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Study Design: Case series.
Introduction: Upper extremity (UE) trauma and subsequent immobilization affects functional performance.
Purpose of the Study: Determine the usefulness and feasibility of unilateral hand training (UHT) on
improving functional performance in patients with UE trauma.
Methods: Nine participants received UHT within 10 days of immobilization. Functional performance,
dexterity, grip, and pinch strength were measured at initial and 4-week visits. Qualitative interviews
were coded to develop themes.
Results: All Jebsen-Taylor hand function test subtests improved from pretest to post-test. Disabilities of
the Arm, Shoulder and Hand scores of all 9 participants improved. Functional performance was more
impaired for participants with dominant UE injury. Four themes emerged: participants were forced to
alter or avoid most daily activities, had an increased dependency on others, took longer to perform
activities, and felt UHT decreased the impact of UE trauma on function.
Discussion: Functional performance was impaired for all participants. Participants believed that UHT was
useful and contributed to improved function.
Conclusion: This case series tracked a comprehensive intervention based on a holistic activities of daily
living framework that considered the nuances of individual complexities of immobilization following
hand trauma. Knowledge from this study supports an early intervention like UHT to educate clients on
effective strategies to improve immediate activities of daily living functioning and potentially prevent
longer term impairments.

Published by Elsevier Inc. on behalf of Hanley & Belfus, an imprint of Elsevier Inc.
Introduction

In 2009, there were approximately 3.5 million upper extremity
(UE) injuries treated in emergency departments in the United States.1

Impaired function from UE trauma is influenced by a state of one-
handedness that can range from partial to complete loss of hand
use.2 When the dominant hand is injured, a double-impact injury
occurs because not only is the individual forced into a state of one-
handedness but also he or she has a loss of the stronger, faster, and
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more dexterous limb resulting in greater difficulty with activities of
daily living (ADL).2 Even if the dominant UE is not affected, increased
time will be required to perform many activities.3

In 1 qualitative study,4 stress factors were evaluated after hand
trauma in 20 participants, of which less than half of the partici-
pants injured the dominant UE, but all participants reported some
level of impaired function. Participants reported immediate func-
tional impairments during their inpatient stay, including difficulty
with eating, showering, and managing medication bottles. Im-
pairments were magnified on return to home. Daily tasks, such as
dressing, toileting, cooking, and driving, were problematic. In a
subsequent study, Gustaffson and Ahlstrom5 followed 91 partici-
pants for a year after hand surgery and concluded that functional
performance (eating, bathing, dressing, and working) was most
impaired 1-2 weeks after UE trauma. Function improved during
the first 3 months but tended to remain unchanged during the
remainder of the year after injury. Two additional studies found
that at a minimum of 2 years after traumatic hand injury, 90% of
an imprint of Elsevier Inc.
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696 participants reported residual difficulties with occupational
performance, especially work and leisure.6,7 In a retrospective
study exploring employment and hobby participation after hand
surgery, 40 of 61 participants returned the questionnaire and 19%
reported not yet returning to work by 2 years after surgery; an
additional 20% of participants reported quitting their jobs or
changing their hobbies.8

Regardless of nonoperative or operative treatment, many clients
with UE trauma will likely require immobilization for a period.
Immobilization creates a barrier to functional independence, and
the prevalence of noncompliance may be underestimated. In a
study by Coenen et al,3 45 participants with hand conditions (carpal
tunnel syndrome, Dupuytren disease, hand amputations, fractures,
or lacerations) reported limitations in self-care activities, such as
washing or dressing, specifically as a result of wearing an orthosis.
In 2 different studies (N ¼ 19 and N ¼ 80, respectively),9,10 more
than 50% of participants with tendon repairs reported not abiding
by precautions to perform self-care, care of others, home man-
agement, work, leisure activities, communication tasks, and
driving. This was despite understanding the rationale for the
orthosis, wearing schedule, risk of re-rupture, and instruction to
use a shower bag to cover the affected arm during bathing.

Impaired function as a result of UE trauma may lead to various
psychosocial issues, the most common of which is stress created by
dependence on others.3-5,10-12 Other individuals perceive the
inability to engage in desired occupations as a threat to personal
identity.11 Starck Schier and Chan12 found that hand injuries led to a
reduction in role participation and an increase in dependence on
others, including a role reversal where children had to assist par-
ents with dressing and bathing.

Hand therapists recognize that ADL performance is of high value
and priority; however, formal ADL assessments are not commonly
administered.13-15 Lack of evaluation and interventions addressing
functional performance and one-handed training may be for any
one, or a combination, of the following: (1) treatment priority
placed on the injured UE, (2) limited time to address a client’s one-
handedness, (3) client education time is focused on teaching a
complicated postoperative protocol, (4) an expected recovery of the
injured side (no need to address the temporary state of single-
handedness), (5) assumptions that the client will independently
adapt, (6) logistical issues, such as clinic space and lack of appro-
priate equipment, and (7) reimbursement issues.2,13,16

Clients may independently find ways to perform ADL, but the
risk involved in resumption of certain activities may not be
adequately measured without skilled clinical assessment or thor-
ough understanding of healing.10,13 If not addressed, impairments
in functional performance may lead to decreased client satisfac-
tion.11,17 Currently, rehabilitation is delivered based on the diag-
nosis rather than on immobilization status. Often a client is
immobilized, sent home, and does not receive therapy until
immobilization is complete. This approach appears logical and
economical; however, the client is left to navigate obvious hurdles
inherent in immobilization. There is a need to explore the feasibility
and usefulness of an early intervention focused on ADL and
instrumental activities of daily living (IADL) in individuals with UE
trauma who require immobilization.
Purpose of the study

