t-tests or 
Mann-Whitney U independent two-tailed t-tests were 
conducted, as  appropriate. Because of nonnormal dis tri-
bution, Kruskal-Wallis one-way analysis of variance was 
applied to compa re therapist yea rs of experience and 
number of reps. For all data, an  alpha level of 0.05 was 

used and results are presented as mean ± SD unless other-
wise indicated. Lastly, corre lation and regre ssion analy-
ses were used to determine whether an y relatio nships 
existed between the number of reps performed and spe-
cific patient demographics a nd characteristics (e.g., age, 
FIM UL item scores, F IM lo comotor sc ore, time since  
onset) in each of the categories and subcategories.

Table 3.
Upper limb: Average total task repetitions (Reps) performed each rehabilitation session and each min ute by traumatic brain injury (TBI) and 
stroke patients.

Task
TBI (n = 27) Stroke (n = 28)

Mean Reps/
Session SD 95% CI Mean Reps/

Session SD 95% CI

Active Exercise 26.44 46.40 8.09 to 44.80 17.50 26.38 7.27 to 27.73
Passive Exercise 11.93 32.10 0 to 24.63 5.43 11.07 1.13 to 9.72
Functional 22.33 33.92 8.91 to 35.75 14.50 28.93 3.28 to 25.71
Sensory 0 0 0 3.21 9.52 0 to 6.90
Total 60.85 52.47 40.10 to 81.61 40.64 32.14 28.18 to 53.10

Mean Reps/Min Mean Reps/Min
Active Exercise 1.29 2.55 0.28 to 2.29 0.52 0.90 0.17 to 0.87
Passive Exercise 0.60 1.81 0 to 1.31 0.19 0.42 2.82 to 0.36
Functional 1.00 1.44 0.42 to 1.57 0.43 0.95 5.98 to 0.80
Sensory 0 0 0 6.87 0.22 0 to 0.15
Total* 2.88 2.83 1.76 to 4.00 1.21 1.19 0.75 to 1.67
*Significant difference between groups (p < 0.05).
CI = confidence interval, n = number of observation sessions in which these subcategories were included, SD = standard deviation.

Table 4.
Lower limb: Average total task repetitions (Reps) performed each rehabilitation session and each minute by traumatic brain injury (TBI) and stroke 
patients.

Task
TBI (n = 28) Stroke (n = 24)

Mean Reps/
Session SD 95% CI Mean Reps/

Session SD 95% CI

Active Exercise 77.79 132.50 26.41 to 129.64 37.25 47.52 17.18 to 57.32
Passive Exercise 1.46 3.13 0.25 to 2.68 1.38 3.51 0 to 2.86
Functional 0.14 0.52 0 to 0.35 0.38 1.28 0 to 0.92
Sensory 0.21 0.83 0 to 0.54 0.38 1.47 0 to 1.00
Total 79.61 131.58 28.58 to 130.63 39.39 46.63 19.69 to 59.65

Mean Reps/Min Mean Reps/Min
Active Exercise 3.24 5.37 1.16 to 5.32 0.99 1.50 0.31 to 1.62
Passive Exercise 5.49 0.12 8.65 to 0.10 4.87 0.14 0 to 0.11
Functional 6.74 2.49 0 to 1.64 1.34 0.05 0 to 3.44
Sensory 8.04 2.97 0 to 0.02 9.76 3.57 0 to 0.02
Total 3.31 5.34 1.24 to 5.38 1.06 1.47 0.44 to 1.69
CI = confidence interval, n = number of observation sessions in which these subcategories were included, SD = standard deviation.
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RESULTS

Overview of Data from Both Groups
Pooling the data from both groups, the average total 

number of UL re ps across all four s ubcategories (active 
exercise, passive exercise, sensory, and functional activ-
ity) in those sessions that included UL rehabilitation (n = 
55) was 50.56 ± 44.11. The average total number of reps 
for each of the subcategorie s was 18.34 ± 31.43 for UL 
functional activity, 21.89 ± 37.48 for UL active exercise, 
8.62 ± 23.84 for UL passive exercise, and 1.64 ± 6.92 for 
UL sensory. With both groups poole d, the avera ge tota l 
number of LL reps acro ss all four subcategories in those 
sessions that included LL rehabilitation ( n = 52) was  
61.04 ± 102.75. The average total number of reps for the 
subcategories was 0.25 ± 0.95 for LL functional activity, 
59.08 ± 103.58 for LL active exercise, 1.42 ± 3.28 for LL 
passive exercise,  an d 0. 29 ± 1.1 6 fo r LE senso ry. Th e 
average number of gait reps in thos e ses sions tha t 
included gait (n = 58) was 249.28 ± 254.47. Therapy ses-
sions lasted on average 29.11 ± 12.14 minutes.

