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Background and Purpose. Lyme disease is well documented in the literature;
however, specific physical therapy interventions for the pediatric population with
residual effects of Lyme disease have not been addressed. The purposes of this
retrospective case report are: (1) to present an example of a therapeutic intervention
for a pediatric patient in the late stages of Lyme disease with related musculoskeletal
dysfunction and severely impaired quality of life, (2) to report the patient’s functional
outcomes from treatment, and (3) to discuss implications for treatment of patients
with musculoskeletal dysfunction in the late stages of Lyme disease.

Case Description. The patient was a 14-year old girl who had contracted Lyme
disease 1 year prior to initiation of physical therapy. She was unable to participate
with her peers in school, church, and sporting events due to significant impairments
in strength (force-generating capacity), endurance, and gait; fatigue; pain; and total
body tremor. Therapeutic exercise and gait training were used for treatment. The
patient actively participated in managing her care by providing feedback during
interventions and setting goals.

Outcomes. After 18 weeks of treatment, the patient achieved 96.7% of her
predicted distance on the Six-Minute Walk Test with normal gait mechanics and
returned to playing high school sports. She had a manual muscle test grade of 4/5 or
greater in major extremity muscle groups. She returned to school and church
participation with minimal total body tremor when fatigued and daily pain rated 0 to
3/10.

Discussion. Therapeutic exercise and gait training may facilitate return to func-
tion in an adolescent patient with late effects of Lyme disease. Further investigation
is advised to establish treatment effects in a broader population.
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Lyme disease is the most common
tick-borne disease in the United
States and occurs through infec-

tion by the spirochete bacteria Bor-
relia burgdorferi.1,2 Lyme disease is
a “multisystem disorder with diverse
cutaneous, arthritic, neurologic,
[and] cardiac” manifestations, which
may occur within days or weeks fol-
lowing infection, but may not
become apparent until months or
years after the initial infection.3 The
typical disease course begins when
an infected tick bites and remains on
the host for at least 48 hours. This
contact with the tick is followed by
the characteristic bull’s-eye rash (ery-
thema migrans), which occurs in
70% to 80% of people who are
infected.4 Flu-like symptoms, myal-
gia, and large-joint inflammation may
result.4–6 The incidence among chil-
dren aged 5 to 10 years (23 per
100,000) is twice that among adoles-
cents and adults aged 20 to 35 years
(8–12 per 100,000). The incidence
peaks in the adult population
between 60 and 70 years of age
(19 per 100,000). The cases of
reported Lyme disease occur with a
higher frequency in densely wooded
areas—especially of New England
states.2,7 In 2009, 95% of reported
cases occurred in 12 northeastern US
states alone.4

Typically, 60% of those diagnosed
with Lyme disease develop Lyme
arthritis, especially in the knees, dur-
ing early dissemination of the dis-
ease.4,8 In the late stages of the dis-
ease, patients may develop
continuing or relapsing generalized
symptoms such as fatigue and mus-
culoskeletal pain.8 Cases have been
documented where patients exhib-
ited fibromyalgia-like symptoms or
general self-limiting, nonspecific
symptoms persisting longer than 6
months after the original infection,
but their incidence has not been
established.5,6,9 Some authors have
reported pain occurring in large
joints, which may or may not be

polyarticular, and that may appear
post–Lyme infection.5,10 These
authors recommended physical ther-
apy interventions, although they did
not specify any particular methods
of intervention.

Lyme disease has been classified as a
rheumatic disease. Several authors
have reported incorporating physi-
cal therapy in the treatment of peo-
ple with general rheumatic diseas-
es.10–13 Physical therapy for late
stages of Lyme disease has been men-
tioned by a few authors as an adjunct
therapy for persistent musculo-
skeletal dysfunction.5,14–16 The pub-
lication by Ellenbogen14 is not an
experimental study but rather a com-
mentary, and Sigal5 mentioned phys-
ical therapy for patellofemoral pain
that might occur due to quadriceps
muscle weakness from joint pain
after Lyme infection. Although not
specifically addressing physical ther-
apy interventions, Klempner et al6

performed a double-blind, placebo-
controlled study of the effects of
antibiotics on adult patients with
seropositivity to B. burgdorferi and
patients with seronegativity and a
documented incident of erythema
migrans. Patients included in this
study had onset of chronic symp-
toms within 6 months of the initial
tick bite that interfered with their
functioning such as “widespread
musculoskeletal pain, cognitive
impairment, radicular pain, paresthe-
sias, or dysesthesias.”6(p85) They
found that patients with the chronic
effects of Lyme disease persisting
after unsuccessful antibiotic treat-
ment were considerably impaired in
their health-related quality of life.
Most notably, according to the Med-
ical Outcomes Study 36-Item Short-
Form Health Survey questionnaire
(SF-36) scores they recorded, these
patients were as impaired as other
patient populations with congestive
heart failure or osteoarthritis.