This study explored the impact of unilateral hand training (UHT)
on observed and self-reported functional performance. Study aims
were to assess compliance with immobilization and qualitatively
examine participants’ response to UHT as a component of their
rehabilitation.
Methods

Participants

After approval from San Antonio Military Medical Center
(SAMMC) institutional review board, 9 participants with UE trauma
participated in this study. They were recruited from SAMMC or-
thopedic department from December 2014 to April 2015. Recruit-
ment timewas limited as researchwas conducted as part of the first
author’s doctoral program. Inclusion criteria comprise the
following: (1) diagnosis of any UE injury requiring continual
immobilization of the hand, wrist, elbow, or shoulder for a period of
four or more weeks; (2) immobilization by either a cast or a
custom-fabricated orthosis; (3) immobilization before study
enrollment had to be less than or equal to 10 days; and (4) English
speaking. Participants were excluded if younger than 18 years,
diagnosed with a bilateral UE injury, and/or were hospitalized at
the time of enrollment.

All participants provided informed consent. Confidentiality was
ensured using nonidentifying participant numbers. Data were
stored in a locked file located within a secured office.

Clinical measures

Four quantitative measures and one qualitative measure were
used. Pretest and post-test scores for each of the quantitative mea-
sureswere obtained during the initial visit and at 4-week follow-up.
Functional performanceaswell asdexterity, grip, andpinch strength
of participants’ unaffected UEweremeasured. Qualitative datawere
obtained during follow-up visit only. Datawere collected by the first
author. Quantitative assessmentswere performed in the same order
for each participant and according to corresponding standardized
procedures. Consistency in qualitative data collection was ensured
using semistructured interview questions.

Disabilities of the Arm, Shoulder and Hand outcome measure
The Disabilities of the Arm, Shoulder and Hand (DASH), a well-

established self-report tool, was used to measure participants’
perceived level of physical function and symptoms, with lower
scores on a 0-100 scale indicating less functional impairment. The
DASH has demonstrated test-retest reliability (intraclass correla-
tion coefficient [ICC], 0.96) and construct validity by correlation
with other measures (r > 0.69; P < .0001).18 A minimal clinically
important difference (MCID) of 10.83 was used to represent the
smallest improvement in score that reflects meaningful change to
an individual.19

Jebsen-Taylor hand function test
Observed functional performance was measured using the

Jebsen-Taylor hand function test (JTT). Each of 7 subtests on the JTT
was performed using the unaffected UE and timed in seconds.
Performance was compared with normative data for each subtest
based on gender, hand dominance, and age group.20 With adults,
the JTT has demonstrated test-retest reliability (r ¼ 0.60-0.99),
discriminate validity, and construct validity (r¼ 0.625; P< .01).20,21

Grooved pegboard
Dexterity of the unaffected UE was measured using the grooved

pegboard (GPB). The GPB has demonstrated good test-retest reli-
ability coefficients of 0.91 and 0.85 for right and left hands,
respectively (all P < .001). Construct validity of the GPB has been
demonstrated through correlation with the Bruininks-Oseretsky
test of motor proficiency (�0.50 to �0.63) and with the Purdue
pegboard (Pearson r, �0.73 to �0.78).22 Total scores (the sum of
total time, number of pegs completed, and number of pegs
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dropped) were compared with normative data based on gender,
hand dominance, and age.

Grip and pinch strength
A dynamometer and pinch gauge (North Coast Medical, Gilroy,

CA) were used to measure grip and 3-jaw pinch strength of each
participant’s unaffected UE. These measures have strong face val-
idity and good inter-rater reliability (ICC 1,1 for dynamometer:
0.996-0.998, P < .05 and ICC of the pinch gauge: 0.949-0.990,
P < .05).23 Three trials for both grip and pinch strength were per-
formed following standardized procedures and were averaged to
obtain a final score in pounds. Participants’ scores were compared
with normative data for grip and pinch strength based on gender,
hand dominance, and age group.24,25

Semistructured interviews
At4-week follow-up,qualitativedatawerecollectedviaaudiotaped

semistructured interviews guided by a study-specific questionnaire
done by the first author (Appendix A). Following a phenomenological
approach to qualitative study, data provided a description of the
experience of livingwhile one-handed and the impact on ADL/IADL as
well as exploring the perceived usefulness of the intervention.

Intervention

The intervention, UHT, was delivered at initial visit by the first
author in a 30-minute encounter. The length of time between
immobilization and initial visit was limited to 10 days based on the
study by Gustaffson et al,4 who found that participants with hand
trauma reported the highest impairments in functional perfor-
mance at an average of 10 days after injury. In addition, immobi-
lization of an UE rapidly produces positive and negative changes in
the somatosensory26 and sensorimotor27 cortices. To encourage the
most adaptive and efficient neuroplasticity,28,29 UHT was delivered
within 10 days of initial immobilization.

UHT was standardized and included 3 components: (1) partic-
ipant education, (2) provision of a one-handed backpack with
adaptive equipment, and (3) a home exercise program (HEP). Par-
ticipants were given a written handout describing each component
(Appendix B). Participant education focused on activity modifica-
tions and compensatory strategies to perform daily activities one
handed. Topics covered included dressing, writing, computer and
cell phone use, driving, grooming/hygiene, and homemanagement.