Comparison between TBI and Stroke Groups

Upper and Lower Limbs
Tables 3  and 4 provide the number of reps per ses-

sion and the number of reps per minute for each UL and 
LL category and subcategory. No differences in reps pe r 

session were found between groups (p-values > 0.05) for 
any of the UL a nd LL categories a nd s ubcategories. In 
comparisons of reps per minute, the TBI group had more 
total UL reps per minute than the stroke group (p < 0.05). 
No other differences in reps per minute were found.

Mobility
Numbers of reps per session and  per min ute for th e 

mobility categories are provided in Table 5 . When exam-
ining the mobility categories with the reps per session 
metric, we found no differences between groups (p-values 
> 0.05). When examining the mobility categories with the 
reps p er minute metric, we found that reps per minu te 
were higher in the TBI group than the stroke group for the 
gait steps and transfers categories (p-values < 0.05).

Patient Characteristics
To examine the  effects of patient age and functional 

status on the number of reps per session, correlation and 
regression analyses were performed for e ach c ategory. 
Correlation coef ficients rang ed fro m – 0.0019 to  0.0 256 
(p-values > 0.05). The  regr ession mode l indicated that 
patient factors predicted li ttle variance in the number of 
reps performed (R2 = 0.06, p > 0.05).

Therapist Experience
A statistically  sign ificant dif ference was fo und for 

years of neurorehabilitation experience of therapists for two 

Table 5.
Mobility: Average total task repetitions (Reps) performed each rehabilitation session and each minute by traumatic brain injury (TBI) and stroke 
patients.

Task
TBI Stroke

n Mean Reps/
Session SD 95% CI n Mean Reps/

Session SD 95% CI

Gait Steps 28 317.93 330.26 180.86 to 445.99 30 185.20 130.1 136.63 to 233.77
Transfers 31 9.32 15.02 3.81 to 14.83 43 7.81 6.10 594.00 to 9.70
Balance 23 46.70 64.62 18.75 to 74.64 27 23.07 25.91 12.82 to 33.32
Stairs 4 28.75 22.08 0 9 37.60 33.04 13.97 to 61.23
Wheelchair 0 0 0 0 6 139.33 191.42 0 to 340.21

Mean Reps/Min Mean Reps/Min
Gait Steps* 28 13.13 14.08 7.66 to 18.59 30 4.97 3.50 3.67 to 6.28
Transfers* 31 0.39 0.54 0.19 to 0.59 43 0.22 0.14 0.18 to 0.26
Balance 23 1.88 2.37 0.86 to 2.91 27 0.67 0.85 0.35 to 1.03
Stairs 4 1.21 0.79 0 to 2.48 9 0.74 0.62 0.30 to 1.19
Wheelchair 0 0 0 0 6 2.91 3.65 0 to 6.74
*Significant difference between groups (p < 0.05).
CI = confidence interval, n = number of observation sessions in which these subcategories were included, SD = standard deviation.
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comparisons (p = 0.02). Therapists in the 5 to <10-year and 
10 to <15-year groups instructed  patients in  significantly 
more functional reps per minut e than did therapists in the 
<1-year group (z = 1.96 and z = 3.00). Therapists in the 10 
to <15-year grou p also instructed patients in significantly 
more functional reps per minut e than did therapists in the 
>15-year group (z = 2.22) (Figure). No dif ferences were 
found in the other categories and subcategories assessed.

DISCUSSION

Results of this study demonstrate that in the observed 
rehabilitation sessions, the number of reps performed per 
session (e.g., between 40–60 reps for all UL categories) 
did not approach that which neuroplasticity research has 
suggested is required for cor tical reorganization. Though 
no s pecific amount has been  es tablished, the evidence 
across animal and human lite rature suggests that the 
number is in  th e hundreds fo r th e UL [2 3] an d i n t he 
thousands for gait steps [10]. Ou rs is the first report on 
this issue in patients with TBI, and our finding is consis-
tent with results found in a multicenter study in s ubjects 
with stroke [17].

We also evaluated reps per minute to account for any 
differences in total trea tment time and for differences in 

how a therapist may choose to  distribute the activities 
performed in a given therapy session. When evaluated in 
this manner, the TBI group performed more total UL reps 
per minu te, gait steps per mi nute, and transfers p er 
minute than the stroke group.  The variability in reps was 
quite high within groups, which may hav e accounted for 
different conclu sions f rom the rep s per sessio n v ersus 
reps per minu te data. Sin ce observation often influences 
behavior, the number of reps counted here may overesti-
mate “typical” r ehabilitation if provider and patient sub -
jects were hoping to favorably impress the observer.