Rheumatoid arthritis (RA) also is clas-
sified as rheumatic disease.13 A num-
ber of studies of varying quality have
investigated the effects of physical
therapy interventions and therapeu-
tic exercises for adult patients with
RA.18–20 The general consensus is
that therapeutic exercise appears to
be a beneficial intervention for
adults with RA. In the pediatric pop-
ulation, numerous authors have con-
cluded that physical therapy was
beneficial for patients with juvenile
rheumatoid arthritis (JRA). Interven-
tions ranged from splinting, rest, and
palliative modalities (ie, ice, heat,
and ultrasound) to therapeutic exer-
cise and aquatic therapy, with thera-
peutic exercise promoted as a viable
approach to restoring function in
patients with JRA.11,21–23

In light of these findings for the treat-
ment of rheumatic diseases, thera-
peutic exercise was postulated to
produce similar outcomes in a
patient affected by the late stages of
Lyme disease. Of note, neither the
studies on general rheumatic disease
nor the articles specifically mention-
ing physical therapy for musculo-
skeletal dysfunction as a result of
Lyme disease addressed specific
physical therapy interventions or
guidelines for treating the general or
pediatric population with adverse
functional sequelae associated with
the late stages of Lyme disease.

The purposes of this retrospective
case report are: (1) to present an
example therapeutic intervention
for a pediatric patient in the late
stages of Lyme disease with related
musculoskeletal dysfunction and
severely impaired quality of life,
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(2) to report the patient’s functional
outcomes from treatment, and (3) to
discuss implications for treatment
of patients with musculoskeletal dys-
function in the late stages of Lyme
disease.

Patient History and Review
of Systems
The patient was a very thin, 170-cm
(5.58-ft)-tall, 14-year-old girl diag-
nosed with Lyme disease after receiv-
ing a tick bite while playing outdoors
on a warm winter day in February in
New England. She reported finding
and removing the tick. The site of
the bite became sore and developed
the characteristic erythema migrans
rash. Two days after finding the tick,
the patient was seen by a nurse prac-
titioner at her primary care physi-
cian’s office. The nurse practitioner
recognized the rash, ordered blood
work, and prescribed 1 month of
doxycycline. The initial test returned
a negative result, and the antibiotics
were discontinued.

Over the next few weeks, the patient
began to report increased fatigue
and joint pain radiating from her jaw
to her knees initially, then to her
elbows, back, and ankles, with her
knees and ankles being the worst.
The primary care physician
re-ordered blood work 1 month after
the initial episode. The patient tested
positive for Lyme disease and
received another course of doxycy-
line for 1 month, with continued
worsening of symptoms. Seven
months after the initial bite, the
patient was withdrawn from school
and referred to another physician
who prescribed a cocktail of medica-
tions, including doxycycline, amoxi-
cillin, clarithromycin, probenecid,
and Mepron* (atovaquone). Four
months later, the patient had diffi-
culty ambulating and had constant
total body tremors, as reported by

the patient’s mother. One year after
the original tick bite, the patient con-
tinued to experience total body pain,
fatigue, and constant tremor. She
was referred to a pediatric rheuma-
tologist and specialist in Lyme dis-
ease, who discontinued the antibiot-
ics and ordered physical therapy. At
the time of the patient’s referral, she
was not receiving outside medical
care, and she was taking only over-
the-counter Aleve† (naproxen) as
needed for pain relief.

At the initial assessment, the patient
and her mother reported that since
the infection she had not been
attending school, participating in her
church youth group, playing sports,
or doing light chores. She also had
episodes of falling down stairs due
to her knees buckling. She stated
that falling episodes had diminished
at the time of her physical therapy
evaluation. Prior to the Lyme infec-
tion, her past medical history was
unremarkable. The patient’s goals
for physical therapy were “to run,
participate in sports, pick up things
without hurting, and go to the
[church] youth group.”

Clinical Impression
The patient reported impaired func-
tional mobility in activities of daily
living (ADL) and instrumental activi-
ties of daily living (IADL) due to total
body pain, fatigue, and constant
tremor resulting from the original
Lyme infection. She was unable to
participate with her peers in school,
church, and sporting events. The
evaluating physical therapist deter-
mined the patient needed a thor-
ough strength (force-generating
capacity) and range-of-motion
(ROM) examination, gait analysis,
balance testing, pain and fatigue
assessment, and a brief neurologic
workup to rule out any possible cen-
tral nervous system dysfunction. The

patient’s unusual history and signifi-
cant limitations afforded a unique
opportunity to research and present
interventions for a patient affected
by Lyme disease.