The secondcomponentofUHTwas theprovisionof a one-handed
backpack containing adaptive equipment and commercially
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available items. The items (Fig. 1) were chosen based on standard
issue equipment given to clientswith UE amputation atWalter Reed
ArmyMedical Center.30 In addition, itemswere chosen in an attempt
tomitigate the challenges of using everyday products such as bottle/
can closures and cutlery, which were cited as barriers to perfor-
mance of ADL by focus groups comprised of participants with hand
injury.3 Each itemwas explained, andparticipantswere instructed to
use the items as needed. Participants were also educated regarding
other equipment options not provided in the backpack.

The HEP for the unaffected UE was the last component of UHT.
Participants were given medium resistance Theraputty (Southpaw
Enterprise, Dayton, OH) and instructed on exercises focusing on grip
and pinch strength of unaffected UE. Specific repetitions were not
prescribed, and participants were cautioned to discontinue exer-
cises if sore or fatigued. Inclusion of a HEP was designed to increase
strength of an unaffected UE to potentially improve function and
assist future return of strength of the immobilized UE.31 Several
studies on the cross-transfer phenomenon have shown that uni-
lateral strength andmotor training in 1UE can improve strength and
motor skills in theuntrainedUE.32,33A studybyStromberg34 showed
that participants who received a HEP after UE surgery and immo-
bilizationhadanaugmented returnof strength in theoperatedUEby
up to 150% as compared with a control group.

Data analysis

Quantitativedatawereanalyzedusingdescriptive statistics.Means
and standard deviations (SDs) were calculated for each outcome
measure overall and were then stratified for gender, age group, and
handaffected.MeanDASHscoreswereadditionally stratifiedbasedon
home environment, initial pain level, and method of immobilization.

Structured methods of qualitative data analysis, as suggested by
Creswell,35 were used to help create the essence of living with UE
trauma. All interviews were transcribed and coded into categories
that were then organized into broader themes representing how
participants experienced UE trauma.

Results

Characteristics of participants

Nine participants (6 males and 3 females) with an average age of
40.3 (range, 20-54) were enrolled in this study. Eight participants
were right handed, and the dominant hand was affected in 7 par-
ticipants (Table 1). Participants’ diagnoses and types of
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Table 1
Participant demographics (n ¼ 9)

Participant information Number %

Status
AD military 3 33.3
RET military 4 44.4
Civilian 1 11.1
Dependent 1 11.1

Current home environment
Alone 1 11.1
Spouse/significant other 5 55.6
Other family 2 22.2
Roommate/other 1 11.1

Caring for children younger than 18 y
Yes 4 44.4
No 5 55.6

Multiple joints immobilized
Yes 8 88.9
No 1 11.1

AD ¼ active duty; RET ¼ retired.
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immobilization varied. Of the diagnostic groups, there was 1 trau-
matic digital amputation, 1 flexor tendon injury, 2 soft tissue in-
juries, and 5 fractures. Most participants were immobilized via a
short arm cast. Three participants required surgical intervention.
Two participants, initially managed nonoperatively, later under-
went open reduction and internal fixation between their initial and
follow-up visits (Table 2).
Functional performance

All participants improved from pretest to post-test on 3 of the 7
subtests of the JTT. Between 5 and 8 participants improved on the
remaining 4 subtests. Time to complete all subtests decreased from
meanpretest to post-test (Fig. 2), and approximately 57% (72 of 126)
of all scores werewithin the normative range (Table 3). Females and
participants between 40 and 50 years demonstrated larger mean
improvements on 4 of the 7 subtests. Participants whose nondom-
inantUEwas affectedperformedbetteron all subtests except for one
(picking up small objects), as indicated by lower mean scores.

All 9 participants improved from pretest to post-test on the
DASH. The overall mean pretest score was 53.76 (range, 22.5-75.83;
SD, 19.32), and the mean post-test score was 35.89 (range, 11.7-
54.2; SD, 15.48). Five participants improved by the MCID of 10.83.
Less functional impairment was seen in participants who were
males, between 20 and 30 years, reporting pain as less than 4 of 10
on the verbal analog scale, immobilized via an orthosis, and living
with a spouse or significant.
Table 2
Participant diagnoses and immobilization

Diagnosis categories No. of
participants

Diagnoses by participant (P)

Digital amputation 1 P1: traumatic R SF amputation with R RF MC
Flexor tendon injury 1 P2: L thumb flexor tendon laceration
Soft tissue injury 2 P3: R thumb CMC joint tear

P9: R SF central slip injury
Fracture 5 P4: R IF MCP fracture

P5: R SF MCP fracture
P6: R SF MCP fracture
P7: R intra-articular distal radius fracture wit

styloid fracture
P8: R distal radius fracture

R ¼ right; SF ¼ small finger; RF ¼ ring finger; MCP ¼ metacarpal; HB ¼ hand based; L ¼
a Participants initially managed via closed reduction; underwent open reduction an

reduction.
The largest difference between mean scores was seen when
comparing the injured hand; specifically, nondominant affected
participants’ mean scores were at least twice as low as those with
dominant hand injuries (Table 4).

