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Abstract

The National Institutes of Health has recognized the importance of identifying non-pharmacological
interventions to promote cognitive and functional health in individuals with Alzheimer’s disease and related dementias, including
frontotemporal dementia (FTD). FTD, which is the second most common form of dementia in individuals under the age of 65, leads to
deficits in behavior, executive function, language, and motor function. The purpose of this case report is to examine a progressive
strengthening and balance exercise program to improve function in an individual with FTD. The patient was a 47-
year-old male with FTD, presenting with decreased balance and generalized weakness. His history included multiple falls and frequent
hospital admissions due to physical/cognitive declines. A biweekly, 12-week plan of care was developed to address
weakness and balance impairments using moderate-intensity exercises based on an efficacious intervention for individuals with
dementia. Outcomes: At discharge, the following improvements were noted: 30-Second Chair Stand Test = 12 repetitions to 29
repetitions (MDC=2 repetitions). Four Square Step Test = 9.33 seconds to 5.86 seconds (indicating a non-fall risk). Dual Task
Interference = dual-task cost from 50.10% to 38.49%. Agility T-Test: 19.90 seconds to 15.01 seconds (MDC=1.10 second).
Improvements in strength and balance were seen in as little as 7-14 visits. Advances were also made in agility and dual-task cost,
allowing the patient to wean from daily use of his cane. Therefore, moderate-intensity exercise has the potential to improve physical

function in individuals diagnosed with FTD.
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The National Institute on Aging has recognized the importance of identifying promising non-pharmacological
interventions to promote health in individuals with Alzheimer’s disease and related dementias [1]. The most recent
summit urged scientists to include individuals with younger-onset dementia, such as frontotemporal dementia (FTD),

in research as the body of literature is very limited. FTD is the second most common form of dementia in individuals
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under the age of 65 and is defined by clinical presentation, such as deficits in behavior, executive function, language,
and motor function, and focal degeneration of the frontal and temporal lobes [2], [3]. FTD includes three subtypes:
behavioral variant FTD (bvFTD), semantic variant of primary progressive aphasia, and nonfluent variant of primary
progressive aphasia. Half of the FTD cases reported are bvFTD, which displays bilateral frontal atrophy, a decline in
social functioning, personality changes [3], [4], and an average survival time of 3 years [5]. Despite identifying these
characteristics, there is no functional profile or consensus of how an individual with FTD presents clinically in balance,

strength, or coordination.

Currently, there are no disease-modifying drugs approved for the treatment of FTD. As the disease progresses, the
primary focus is managing the behavioral symptoms via selective serotonin reuptake inhibitors and low doses of
atypical antipsychotics [6]-[9]. The effects of exercise or physical therapy on behavioral and physical function in these
patients is absent from the literature. However, there is evidence that supports the use of exercise [10]-[15] and more
specifically moderate-intensity exercise [16]-[19] to improve physical function as well as executive function in
individuals with dementia. With exercise having such vital effects on function in individuals with and without dementia,
there is a question of its effectiveness on related dementias, including FTD. It is important for clinicians to understand
the most appropriate method of intervention for this specialized patient population; therefore, the purpose of this case
report was to examine the impact of a progressive moderate-intensity strengthening and balance exercise program on

an individual with FTD.

The patient was a 47-year-old white male living with his wife and son. He was diagnosed with bvFTD with Parkinsonism
in 2013, confirmed via bitemporal hypometabolism by PET scanin 2017. He presented to physical therapy with primary
complaints of back pain and balance impairments for six years. He had participated in physical therapy for his balance
impairments with minimal improvements, but never for back pain. He used a single-point cane on his left side for
community ambulation. The patient had a history of multiple falls, with the most recent being 1.5 years prior while

descending stairs.

Relevant medical history included multiple nerve sheath tumors from radiation exposure while serving in the Navy.
The three most distal tumors were resected prior to examination, with no reported change in function or pain. His wife
reported frequent periods of stability by the patient, followed by a decline in physical and cognitive function, leading to
violent psychotic episodes and psychiatric hospitalizations with medication adjustments. At the time of the
examination, he was reportedly at a physical and mental peak. His medications at the time of the examination and
indications for those medications are listed in Supplemental Table 1 (after the conclusion). He had been receiving botox
injections for migraines, alternated with nerve blocks for pain every 12 weeks. Despite numerous comorbidities, bvFTD

was the primary diagnosis for which he was being treated.
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Informed consent was signed prior to beginning the initial examination. This study was completed meeting all HIPAA
(Health Insurance, Portability, and Accountability Act) requirements of the institution for disclosure of protected health

information.