Informed consent was obtained from
the patient and her mother to use
her case for this article. In accor-
dance with HIPAA regulations and
hospital policies, permission was
obtained from the hospital privacy
officer to use the medical records
in this case. The records were
de-identified for confidentiality
purposes.

Physical Examination
The patient exhibited a total body
resting tremor greatest in all 4
extremities when sitting. The tremor
disappeared with joint approxima-
tion such as in quadruped stance.
Tremors have not been documented
as a common primary or secondary
symptom of Lyme disease. The
tremor the patient exhibited may
have been a visible manifestation of
physiological tremor due to an emo-
tional component,24 such as anxiety
from the pain related to the Lyme
disease and inability to interact with
her peers or due to physical exhaus-
tion resulting from the fatigue that is
commonly associated with Lyme dis-
ease.3,4 The tremor also may have
been an adverse side effect of the
prescribed medications. Her reflexes
were normal. The patient was
screened for central nervous system
dysfunction using rapid dorsiflexion
of the ankles for abnormal tone
(velocity-dependent resistance to
stretch), and she tested negative for
ankle clonus bilaterally. No other
specific neurologic tests were per-
formed because the patient’s sponta-
neous movements did not appear
dysmetric or uncoordinated. When
standing, she assumed a forward
head posture with flexed hips and
knees. The Wong-Baker Faces Pain
Rating Scale25 was used to assess her
self-reported pain (Tab. 1, Fig. 1). A

* GlaxoSmithKline, 5 Moore Dr, Research Tri-
angle Park, NC 27709.

† Bayer Health Care LLC, 36 Columbia Rd, PO
Box 1910, Morristown, NJ 07962-1910.
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scale with faces was chosen because
this type of scale has been well doc-
umented and validated in the litera-
ture for pediatric populations.26,27

Once the patient learned the scale,
she used numbers in subsequent ses-
sions to report her pain.

Gait assessment was performed
using observational gait analysis as
described by Levangie and Norkin.28

During gait on level surfaces, the
patient continued her forward flexed
trunk posture with flexion at the
hips and knees, decreased right

Wong-Baker FACES Pain Rating Scale

0 2 4 6 8 10
Hurts
Worst

Hurts
Even More

Hurts
Little Bit

No
Hurt

Hurts Little
More

Hurts
Whole Lot

Figure 1.
Pain scale used to determine the patient’s subjective pain report. Copyright 1983,
Wong-Baker FACES Foundation. Used with permission.

Table 1.
Measurements Taken Periodically Throughout Treatmenta

Measure

Baseline Week 8 Week 10 Week 12 Week 18

Right Left Right Left Right Left Right Left Right Left

Passive range of motion Glenohumeral flexion 158° 150° 180° 180° N/T

Straight leg raise 70° 70° N/T

All other joints WNL WNL

Manual muscle test Anterior deltoid muscles 3�/5 3�/5 4/5 4/5

Upper trapezius muscles 4/5 4/5 N/T

Biceps muscles 4/5 4�/5 N/T

Triceps muscles 4/5 4�/5 N/T

Hip flexion 3�/5 3�/5 4/5 4/5

Hip extension 3�/5 3�/5 4/5 4/5

Hip abduction 4�/5 4�/5 N/T

Hip adduction 4�/5 4�/5 N/T

Knee extension 4�/5 3�/5 4/5 4/5

Plantar flexionb 4/5 4/5 5/5 5/5 N/T

Dorsiflexion 3�/5 4�/5 4/5 4/5

Eversion 3�/5 4/5 4/5 4/5

Inversion 4�/5 4�/5 4�/5 4/5

Upper abdominals 4�/5 4�/5 N/T

Lower abdominals 4/5 4/5 N/T

Subjective pain rating scale 4/10–9/10 3/10–4/10 3.5/10 0–4/10 0–3/10

Unilateral stance �30 s �30 s N/T

Dynamic stancec Bilateral WNL WNL

Single-leg stability 1.0 1.5

Six-Minute Walk Test 277.37 m
(910 ft)

564.49 m
(1,852 ft)

643.74 m
(2,112 ft)

a WNL�within normal limits, as defined by Norkin and White40; N/T�not tested further, as no further testing was indicated based on overall function.
b Nonstandardized testing position used initially for evaluation. All other manual muscle tests refer to Reese.33 To differentiate muscle strength of 3�/5 from
4�/5, 2-finger resistance was applied. If the patient’s extremity could be moved with 2 fingers, muscle strength was considered 3�/5. If the patient could
resist 2 fingers but could not maintain muscle contraction for longer than 1 second against the whole hand, muscle strength was considered 4�/5. To
receive a muscle strength grade of 5/5, she had to resist maximally for 5 seconds.
c Tested on the Biodex Balance System force platform.
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lower-extremity (LE) terminal stance
time, decreased trunk rotation, and
no upper-extremity (UE) swing. To
establish baseline gait speed and
endurance, a Six-Minute Walk Test
(6MWT) was performed similar to
the procedure described by Li et al,29

