


Table 2. Univariate Poisson Regression of Adherence Behaviors and Number of Days of

Treatment

Patient Average
Reported Regression Number of p-value for
Statistics Estimate (95% Days of Overall
Variable n, (%) CI) Treatment Significance
Physical Rest — Receptivity 3.67 (3.31,4.03) 43
Receptive 40 (71.43) Reference 39.25
Neutral 11 (19.64) -.09 (-.74, .57) 35.87
Unreceptive 5(8.93) -41 (-.96,.14) 26.05
Physical Rest — Frequency 3.66 (3.34,4.0) 29
Most of the Time 49 (87.50) Reference 38.86
Sometimes 6 (10.71) -.39 (-1.0,.22) 26.31
Rarely 1(1.79) .03 (-.29,.35) 40.04
Mental Rest; Electronics — Receptivity 3.52(.19,3.16) .76
Receptive 35(67.31) Reference 33.78
Neutral 11 (21.15) -.10 (.33, -.73) 30.57
Unreceptive 6 (11.54) -.23(.31,-.83) 26.84
Mental Rest: Electronics — Frequency 3.50 (.17, 3.16) 23
Most of the Time 40 (76.92) Reference 33.12
Sometimes 8 (15.38) -.37 (.24, -.85) 22.87
Rarely 4(7.69) .31 (.36, .40) 45.15
Mental Rest; No school — Receptivity 3.46 (.13, 3.20) .80
Receptive 33 (82.93) Reference 31.82
Neutral 6 (14.63) -.10 (.40, -.89) 28.79
Unreceptive - - -
Mental Rest; No school — Frequency 3.48(.13,3.23) .09
Most of the Time 37(90.24) Reference 32.46
Sometimes 4(9.76) =79 (.37, -1.51) 14.73
Rarely - - -
Medication — Receptivity 3.57 (.15,3.28) 24
Receptive 18 (85.71) Reference 35.52
Neutral 3(14.29) -.37 (.26, -.88) 24.53
Unreceptive - - -
Medication — Frequency 3.57(.14,3.28) 47
Most of the Time 19 (90.48) Reference 35.52
Sometimes 1(4.76) =17 (.14, -.45) 29.96
Rarely 1(4.76) -1.08 (.14, -1.37) 12.06
Physical Therapy — Receptivity 3.96 (.16, 3.65) 40
Receptive 13 (76.47) Reference 52.46
Neutral 2 (11.76) .82 (.56, -.27) 119.10
Unreceptive 2 (11.76) -.52 (.24, -1.00) 31.19
Physical Therapy — Frequency 3.96 (.16, 3.65) 40
Most of the Time 13 (76.47) Reference 52.46
Sometimes 2 (11.76) .81 (.56, -.27) 117.92
Rarely 2 (11.76) -.52 (.24, -1.00) 31.19
Specialist — Receptivity 3.99 (.18, 3.64) .30
Receptive 8 (88.89) Reference 54.05
Neutral 1(11.11) -.62(.18,.97) 29.08
Unreceptive - - -
Specialist — Frequency 4.0 (.18, 3.65) 29
Most of the Time 8 (88.89) Reference 54.60
Sometimes - - -
Rarely 1(11.11) -78 ((18,-1.12) 25.03
Cl = Confidence Interval; p-value for overall significance indicates if the variable was a significant predictor of the
number of days of treatment. Receptivity is a self-reported qualitative measure of the subjects’ self-reported
willingness or openness to receive the recommendation (rated as “receptive,” “neutral” or “unreceptive”); the
frequency of following the recommendation was a qualitative measure based on the self-report of how often
they were complaint with the recommendation (rated as “most of the time,” “sometimes” or “rarely”)
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after concussion. This was measured through self-
reported receptivity to each recommendation they
received from their sports-medicine physician and
how frequently they reported following each treat-
ment recommendation. In this study, it was demon-
strated that for each of the recommendations provided
by the sports-medicine physicians, the receptivity
and frequency of following each recommendation
was very high. Although little is established about the
implementation of medical recommendations given
to adolescents following a head injury, similar find-
ings have been demonstrated in one of the only stud-
ies completed on adherence of adolescents to activity
restrictions after concussion. Here, self-report diaries
were used to measure physical activity, where at two
different time points in the study, it was found that
the participants reported 20% and 33% noncompli-
ance, indicating the majority of participants did com-
ply with the activity restrictions.'*

The second objective of this study was to determine
if participants’ adherence behaviors to each treat-
ment recommendation are predictors of the num-
ber of days of treatment needed to recover from
concussion and return to play. Despite the finding
that there is no statistically significant relationship
between the six examined physician recommenda-
tions and the primary outcome (number of days
of treatment), a clear tendency was observed in
the data indicating fewer days of treatment (faster
recovery) when students were less adherent to the
recommendations for physical rest, mental rest from
electronics, and mental rest with restrictions from
school. Other research has demonstrated this appar-
ent iatrogenic effect of recommendations to strict
rest. In terms of physical rest, it has been shown that
while high intensity physical activity is correlated
with an increased total symptom score and low neu-
rocognitive performance, the same is observed for
those who were restricted completely from exercise
activity.'® Moderate levels of physical activity have
been shown to be safe and provide the best outcome
for adolescents recovering from acute or post-acute
concussion, specifically in a closely monitored phys-
ical therapy program.!>16.17.18

Considering the impact of mental rest, findings vary
greatly in terms of the relationship between cognitive
rest and recovery after concussion. Gibson and col-

leagues found no statistically significant relationship
between mental rest and symptom duration, report-
ing that those participants who received recom-
mendations for cognitive rest had a longer recovery
time,' findings comparable to those in the current
study. It has also been found that cognitive activity,
ranging from complete rest to significant cognitive
activity, has similar recovery progression, suggesting
that while unrestricted activity may hinder recov-
ery, outright restriction from cognitive activity is not
necessary.?

Clearly, a gap in the literature exists to base best
clinical practice for treating concussion and the
effectiveness of these treatment strategies. This
forces clinicians to support their treatment recom-
mendations on vague advice such as, “In the absence
of evidence-based recommendations, a sensible
approach involves the gradual return to school and
social activities (prior to contact sport) in a manner
that does not result in a significant exacerbation of
symptoms.”* The Zurich consensus statement goes
on to propose that the cornerstone of concussion
management is physical and cognitive rest until
symptoms resolve, but specific treatment protocols
in terms of the intensity or actual strictness of the
demands related to physical and cognitive rest are
not included.* In light of this, experts are starting to
question the practicality, even suggesting the detri-
ment, of recommending strict physical and mental
rest for all adolescents in the absence of supportive
research evidence®, further speculating that a more
aggressive and active treatment strategy under the
supervision of a licensed physical therapist early in
recovery may be of benefit.!”2223

Exercise is considered an essential component of
rehabilitation for sports-related injuries, sans concus-
sion. Consensus statements'* and position papers®” all
advise rest, but none support recommendations for
type, degree, and duration of rest. They agree that ado-
lescents should be “asymptomatic” at each stepwise
progression of activity,® but this poses an even fur-
ther discrepancy as symptom reporting that occurs at
baseline,** as the result of exercise,”® with non-head
related injury,” due to mental health stressors, or from
concussion can be quite similar. It has been shown in
non-concussed and concussed athletes that symptom
scores increased slightly from pre-exercise to immedi-
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ately following moderate intensity exercise,”*?® and that
a significant number of high school and collegiate ath-
letes who report no symptoms after injury performed
abnormally on neurocognitive testing (ImPACT),*
leading to the concept of being “asymptomatic” as a
contradictory requirement for return to activity.?*"?
Given these factors, and as no two concussions present
exactly the same, safe resumption of physical activity
must be overseen by qualified exercise professionals.
Physical therapists can provide essential clinical skill
in creating individualized treatment programs based
on the patient presentation and response to treatment.
Implementing supervised exercise in a sport’s physical
therapy setting allows adolescents to progress through
their recovery safely while being monitored for any
adverse reactions to activity.

The following limitations of the present study need
to be taken into account. The population studied
was a small, convenience sample taken from a sin-
gle hospital setting and therefore the results may
not necessarily be generalizable to a larger popula-
tion. Adherence behaviors were obtained through a
self-report measure, which may not represent the
true adherence to the recommendations as self-
report can over or under estimate true behavior.*® It
is likely that those participants who completed the
electronic survey were the most adherent to the rec-
ommendations and therefore, presents a selection
bias whereby those who opted to participate in the
survey may differ from the non-responders in ways
that are immeasurable. Therefore, these findings not
be representative of all adolescents with concussion.
Secondly, although the primary outcome of interest,
number of days of treatment, was determined by
medical recovery (as deemed by a sports-medicine
physician), this designation was determined at a fol-
low-up appointment with sports-medicine. Because
of this requirement, this may not represent the
actual date of recovery. It is possible that recovery
actually could have been established several days
prior to the scheduled medical appointment. This
potential delay in determination of recovery would
be similar across all participants within this study.
Based on this study, it is unknown if the individu-
als who were less symptomatic, with shorter recov-
ery time were non-adherent for that reason, or if the
participants with increased symptomatology, and
a longer recovery time were compliant in hopes of

improvement. Further research on the predictors of
adherent behavior post-concussion and the effects
of adherence to physical and cognitive rest needs to
be completed to better understand this relationship.