Dexterity, grip, and pinch strength of the unaffected UE

The overall mean pretest score of the GPB was 108.04 (range,
86.90-160.70), and the overall mean post-test score was 107.77
(range, 82.63-190.30). Six of the 9 participants improved dexterity
from pretest to post-test as demonstrated by a lower score, with a
mean change of 0.27. All scores except one were within the
normative range. Females and participants between 20 and 30
years performed better, on average.

All scores for grip and pinch strength were within 2 SDs of the
norm. Six participants improved grip strength, and 4 participants
improved pinch strength. The overall mean pretest scores for grip
and pinch strength were 84.5 and 16.4, and the overall mean post-
test scores were 91.4 and 17.6, respectively. Males demonstrated
higher mean grip and pinch strength. Mean strength scores based
on age group did not favor either. With participants whose
nondominant UE was affected, the mean pretest to post-test
improvement (16.4) was almost 4 times as high compared with
participants whose dominant UE was affected (4.2).

Qualitative themes

Four main themes regarding the impact of UE trauma on daily
life emerged from analysis of qualitative data. Participants reported
that they were forced to alter or avoid most daily activities, they
had an increased dependency on others for help with daily activ-
ities, most daily activities took more time to perform, and UHT
decreased the negative impact of UE trauma on functional
performance.

Alter or avoid activities
Performance of most, if not all, ADL and IADL was altered in

some manner by all participants. In addition, some daily activities
had to be completely avoided as a result of UE trauma. Participant 2
(P2), whose nondominant hand was affected, reported difficulty
with all bimanual tasks. He specifically discussed the change in his
ability to drive,

Well, you have to change a lot of things. I used to drive with my
left hand at the 12:00 position. I had to totally switch around
and it changes your entire seating arrangement when driving.
Using your [injured] hand is out of the question for opening
Immobilization
method

Immobilization type Surgical
intervention

P fracture Orthosis HB ulnar gutter No
Orthosis SA dorsal blocking Yes
Cast SA thumb spica Yes
Cast SA ulnar gutter Yes
Cast SA radial gutter No
Cast SA ulnar gutter No
Cast SA ulnar gutter No

h ulnar Cast LA wrist cock-up then Munster Yesa

Cast SA wrist cock-up Yesa

left; SA ¼ short arm; CMC ¼ carpometacarpal; IF ¼ index finger; LA ¼ long arm.
d internal fixation after initial visit but before follow-up visit secondary to failed
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things. So, at first I tried pinching it in my elbow or in my armpit
area, you know, to open stuff, bottles, cans, jars, and that got old
fast.

Participant 6 (P6) felt that her grades dropped in school as a
result of her one-handed state.

I haven’t been able to do the things that I do to study; like I can’t
make flash cards because I can’t write them out or I can’t take
notes and highlight through them.

Many participants stated that they were unable to cook. Others,
such as participant 5 (P5) and participant 9 (P9), were unable to
engage in their preferred hobbies such as mountain biking and
Crossfit�, respectively.

Dependency on others for help
All participants reported asking others for help to varying de-

grees throughout their immobilization periods. P6 stated,

I couldn’t do anything for myself. I felt like I was two years old
again. I had to have my battle buddy help me get dressed
because, especially with like jackets and stuff, I couldn’t get the
cast through it.

Some participants were frustrated by the need for assistance,
including participant 8 (P8), who noted,

They [my niece and her boyfriend] weren’t willing to offer, so I
had to ask them all time. ‘Can you do this? Can you help mewith
this? Can you do this for me?’

Participants whose nondominant UE was affected depended on
others for help with daily tasks, but to less of an extent. Participant
4 (P4), stated,

Not often [did I rely on someone for help], but more than
normal.
Increased time to perform activities
Regardless of which hand was affected, participants reported

that most daily activities took increased time to perform. Partici-
pant 5 (P5) stated because of his injury,

[It] took me a little longer [getting dressed]. I think, it probably
added in like 15 minutes to my morning ’cause I remember
going in to work a little later.

Even with his dominant hand unaffected, P4 stated,

Things took longer . I couldn’t do everything in the amount of
time we had.
UHT decreased impact of UE trauma on functional performance
Participants reported that the education and equipment in the

one-handed backpack enabled engagement in activities for which
they otherwise would have had to avoid or seek assistance for.
Without UHT, participants postulated that they would have been
able to perform most daily activities, but it would have taken
increased time to problem solve a solution and to execute the task.

I [P6] tried living for a week without the stuff you gave me.
When I had to take a shower, I literally had my hand outside of
the shower the whole time and I noticed it’s a lot different in
how you effectively clean yourself when you have your hand
outside of the shower as opposed to [having] like a glove [cast
cover] on it.

When I [P7] came back from having the surgery, my mom didn’t
know about the fork and she gaveme a fewmeals without it and
when I was struggling a bit and then I told her, ‘I have a fork in
that bag, can we try that?’ It made mealtimes so much easier.
Discussion

This case series tracked a comprehensive intervention based on
a holistic ADL framework that considered the nuances of individual
complexities of immobilization after hand trauma. All participants
improved on at least 5 of 7 JTT subtests; and all subtests demon-
strated improvement from mean pretest to post-test. There were 3
subtests in which all participants improved: (1) page turning, (2)
lifting light cans, and (3) lifting heavy cans. This may have been
because these are gross motor subtests as compared with other fine
motor (dexterity) subtests such as writing and picking up small
objects. There were 2 participants whose nondominant UE was
injured (P2 and P4). They improved from pretest to post-test on all
but 1 subtest (P4, feeding subtest) suggesting that improvements to
the dominant hand can also be achieved.