except due to space constraints dur-
ing the initial evaluation, it was per-
formed on a continuous looping cir-
cuit rather than in a long hallway. All
subsequent 6MWT trials were per-
formed in a straight 45.72-m (150-ft)
hallway. The 6MWT has been well
documented in the literature,30,31

and 2 recent studies have described
norms in children who were
healthy.29,32 Although the 6MWT has
not yet been validated in children, it
was chosen for this patient because
it was conducive to setting measure-
able goals and to indicating a likely
teenage level of ambulatory gait
speed and endurance.

Manual muscle testing (MMT) was
performed (in the positions described
by Reese33) on major muscle groups
to design individualized interventions
addressing the patient’s strength def-
icits (Tab. 1). The grading scale used
was adapted from Kendall et al.34

Manual muscle testing has been
described as having variable sensitiv-
ity but is considered reliable and
moderately to strongly correlated
with handheld dynamometry.35,36 It
has been validated for use in myositis
and has good reliability and validity
in neuromusculoskeletal dysfunc-
tion,37,38 but it particularly lacks sen-
sitivity and precision when assessing
muscle grades of 4/5 and higher.35,39

In this case, the patient had global
strength deficits bilaterally above
and below 4/5. Since a handheld
dynamometer was not available in
this clinic, a general MMT screen of
major muscle groups was deemed
adequate to determine strength
impairments and their relationship
to the patient’s function.

The patient had normal or functional
ROM in all joints except the gleno-
humeral joints bilaterally (Tab. 1).
Joint ROM was assessed as described
by Norkin and White40 unless other-
wise noted. Joint goniometry has
been validated radiographically for
the knee (intraclass correlation coef-
ficient [ICC]�.98)41 and found to
have high intratester reliability in the
shoulder (ICC�.87–.99),42 knee,43

and elbow.43

Balance was assessed first by unilat-
eral stance in quiet standing with
eyes open on a stable surface
(Tab. 1). Eight weeks into treatment
balance was further assessed using
an athlete single-leg stability (SLS)
test (Tab. 1) on the Biodex Balance
System‡ in preparation for progres-
sion of interventions to include plyo-
metrics and higher-speed agility lad-
der work. The Biodex Balance
System consists of a circular multi-
axial force platform connected to a
computer output screen. The athlete
SLS test is performed for each LE and
consists of three 20-second tests on a
platform with a setting of 4 (1�least
stable, 12�most stable), with
10-second rests between tests. The
platform measures medial-lateral and
anterior-posterior postural stability.
Similar balance testing on dynamic
platforms has been outlined for use
in adolescents.44 Normative data
have been generated using the ath-
lete SLS test in 20- to 28-year-old
adults who were healthy but not in
children.45 Paterno et al46 demon-
strated good between-session reli-
ability (ICC�.72) using the level 4
athlete SLS test in female
adolescents.

Clinical Impression
The evaluating physical therapist
determined that the patient would
benefit from skilled physical therapy
to address her primary impairments

of decreased strength, decreased
ROM, abnormal gait, fatigue, and
pain. Interventions were targeted
toward these deficits to improve her
ability to perform ADL and IADL
tasks and return to all previous age-
appropriate social activities. Physical
therapy was scheduled for 2 times
per week for 8 weeks. The patient
was re-evaluated at 8 weeks, at
which point goals were revised and
progressed for another 4 weeks of
continued treatment. She was
re-evaluated at 12 weeks, and goals
were again progressed over 6 weeks
until the patient’s discharge from
therapy. Frequency of treatment was
continued after the first 8 weeks but
tapered over the remaining 10
weeks to once a week. This tapering
of treatment was done to accommo-
date the patient’s insurance limita-
tions and to optimize her ability to
achieve her goals as she regained
function and learned to self-manage
her symptoms.

Intervention
The patient and her mother were
actively involved in setting her initial
goals and revising them at weeks 8
and 12 (Tab. 2). Interventions were
designed with these goals in mind
and based on active feedback from
both the patient and her mother. A
6MWT goal chart (Fig. 2) was
assigned for the patient to track her
progress and was periodically
reviewed throughout treatment.
There were no contraindications to
proceeding with physical therapy.
All interventions were performed by
the evaluating therapist except for
one land treatment where the pri-
mary therapist was off site, and the
aquatic session in the clinic was per-
formed with the aquatic therapist
with input from the primary
therapist.

A combination of therapeutic exer-
cise and a home exercise program
(HEP) was designed to address the
patient’s strength and ROM deficits.