CONCLUSION

For each of the recommendations provided by the
sports-medicine physicians to the adolescent partici-
pants, the receptivity and frequency of following each
recommendation was very high. There were no statis-
tically significant relationships found between adher-
ence tendencies and the number of days of treatment;
however, a trend in the data was seen indicating fewer
days of treatment when the adolescents were less
adherent to the recommendations of physical rest,
mental rest from electronics, and mental rest with
restrictions from school. These findings are impor-
tant and can be used in subsequent research aimed
at determining optimal treatment recommendations
following sports-related concussion. There is a strong
need for high-level studies evaluating the effects of
rest and activity for concussion management.
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CASE REPORT

DIFFERENTIAL DIAGNOSIS AND MANAGEMENT OF AN
OLDER RUNNER WITH AN ATYPICAL NEURODYNAMIC
PRESENTATION: A CASE FOR CLINICAL REASONING

Jonathan Sylvain, PT, MPT, OCS, FAAOMPT!
Michael P. Reiman, PT, DPT, OCS, SCS, ATC, FAAOMPT, CSCS*

[JSPT

ABSTRACT
Study Design: Case Report

Background and Purpose: The purpose of this case report is to describe the clinical reasoning process involved with the differen-
tial diagnosis and management of a 69 year-old male runner reporting a six month history of insidious onset of left sided low back
and buttock pain of low to medium degree of irritability. The case presented describes the utilization of clinical reasoning by a
clinician in fellowship training when a patient with atypical adverse neurodynamic dysfunction related to running was
encountered.

Case Description: The patient’s physical examination was relatively unremarkable. Assessment of the patient’s subjective history,
self-report measures [Oswestry Disability Index (ODI), global rating of change scale (GROC)], objective findings, and tests and
measures led to a working diagnosis of atypical adverse peripheral neurodynamic dysfunction. The lumbar spine, sacroiliac joint,
hip joint and lower extremity were ruled out by a comprehensive subjective and objective examination. The diagnosis of adverse
neurodynamic dysfunction became a diagnosis of exclusion.

Outcomes: Returning two and a half weeks after initial evaluation the patient reported no pain with running. Twelve weeks after
the initiation of physical therapy, the patient was contacted via email. He was sent, and asked to fill out an ODI. The patient dem-
onstrated an improvement in ODI from 10% to 2%. He also reported that he continued to run after treatment without pain.

Discussion: Determining the source of a patient complaint can occasionally be an arduous undertaking. Pathological sources of a
patient’s symptoms may not be easily determined. Development of differential diagnosis and clinical reasoning skills is impera-
tive. Improving clinical reasoning skills requires deliberate practice through reflective thinking before, during, and after patient
interactions. Refinement of these skills leads to the primary goal of identifying the patient’s clinical presentation, thus matching it
with the most effective treatment approach.

Level of evidence: Level 4

Key words: Differential diagnosis, nerve tension, physical therapy
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BACKGROUND/PURPOSE:

Physical therapists must conduct a thorough exami-
nation and evaluation, develop a hypothesis relating
to the patients presentation, and select appropriate
intervention(s) in order to provide optimal patient
outcomes. The process of developing an accurate
diagnosis involves sound clinical decision-making. A
broad view of clinical decision-making can be viewed
as being right or being wrong. Current clinical deci-
sion making models suggest that there is no right
and wrong, rather that there are variations in the cor-
rectness of a clinician’s clinical decision-making.'*

Clinical reasoning is the process in which the cli-
nician, structures meaning, goals, and health man-
agement strategies based on clinical data, patient
choices, and professional judgment and knowledge."
A definitive definition of clinical reasoning can be
difficult, becaues it is a complicated and multifac-
eted process. In fact, no one definition captures
the subtlety of how therapists think in the midst of
practice.*

Clinical presentations encountered on a daily basis
can range from well defined to multifactorial, which
can be treated with simple or complex solutions.
During each individual patient interaction, com-
ponents of the clinical examination, including, but
not limited to, subjective history, outcome mea-
sures, objective examination, and special testing, are
assessments with their own ability to shift probabil-
ity of a particular diagnosis. This is especially true
of patients with pain in the lumbo-pelvic region, an
area of suggested symptom convergence.’

The potential for symptom convergence in the
lumbo-pelvic region may be due to the anatomical
complexity and the potential numerous sources of
pain in this region.®” A comprehensive assessment
of any patient presenting with complaints of low
back pain (LBP) and leg symptoms requires exami-
nation of'both non- neural and neural tissues. Differ-
entiating between mechanical versus nerve related
structures can prove difficult as the extent of neu-
ral movements are commonly proportional to the
extent of the surrounding tissue movement.® An
alteration in neurodynamics will clinically present
as adverse neural tension. Therefore, any changes
in neural physiology or mobility may result in the
development of patient’s symptoms.*

Neurodynamics is a concept that describes the
dynamic interaction of the biomechanical, physio-
logical, and morphological functions of the nervous
system.'” Recognizing the neurophysiological mech-
anisms involved in a patient’s pain state often proves
challenging, even for expert clinicians. Therefore,
examination of the nervous system requires a sys-
tematic clinical reasoning approach.

The purpose of this case study is twofold: First, to
describe, evaluate, and discuss the clinical reasoning
process utilized by a developing practitioner enrolled
in a post professional fellowship when encountering
an atypical patient presentation. Second, to present
the examination and treatment of a patient present-
ing with atypical adverse neural dynamics related to
running.

Case Description

Patient History

The patient was referred from a local orthopedic
surgeon for the diagnosis of LBP and sciatica. The
patient was a 69 year-old male reporting a six-month
history of insidious onset of left sided low back and
buttock pain of low to medium degree of irritabil-
ity. Initial pain level reported by the patient was
a 0/10, except for 5/10 with running and driving.
The ODI was the primary patient reported outcome
used in this case report. The patient’s initial score
was 10%. The ODI is scored from 0 to 100%. Zero
equates to no disability and 100 indicates maximum
disability. Secondary outcome measures included a
15-point global rating of change scale (GROC). His
main complaint at the initial visit was aching left
lower extremity posterior medial knee pain during
running and left buttock/ left posterior medial knee
pain while driving. The patient was an avid runner,
running four to five times per week, two to three
miles per run. The patient had attempted to run 10
days previous to the examination, but the pain began
after running one half mile. He had not been able to
run since. Ibuprofen helped decrease pain to a 0/10
when present after running or driving. No history
of medical problems, past surgeries, or allergies was
reported. Anterior-posterior and lateral radiographs
of the lumbar spine revealed mild multilevel degen-
erative changes at the levels of L3 to S1 with slight
retrolisthesis of L2 on L3 and mild lower lumbar
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facet sclerosis. No evidence of scoliosis, spondylolis-
thesis, or other pathology was described on imaging
report.

Clinical Impression #1('Tuble 1)

Assessment of the patient’s subjective history, self-
report measures, and diagnostic imaging led to
the primary working hypotheses of lumbar steno-
sis, lumbar intervertebral disc herniation, and/or
adverse neurodynamic presentation. Hip osteoar-
thritis, hamstring tendinopathy, and sacroiliac (SI)
joint dysfunction were considered other possible
sources of the patient’s pain. A thorough subjective
history aided the therapist to rule out potential path-
ological conditions (Table 1). Through appropriate
questioning the patient provided descriptions of the
type of pain experienced and behavior of symptoms
thus assisting in differentiating mechanical muscu-
loskeletal dysfunction from pathological disorders."
Plain film radiographs were unremarkable for frac-
ture and the patient reported no history of trauma
making the likelihood of fracture pathology improb-
able. The patient did not present with any signs and
symptoms of cancer or visceral dysfunction and
these conditions were also considered unlikely.

Examination

The examination included a postural assessment,
lower extremity neurological screen, active and pas-
sive range of motion (ROM) assessments, manual
muscle testing, lumbar/hip passive accessory testing,
palpation of the hip and lumbar regions, and select
special tests. Postural assessment revealed slightly
rounded shoulders, increased thoracic kyphosis, and
a forward head position. Gait assessment revealed
a bilateral reciprocal, non-antalgic pattern without
apparent dysfunction. The patient was able to per-
form a deep squat without reproduction of pain. He
was able to get his thighs parallel to the floor and
shins parallel to his trunk with this assessment. Lum-
bar flexion/extension, side bending, combined move-
ments, and repeated lumbar flexion/extension ROM
were all assessed and were negative for symptom
reproduction. Lumbar ROM was within normal limits
in all directions and over pressure was negative for
symptom reproduction. Spinal mobility (as assessed
with posterior-anterior passive accessory testing) did
not reproduce the patient’s concordant pain and/or

symptoms. Slump test elicited discordant pain, pain
not similar to the patient’s pain complaint, in the
lower back/pelvis region on the involved left side,
as well as the uninvolved right side. Myotome and
dermatome testing for bilateral lower extremities
was normal. Deep tendon reflexes were normal and
symmetrical. Upper motor neuron examination was
deferred due to no suggestion that this type of test-
ing was required. Bilateral hip joints demonstrated
symmetrical and normal ROM, normal end-feel, and
no symptom reproduction with over pressure in all
planes. Palpation of the ischial tuberosity, greater tro-
chanter, gluteus medius, illiotibial band, hamstrings,
and SI joint was negative. Hip scour test was nega-
tive. Bilateral hamstring strength was 5/5 in prone
at knee flexion angles of 40, 60, 90, 120 degrees.
Straight leg raise (SLR) testing was 50 degrees bilater-
ally without symptoms. Straight leg raise testing with
variations for peroneal, sural, and tibial nerves was
negative bilaterally as well. The cervical spine was
flexed during each variation of the SLR test to further
sensitize (bias) the nervous system, but was negative
in all variations. The thigh thrust test was negative
bilaterally. Concordant pain was elicited with active
hamstring stretching with the hip flexed at 90 degrees
and foot dorsiflexed (Figure 1)." A formal running
assessment was not employed during the initial visit
due to patient not having proper running clothing.
The patient was advised to bring proper attire to the
following visit.