Is repetition a valid measure of practice? Though not 
fully u nderstood, th e number o f reps ap pears to be an 
important issue for functional improvement and cortical 
reorganization [2 4]. We posit th at c omparison o f re ps 
across types of injury in the same species (humans), such 
as was done here, is reas onable. While the direct transla-
tion of exact numbers across spe cies ma y not be valid, 
the translation of general estimates probably is valid. Our 
rationale is that (1) the rela tive contributions of various 
motor system structure s, su ch as the rubros pinal tract 
[25], differ in humans compared with  monkeys and rats 
(see also Nudo and Mas terton for data [26] and Lang e t 
al. for review [27]) and (2) monkey and rat mo dels are 
not exact replications of the human expe rience of stroke  
and TBI. Thus, one could conclude that while the animal 
models in dicate that lar ge numbers o f reps may b e 
required, they do not specify what exactly those numbers 
need to be.

Other issues are also likely to be important, such as the 
effort required to perform a task and how meaningful the 
task is to the patient. This st udy did not attempt to answer 
these less measurable issues but did attempt to control for 
the issue of severity of mo tor impairment by  counting a 
partial performance of a move ment as a repet ition. One 
interesting finding in our results and in the mu ltisite study 
with stroke patients [17] was that motor function, as meas-
ured by FIM scores, was not related to reps. Thus, the clini-
cal perception that people who are more s everely affected 
do fewer rep s was not su pported. This finding may mean 
that the observed therapists were sk illed at grad ing the 
activities to the capabilities of each patient. In a study spe-
cifically addressing the issue of si mple repetiti ve move -
ment versu s repetitiv e move ment requiring more active 
cognitive processing, two gro ups with stroke performed 
a finger-tracking task that w as either a n “easy” highly 
repetitive task or a “difficult” repetitive task that required 
visuospatial processing and motor learning [12]. Contrary 

Figure.
Instructed repetition s by therapists according to yea rs of  neurological 
rehabilitation e xperience. T herapists with 5 to <10 years and 1 0 to 
<15 years of  exp erience instructed  patients in significantly mor e
purposeful a ctivities t han therapists with <1 year of experience (*p < 
0.05). Therapists with 10 to < 15 years of expe rience instructed patients 
in significantly more purposeful activities than therapists with >15 years 
of experience (†p < 0.05).
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to the au thors’ hyp othesis, bo th grou ps impro ved on the 
functional tests. In fact , the group that performed the easy 
task had greater im provement on  one of the fu nctional 
tests. The authors speculated that the lac k of advantage of 
the more difficult training was due to the “higher number 
of reps” performed by the group completing the easy task. 
Both groups trained for the same amount of time and at the 
same range of motion, but the group with the easy training 
was able to self-pace and performed at a statistically higher 
frequency of moveme nt and, th us, performed a h igher 
number of reps than the grou p with the dif ficult motor-
learning task [12].

In the current study, no difference was found between 
groups when th ey were evaluated  wi th the reps p er ses -
sion metric. This metric of amount is the most appropriate 
for comparison to the neuropl asticity research previously 
discussed. W e did find, howe ver, several dif ferences 
between groups when they were evaluated with the reps 
per minute metric. Wh ile the design of the study did not 
allow specific investigation of the reasons for these differ-
ences between groups, several factors may have contrib-
uted, such as cognitive, behavi oral, or age-related issues. 
Although no correlatio n was found between patient ag e 
and number of rep s performed, generally , patients with 
TBI tend to  b e younger male s and patients with stroke 
tend to be older. Patients w ith stroke are more likely to 
have comorbidities, such as co ncurrent vascular disease, 
that may affect their ability to perform the same number 
of reps or to  perform at th e same pace as TBI patien ts 
without vascular disease. Alternatively, therapists may be 
less likely to challenge older patients to the same degree 
as younger patients with similar levels of impairment.