A subjective history was taken, all systems were reviewed, and vitals were stable prior to beginning the objective
portion of the examination. The patient had functional, pain-free range of motion during squatting and overhead
reaching. He demonstrated rounded shoulders with standing and sitting posture and bilateral Trendelenburg sign with
single leg stance. All upper and lower extremity muscle strength [20] was normal (5/5), except middle trapezius (3+/5),
lower trapezius (3+/5), supraspinatus (3+/5), and gluteus medius (4-/5) bilaterally. All dermatomes were intact to

light touch. The patient’s grip strength was recorded at 93.6 Ibs/force (right/dominant) and 77.7 lbs/force (left).

Various functional measures (Table 1) were utilized to objectify the patient’s gait speed, lower-extremity strength, as
well as static and dynamic stability to determine the cause of the balance impairment. Since research is absent on
outcome measures utilized for individuals with FTD, measures used were appropriate for individuals with cognitive
deficits and individuals of younger age. Comfortable and fast gait speed were measured via the 8-Foot Walk Test
(8FWT), as gait speed has shown to predict overall function, fall risk, and mortality in older adults [21], [22]. The 30-
Second Chair Stand Test (30CST) was used to assess lower-extremity strength, as it has a moderate correlation to
weight-adjusted leg-press performance (r=.77) and a high test-retest reliability (ICC=.89) [23]. Functional mobility was
assessed via the Timed Up & Go (TUG), as it demonstrates good inter- (ICC=.91) and intra-tester (ICC=.92) reliability
regardless of the level of cognitive function [24]. Static and dynamic balance were assessed via the Modified Berg
Balance Scale (MBBS), the Four-Square Step Test (FSST) [25], and the Fullerton Advanced Balance (FAB) Scale. The
MBBS was chosen over the Berg Balance Scale as it has been found to be a better predictor of falls in individuals with
dementia [26], [27]. The FAB was used after the patient demonstrated a high score on the MBBS, as the FAB has been

shown to have good validity and incorporates more difficult tasks including jumping and reactive balance [28], [29].

An outcome measure to examine the patient’s cognitive status was not included in the examination due to the purpose
of rehabilitation not being related to cognition. It is important to note that the patient was able to follow all commands

and directions and respond to questions appropriately according to his caregiver/wife.

Currently, normative values for the FTD population are absent, so they were analyzed as follows:
Gait Speed: The patient demonstrated a comfortable gait speed faster than 1.0 meter/second, which correlates with a

decreased risk of hospitalization and death in older adults [30].

Strength: The patient demonstrated muscular deficits bilaterally in his middle/lower trapezius, gluteus medius, and
supraspinatus via MMT. His score of 12 repetitions on the 30CST was below the average of 13.7 repetitions in

community dwelling adults (mean age = 70.5 years) [23], demonstrating functional lower extremity weakness. His grip
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strength of 93.6 lbs/force (right/dominant) falls in line with similar-aged individuals, with the average being 103.6
lIbs/force [31].

Functional Mobility: The patient completed the TUG in 7.43 seconds with a single point cane (SPC) and 7.40 seconds
without. Both of these scores are well below the cut-off score of 14 seconds for falls; however, this normative data is

comparative to ages of 60 and above [32].

Balance: The patient received full points for all categories, besides tandem stance, on the MBBS with a final score of
43/44. His score of 36/40 on the FAB was well above the cut-offs for fallers; however, the patient showed deficits in
tandem walking, walking with head turns, and reactive balance. The patient’s FSST score of 9.33 seconds placed him in
the “non-multiple faller” group despite being below the cut-off score of 15 seconds for falls; however, he was not fast

enough to be placed in the “non-faller” group due to the average time of this group being 8.70 seconds [25].

Overall, the results are indicative of numerous functional deficits requiring skilled intervention. The main impairments
that appeared to be contributing to his falls were lower-extremity weakness and dynamic instability. The patient also
demonstrated decreased postural strength and back pain, therefore postural strengthening was proposed to improve
core strength. It was recognized that the cause of the back pain was likely not from a musculoskeletal origin, but rather
nerve sheath tumors along his thoracolumbar region; therefore, the goal of core strengthening was not to decrease pain,

but to improve strength and function.

A plan of care was created for two times per week for 12 weeks, utilizing moderate-intensity exercise as it is an effective
method for improving function in individuals with dementia [16]-[18]. To increase adherence and participation, a

strength-based approach was utilized as outlined by Dawson and Judge [18], [19].