Clinical Impression #2 (Table 2)

A plethora of diagnostic hypotheses were still pres-
ent, resulting in the need for continued in-depth
examination. Since lumbar neuro-musculoskeletal
dysfunction was expected, the clinician began with
a lower quarter screen. The early objective exami-
nation led to a low likelihood that the source of the
symptoms was from lumbar stenosis or intervertebral
disc herniation as the patient reported no increase or
decrease of symptoms with sitting (except with sit-
ting while driving), standing, or walking,'*'* demon-
strated normal lumbar AROM in all planes including
the lumbar quadrants'* with and without overpres-
sure, and no pain with repeated lumbar motions.'>'

At this point in the examination, it was believed that
the neural system should be examined in order to
determine if'the patient’s concordant sign, the activity
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Table 1. Differential diagnosis following subjective history,
self-report measures and diagnostic imaging.

Lumbar stenosis

Lumbar intervertebral disc
herniation

Adverse neuro dynamics
(peripheral nerve
entrapment)

Hamstring tendinopathy

Age (>48
y.0.)"?
(>65y.0) SP
69!1

Increased
with running
Results of
diagnostic
imaging

Subjective
history of
LBP with
lower
extremity
radiation
Pain with
prolonged
sitting
(specifically
driving)
Pain with
sitting
Subjective
history of
LBP with
lower
extremity
radiation
Subjective
report of pain
with running,
specifically
deceleration
impact

Pain during
running
during
eccentric
contraction of
the

Pain with
sitting (no pain
with sitting: SN
0.89)”
Symptoms
were not
improved when
seated
(symptoms
improved with
sitting: SP
0.86)"

No myotomal
or dermatomal
changes
reported

Age®

(-) sciatica, SN
0.95"

No reported
pain with a
standing
hamstring
stretch similar
to the Puranen-

hamstrings®*® Orava test (SN
3 0.76)*
R posterior
medial knee
pain
Hip osteoarthritis Age (>50 No report of
y.0)" trauma
History of No limp or
lifetime report of groin
involvement pain®!
in high
impact
activities
ST joint No report of
symptoms in SI
region”>?
Vertebral fracture Age (=50 (-) radiographs
y.o.) SP (although not
0.61° conclusive to
R/O fracture)®*
No pain with
supine
positioning (SN
0.81)%
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Visceral

® Cardiopulmonary
system

® Pelvic organs
® Digestive system

® Retroperitoneal
region

Non-mechanical

®  Malignancy

® Initially, non- ® No bowel or
reproducible bladder
pain changes

® No diarrhea,

constipation

® [Initially, non- ® No history of

Table 1. (Continued) Differential diagnosis following subjective
history, self-report measures and diagnostic imaging.

and/or vomiting

® No blood in his
stool or urine

® No report of
improvement in
the pain when
he has a bowel
movement

® No relation to
food

® No relation to
eating or
drinking

® No history of
abdominal
surgery

® No report of
night pain

® No report of
recent weight
loss

® No numbness,
fever, chills

® No shortness of
breath'’

reproducible cancer, no

pain unexplained
weight loss, or
failure of
conservative
therapy (SN
1.00)63’

(-)=negative; LBP=low back pain; SI=sacroiliac; R/O=rule out

Figure 1. Active knee extension/dorisflexion bias lower extrem-
ity neural assessment

or motion that reproduced the patient’s symptoms,”
could be replicated. Slump testing was assessed, elic-
iting discordant LBP that was comparable on the
involved and non-involved sides and was not affected

by a distant component.'®'® Slump testing was deemed
negative due to not reproducing concordant pain and
meeting the requirements for positive neural tension
testing.!® With the finding of discordant pain during
slump testing, further assessment of the nervous sys-
tem was determined to be appropriate. Neurological
testing (myotome/dermatome/reflex testing) was
performed while in sitting. Findings were normal and
symmetrical, providing further evidence to rule out
intervertebral disc pathology and stenosis.'®"

Neural testing in supine was assessed due to the
patient’s discordant pain during slump testing.
Straight leg raise testing as described by Butler'® was
performed and found to be negative. Frequently
used sensitizing maneuvers, as described in the
examination section, were initiated at the ankle and
also assessed as negative. Due to the high sensitivity
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Adverse neuro dynamics
(peripheral nerve
entrapment)

Lumbar intervertebral
disc herniation

Lumbar stenosis

SI joint

Hip osteoarthritis

Hamstring tendinopathy

Table 2. Differential diagnosis after objective clinical examination

(-) hip joint screen'®?!

(-) SI joint screen®®

(-) lumbar spine screen'>"'>¢

Pain with sitting

Subjective report of pain
with running, specifically
deceleration impact

Reproduction of concordant
sign with SLR sensitization
maneuvers’

Subjective history of LBP
with LE radiation

Pain with prolonged sitting
(specifically driving)

Age (>48 y.o.)12

Increased pain with running
Results of diagnostic
imaging™

Age (>50 y.0.)"
History of involvement in
high impact activities

Pain during running during
eccentric contraction of the
hamstrings

Right posterior medial knee
pain

Pain with single leg
deadlift®

(-) slump testing (SN 0.83,'7 0.84°%)
(-) SLR testing (SN 0.92,° 0.917%)

(-) SLR testing with sensitization for
sural, peroneal, and tibial nerves

Pain free lumbar AROM WNL with
and without overpressure

(-) centralization (SN 0.92)"

(-) SLR test (SN 0.92,% 0.917%)

(-) slump test (SN 0.83,'7 0.84%%)

Normal myotomal screen

Normal reflexes

Non-antalgic stable gait

Pain free lumbar AROM WNL with
and without overpressure (SN 0.70)"

(-) SLR test (SN 0.92,% 0.917%)
(-) slump test (SN 0.83,'7 0.84°%)

Normal myotomal screen
Normal reflexes
Non-antalgic stable gait

Pain with sitting

(-) thigh thrust (SN 0.88)*
(-) Fortin finger sign®*%’

(-) pain to palpation at SI joint
No report of symptoms in area

Pain free hip AROM WNL with and
without over pressure

No report of trauma

No limp, groin pain, or limited IR"*!
(-) pain reproduction with resistive
testing at knee angles of 40, 60, 90,
and 120**%

(-) pain with single leg bridge25

(-) tenderness to palpation along
biceps femoris, semitendinosus,
semimembranosus, and at ischial
tuberosity”"

No pain with taking-oft-the-shoe test
(SN 1.0y

No pain with passive SLR, active
knee extension or MMT of hamstrings
(SN 0.95)*

(-) pain with modified bent-knee
stretch (SN 0.89)*

28,29

(-)=negative; SLR=straight leg raise; AROM=active range-of-motion; SI=sacroiliac; LE=lower extremity; LBP=low back pain;

IR=internal rotation
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of this test it appeared adverse neural dynamics was
of low likelihood.

Possible hypotheses that had not been completely
ruled out were hip osteoarthritis, hamstring ten-
dinopathy, and SI joint dysfunction. After further
examination hip osteoarthritis, hamstring tendi-
nopathy and SI joint dysfunction were considered of
low likelihood due to normal pain free hip ROM,*#
negative bilateral scour testing, pain free and nor-
mal hamstring resistive and special testing,*%° pain-
free hamstring palpation, bilateral negative thigh
thrust,?”* negative Fortin finger testing,**' and pain
free SI joint palpation.®?

Unable to distinctly reproduce the patients symp-
toms up to this point in the examination, and unable
to assess running due to limitations in attire, the cli-
nician decided to investigate the neural system fur-
ther with expansion on foundational neurodynamic
testing.'® Testing began with adding hip movements
in various sequences, beginning with hip flexion, to
SLR testing. According to Butler'® a commonly per-
formed test is to flex the hip to end range and then
add knee extension (and ankle dorsiflexion if nec-
essary). Adding hip flexion was selected as the first
movement to assess because of the patients func-
tional complaints. Subjectively, the patient reported
pain during the eccentric phase of knee extension
while running when the hip was in a flexed position.
This test elicited the patient’s concordant sign with
the addition of ankle dorsiflexion, and was different
on the involved compared to the non-involved side.
Therefore this test was assessed as positive. Ankle
dorsiflexion was added prior to extending the knee.
The patient’s symptoms were further increased with

this sensitizing procedure. Performing additional
repetitions decreased the intensity of symptoms at
end range.

Assessment of the patient's subjective history,
self-report measures, objective findings, and tests
and measures led to a working diagnosis of atypi-
cal adverse peripheral neurodynamics. The clinical
reasoning that led this working diagnosis consid-
ered ruling out other structures as the source of the
patient’s symptoms. The likelihood that the patient’s
symptoms were originating from the lumbar spine,
SI joint, hip joint or lower extremity was ruled less
likely by a comprehensive and meticulous subjec-
tive and objective examination. In this case, adverse
neurodynamics was a diagnosis of exclusion.