Most (5 of 7) of the JTT subtests had more than half of all pretest
and post-test scores within normative range. This could indicate a
potential ceiling effect. A study by Walsh et al36 on the effect of
hand trauma on hand dominance found that “simple, short activ-
ities that do not require sustained finemotor coordination aremore
easily performed with a different hand after injury than complex,
continuous activities that require sustained fine motor coordina-
tion.”36 Most subtests, except writing, do not require sustained fine
motor coordination. Indeed, as expected, a large gap was visually
noted between the nondominant and dominant affected partici-
pants on the writing subtest (Fig. 2).

Developed nearly 5 decades ago, the JTT does not capture daily
tasks that incorporate modern technology. However, all subtests
incorporate functional movements (ie, picking up heavy and light
objects) or basic ADL (ie, eating) and was the most appropriate as
compared with other standardized assessments of simulated ADL
performance. Measures such as the Chedoke Arm and Hand Ac-
tivity Inventory include outdated tasks, such as using a landline
telephone. The Kohlman Evaluation of Living Skills and Barthel
Index measure observed functional performance but focus more on
one’s cognitive ability to execute ADL rather than UE musculo-
skeletal ability. Tests originally developed for amputees, like the
Southampton Hand Assessment Procedure, simulate ADL perfor-
mance using the UE but focus heavily on prehensile patterns to
measure prosthetic function. With an orthopedic population, the
JTT may not have been sensitive enough to pick up difficulties with
functional performance, even if the nondominant hand was being
used. Despite a potential ceiling effect, there was still an overall
trend of better scores from pretest to post-test indicating improved
functional performance. Future research may be needed to develop



Table 3
Individual scores for each outcome measure

JTT

Writing Page Small objects Feeding Stacking Light cans Heavy cans

Pre Post D Pre Post D Pre Post D Pre Post D Pre Post D Pre Post D Pre Post D

P1 35.08 43.96 �8.88 7.13a 5.71 1.42 9.96a 8.41 1.55 22.06a 10.60a 11.46 7.38a 8.96a �1.58 6.33a 4.38 1.95 6.46a 4.33a 2.13
P2 10.18 7.58 2.60 3.98 3.66 0.32 10.90a 6.18 4.72 14.75a 10.48a 4.27 6.40a 5.40a 1.00 4.40a 3.35 1.05 3.98 3.20 0.78
P3 62.47a 38.07 24.40 5.58 4.20 1.38 9.25a 6.27 2.98 13.65a 9.75 3.90 7.75a 5.50a 2.25 5.10a 3.83 1.27 5.45a 4.11 1.34
P4 11.55 11.10 0.45 5.30 3.83 1.47 8.15a 6.66 1.49 6.46 8.50a �2.04 5.85a 5.01a 0.84 4.03a 3.10 0.93 4.11a 3.58 0.53
P5 54.57 46.38 8.19 5.81 5.03 0.78 6.91 7.10 �0.19 8.71 9.05 �0.34 7.61a 5.23a 2.38 4.95a 3.88 1.07 5.26a 4.13a 1.13
P6 34.38 23.21 11.17 5.10 4.25 0.85 7.21 8.46a �1.25 20.59a 12.88a 7.71 7.61a 6.45a 1.16 4.74a 3.90 0.84 4.46a 4.08 0.38
P7 36.81 28.63 8.18 4.35 3.96 0.39 7.86 6.91 0.95 8.88 7.91 0.97 8.35a 5.55a 2.80 4.13 3.46 0.67 3.91 3.35 0.56
P8 75.05a 69.17a 5.88 5.26 4.73 0.53 9.15a 9.45a �0.30 15.10a 12.43a 2.67 10.48a 8.51a 1.97 5.16a 4.18a 0.98 4.46a 4.30a 0.16
P9 30.17 26.78 3.39 3.20 2.60 0.60 5.30 7.58 �2.28 10.66a 10.51a 0.15 4.80 4.28 0.52 2.51 2.20 0.31 2.75 2.50 0.25
Mean 38.92 32.76 6.15 5.08 4.22 0.86 8.3 7.45 0.85 13.43 10.23 3.19 7.36 6.1 1.26 4.59 3.59 1.01 4.54 3.73 0.81

DASH Grooved pegboard Grip strength Pinch strength

Pre Post D Pre Post D Pre Post D Pre Post D

P1 65.52 37.07 28.45 108.72 102.79 5.93 105 95 �1 16 16 0
P2 22.50 11.70 10.80 104.00 102.00 2.00 75 116.70 4 .70 14a 18 4
P3 57.50 53.30 4.20 108.85 95.40 13.45 80 80 19 18 �1
P4 32.50 17.50 15.00 92.14 82.63 9.51 82 73 � 18 20 2
P5 69.17 40.00 29.17 113.99 112.14 1.85 132 142 1 24 22 �2
P6 66.67 50.00 16.67 103.74 100.40 3.34 45 60 1 11 10a �1
P7 75.83 35.00 40.83 93.32 93.49 �0.17 76 80 13 18 5
P8 61.67 54.20 7.47 160.70 109.30a �29.60 50a 54.30a .30 9a 12a 3
P9 32.50 24.20 8.30 86.90 90.82 �3.92 115.70 121.70 24 24 0
Mean 53.76 35.89 17.88 108.04 107.7 0.27 84.52 91.41 .89 16.44 17.56 1.11

JTT ¼ Jebsen-Taylor hand function test; D ¼ change; DASH ¼ Disabilities of the Arm, Shoulder and Hand.
a Score above/below 2 standard deviations of norm.
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Fig. 3. Mean Disabilities of the Arm, Shoulder and Hand scores based on time
immobilized at initial visit.