‡ Biodex Medical Systems, 20 Ramsay Rd, Shir-
ley, NY 11967-4704.
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Appendix 1 depicts the specific
exercises performed in the clinic.
These exercises were progressed in
a stepwise fashion for the number of
sets and repetitions, resistance, and
difficulty of the exercise. Home exer-
cises were progressed in a similar
fashion, were chosen to comple-
ment exercises performed in the
clinic, and are listed in Appendix 2.
Due to the patient’s initial debilita-
tion, therapeutic exercises were cho-
sen to be low intensity, low impact,
and limited to 5 to 10 repetitions for
1 to 2 sets with a frequency of 1 to 2
sessions per day to the patient’s tol-
erance. At the beginning of each
physical therapy session, the patient
reported her intensity of fatigue and
tremor from the previous session by
stating how soon tremors returned

Figure 2.
Goal chart assigned to the patient for the Six-Minute Walk Test. The patient achieved
her target distance 5 months ahead of schedule.

Table 2.
Framework of Short-Term and Long-Term Functional Goalsa

Initial 8 Weeks 12 Weeks

Short-term goals (2-week time frame) (1- to 2-week time frame) (1- to 2-week time frame)

1. Patient will perform HEP with the
assistance of her mother

1. Patient will progress her independent
HEP to 2 sets of 10 repetitions each
exercise

1. Mother will be able to tape
patient’s ankles with proper
technique and no cueing

2. Patient will participate in
30-minute therapy session with no
increased report of pain

2. Patient will jog on treadmill for 5
minutes with no increased ankle pain

3. Patient will have increase of �5°
straight leg raise to facilitate gait

3. Patient’s subjective daily pain report
�3/10

4. Patient will be able to ascend and
descend one flight of stairs with no
knee buckling episodes using 1 or
2 rails

Long-term goals (8-week time frame) (4-week time frame) (6-week time frame)

1. Patient will ambulate without
difficulty with good gait pattern
�30 minutes daily; no increased
fatigue with pain �2/10

1. Patient will attend school activities
�2 hours per day, 3–5 times per
week; no increased fatigue; no
increased body tremors

1. Ankle strength will increase 1/3
MMT grade to facilitate
improved gait and decrease
pain in weight-bearing postures

2. Patient will have MMT grade �4/5
throughout to facilitate
instrumental activities of daily living

2. Patient will achieve �4�/5 strength
throughout her upper and lower
extremities to facilitate gait and
functional reaching

2. Patient will be able to play
(sport) �45 minutes with body
tremors lasting �30 minutes
following activity

3. Patient will ascend and descend
one flight of stairs without rail; no
buckling of knees

3. Patient will be able to participate in
�45 minutes of intermittent sports
activities; no increased body tremors
afterward

4. Patient will manage pain with
flexibility and therapeutic exercise;
subjective pain rating �2/10 daily

4. Patient will achieve age- and height-
predicted Six-Minute Walk Test
distance

a Time frames listed in parentheses indicate time set for achievement of goals from the date set (ie, from initial evaluation, 8 weeks later, or 12 weeks later).
HEP�home exercise program, MMT�manual muscle test.
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after treatment, how long they
lasted, and how long she had to rest
before she could resume her regular
activities without tremor. Exercises
were progressed or regressed at the
beginning of each session based
on her tremor, fatigue, and pain
response from the previous session
(Appendix 1). When she could per-
form 2 to 3 sets of each exercise
easily without cues for technique
and no increased body tremors after
she finished her exercises, the exer-
cises were progressed either in
intensity, with resistance provided
by Thera-Band,§ or in repetitions.
If exercises were progressed with
resistance, the number of sets and
repetitions were decreased for that
day. If exercises were progressed in
intensity (ie, from walking speed to
running speed on the agility ladder
or from low impact to high impact),
the patient was given longer rests
or performed fewer repetitions for
each set. Using this graded approach
to resistive exercise with ongoing
assessment of the patient’s body
responses, the physical therapist
could readily progress or regress the
exercises.

For generalized pain and myalgia,
some authors have advocated the
use of warm water to alleviate pain-
ful joints and stiffness in children
and adolescents.11,21 Aquatic therapy
was initiated in water at a tempera-
ture of 94°F. Prior to initiating the
aquatherapy, the primary land thera-
pist discussed with the aquatic ther-
apist the patient’s current limita-
tions, fatigue, and pain levels and the
plan of care. The patient reported
decreased joint and muscle pain
with the warmth of the water but
reported increased lumbar pain and
total body tremor after the first ses-
sion. The patient tried 2 additional
independent sessions with similar
results. Aquatic therapy was discon-

tinued at this time because of the
increased pain and tremors, and
interventions were continued on
land only. Given the patient’s age,
exercises were chosen to be fun yet
functional and challenging. She
assisted in directing her care by
choosing between certain exercises
offered by the therapist. For exam-
ple, the patient would choose
between trunk exercises such as
prone planks on elbows versus hook-
lying abdominal crunches or, for run-
ning tasks, hopping on the trampo-
line versus performing agility ladder
drills. In weeks 14 and 15, the
patient did not participate in thera-
peutic exercises in the clinic. These
clinical sessions were spent educat-
ing the patient’s mother on ankle
taping techniques to alleviate ankle
pain as the patient returned to play-
ing soccer (Appendix 1).