Intervention (Table 3)

After differentiating neural versus non-neural tis-
sue as the pain generator, tensioning techniques
were employed.'’ Tensioning techniques are used to
provide tension to the nervous tissue by pulling at
both ends. The testing position that reproduced the
patient’s concordant sign was used as the treatment
position. The patient was instructed to lie supine and
flex the hip past 90 degrees. Once in this position he
was instructed to extend his knee and dorsiflex the
ankle to the point of concordant pain. This position
was held for two to three seconds and repeated as
described in Table 3. Since this was the only finding
reproducing his pain, this was also instructed as his
home exercise program (HEP). Clinical judgment
led to the decision to employ tensioning versus glid-
ing techniques secondary to the hypothesis that the
neural system was unable to accept tension and the
low degree of symptom irritability. The patient was

Table 3. Interventions utilized in case report

Patient reports no pain in L
buttock at this time with
running.

Active SLR 3 x 10 2-3x Re-assessment sign:
per day Active SLR

Instruction of jog (1

min)/walk (2 min) program Decrease in intensity of
Desk ergonomics with symptoms at end range

specific focus on seated

posture

Use of lumbar support

when sitting

HEP/ergonomic review N/A

applicable

SLR= straight leg raise; HEP=home exercise program; L=left; min=minute; N/A=not
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advised to monitor for worsening of symptoms with
HEP. If symptoms worsened, the patient was advised
to decrease the intensity of the exercise. If symptoms
continued to worsen, the patient was advised to dis-
continue the activity. Additional instructions given
are presented in Table 3. Secondary to a demanding
work schedule it was decided that the patient would
schedule a follow up visit for two to three weeks
from the day of the initial evaluation. The treatment
plan for the follow up visit was to assess the patient’s
response to his HEP as well as perform a running
assessment.

The patient attended a follow up visit two and one
half weeks after the initial evaluation. The patient
reported compliance with his HEP and that his pain
level had decreased allowing him to return to run-
ning. The patient wanted to review his HEP. He
again stated that he did not bring running attire and
did not think that it was necessary for a running or
functional assessment to be performed since he had
returned to running with no limitations and was sat-
isfied with his outcomes.

Outcomes

Twelve weeks after the initiation of physical therapy,
the patient was contacted via email. He was sent,
and asked to fill out an ODI. The patient demon-
strated an improvement in ODI from 10% to 2%, a
minimal clinically important difference (MCID) of 8.
The patient scored a +7 (a great deal better) on the
GROC. Through email the patient reported that he
continued to run without pain and that he was able
to resume running the same distances he could prior
to the onset of pain. He also reported no pain while
driving. He could independently manage his symp-
toms and he was discharged with advice to continue
with his independent HEP (Table 3). The patient
was instructed and educated to call to schedule an

appointment if his symptoms returned or any prob-
lems arose. (Table 4)

Discussion

This case report describes the utilization of clinical
reasoning by a clinician in fellowship training exam-
ining and treating a patient with atypical adverse
neurodynamics related to running. The clinician
utilized a systematic, logical method of clinical rea-
soning when attempting to arrive at a differential
diagnosis, based on reproduction of the patient’s
concordant pain. While the subjective history can be
used to determine up to 76% to 83% of diagnoses,**3*
encountering a patient who presents with signs and
symptoms not clearly delineating a specific pain
generator renders clinical reasoning and differential
diagnosis essential. The foundation of clinical rea-
soning is the ability of the clinician to recognize rel-
evant cues and how they relate to one another. The
patient’s subjective and objective examination may
make it possible to easily exclude potential diagno-
ses, but other diagnoses may require more detailed
examination.

In this case, the subjective examination aided in rul-
ing out potential pathologic conditions but did not
clearly delineate a pain generator. Therefore, the
clinicians reasoning processes were modified. This
was demonstrated with the use of a progressive clin-
ical examination. Steps were taken to sequentially
rule out possible pain generators in the lumbo-pel-
vic region.

Clinical reasoning is dependent on two processes: 1)
the analytic method, hypothetical deductive reason-
ing, and 2) the non-analytic method, pattern recogni-
tion. Integration of both processes allows for efficient
and accurate clinical decision making.*® Pattern rec-
ognition should be considered a necessary building

Table 4. Outcomes scores for case report

N/A=not applicable
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block in the development of clinical reasoning skills.
Expert clinicians regularly use pattern recognition
for common patient problems and hypothetico-
deductive reasoning for complex problems. Expert
clinical reasoning and differential diagnosis is an
evolving process that involves identitfying working
interpretations and repeated hypothesis generation.
Deletion and refinement of these interpretations and
hypotheses allows health professionals to develop an
understanding of patient problems.?* A refinement
of'these skills with reflective thinking leads to achiev-
ing the primary goal of identifying the patient’s
clinical presentation and matching it with the most
effective treatment approach.®”

In this case, pattern recognition suggested pain gen-
eration from the lumbar spine or pelvis, which was
not reproduced with clinical examination. Reflec-
tive thinking led to employing further sensitive test-
ing to the neural system. Sensitizing maneuvers, as
described by Butler, are used during neural tissue
provocation tests and can assist clinicians in differ-
entiating between non-neural and neural tension
related to musculoskeletal pathologies. Sensitizing
maneuvers helped to rule in adverse neural tension
but not before efficiently ruling out other musculo-
skeletal sources of pain.

Neural tissue is able to tolerate mechanical forces
generated during movements associated with every
day and sport activities.”® Peripheral neuropathic
pain is a term that is used to describe what occurs
when nerve roots or peripheral nerve trunks have
been injured by mechanical or chemical stimuli."
Peripheral neuropathic mechanisms can present
similarly to other common musculoskeletal syn-
dromes, such as lateral epicondyligia,*® achilles ten-
dinosis,* heel pain,*** inversion ankle sprains,** and
hamstring tendinosis.*

Interventions for this patient were selected in order
to address his concordant sign and functional limita-
tions found during the initial evaluation. The use of
tensioning neurodynamic exercise was the focus of
the treatment. Currently, there is limited evidence
to support the use of neural mobilization in patients
presenting with adverse neural tension,* or even
pathology in general.*® Low quality studies have
demonstrated that a treatment focusing on move-
ment of neural tissue can be safely implemented to

promote recovery for patients with peripheral neu-
ropathic pain.*®* This case report discusses patient
education regarding neural mechanics and their role
in the patient’s pathology was imperative in order to
improve compliance to the home exercise program.

While it might be argued that the patient initially had
limited disability, and may have improved on his own,
one independently guided treatment was both objec-
tively and anecdotally successful. As demonstrated
through subjective reports of improvement, decreas-
ing pain levels (MCID of 2),** improved ODI (MCID
of 30% from baseline score),” maximum improve-
ment on GROC score (+7), and a return to pain free
running, this patient responded well to the selected
treatments. Additionally, these significant results were
after six months of symptoms that had not improved
on their own and the patient continued to be signifi-
cantly improved 12 weeks after intervention.

Limitations of the case report include lack of any
type of functional testing, a formal running assess-
ment, knee examination, and objective assessment
during the follow up visit. At the follow up visit the
plan was to evaluate running mechanics and per-
form further functional testing but the patient pre-
sented to the visit without running attire, reporting
satisfaction with his outcomes at that time. High-
level patient satisfaction has been shown with opti-
mizing aspects of the patient-therapist interaction,
the process of care, and performing a well-organized
evaluation and treatment.*

Conclusion

Ascertaining the pain generator in complex patient
presentations requires a diligent, systematic exami-
nation approach based on replication of the patients
concordant pain. The development of differential
diagnosis and clinical reasoning skills is important.
Improving clinical reasoning skills requires delib-
erate practice and routinely engaging in reflective
thinking before, during, and after each patient inter-
action. This case report is a description of utilizing
the reasoning process in attempts of providing opti-
mal outcomes in a patient.
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CASE REPORT

THE USE OF DRY NEEDLING FOR A SUBJECT WITH
CHRONIC LATERAL HIP AND THIGH PAIN: A CASE
REPORT

Ron Pavkovich, PT, DPT, Cert. DN, Cert. SMT, Dip. Osteopractic, CIDN!
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ABSTRACT

Background and Purpose: Lateral thigh pain, commonly referred to as greater trochanteric pain syndrome (GTPS) and/ or iliotibial band syndrome
(ITBS) is commonly treated by the physical therapist. Lateral thigh pain is commonly treated by the physical therapist. The sources of lateral thigh
pain are commonly attributed to GTPS and/ or ITBS though various pathologies may contribute to this pain, of which trigger points (TrPs) may be an
etiology. Dry needling (DN) is an intervention utilized by physical therapists where a monofilament needle is inserted into soft tissue in order to
reduce pain to improve range of motion/ motor control dysfunction. This can assist with facilitation of return to prior level of function. The purpose
of this case report is to report the outcomes of a patient with lateral hip and thigh pain treated with DN as a primary intervention strategy.

Case Description: The subject was an active 78-year-old female recreational walker who was referred to physical therapy for chronic left
lateral hip and thigh pain of greater than one-year duration without a clear mechanism of injury. She had a history of previous physical
therapy treatment for the same condition, and previous therapeutic intervention strategies were effective for approximately two to three
months duration prior to return of pain symptoms. Physical examination supported a diagnosis of GTPS/ ITBS. Subjective reports denoted
sleep deficit due to pain lying on the left side at night and difficulty walking more than five minutes. Objective findings included decreased
strength of the hip musculature and reproduction of pain symptoms upon flat palpation in specific locations throughout the lateral hip
and thigh regions. She was treated for eight weeks using only DN to determine the effectiveness of DN as a primary intervention strategy,
as previous physical therapy interventions were inconsistent and were only beneficial in the short-term.