Table 4
DASH means based on demographic conditions

Demographic condition N Better mean
scores

Pretest
mean

Post-test
mean

Gender
Male 6 X 47.31 30.78
Female 3 66.67 46.10

Age group (y)
20-30 4 X 49.38 37.73
40-50 5 57.27 40.41

Hand affected
Nondominant 2 X 27.5 14.6
Dominant 7 61.27 41.97

Initial pain level
<4 5 X 42.10 28.75
4þ 4 68.34 44.80

Immobilization type
Orthosis 2 X 44.01 24.39
Cast 7 56.55 39.17

Home environment
Spouse/significant other 5 X 51.5 31.5
Other family/roommate 3 64.62 47.09
Alone 1 31.5 24.2

DASH ¼ Disabilities of the Arm, Shoulder and Hand.
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an assessment of UE function more specific to an orthopedic pop-
ulation and more reflective of modern technology.

Participants’ subjective functional performance as measured by
the DASH improved during 4weeks. All participants improved from
pretest to post-test on the DASH, and 5 achieved the MCID. A sixth
participant (P4) fell short off the MCID by a score of only 0.03. There
may have been a few possible explanations for the remaining 3
participants who did not achieve the DASHMCID. Participant 3 (P3)
was the only participant to have her thumb included in immobili-
zation, which may have created more limitations on function. This
is consistent with findings that clients with UE amputations, fol-
lowed by those with thumb injuries, are more functionally
impaired than thosewith other UE trauma diagnoses.5 Participant 8
(P8) enrolled into this study for an injury to his right UE, but later
reported that 3 weeks prior, he had undergone an arthroscopic
tennis elbow procedure on his left UE. He reported residual deficits
from that procedure.

The highest pretest DASH score was reported by P7, but he
demonstrated the largest improvement. This is promising as it may
suggest that individuals who are highly impaired initially can still
make meaningful improvements in function. Conversely, im-
provements in functional performance can be made even if mild
impairments are reported initially. The nondominant affected
participants had the lowest DASH scores but still achieved, or came
close to achieving, the MCID.

The timing of when the pretest DASH was administered was
also considered. Participants completed the DASH at various
time points ranging from the same day as immobilization to up
to 10 days from immobilization (Fig. 3). The 2 participants who
had been immobilized for 8 days also had their nondominant
UEs affected; therefore, their mean score was expectedly lower.
At all other time points, the average DASH score was 47.09 or
higher, indicating moderate functional impairment. This is
consistent with the study by Gustaffson et al4 in which partici-
pants reported the highest functional limitations 1-2 weeks after
injury.

Comparisons of mean DASH scores based on demographic fac-
tors in Table 4 were not significant. In addition, with only 2 par-
ticipants in certain conditions such as hand affected and
immobilization type, means had the potential to be skewed by
outlying scores. However, it is of value to note how various internal
and external factors influenced participants’ perceived functional
performance. Those who lived with a spouse or a significant other
had better DASH scores than those living with other family mem-
bers. It may be that spouses were able to offer more support, or
participants were more comfortable relying on assistance from a
spouse. For example, P8 reported that he did not feel comfortable
asking his niece for assistance with self-care tasks such as dressing
and toileting. The better DASH scores for the 20-30 year group may
reflect that the impact of UE trauma on function is related to age.
Participants immobilized via orthosis rather than a cast reported
lower levels of functional impairment. It could be that this method
of immobilization is less restrictive as the material used is less
bulky. All participants reported 100% compliance with wearing
orthoses at all times; however, with no way to verify other than
self-report, it is possible that a participant could have removed an
orthosis for ADL. The most notable difference between mean DASH
scores was seenwhen comparing hand affected with nondominant
affected participants’ mean scores at least twice as low compared
with the other participants, suggesting less functional impairment.
This supports the concept of injury to the dominant UE as a double-
impact injury due to loss of more dexterous main executor.2 In
addition, this confirms findings by Hodges and Adams37 that hand
dominance has a considerable effect on function. Interestingly, they
found that left-handed individuals are significantly more dexterous
with their nondominant hand compared with the right-handed
group. In other words, left-hand dominant individuals may be
able to adapt better to one-handedness.

Six participants improved dexterity as measured by the GPB.
There was 1 participant (P8) who demonstrated large decline from
pretest to post-test, which may have reflected residual impair-
ments from his prior elbow procedure. Females and participants
between 20 and 30 years performed better, on average, in terms of
dexterity. This is consistent with normative data for this test.38 Six
participants improved grip strength, and 4 participants improved
pinch strength. As expected, based on norms, males had higher grip
and pinch strengthmean scores. Mean strength scores based on age
group did not favor either.