The patient participated in gait train-
ing to normalize cadence, to increase
speed and fluidity of movements,
and to increase aerobic endurance
(Appendix 1). Cues were given to
increase hip and knee extension dur-
ing walking speeds on level ground.
As she improved at level walking
speeds, she was progressed to jog-
ging. The phases of running were
broken down into parts, including:
(1) active ankle plantar flexion and
dorsiflexion while maintaining hip
and knee extension and a stable
trunk position; (2) active ankle plan-
tar flexion with hip and knee exten-
sion and contralateral limb ankle dor-
siflexion with hip and knee flexion;
and (3) progression of the entire
movement into cyclical ankle dorsi-
flexion with hip and knee flexion,
hip flexion with knee extension, and
returning to hip and knee extension
with ankle plantar flexion (see video
recorded during the gait training
program available at ptjournal.apta.
org). King47 outlined a similar pro-
gression for optimizing speed and
coordination in an athlete. When the
patient had mastered these basics,

she was progressed to walking and
jogging drills with an agility ladder
and then to sprinting with quick
directional changes (Appendix 1).

The patient also learned to monitor
her heart rate. She used her heart
rate in conjunction with her HEP
and a simple flow chart for self-
monitoring of intensity and deter-
mining appropriate work rates for
managing postexercise tremors. She
received guidelines on the range of
heart rates that would place her
between 60% to 80% of her pre-
dicted maximal heart rate (calcu-
lated as: 220�age).48 Although there
is substantial inter- and intra-
variability between children and ado-
lescents for predicted and measured
maximal heart rate, the general equa-
tion was used to provide a starting
point to assign intensity of workouts.
The patient then reported on her
fatigue and tremor response follow-
ing high-intensity exercise. If her
fatigue and tremor were worse,
intensity was decreased; if fatigue
and tremor were the same or better,
intensity (as measured by heart rate
response) and duration of intense
exercise were gradually increased.

Outcome
Upon discharge after 18 weeks of
treatment, the patient achieved her
goal to play high-intensity sports
(soccer) for up to 2 hours with trem-
ors lasting between 30 to 45 minutes
afterward. Initially, tremors were
constant throughout the day. Three
weeks into treatment, the patient
reported tremors lasting 2 to 3 hours
after treatment and then diminish-
ing. Although the patient could not
attend school because it was the end
of the school year, she was attending
morning chapel exercises, selected
classes 3 times per week, and all of
her usual church activities.

By week 12, the patient manifested
no remarkable deviations in her gait
pattern at walking, running, and

§ The Hygienic Corporation, 1245 Home Ave,
Akron, OH 44310.
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sprinting speeds. She achieved
96.7% (643.7 m) of her height-
predicted 6MWT distance—2.32
times her initial distance (Tab. 1)—
using the prediction equation
derived by Li et al based on height
and change in heart rate. In their
study, the overall mean (�SD) dis-
tance for children who were healthy
and between the ages of 7 and 16
years was 664�65.3 m (2,178.5�
214.2 ft). The patient’s outcome
placed her around the 40th percen-
tile of the female cohort.29 Accord-
ing to the study by Geiger et al,32

the patient’s final distance fell well
within the predicted mean (�SD) of
663�50.8 m (2,174.6�166.6 ft).

By week 8, the patient had achieved
full glenohumeral motion (Tab. 1).
She had achieved at least a 4/5
strength rating in both lower extrem-
ities (initially, 50% of motions tested
scored below 4/5; Tab. 1). The same
physical therapist performed initial
and follow-up measurements and
was the treating therapist. In both
joint goniometry and MMT, studies
suggest a higher intratester reliabil-
ity.38,42 As this is a retrospective case
report, the evaluating physical ther-
apist was not blinded to the treat-
ment and expected outcomes.

The patient self-monitored her heart
rate and activity levels to manage her
tremors and related fatigue, and she
reported performing her home exer-
cises twice daily. Her back, knee,
and UE pain had resolved. The
patient reported only some ankle
pain (3/10) but was able to manage
the pain with taping and ankle exer-
cises using Thera-Band as part of her
regular HEP.