Outcomes: Clinically meaningful improvements were noted in disability and pain, as measured by the Lower Extremity Functional Scale
and Quadruple Visual Analog Scale. Improvement in strength was not an objective measure being assessed, however, lower extremity
strength improvement was noted upon final physical examination. This case report focused on pain reduction for improved function rather
than strength improvement. Improvements in pain and disability were subjectively reported. The subject was able to lie on her left side at
night, which improved her ability to sleep. She was also able to tolerate walking approximately twenty to thirty minutes for improved com-
munity ambulation needs.

Discussion: This case report presents promising outcomes for the use of DN in the treatment of chronic lateral hip and thigh pain. Further
research is recommended to determine if DN is clinically beneficial independent of other therapeutic interventions such as exercise,
myofascial release/ massage, non-thrust mobilization, or manipulation.

Level of evidence: Level 4

Key words: Dry needling; hip pain; iliotibial band; trochanteric bursitis
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INTRODUCTION

Lateral hip and thigh pain may be the result of a
host of pathological etiologies including, but not
limited to osteoarthritis of the hip joint, greater tro-
chanteric bursitis, iliotibial band syndrome (ITBS)/
snapping hip syndrome, muscle weakness/ strength
imbalances, flexibility deficits, spinal pathology, and
leg length discrepancies.'! "Trochanteric bursitis”
(TB) is still common terminology used to identify
lateral hip pain by medical providers. TB tends to
occur between the fourth and sixth decades of life,
though cases have been reported in all age-groups."
Trochanteric pain syndrome was originally thought
to be caused by inflammation of the sub-gluteus
maximus bursa (i.e. bursitis), but recent MRI and
ultrasound studies question the idea that bursitis is
the primary source of trochanteric pain.'* A contem-
porary term, greater trochanteric pain syndrome
(GTPS) encompasses a number of disorders of the
lateral, peri-trochanteric region of the hip, includ-
ing trochanteric bursitis, tears of the gluteus medius
and minimus and external coxa saltans (snapping
hip)."* The incidence of GTPS is reported to be
approximately 1.8 subjects per 1000 per year, with
the prevalence being higher in women, and subjects
with concomitant low back pain, osteoarthritis, ITB
tenderness, and obesity.!®* Symptoms consist of per-
sistent pain in the lateral hip radiating distally down
the lateral thigh to the knee, and occasionally below
the knee and/or buttock. Physical examination typi-
cally indicates point tenderness in the posterolateral
area of the greater trochanter.'®

Iiotibial band (ITB) involvement, which is typically
associated with lateral knee pain, is regularly observed
concurrently with GTPS from a clinical perspective.
From a diagnostic standpoint, the lateral knee is the
most extensively researched region of I'TB pain pathol-
ogy, but clinically it is common to have palpable ten-
derness along the entire length of the ITB. There is
a paucity of evidence supporting the effectiveness
of treatment strategies for I'TBS, which include non-
steroidal anti-inflammatory drug (NSAID) administra-
tion, phonophoresis, corticosteroid injections, deep
friction massage, and correction of hip strength abnor-
malities.*® The inconsistency with accurate diagnosis
of chronic lateral hip and thigh pain sources leads to
the possibility of TrPs in the affected hip and thigh
musculature as being sources of pain.

Dry needling (DN) research continues to be in spot-
light in the therapy community regarding validity/
effectiveness as a treatment strategy for a host of
pathological conditions. Currently, no randomized
control trial (RCT) studies have looked at the effec-
tiveness of DN to the lateral hip and thigh for pain
reduction. Various continuous education programs
teach DN techniques, and some of the programs
focus on trigger points (TrPs) as the primary justi-
fication for using DN intervention. TrPs have been
studied extensively over the years as sources of
pain,'®?® and the literature suggests a TrP is identi-
fied clinically by palpation of a tender nodule in a
taught band of muscle and subject pain recognition
of tender spot palpation.?® However, accurate diag-
nosis of TrP location is difficult due to the lack of a
clinician’s ability to reliably and repeatably identify
a specific TrP.'8202128 Two studies, one by Sciotti et
al® and one by Myburgh et al** have shown positive
inter-rater reliability for identification TrPs in the
upper trapezius muscle if the examiners are experi-
enced, however, pairing experienced and inexperi-
enced examiners caused a reduction in the ability to
reliable identify TrPs.*

In regards to DN for intervention related to TrPs,
some authors such as Hong et al* suggest that the
local twitch response (LTR) is necessary for maxi-
mum effectiveness of trigger point dry needling
(TrP-DN), however, Tough et al*® indicate that of the
original four criteria most commonly used to diag-
nose TrPs (LTR, predicted pain referral pattern, pal-
pable tender nodule in a taught band of tissue, and
reproduction of pain symptoms), LTR and predicted
pain referral pattern are no longer considered essen-
tial for diagnosis. It should be noted that DN is not
limited to myofascial intervention, although this
case report's DN intervention was focused on treat-
ing myofascial TrPs in the local tissue.

Physical Therapists regularly attempt to determine
the “why” of the root cause of pathology and how
to “fix” the issue. Due to the already noted lack of
research supporting diagnostic criterion and treat-
ment strategies for lateral hip and thigh pain, the
need for clinically effective intervention tools that
can quickly improve pain, thereby improving gen-
eral function that has become deficient due to
chronic pain are necessary. The purpose of this case
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report is to determine the effectiveness of DN as a
primary treatment strategy in a subject with chronic
lateral hip and thigh pain. Informed consent was
obtained from the patient prospectively prior to the
start of intervention.

CASE DESCRIPTION

The subject in this study was an active 78-year-
old female recreational walker, who was referred
to physical therapy for evaluation of chronic non-
specific left lateral hip and thigh pain. The reports
of pain affected her ability to negotiate stairs, walk
for exercise and shopping needs, and also affected
her sleeping patterns. She was treated a few years
previously using “traditional” physical therapy inter-
ventions including exercise, neuromuscular re-edu-
cation techniques, deep friction tissue mobilization,
and ultrasound. This provided temporary relief, but
it was not immediate and her pain persisted (inter-
mittently) over the years. Intermittent symptoms
consistent with radiculopathy were reported. The
reported radicular symptoms had been occurring for
years and positional changes such as sitting down/
laying down always eliminated her pain immedi-
ately. She did not report regular bouts of radicular
symptoms affecting her daily function. Her overall
general health was good, though she reported hav-
ing a pacemaker. The patient was assessed and
cleared of contraindications to the use of DN. Given
the fact she had a pacemaker; the use of electro-
stimulation was not utilized as an addition to DN in
this case report. She was already taking anti-inflam-
matory medication on an as needed basis for hip
pain and she had received a cortisone injection six
weeks prior to presentation to the clinic, which was
reported to only reduce pain for a very short period.
Her goal was to reduce pain to improve her ability to
walk, sit, sleep, and travel.

Table 1. Outcome measures

The outcome measures employed in this case report
were the Lower Extremity Functional Scale (LEFS)
and the Quadruple Visual Analog Scale (QVAS) and
are reported in Table 1. Upon initial evaluation
per the QVAS, the subject reported her current (28
mm), average (35 mm), best (12 mm), and worst (90
mm) pain levels during the last 24-hour period. The
visual analog scale (VAS) has moderate to good reli-
ability (correlation coefficient 0.60-0.77)* to detect
disability and high reliability for pain (correlation
coefficient 0.76-0.84).*" The minimum clinically sig-
nificant change has been estimated to be 11 points
(mm) on a 100 point (mm) scale.*

The LEFS was used to assess functional disability.
The LEFS is a patient reported functional tool that
can be easily and quickly completed and has been
found to be a reliable and sensitive to change when
compared to the SF-36 with a minimal detectible
change being 9 scale points and the minimal clini-
cally important difference being 9 scale points.* Test-
retest reliability per Watson et al** was found to be
high for subjects with anterior knee pain, and Yeung
et al*® reported a large responsiveness to change as
well as good reliability and validity in outpatient
and inpatient orthopedic settings among subjects
with revision joint replacements. The results of the
LEFS are also shown in Table 1, and the subject had
a baseline score of 24/ 80.

EXAMINATION

The subject in this case report was treated several
years previously by the author. At that point, she was
treated with exercise, myofascial release and deep
tissue mobilization techniques, and ultrasound for
the same issue. She improved gradually during that
intervention period, but her pain returned relatively
quickly (approximately 2-3 months). She presented

Qutcome Measures Initial Exam Upon Completion at 8 Weeks
LEFS 24/ 80 59/80
QVAS Current 28 mm 13 mm
QVAS Average 35 mm 20 mm
QVAS Best 12 mm 6 mm
QVAS Worst 90 mm 82 mm
LEFS: Lower Extremity Functional Scale
QVAS: Quadruple Visual Analog Scale for pain.
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for this episode of care with reports of burning pain
in the left lateral hip and thigh from the superior
iliac crest region to the proximal lateral knee, and
from the tensor fascia latae (TFL) region to the pos-
terior superior iliac spine (PSIS) and lateral pirifor-
mis area of the hip and thigh. Pain increased with
lying, sitting, standing, and walking.

She had a history of low back pain, and a previous
radiographic study showed lumbar arthritic changes
at the L3 through S1 levels. Given her history of
back pain, it was necessary to rule out lumbar radic-
ulopathy, pain of spinal origin, and sacroiliac joint
(SLJ) involvement (given the SIJ is innervated from
branches of L3-S4). She reported intermittent left
lower extremity radicular-like symptoms, but this
was a minor secondary issue that had no current
impact on her daily laying, sitting, standing, and
walking tolerance. She had an observable minimally
shorter left lower extremity in standing, which, in
the opinion of the author, could have been an issue
affecting mechanical changes to gait patterns lead-
ing to the reported pain over the years. Based the
subject’s subjective reports including her previous
history, differential diagnoses included pain of dis-
cogenic origin, osteoarthritis of the hip, sacroiliac
joint dysfunction, and GTPS/ ITBS.