Each session began with a warm up of a brisk walk or stationary bicycling. To encourage active engagement in the
treatment, the patient chose one of two functional exercises from each of the following categories: upper extremity
strengthening, lower extremity strengthening, balance, and agility (Fig. 1). Core strengthening/endurance exercises
were added to the upper extremity strengthening category after the first session due to the patient’s inability to perform
a plank for 30 seconds. Each exercise was dosed at moderate-intensity via completing two sets of 8-12 repetition
maximum (60-80% of one-repetition maximum). If an 8-12 repetition maximum was not appropriate for a given
exercise, a rating of 6-8 (hard to very hard) was aimed for on the Modified Borg Scale for Rate of Perceived Exertion
(RPE). Due to the decreased validity of RPE in individuals with dementia, a rating of 15-18 on the original Borg Scale
for RPE was utilized after week three to compare the reported level of intensity with a more physiological objective
value, heart rate. Research has shown a moderate correlation between heart rate and RPE scores in individuals with
dementia [33]. The exercises were modified through altering intensity to ensure the patient remained in this range, as

it has been shown to be effective for safe strengthening [34]. Fig. 2 displays a list of interventions utilized. As the patient
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demonstrated improvements in strength and balance, the intensity of exercise was increased and more difficult

interventions were added, such as dual-tasking.

Upper Extremity/Postural Strengthening

Planks Shoulder taps on
elevated surface

Lower Extremity Strengthening
Dynamic lunges

Balance Exercises
SL balance with star Reactive stepping with
excursion external perturbations
Agility Exercises

Agility ladder Skater jumps

Fig. 1. Strength-based approach formatting.
Note: Session structured for the patient to select from the four categories. This strategy implemented the last
component of the strength-based approach established in Dawson et al.,, [18], [29] (patient’s choice) which encouraged

active participation from the patient, and increased overall adherence to the regimen.

Upper Extremity/Postural Resisted shoulder horizontal abduction, Resisted
Strengthening shoulder external rotation, Resisted shoulder
extension, Wall clocks with resistance, Prone YTls,
Paloff press, Elevated push-ups, Planks, Side Planks,
Alternating shoulder taps in plank

Lower Extremity Strengthening Forward step ups, Lateral step ups, Retrograde step
ups, Resisted sidestepping, Forward lunge, Side lunge,
Squats, Supine Bridges, Single leg deadlifts, Eccentric
heel taps

Balance Exercises Romberg stance (with eyes opened and closed; on
varying surfaces; with perturbations), Tandem stance
(on varying surfaces; with perturbations), Single leg
stance (varying surfaces; addition of naming, serial
calculations, and phonetic alphabet for motor-cognitive
dual task; with perturbations; with opposite leg reaching
for targets), Reactive stepping in various directions
(with leaning into therapist's hands), Lateral step overs
(varying heights; varying surfaces), Tandem walking
(with catching/throwing objects and head turns for
motor-motor dual task; with eyes closed), Tandem
walking (with naming, serial calculations, and phonetic
alphabet for motor-cognitive dual task)

Agility Exercises Agility ladder (double leg forward; single leg forward;
lateral double leg in/out; ickey, shuffle) Four Square
Stepping (over hurdles of varying heights; stepping
onto varying surfaces), Hurdles (lateral and forward),
Hopscotch, Shuttle runs, Alphabet cone drill (forward
running and lateral shuffling)

Fig. 2. Intervention examples utilized.

5. Outcomes
Re-assessments were administered monthly and the plan of care was extended to 18 weeks secondary to the patient
undergoing a nasal fracture surgery after the 2-month re-assessment and being unable to attend therapy for 20 days.
Over the 18-week period, the patient participated in the total prescribed amount, 24 total sessions with reported

compliance to the home exercise program. Multiple outcome measures were upgraded due a ceiling effect at baseline
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or the patient scoring within age-related normative data, which provided a natural progression of goals as indicated.
For example, the patient met normative values on the MBBS and FAB; therefore, new goals were made using the Agility
T-Test and Dual Task Interference (DTI), which are more challenging measures of similar functional constructs. The
DTI and the Agility T-Test (Fig. 3) were specifically added to target the effect of a cognitive task on physical function
[35], [36] and higher-level agility performance [37]. Table 1 displays the change in scores from baseline to discharge.

C B D

’ 5 yards . 5 yards .

10 yards

. Start/Finish
A

Fig. 3. Agility T-Test.
Note: The procedure of this test is as follows:
The patient starts at cone A. On “GO” the stopwatch begins and the patient runs forward to cone B to touch the cone
with his right hand. He then turns left and side shuffles to cone C, touching it with his left hand. He then side shuffles to
the right to cone D and touches the cone with his right hand. He then shuffles back to the left, touching cone B with his
left hand. Finally, he backpedals to cone A. The stopwatch is stopped as he passes cone A. This is completed as fast, but

safe, as possible.

Table 1: Outcome Measures Throughout Assessment Periodsa.