The patient demonstrated excellent
balance at baseline, so no interven-
tions were specifically designed for
balance training. She had no loss of
balance with unilateral stance on a
static surface. On the Biodex Balance
System platform, the patient demon-

strated an overall stability for each LE
(right LE: 1.0, left LE, 1.5; Tab. 1) that
was excellent and showed far lower
anterior-posterior and medial-lateral
stability indices compared with a
group of females who were healthy
and 13 to 17 years of age.46

Discussion
Numerous authors have observed
that the late effects of Lyme disease
can severely limit a patient’s func-
tion, but few have provided non-
pharmacological solutions to restore
function. This case report presents
physical therapy interventions aimed
at restoring function, which were
administered to a 14-year-old girl
with the late effects of Lyme disease.
At the end of treatment, the patient
had achieved her personal goals and
resumed her prior level of function.
A summary of interventions used to
address impairments has been pre-
sented in the “Intervention” section
and in Appendixes 1 and 2. It is
impossible in a single-case report to
demonstrate a causal relationship
between the interventions provided
and the patient outcomes. A positive
association can be seen between the
interventions and outcomes; how-
ever, the patient may have already
begun healing at the time of referral
to physical therapy. Other factors
may have influenced her return to
function. The patient was highly
motivated with very supportive par-
ents, was healthy prior to this epi-
sode, and reported high adherence
to her HEP—performing it twice
daily. Her school was very support-
ive in allowing her to resume activi-
ties on a limited basis without being
fully enrolled for the year.

It is not clear whether the aquatic
therapy had any influence on pain
resolution. As the aquatic therapy
was performed for only 1 supervised
session and 2 independent sessions
and generally made the patient feel
worse (increased pain and tremors),
it is unlikely that it had a significant

influence on the patient’s recovery.
As no other analgesic modalities
were used throughout treatment, the
improvement seen in subjective pain
report may have resulted from ben-
eficial effects of regular exercise
such as increased oxygenation to tis-
sues, improved mood, and decreased
pain,23,49–50 or the improvement in
gait mechanics, endurance, and mus-
cle strength may have relieved
undue stress on joint and muscle tis-
sue. Burrascano16 noted that B. burg-
dorferi is sensitive to both oxygen
and temperature changes and theo-
rized that regular, vigorous exercise
may assist in eradicating any remain-
ing effects caused by B. burgdorferi
in patients with chronic effects from
Lyme disease, but this theory has not
been substantiated by formal studies.

The 6MWT was used to provide a
quantitative measure to track gains
in gait distance and endurance on
level surfaces. The distance gained
appeared to be related to the
observed return to function, and the
patient’s final distance placed her
well within the means for adoles-
cents who were healthy observed by
Li et al29 and Geiger et al.32 A rela-
tionship may exist between improve-
ments in the 6MWT scores and mus-
cle strength, but it is not possible
to establish this relationship in a
single-case report. As MMT scores
improved, 6MWT distances increased,
and posture while walking, jogging,
and sprinting began to normalize.
The weakness and fatigue the patient
demonstrated on the initial evalua-
tion may have been a result of
reduced mobility from the pain and
illness of the initial Lyme infection
followed by the persistent musculo-
skeletal pain. Thus, muscle strength
may have improved because the
patient was encouraged to be more
mobile and to walk more frequently
and farther, thereby increasing
strength through regular use. Con-
versely, the patient may have
become more mobile and able to
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walk farther because of strength
improvements gained from specific
therapeutic exercise interventions.
The 6MWT and MMT outcomes pre-
sented measurable improvements in
the clinic setting. Combined with
achievement of the patient’s func-
tional goals, they suggest a probable
path to restoration of function
through physical therapy. However,
they lack the ability to measure
actual changes in function as related
to quality of life. The patient’s chief
complaints related to limitations in
activity participation. A global mea-
sure of function such as the Pediatric
Quality of Life Inventory (Peds-QL)51

or the KIDSCREEN-5252 might have
provided a better quantified measure
of the impact of the patient’s impair-
ments on her daily function.

Throughout this case, the patient’s
feedback was sought on exercise
progression, fatigue, pain, and
tremor intensity. Slade et al53 dis-
cussed the importance patients
place on negotiation between the
caregiver and the recipient to
develop a plan incorporating the
patient’s personal values, prefer-
ences, and lifestyle. Their findings
suggest that patients with chronic
low back pain prefer active involve-
ment in their care. Slujis et al54 found
that adherence to home exercise reg-
imens was significantly (P�.001)
influenced by positive feedback
from the therapist. Furthermore,
they suggested that when therapists
frequently cued patients to be
involved in stating demands and to
be motivated to exercise at home,
the patients demonstrated increased
adherence. Throughout treatment,
the patient’s and her mother’s active
involvement in providing feedback
and choosing her course of care may
have promoted the positive out-
comes demonstrated. Successful
application of the interventions to
other similar cases would necessitate
frequent communication between

the clinician and the patient to pur-
sue patient-driven outcomes.