Assessment of posture and gait mechanics was
performed. This included assessment of lumbar,
innominate, and global spinal positioning, and
observation of gait mechanics. Physical examination
revealed observable mild loss of lumbar lordosis, but
given the layers of tissue covering the lumbar region
including increased adiposity, accurate palpation
and observation of lumbar spinal curvature was dif-
ficult and unreliable. There was observed rounded
bilateral shoulder positioning. The left innominate
was slightly inferior and asymmetric compared to
the right upon observation. It is noted that the abil-
ity to properly assess pelvic symmetry with static
or movement-based positioning testing, including
leg length discrepancy, is not valid or reliable,®
therefore palpation assessment for positional faults
of the SIJ were not performed. She limped on the
left lower extremity and demonstrated a very mild
Trendelenberg walking pattern indicating left hip
abductor muscle weakness. No other postural abnor-
malities were noted.

Bilateral lower extremity (BLE) strength was assessed
via manual muscle testing (MMT) in a short sitting
position with her hips and knees flexed and the legs
hanging off the table. The results are shown in Table
1. Note that hip flexion (4-/ 5 bilateral), abduction (4/
5 bilateral), and knee flexion (4/ 5 bilateral) weak-
ness bilaterally was noted upon initial presentation.
All other BLE MMT scores were 5/ 5 bilaterally.

A lower quarter neurological examination was per-
formed to screen for symptoms of spinal origin. Der-
matomal testing was normal for light touch sensory
assessment of the T10-S2 dermatomal regions of the
trunk and lower extremities. Myotomal testing was
assessed via MMT of the same nerve root levels,
see results above. DTRs were assessed via testing
of the L4 and S1 nerve roots in short sitting with
the legs off the table and using a reflex hammer at
the patellar tendon and Achilles tendon bilaterally.
Patellar tendon reflex was 2+ and Achilles tendon
reflex was 0 bilaterally. Lack of Achilles DTR could
be attributed to chronic and intermittent radicu-
lar symptoms stemming from the L5-S1 nerve root
level, though no diagnostic images looking in detail
at the nerve roots had been performed at the time of
the intervention. Seated slump testing (sensitivity =
0.84; specificity = 0.83)* was performed to assess for
lumbar disc herniation at the L4-S1 levels, and this
did not show pathological involvement. There were
no neurovascular abnormalities noted.

Symptom centralization testing for discogenic origin
has been found to be valid and reliable.* The subject
was tested via repeated flexion and extension move-
ments in standing for perihperalization/ centraliza-
tion phenomenon, which was negative for discogenic
pain. Sacroiliac joint involvement was ruled out using
a multi-test regimen as indicated by Van der Wurff
et al* and the Active Straight Leg Raise (ASLR) as
described by Mens et al.** Van der Wurff et al included
five special tests in the multi-test regimen: Distraction
test, Compression test, Thigh Trust test, Patrick sign,
and Gaenslen's test. All testing of the SIJ was negative.

Palpation assessment revealed tender nodules in
taut tissue bands in the gluteus medius, gluteus
maximus, lateral piriformis, greater trochanteric
region, and ITB regions of the left LE, indicative of
the likelihood of TrPs in the affected musculature.
Pain from this region likely caused her functional
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mobility deficit, as pain was the limiting factor in
her intolerance to walking activities. There were
no autonomic responses noted (e.g. temperature
change, diaphoresis, etc.) and sensation was intact
to light touch and deep pressure. Trophic changes of
the skin were also absent.

EVALUATION/ DIAGNOSIS

Upon completion of subjective history and physical
examination, TrPs in the aforementioned muscu-
lature were suspected as the underlying pathology
causing pain. Strength deficit in the hip musculature
and observable asymmetric innominate positioning
were present and could possibly have contributed to
the long term cause of the subject’s lateral hip and
thigh pain. As mentioned prior, the ability to defini-
tively ascertain reliable innominate positioning by
palpation is poor; therefore the therapist could not
reliably say that pain was due to improper pelvic
symmetry. This leads to the likelihood of the pos-
sibility of TrPs as a source of pain. This decision was
based upon the author’s three years of clinical expe-
rience utilizing DN for muscular pathology.

Clinical reasoning determined DN should be the inter-
vention employed, due to the palpable taut bands
and reported pain reproduction. Due to the subject’s
reports of severe pain upon presentation, it was not
believed that stretching and exercise interventions
would provide the pain relief she was seeking.

INTERVENTION

Risks and potential complications were advised and
written consent was obtained outlining common and
serious adverse events associated with DN interven-
tions. Common complications include muscle sore-
ness, bruising, and vasovagal reaction. More serious
(but rare) complications include infection, broken
needle, and pneumothorax.** There were no reported
contraindications to the use of DN. Contraindications
include, but are not limited to: local infection, recent
cancer/ history of immune suppression, bleeding dis-
orders, current/ chronic use of anti-coagulant medica-
tions, pregnancy, compromised sterility of equipment,
and lack of practitioner practical knowledge.*

The subject was treated for sixteen total sessions,
two- times per week for eight weeks. She was posi-
tioned in right side lying with a pillow between her
knees on a hi-low table for subject and therapist com-

fort and to reduce the effects of vasovagal response.
The following soft tissues were treated: gluteus max-
imus and medius, lateral piriformis, greater trochan-
teric bursa area, and four points on the lateral thigh
(ITB/ vastus lateralis). These points are outlined in
the following paragraphs.

The needles used for treatment of this subject were
solid monofilament Seirin J-type sterile needles, No.
5 (0.25 diameter) x 30 mm. in length; No. 8 (0.30
diameter) x 60 mm.; and No. 8 (0.30 diameter) x 50
mm. Needles were used one time and discarded, as
the risk of needle injury to the therapist is increased
with techniques that teach “re-sheathing” of the
needles to use in other locations on the same sub-
ject.*® Each needle was held in the therapist’s dom-
inant hand for application of and manipulation of
the needle within the tissue. Prior to insertion of the
needles, an application of 70% isopropyl alcohol was
performed to cleanse the treatment areas.

DN to the gluteus maximus and medius points were
performed with 50 mm length needles. The needles
were inserted into tender nodules in the tissue identi-
fied upon flat palpation, which were located three- fin-
gerbreadths distal to the mid iliac crest (Figure 1) and
three fingerbreadths lateral to the PSIS (Figure 2). The

Figure 1. Needle placement for gluteus maximus
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Figure 2. Needle placements for gluteus maximus and gluteus
medius points

needles were inserted perpendicularly through the
muscle bellies utilizing a fast-in/ out movement tech-
nique in a cone pattern to attempt to target as many
sensitive loci as possible within the tender nodule(s)
in the taut band of the target musculature. The needles
were then wound clockwise to attain needle grasp,
and then were in turn left in-situ for 15 minutes. DN
techniques may have a local and/ or remote therapeu-
tic effect based on mechanical coupling of connective
tissue and the needle thereby causing a “downstream”
effect on the generation of a mechanical signal caused
by needle grasp pulling. These downstream effects
may include cell secretion, modification of extracel-
lular matrix, enlargement and propagation of the sig-
nal along connective tissue planes, and afferent input
modulation by changes in the connective milieu.***

DN of the lateral piriformis musculo-tendinous junc-
tion (Figure 3) was performed using a 60 mm nee-
dle inserted into the lateral piriformis region of the
posterolateral hip region. The needle was inserted
perpendicularly through the muscle belly angled
slightly cephalad and towards the symphysis pubis.
The needle was wound clockwise needle grasp
caused a slight discomfort reported by the subject.
This needle was then left in-situ for 15 minutes.

Figure 3. Needle placement for lateral pivoformis

DN of the greater trochanteric region (Figure 4) was
performed using a 50 mm needle that was inserted
lateral to medial in the center of the greater trochan-
teric region to a depth of 50 mm. The needle was
wound clockwise to attain needle grasp and left in-
situ for 15 minutes.

DN of the vastus lateralis/ ITB region (Figure 5) was
performed with four 30 mm needles using flat pal-
pation to identify multiple tender points throughout
the midline of the lateral thigh. Once the initial nee-
dle was inserted, three more needles were inserted
four fingerbreadths distal to the prior needle inser-
tion location. The needles were then rotated clock-
wise to attain needle grasp, then left in-situ for 15
minutes.

OUTCOMES

The efficacy of DN intervention was measured by
reduction of pain and disability levels, objective hip
strength, subjective reports of improvement in the
subject’s overall functional ability, and quality of
life. Initially and eight weeks after the initial treat-
ment session, pain and disability was assessed via the
LEFS and QVAS outcome measures. Hip strength was
assessed via MMT in sitting, as previously described.
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Figure 4. Needling of the greater trochanteric region

Figure 5. Needle placements for the vastus lateralis and ilio-
tibial band

The results of these outcome measures are shown
in Table 1. The LEFS showed improvement from
24/ 80 initially to 54/ 80 at completion of treatment,
which is well above the MDC/ MDIC indicating clini-

cally meaningful improvement. The QVAS (average)
improved from 35 mm to 20 mm and QVAS (best)
improved from 12 mm to 6 mm. The QVAS (current)
significantly improved from 28 mm. to 13 mm., and
the QVAS (worst) improved from 90 mm to 82 mm.
The QVAS (average) and QVAS (current) both met the
clinically meaningful change threshold, but the QVAS
(best) and QVAS (worst) did not meet the clinically
meaningful change threshold.