8FWT with SPC at 1.09
comfortable speed (m/s) Discontinued based on ceiling effect
8FWT with SPC at fast 1.38
speed (m/s) Discontinued based on ceiling effect
30CST without UE (reps) 12 23 29 +17¢ 2
TUG with SPC (s) 7.43
Discontinued based on ceiling effect
TUG without SPC (s) 7.40
Discontinued based on ceiling effect
Modified Berg Balance 43/44
Scale Discontinued based on ceiling effect
FSST without SPC (s) 9.33 5.86 6.10 -3.23 Not
established
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Fullerton Advanced 36/40

Balance Scale Discontinued based on ceiling effect

Agility T-Test 19.90 16.80 15.01 -4.89¢ 1.10
without SPC (s)

Dual Task Interference 50.10 48.48 38.49 -11.61 Not
(%) established

aMCD = Minimal Detectable Change, BFWT = 8-Foot Walk Test, SPC = single point cane, UE = upper extremities,
TUG = Timed Up and Go Test, and FSST = Four square Step Test

bChange in score or time from baseline to discharge

¢Change in score/time > MDC

Overall, the patient demonstrated improvements in strength, balance, agility, and dual-task interference. A 17-
repetition increase was seen in the 30CST, which is well above the minimal detectable change (MDC) of 2 repetitions
for lower extremity strength [38]. An increase in MMT scores was seen bilaterally for the lower trapezius (4+/5), middle
trapezius (4+/5), supraspinatus (4-/5), and gluteus medius (5/5). FSST decreased from 9.33 to 6.10 seconds, which re-
categorized him in the “non-faller” group [25]. A decrease of 11.61% in dual task interference was seen, with overall
improvements in tandem gait speed both with and without dual task. A 4.89 second decrease was noted in the Agility
T-Test (MDC = 1.10 second) [37]. These improvements in function also led to the discharge of the patient’s single point
cane during community ambulation. He reported that he felt much steadier on his feet, while his wife reported an

increase in chores around the house. No adverse effects occurred or were reported during the duration of treatment.

This study contributes to the literature by demonstrating functional gains made by an individual with FTD following
moderate-intensity exercise. These findings are consistent with a large body of evidence supporting moderate-intensity
exercise in individuals with Alzheimer’s disease and related dementias; however, it is the first to outline its impact on
a younger-onset dementia [10-18]. Moderate-intensity exercise is a critical non-pharmacological intervention that is
vastly underutilized in this patient population and this study demonstrates a successful implementation with our

patient and the potential utility in managing symptoms in other individuals with FTD.

There is a need to create evidence-based programs that empower these individuals to continue increasing and
maintaining their physical function. Utilizing the structure outlined by Dawson et. al, there is evidence that supports the
use of a moderate-intensity exercise program with a strength-based approach to improve overall function in individuals
with dementia [18], [19]. Through this 18-week intervention, the patient saw improvements in strength and balance in
as little as 7-14 visits, which can be applicable to the outpatient physical therapy setting [39]. These results highlight

the importance of physical therapy in the multidisciplinary care of individuals with any type of dementia.

Due to the lack of normative values and MDC'’s for individuals with FTD, there were limitations with comparison of
initial outcomes and improvements to a population of similar age and diagnosis. Based on this lack of literature, there
is a need to gather this data for the affected younger population with FTD. Another limitation of this case report is the

presence of neurologic comorbidities alongside the diagnosis of bvFTD, including Parkinsonism, multiple spinal nerve
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sheath tumors, and neuropathy. Although the patient didn’t present with any signs and symptoms of Parkinson’s
Disease and demonstrated normal sensation/proprioception, it is unknown how his additional diagnoses played a role
in his rehabilitation outcome. Due to the presence of these additional comorbidities, there is uncertainty that his
functional symptoms were attributed solely to bvFTD, and thus limits the ability to generalize these results to all

individuals with FTD. More research is needed at the current time to determine the functional profile in individuals

with FTD.

This case report utilized skilled physical therapy that included progressive moderate-intensity strength and balance
exercises with a strength-based approach to improve overall function in an individual with bvFTD. These results

highlight the importance of integration of these techniques into clinical practice and further research on the impact of

exercise in individuals with FTD.

Supplemental Table 1: Patient’s Medication List.

Drug (Indications) Dosage

Oxycodone (Pain) 5 mg PRN every 8 hours

Oxycodone (Pain) 10 mg every 8 hours

Valtrex (Antiviral) 500 mg every day
Effexor (Depression) 187.5 mg every day
Docusate (Constipation) 100 mg twice daily
HCTZ/Lisinopril (Hypertension) 12.5 mg/20 mg every day
Loratadine (Antihistamine) 10 mg PRN
Sennosides (Constipation) 8.6 mg three, twice daily
Depakote (Seizures) 500 mg three daily

Vitamin D3 400 units twice daily

Quetiapine Fumarate (Bipolar 1 Treatment) 100 mg half morning, half mid-day, twice at night

Mirtazapine (Depression) 30 mg every day
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