Klempner et al noted that patients
may be diagnosed with Lyme disease
and receive antibiotic therapy during
the acute stages, yet months later
report “persistent musculoskeletal
pain, neurocognitive symptoms, or
dysesthesia, often associated with
fatigue.”6(p85) The patient described
in this case report had similar symp-
toms despite 3 courses of antibiotic
therapy. Some authors have postu-
lated that lingering symptoms are
due to: (1) the initial Lyme infection
not being completely eradicated,55

(2) a co-infection by another tick-
borne pathogen,1 or (3) the initial
infection triggering a fibromyalgia-
like response that may last for
months or even years.5,6,8,9 Patients
with persistent symptoms have sig-
nificant limitations in daily function
and may respond to physical therapy
interventions as described in this
report.

The use of therapeutic exercise and
gait training elicited a positive
response and nonpharmacological
restoration of function for the
patient with late effects of Lyme dis-
ease in this case report. The studies
discussing RA and JRA highlight a
general trend that therapeutic exer-
cise is beneficial in the treatment of
patients with functional impairments
resulting from these diseases in both
the adult and pediatric populations.
Recommendations for the use of
therapeutic exercise for RA11,21,22

support the present case report’s
mode of intervention if Lyme disease
is classified as being a subcategory of
the rheumatic diseases. The inter-
ventions in this report may be cau-
tiously applied to patients with sim-
ilar presentations. Careful attention
should be paid to consistently reas-
sess patients’ post-exercise response,
and interventions should be adjusted
accordingly. In order to apply the
findings of this case report to a

broader population, future research
focusing on addressing nonpharma-
cological interventions for patients
with persistent musculoskeletal def-
icits more than 6 months after initial
Lyme infection is advised. Such stud-
ies could include a design where
patients received antibiotic therapy
as suggested by Stricker,55 antibiot-
ics with concurrent physical ther-
apy, and physical therapy interven-
tions alone.
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PT, DPT, MHA, of the University of Massachu-
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and feedback on content and presentation;
Keith Poulin, PT, MSPT, and Stacy
McDonough, PT, MSPT, of New England
Rehabilitation Hospital for their valuable feed-
back and support; and Peter Moser who con-
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dices. The author gives thanks to God for the
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Appendix 2.
Progression of Home Exercise Program

Week Exercises

1 1. Prayer stretch with lateral trunk flexion
2. Hamstring muscle stretch
3. Straight leg raise, side-lying hip abduction, standing mini-squats
4. Seated on stability ball: gentle bouncing, pelvic circles, long-arc quadriceps knee extension
5. Gait: walk 5–7 minutes, 2–3 times a day, setting number 1 on home treadmill
All exercises were performed for 5 repetitions, 1 set, 2 times a day; stretches were held for 5–15 seconds,
2 times per set, 1–2 times a day.

3 1. Patient given chart to log Six-Minute Walk Test distances and goals to return to school
2. Week 1 exercises continued
3. Treadmill time: 6 minutes � 2 sets, setting number 2, once a day

4 1. Exercises as in week 1 but increased to 8 repetitions per exercise
2. Heart rate monitoring
3. Postexercise tremor used as gauge for exercise intensity and duration

6 1. Treadmill time: 8–9 minutes � 2 sets, setting number 2, once a day
2. Week 1 exercises discontinued
3. Standing: hip abduction, adduction, extension, and flexion; squats
4. Stretches: half-kneeling psoas muscle stretch, hamstring muscle stretch, prayer stretch
5. Stability ball: prone over ball, bilateral glenohumeral flexion with trunk extension, upper trunk

rotation with glenohumeral horizontal abduction; seated on ball, proprioceptive neuromuscular
facilitation diagonal 1 and 2 flexion and extension with trunk flexion and extension; seated on ball
glenohumeral flexion and abduction

All exercises were performed for 8 repetitions, 2 sets, 1–2 times a day; stretches were held for 10–20
seconds, 2 sets, 1–2 times a day

9 1. Treadmill time: 10–12 minutes each set
2. Week 6 exercises continued
3. Increased exercise repetitions to 10 � 2 sets, 1–2 times a day

11 1. Treadmill time: 15 minutes each set
2. Light soccer practice with frequent rests and heart rate monitoring

12 1. Flow chart assigned to self-assess intensity of exercise and how to adjust exercises independently
2. Ankle exercises: dorsiflexion, inversion, and eversion with Thera-Band

13 1. Under the guidance of the physical therapist, the patient self-designed collection of exercises to
pick out of hat each week; exercises were grouped into low and high intensity with aid of therapist
so the patient could self-progress her exercises using her flow chart assigned in week 12

14 1. Ankle taping with mother: preparation, stirrups, heel-lock
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