Table 2 shows objective results including BLE strength.
The primary intent of this case report was not to
attempt to directly address strength; rather it was to
focus on reduction of pain. The improvements in
strength that were noted with the use of DN were
not expected, however, strength improvements were
demonstrated, including hip flexion MMT improve-
ment from 4-/5 to 4/5 bilaterally, hip abduction MMT
improvement from 4/5 to 5/5 bilaterally, and knee
flexion MMT improvement from 4/5 to 5/5 bilaterally.
The subject, upon completion of the eight-week inter-
vention period, also subjectively reported improved
ambulation tolerance, sleep, and improved ability to
sit and stand throughout the day.

DISCUSSION

The subject reported significant improvement of the
initial hip and thigh regional pain she came to have
addressed. The LEFS and QVAS sub groups for aver-
age and current pain showed clinically significant
improvements, though her “best” and “worst” pain
did not show clinically meaningful improvement per
the 11-point threshold of the VAS. She subjectively
reported being able to sleep, walk without limping,
and sit and stand for extended periods, which she
could not tolerate prior to the intervention. She con-
tinued to have pain, and DN did not eliminate her
pain symptoms, but clinical meaningful improve-
ments were demonstrated. Strength in the hip
flexors, abductors, and knee flexors improved bilater-
ally. Although this case report was not specifically
intended to assess improvement in strength as an
outcome, it is hypothesized that the improvements
noted were likely due to reduced pain causing reduc-
tion of poor gait mechanics, improving her ability
to tolerate walking. This in turn, may have allowed
her strength to normalize. Again, this is a clinical
hypothesis without evidence of support. The find-
ings of this case report preliminarily support the use
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Table 2. Manual Muscle Scores

Time Hip FLEX | Hip ABD | Hip ADD Knee FLEX Knee EXT Ankle DF
period MMTR/L | MMT R/L | MMT R/L MMT R/L MMT R/L MMT R/L
Initial 4-/ 4- 4/ 4 5/5 4/ 4 5/5 5/5
Final 4/ 4 5/'5 5/'5 5/'5 5/'5 5/'5

of DN as an initial intervention strategy for reduction
of pain related to chronic lateral hip and thigh pain
in order to improve functional disability. This initial
intervention strategy may then allow the therapist
to employ other intervention strategies focused on
strength, posture, home exercise programming/ sub-
ject education for longer term relief of this condition.

This case report uses only a single subject, as is typi-
cal of a case report. This is an inherent limitation
offering only results that relate to this single sub-
ject that cannot be generalized to larger populations.
Larger randomized control studies looking at DN
interventions need to be performed in order to fully
assess the effectiveness of DN as a primary interven-
tion strategy for GTPS and/ or ITB etiologies. Longer
assessment periods looking at long-term benetit ver-
sus immediate or short-term benefit also need to be
assessed, as this case report showed immediate and
short-term (two month) improvements in pain and
disability, but did not assess longer-term outcomes.
Further research is recommended to determine
if DN is clinically beneficial independent of other
therapeutic interventions, such as general or spe-
cific exercises targeting the affected musculature, or
other manual therapy techniques and massage or
non-thrust mobilization.

CONCLUSIONS

DN of the lateral hip and thigh was tolerated well
by this subject, who demonstrated improvements
in pain and function without adverse effects. Given
her reduction in pain and improvements in reported
function, the use of DN for chronic lateral hip and
thigh pain etiologies shows promise. Future research
is needed to determine the full effectiveness of DN
for lateral hip and thigh pain, as well as, to deter-
mine longer- term outcomes.
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CLINICAL COMMENTARY

CONSIDERATIONS FOR LATE STAGE ACL
REHABILITATION AND RETURN TO SPORT
TO LIMIT RE-INJURY RISKAND MAXIMIZE
ATHLETIC PERFORMANCE
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ABSTRACT

Purpose/Background: Despite recent advances in anterior cruciate ligament reconstruction (ACL) surgical
techniques, an improved understanding of the ACLs biomechanical role, and expanding research on optimal
rehabilitation practices in ACL-reconstructed (ACLR) patients, the re-tear rate remains alarmingly high and
athletic performance deficits persist after completion of the rehabilitation course in a large percentage of
patients. Significant deficits may persist in strength, muscular activation, power, postural stability, lower
extremity mechanics, and psychological preparedness. Many patients may continue to demonstrate altered
movement mechanics associated with increased injury risk. The purpose of this clinical commentary and
literature review is to provide a summary of current evidence to assist the rehabilitation professional in
recognizing, assessing, and addressing factors which may have been previously underappreciated or unrec-
ognized as having significant influence on ACLR rehabilitation outcomes.

Methods: A literature review was completed using PubMed, Medline, and Cochrane Database with results
limited to peer-reviewed articles published in English. 136 articles were reviewed and included in this
commentary.

Conclusions: Barriers to successful return to previous level of activity following ACLR are multifactorial.
Recent research suggests that changes to the neuromuscular system, movement mechanics, psychological
preparedness, and motor learning deficits may be important considerations during late stage rehabilitation.

Level of evidence: Level 5- Clinical Commentary
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INTRODUCTION

ACL injuries account for up to 50% of all sustained
knee injuries with an estimated frequency of' 6.5 ACL
injuries per 10,000 athletic exposures and an esti-
mated one billion dollars spent annually on ACLR in
the United States.!* Approximately 90% of patients
who seek treatment for an ACL tear undergo surgical
reconstruction.® For many of these patients, the goal
is return to sport or recreational activities at their
pre-injury level. Recent evidence suggests that the
outcome rates for return to sport and continued par-
ticipation after return are lower than desired.*® Ard-
ern et al reported return to sport rates at 12 months
after ACLR ranged from 33% to 92%.* Multiple
authors report rates of re-tear or secondary injury to
the uninvolved lower extremity following return to
high level activity ranging from four to thirty three
percent.”!s Paterno et al reported results indicating
that roughly one-third of female high school athletes
suffer an injury to the contralateral lower extremity
within two years of return to sport following ACLR.*
Myer et al demonstrated that resolution of specific
functional deficits following ACLR was not associ-
ated with time from surgery.”” This suggests that
athletes may require longer time frames to restore
acceptable levels of functional performance than
currently recommended. These results may also
suggest shortcomings in commonly utilized postop-
erative rehabilitation protocols and return to sport
testing criteria. Many of these protocols have focused
on biomechanical and musculoskeletal factors such
as knee range of motion, lower extremity strength,
measures of ability to produce power as compared
to the uninvolved side, and graft laxity to deter-
mine readiness for rehabilitation advancement and
return to previous level of activity. The purpose of
this clinical commentary and literature review is to
provide a summary of current evidence to assist the
rehabilitation professional in recognizing, assessing,
and addressing factors which may have been previ-
ously underappreciated or unrecognized as having
significant influence on ACLR rehabilitation out-
comes. Evidence for the potential influence of pain,
psychological variables, and neurological impact of
ACL injury and ACL reconstruction will be exam-
ined. Optimal strategies to enhance motor learning,
restore movement quality and minimize secondary
injury risk will be discussed. The current criteria

for return to sport decision making and traditional
guidelines will be addressed,” and updated consid-
erations and emerging evidence for newer methods
of assessment and interventions in late stage ACLR
rehabilitation will be reviewed.

MOVEMENT ALTERATIONS AND INJURY
RISK

Actual reported re-injury rates range from 1 in 4 to
11in 17 in ACLR patients,"'* with a higher incidence
reported in the first two years post-injury.'> Multiple
authors have identified altered biomechanics and
movement patterns in male and female ACL-recon-
structed patients when comparing the involved limb
to the uninvolved.'®*® Altered lower extremity bio-
mechanics have also been discovered when compar-
ing patients with ACL injuries to uninjured control
subjects.”® These movement alterations have been
identified during multiple sport-specific maneuvers
including single leg jumping,'®!” sagittal double leg
jumping and landings,'**" lateral hopping,* side-
step cutting,**** and jogging.*® Movement altera-
tions may persist for time frames ranging from six
months to beyond two years post-operatively, even
in some athletes cleared to return to full participa-
tion in sport.'®?! Paterno et al examined factors that
predicted second ACL injury risk in ACLR patients
prospectively.! These authors identified four fac-
tors including increased knee valgus, asymmetry in
internal knee extensor moment at initial contact,
single leg postural stability, and opposite hip rota-
tion moment as significant predictors of re-injury
risk. It has also been demonstrated that specific tar-
geted neuromuscular training can improve one or
more of these identified risk factors.?”*® Recently,
Goerger et al were able to examine dominant limb
biomechanics in a group of subjects both pre-ACL
injury and after subsequent surgical reconstruc-
tion.*® Their findings indicated that ACL injury
resulted in altered movement patterns in both the
involved and uninvolved lower extremities, simi-
lar to those demonstrated to be predictive of lower
extremity injury. These altered movement patterns
did not resolve following ACLR and subsequent
rehabilitation. This suggests that changes to the tra-
ditional ACLR rehabilitation paradigm may be nec-
essary, particularly with return to sport training and
timeframes for sport clearance. It is imperative that

The International Journal of Sports Physical Therapy | Volume 10, Number 2 | April 2015 | Page 257




the rehabilitation professional appreciate the biome-
chanical and musculoskeletal issues that may result
from ACL injury as well as the potential effects on
higher levels of the neuromuscular system. Targeted
interventions to improve movement quality during
high level sport specific tasks may need to be further
explored and refined in order to lower re-tear and
secondary injury rates.