Although overall improvements were anticipated in dexterity,
grip, and pinch strength due to forced increased use, it was also
expected that the unaffected side would have normal values. For
this reason, the HEP component of the intervention was offered to
maintain these basic strength and motion capabilities and may
explain the small improvements in pretest to post-test means
(Table 3). Similar to the JTT, a ceiling effect could have occurred.
Almost all scores in all 3 measures were within the 2 SDs of normal
values for each participant.
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Limitations

Lack of a control or a comparison group limits the generaliz-
ability of the study and makes it difficult to assess the degree to
which time and practice may have contributed to improvements. A
trend toward improvement in function was expected; however,
improvements tend to plateau by 3 months after injury.5 A control
group was purposefully avoided based on (a) a seminal study by
Appleby et al,39 in which 90% of participants who underwent hand
surgery found education beneficial, (b) the previous success of the
one-handed backpacks used at Walter Reed Army Medical Center,
and (c) the authors’ collective clinical experience with clients with
UE impairment benefiting from ADL training. This study was also
limited by the lack of a more prescriptive and customized exercise
program based on each participant’s baseline hand function per-
formance. This study could have been improved by adding an
additional study aim to assess a cross-transfer gain.

Although there are inherent limitations to a case series design,
there were several benefits. This case series marks the beginning of
tracking a comprehensive intervention based on a holistic ADL
framework or viewpoint. It included the nuances of individual
complexities to provide a deeper understanding and fosters
inductive reasoning to develop the clinical knowledge base. In
addition, researcher bias was minimized by prospectively studying
a group following a specific protocol. Future research could include
larger group analysis to allow for inferential statistical analysis and
to further examine hand dominance and adaptation. A multisite
study to compare UE trauma standard of care to UHT or a similar
ADL intervention could improve generalizability. Finally, dexterity,
grip, and pinch strength did not seem to have major impact on
functional performance in this study. Future research could explore
the impact of a more specific and strictly enforced HEP protocol or
the effects, if any, of unilateral strength training on the cross-
transfer phenomenon.

Clinical implications

Improvements in objective measures such as range of motion
may not always translate into successful participation in daily ac-
tivities.39 Study results found benefit to the UHT in assisting with
performance of daily activities; these results may encourage ther-
apists to incorporate an ADL/IADL intervention into the plan of care
for individuals who sustain UE trauma. In addition, UHT and its
components demonstrate good feasibility for practice. Client edu-
cation is easily incorporated into treatment and positively in-
fluences recovery.39 The education and equipment reportedly
enabled participation in occupations that participants otherwise
may have stopped doing due to immobilization. Participants were
made aware of practical ideas such as making alternate choices
when buying everyday products (eg, flossers instead of dental floss
spool) or exploring already available options (eg, accessibility set-
tings on cell phone).

The total value of each backpack was approximately $162.
Backpacks were obtained with grant funding and provided to
participants at no cost. At present, it is unlikely that private insur-
ance would cover similar equipment; however, it is arguable that
the cost may be marginal when compared with the potential
expense to treat a reinjured UE. In addition, total cost of the one-
handed backpacks can be lessened as contents can be customized
to individuals. For example, the adapted cutting board could be
excluded for individuals who did not cook often before injury. If
costs or other logistical issues, such as storage space, prevent
providing clients with equipment, the items used in this study can
help clinicians prioritize recommendations. Several participants
reported using all items in the one-handed backpack. All
participants believed that the cast shower cover, an item available
at most drug stores, saved time and helped with performance of
self-care. Participants reported that the most often used adaptive
equipment included the cutting board, Knork�, bottle opener, can
opener, scoop dish plate, and one-handed flossers.

Finally, there were various benefits reported by participants
regarding the HEP. P7 stated, “I like[d] doing something [with the
exercises]. I felt like I was . participating in my healing process.”
Most hand therapy clinics already have Theraputty, and it is rela-
tively inexpensive. In addition, alternate methods for improving
strength in the unaffected UE could be used such as isometric ex-
ercises or functional activities.
Conclusion

Improving function is a core principle driving all occupational
therapy treatments. The usefulness and feasibility of UHT encour-
ages a change in culture in hand therapy to address ADL/IADL in
evaluations and treatments. Therapists may take knowledge gained
from the participants’ experiences shared through this case series
to develop an early intervention like UHT to educate clients on
effective strategies to improve immediate ADL functioning and
potentially prevent long-term impairments.
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JHT Read for Credit
Quiz: # 586
Record your answers on the Return Answer Form found on the
tear-out coupon at the back of this issue or to complete online
and use a credit card, go to JHTReadforCredit.com. There is
only one best answer for each question.

# 1. The following were measured

a. grip strength
b. dexterity
c. pinch strength
d. all of the above
# 2. The impact of UHT on patients was explored through

a. chart reviews
b. video analysis
c. qualitative interviews
d. interviews of treating physicians and therapists
# 3. Functional performance was more impaired in patients

a. sustaining injury of the dominant upper extremity
b. sustaining injury of the non-dominant upper extremity
c. equally of either upper extremity
d. injured in a recreational activity
# 4. The therapeutic program was

a. referred to but not described in detail
b. described in detail
c. implied but not specifically referenced
d. complex and required TIW visits to the hand therapy clinic
# 5. Patients reported that they felt the exercise regime was
beneficial

a. false
b. true
When submitting to the HTCC for re-certification, please
batch your JHT RFC certificates in groups of 3 or more to get
full credit.



Appendix A.