Years of experience in the area of neurological rehabili-
tation significantly affected the amount of practice received. 
Providers with 5 to <15 yea rs of experie nce instructed 
their patients in significantly more functional activities than 
did those with <1 year of experience. Providers with 10 to 
<15 years of experience ins tructed patients in significantly 
more functional reps than did providers with >15 years of 
experience. The differences in reps between providers sug-
gest that those with less  experienc e may have less confi-
dence in how to bes t facilitate neuroplastic change through 
functional motor tasks or may lack the experience or “bag of 
tricks” needed to creatively facilitate the task in a functional 
way. With less e xperience, one ma y fee l less  comfortable 
challenging a pa tient to perf orm more reps or perform a 
more complex or cognitively challenging motor task. A new 
therapist may als o ha ve difficulty modifying traditional 

motor tasks to make t hem more functi onal yet still achiev-
able by patient s wit h li mited abi lities. Perhaps t he more 
experienced therapis ts were able to devis e exercises tha t 
addressed two components, such as a balance activity with a 
functional UL movement, which would increase the number 
of reps a given patient performed. Therapists with >15 years 
of experience in neurolo gical rehabilitation may have been 
educated under a different model in which use of functional 
tasks during therapy was not emphasized.

The question in many clinicians’ minds may  be, Is it 
feasible to perform a high number of reps? Evidence that 
this can be successfully employed exists in CIMT literature 
(for a review , see W olf et al. [28]) and  in 1-hour therapy 
sessions in a r ecent c ohort of  pe ople w ith chronic  str oke 
[29]. Specific to TBI, Canning et al. documented the effects 
of add itional therapeutic reps on functional performance 
[21]. The researchers required the experimental g roup to 
perform an average of 87 additional sit-to-stand reps and 42 
additional step-up exercises per day compared  with the 
standard-care control group. A 62  percent improvement in 
motor performance was reported in all 12 subjects in the 
experimental group compared with an 18 percent improve-
ment in the control group (p = 0.05). These results demon-
strate that i ncreasing the num ber of reps during therapy 
sessions results in desirable outcomes. When specific treat-
ment goals are used  within each sessio n, a much higher 
number of reps per sessio n can be accomplished [29]. 
Indeed, other to ols or models of therapy may need to be 
considered rather than the traditional one-on-one interac -
tion. Group or robot-assisted therapies are areas currently 
under investigation that may su pport the goal of increased 
numbers of reps (fo r a revie w, se e Kw akkel et al. [30 ]). 
Activities emphasizing change s to both the neuroplastic 
mechanism and the muscle must be considered for optimal 
effectiveness. Historically, s trength t raining a nd r ange-
of-motion exercises have been the focus of rehabilitation. 
For a d econditioned patient, increasing strength is an 
important goal; however, it has been shown in subjects with 
stroke that a significant increase in strength does not neces-
sarily result in improved functional performance [31] or 
cortical change as measured by functional magnetic reso-
nance imaging [32 ]. Physical and occup ational therapists 
may need to reexamine the goal of therap y sessions to 
determine how to best facilitate muscle strengthening with 
motor learning, planning, and control.

Given the preliminary and observational nature of this 
study, results cannot be necessarily interpreted as represent-
ing the population at lar ge. However, in the preli minary 
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work by Lang et al., the results of a single site of ob serva-
tion [16] were supported by the larger international study 
[17], indicating that consist encies exist in rehabil itation 
practice regardless of region or setting. Another study limi-
tation includes the lack of information regarding the func -
tional status of each patient subject. Other than FIM sco re, 
which has been shown to be an insensitive predictor [33], 
functional status information is not typically collected dur-
ing rehabilitation sessions and, thus, reflects a limitation of 
our rehabilitation system. In  addition, this study docu -
mented the types and number of reps performed but did not 
address many  other issues that may  affect functional 
improvement, such as “quality” versus “quantity” of move-
ment, du ration, ty pes of feedback or cues g iven, and the 
cognitive demand of the task . Nevertheless, our study pre-
sents a starting point for a more in-depth investigation into 
other critical issues, such as ideal therapy dose.

CONCLUSIONS

This study shows that in the rehabi litation of pat ients 
after TBI and stroke, (1) considerably fewer total reps are 
performed in any category compared with what neuroplas-
ticity research suggests is required for neuroplastic change, 
(2) sligh t differences in reps per minu te occu r based on  
patient diagnosis, and (3 ) emphasis on reps of functional 
activity var ies based on ther apist experience. These f ind-
ings are important for researchers in the field of neuroplas-
ticity to consider in the general framework from which 
therapy is being prov ided and  within the confines of the 
current clini cal setting. In addition, rehabilitation profes-
sionals must examine othe r models of service delivery to 
find creative solutions for achi eving more practice. These 
models may include group therapy, circuit training [34], or 
alterations in daily therapy schedules to allow longer ses -
sions each day. If sessions are organized so as to maximize 
reps, the patient may be more likely to rebuild necessary 
cortical p athways thro ugh neurop lasticity and achieve 
greater functional improvement.
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