Semistructured interview
1. Did you ever go through something similar to this injury

before? (ie, had to negotiate with cast/orthosis) YES/NO
2. How did your injury impact your daily life? What types of ac-

tivities were affected if any? Did you have to change the way
you did things? Did you have to rely on help from someone
else?
a. Dressing, bathing, grooming, eating, cooking, opening con-

tainers, lifting, shopping, driving, cleaning, childcare, work,
hobbies

3. How did the education and equipment you received help you
perform your daily activities?
a. What equipment did you NOT use, why

i. Flossers, LockLaces�, can opener, Magic Opener�, jar
opener, cutting board, Knork�, scoop dish, shower shield,
Dr Grip� pen, Dycem�

b. What ONE item did you use the MOST, why
i. Flossers, LockLaces�, can opener, Magic Opener�, jar
opener, cutting board, Knork�, scoop dish, shower shield,
Dr Grip� pen, Dycem�

4. What help did you still need from friends or family?
a. Dressing, bathing, grooming, eating, cooking, opening contain-

ers, lifting, shopping, driving, cleaning, childcare, work, hobbies
5. If you did not get the education and equipment, what would you

have done?
a. Looked on the Internet
b. Asked friend/family member for help
c. Avoid certain things (ie, opening jars)
d Call Dr back and ask
e. Other . .

6. Did you take off your orthosis/cast in the last 4 weeks? YES/NO
a. Why/for what

i. Pain
ii. Dressing
iii. Bathing
iv. Work
v. Driving
vi. Other . .

7. How often did you do your exercises?

Appendix B.

Intervention handout
The following information and equipment was designed to assist
you in performing your daily tasks more efficiently and safely
while your arm/hand is casted or splinted to recover from injury.
There are numerous ways to perform daily tasks beyond the
suggestions provided. There is no right or wrong way to perform
different activities; however, we want to ensure that you can do
so while safely maintaining the precautions outlined by your
physician (keeping your injured hand/arm from moving). The
purpose of this information is to give some examples of methods
that will allow you to do so.

One-handed techniques/activity modifications

� Dressing
B Shirts: choose pullover instead of button up if possible;

thread injured arm into sleeve first
B Pants: choose pants with easier fasteners if possible (draw-

string/elastic waist instead of buttons, zippers); button ex-
tenders can sometimes make buttoning easier (eg, easy fit
jeans buttons)

B Shoes: slip-on shoes, Velcro fasteners instead of laces, elastic
laces, one-handed lace tying

B Males: clip on ties/bows, Ziptie
B Females: front clasp or Velcro fastener bra

� Writing
B Clipboard, paperweight, nonskid surface (eg, Dycem), or tape

paper to surface for stabilization
B Pencil grips or choose fatter pen/pencils

� Technology options
B Typing/computer work:

- Microsoft accessibility options
� Start / Control panel / ease of access/accessibility
options

� StickyKeys: designed for people who have difficulty
holding down 2 or more keys at a time. When a shortcut
requires a key combination such as Ctrl þ P, StickyKeys
allows you to press 1 key at a time instead of pressing
them simultaneously

� Mouse settings: hover instead of having to click, control
with keyboard, and others

� Built-in speech recognition
- Word prediction software (eg, Dragon NaturallySpeaking)

B Cells phones
- One touch dialing using preprogrammed numbers

(favorites)
- Voice commands for calling, texting, and others
- Headset or Bluetooth to answer/make calls without

touching phone
- iPhone (settings / general / accessibility settings)

� Assistive touch: allows you to use if you have difficulty
touching screen or home button

� Custom gestures: allow you to record gestures
� Click speed: adjust speed required to activate double and
triple click home

� Driving: Safety is paramount. Follow the instructions of the
medications that the doctor prescribed, if any, and never operate
a vehicle if you feel you cannot safely do so
� Grooming/hygiene

B Cast shield in shower/bath
B Use electric razor (more stable and safe)
B Wall-mounted hair dryer
B Suction brush attached to sink or counter can be used for

nail care (or fasten emery board to table top); mounted
nail clipper

B Instead of screw-top cap, use a pump bottle for shampoo,
condition, and others; toothpaste container instead of tube

� Home management
B Nonskid mats to keep pots, bowls, and dishes from sliding

during meal preparation
B Easier meals (microwave meals, slow cooker, etc.)

Adaptive equipment

There are a number of commercially available devices and
specialized adaptive equipment designed to assist in the perfor-
mance of one-handed tasks. You will be provided with the
following equipment to trial/use as appropriate:

� Sling backpack
� One-handed dental flossers
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� Dycem
� Dr Grip retractable pen
� LockLace
� Electric letter opener
� Hands-free can opener
� Hands-free bottle opener
� Hands-free jar opener
� One-handed cutting board
� Knork�
� Cast/splint shower shield
� Scoop dish

Examples of additional devices available:

� Clip on neck ties/bows
� Rocker knife
� Plate guards
� Pan stabilizer

� Wash mitts
� One-handed nail clippers
� Electric toothbrush

Home exercise program

During your immobilization period, your noninjured hand
will be mainly responsible for execution of daily tasks. These
exercises are designed to improve the strength and dexterity of
your noninjured hand so that performance of these tasks be-
comes easier.

� Putty press: use dowel to slowly press into putty
� Putty roll and pinch: roll putty into long thin cylinder and then
pinch with index finger, middle finger, and thumb

� Items in putty: bury 10-20 coins, paper clips, small items
(eg, beads) into putty and then pull out using fingertips
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