NEUROLOGICAL EFFECTS OF ACL INJURY
The effects of ACL injury on joint stability, lower
extremity biomechanics, and isolated muscle group
performance have been documented in the medi-
cal literature.” Research examining the potentially
detrimental neuroplastic effects of ACL injury and
subsequent surgical reconstruction is much less
plentiful in spite of the potential effect on function
and preparedness for return to sport.

Disruption of the native ACL leads to mechanical
instability of the knee, but also can alter neuromus-
cular control due to disruption of mechanoreceptors
within the ligament.*® Disruption of these mechano-
receptors alters somatosensory signals and decreases
the afferent input to the central nervous system
(CNS). The resultant decrease in joint position sense
and kinesthesia, along with increased nociceptor
activity associated with pain and effusion potentially
impairs motor control.* Kapreli et al concluded that
ACL injury can cause reorganization of the CNS and
result in changes in activation patterns of sensorimo-
tor cortical areas as compared to matched controls
with intact ACL.** These changes in neurophysiologic
function are not corrected with ACLR, as the afferent
pathway from the mechanoreceptors present in the
native ACL cannot be reliably restored.** This con-
cept is further supported by the work of Baumeister
et al® in a study comparing cortical activity during
knee joint angle reproduction tasks in ACLR patients
and matched controls. The authors found signifi-
cantly higher levels of cortical activity during move-
ment tasks in knees status post ACLR as compared to
non-injured knees. Grooms et al** suggested that the
decreased somatosensory input available following
ACL injury requires the patient to rely on visual feed-
back and increased conscious cortical involvement in
order to effectively regulate neuromuscular control.
Grooms et al** further suggested that the visual feed-
back and conscious motor planning mechanisms may

be efficient during simple or predictable tasks but
may become overwhelmed and less efficient in the
complex athletic environment leading to increased
injury risk. This information suggests that the tradi-
tional rehabilitation model focused on restoration of
range of motion, muscle strength and endurance, and
enhanced biomechanical function during varying
levels of dynamic tasks may fall short when attempt-
ing to minimize re-injury risk. Further investigation
of rehabilitation techniques that could be utilized to
impact the changes in neuroplasticity and motor con-
trol may be necessary to improve outcomes following
ACLR.

PAIN

Recent research also appears to support the idea that
pain may alter neuromuscular function and trigger
adaptations that could result in detrimental effects
on long term health and physical performance.*
Hodges and Tucker®*® proposed that pain may trig-
ger neuromuscular changes due to the intent to pro-
tect the injured region of the body and minimize
the experience of pain. They proposed that these
adaptations may include: redistribution of activity
within or between muscles and changes in mechani-
cal behavior including stiffness or modified move-
ment patterns. They suggested that these changes
occur at multiple levels of the nervous system and
may be additive, complementary, or competitive.*®
While these changes may provide the intended ben-
efit of short term relief of pain, they may also result
in decreased movement range, decreased movement
variability, and increased load in specific regions
of the knee joint. This may have long term impli-
cations on knee health, re-injury risk, and athletic
performance. It is not currently clear whether these
adaptations are a result of pain suffered at the time
of'initial ACL injury, post-operative pain, or the sum-
mative effects of both.

In support of this theory, Tucker et al*® found that
motor unit discharge of the quadriceps was nega-
tively affected not only by the presence of pain,
but also the anticipation of pain. More importantly,
changes in motor unit discharge continued regard-
less of whether pain was present or not. Hug et al
found inter-muscular changes in response to pain
within the quadriceps muscle group suggesting
adaptive differences that could be attributable to
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changes in role or function of individual muscles
or neurophysiological differences or constraints.?”
These changes may have significant rehabilitation
implications in an ACLR population.

ALTERATIONS IN SPECIFIC MUSCLE
FUNCTION

Pain and other factors may hinder optimal knee and
lower extremity muscular performance in an ACLR
population. Thomas et al found that residual weak-
ness persisted post-operatively in the knee extensors
and knee flexors of ALCR subjects, while hip exten-
sors, hip adductors, and ankle plantar flexors fully
recovered to preoperative levels.*® These authors did
not evaluate the effect of ACLR on strength in hip
abductors and hip external rotators.

Multiple authors have identified weakness in the
hip and core muscle groups as a predictor of lower
extremity injury risk.**** Proximal lower extremity
muscle function has demonstrated a significant effect
on lower extremity mechanics*** and weakness in
these groups have been identified in other common
lower extremity pathologies including patellofemo-
ral pain syndrome,**® iliotibial band syndrome,*’
and ankle sprain.®® The link between proximal hip
weakness and lower extremity pathology supports
the concept of regional interdependence.

Core musculature strength has not been well studied
in regards to an ACLR population, however, deficits in
core proprioception and neuromuscular control have
been found to be predictive of knee injury risk.***
Noehren et al examined female athletes who had
undergone ACLR and did not find differences in hip
abduction or external rotation strength, but did find
significant differences in trunk neuromuscular con-
trol when compared to healthy, uninjured subjects.*
There are few current studies that have examined
changes in hip and core muscle activation patterns
in the presence of ACL injury or resultant surgical
reconstruction. It is possible that selective proximal
hip and core weakness or activation differences may
be present pre and/or post-ACLR and may have an
influence on movement mechanics and function.*

Return of hamstring strength and torque following
ACLR has been largely studied with respect to ham-
string graft harvest and subsequent tendon regenera-
tion and morphology. Multiple studies have identified

hamstring weakness following ACLR, specifically at
higher knee flexion angles.®** However, few stud-
ies have examined potential neuromotor influence
on hamstring weakness and activation following
ACLR. Ristanis et al identified an electromechanical
delay in hamstring activation following ACLR with
hamstring graft harvest.® Briem et al demonstrated
altered inter-limb hamstring activation patterns that
also differed from healthy controls.®® ACLR subjects
who had a hamstring graft demonstrated increased
lateral hamstring activity versus medial hamstring
activity.®® Arnason et al also found significant altera-
tions in lateral and medial hamstring activation
between lower extremities in ACLR subjects with
hamstring autograft during hamstring exercise.®
Increased medial hamstring activation may limit
knee valgus and subsequent ACL loading.® %% Zebis et
al demonstrated that decreased semitendinosus pre-
activation with cutting was a predictor for increased
risk of noncontact ACL injury.®® The alterations in
hamstrings neuromotor activity have been shown to
contribute to modified lower extremity mechanics
in ACLR subjects.®**® Targeted neuromuscular train-
ing is able to modify medial hamstring activity, and
subsequently may impact knee valgus positioning
during sport activity.%”

Extensive research has examined influence of ACLR
on quadriceps function. Multiple studies have iden-
tified persistent knee extensor or quadriceps muscle
weakness and/or activation deficits in early and late
postoperative periods.?®”® In the early postopera-
tive period, increased knee effusion is often present
and has been shown to cause quadriceps inhibition
along with changes in afferent feedback.”*”” Lynch
et al recently determined that knee effusion did
not directly mediate quadriceps inhibition after ini-
tial ACL injury.” They determined that arthrogenic
muscle inhibition was present at the quadriceps
bilaterally after ACL injury and theorized that pain,
inflammation, and or inactivity may contribute to
these deficits. These bilateral activation deficits are
suggestive of more complex central nervous system
involvement versus locally mediated neurologic
responses at the knee.

Recently several authors have suggested that neuro-
motor deficits occur at higher central nervous system
levels in ACLR patients.”*®" Changes in quadriceps
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muscle mechanics and subsequent weakness were
observed after ACLR versus the uninvolved lower
extremity suggesting changes at a local quadriceps
muscular level, but possibly also at a neuromotor
level.” These changes included decreased strength
at more lengthened positions in higher knee flex-
ion angles and at slower speeds with isokinetic and
isometric testing.”” Kuenze et al found that ACLR
patients demonstrated significant deficits in corti-
cal excitability, quadriceps strength, and quadriceps
activation in the surgical limb when compared to
both the uninvolved limb and matched healthy con-
trols.® These cortical excitability deficits persisted
beyond six months post-operatively and extended
into the return to recreational activity. In a similar
study, Lepley et al determined that decreased spi-
nal-reflexive and corticospinal excitability was pres-
ent preoperatively, two weeks post-operatively, and
six months post-operatively.”? These studies docu-
mented bilateral quadriceps weakness and activa-
tion deficits, including decreased central activation
ratio.® Bilateral deficits in central activation ratio in
ACLR subjects has also been linked to poor return
of quadriceps activation and strength.® It appears
that current published ACLR rehabilitation model
paradigms are not adequately addressing these neu-
romotor deficits based on current research. Tracking
values such as central activation ratio may pro-
vide a more valuable future estimation of return of
strength and activation to assist in return to sports
decision-making and rehabilitation progressions for
ACLR athletes. Recently, Kuenze et al studied these
values and determined that quadriceps central acti-
vation ratio above 89.3% was the strongest unilateral
indicator at the involved leg of healthy-knee related
outcomes determined by pain, knee-related func-
tion, and physical activity level.? Schmitt et al dem-
onstrated quadriceps index (QI) of less than 85%
in comparison to the uninvolved lower extremity
in ACLR subjects was predictive of poor functional
hop test performance while scores greater than 90%
were comparable to uninjured subjects.® Similarly
Schmitt et al found that quadriceps weakness (QI <
85%) was related to altered lower extremity landing
mechanics and forces, while ACLR subjects with QI
> 90% demonstrated mechanics similar to unin-
jured subjects.? The group with QI < 85% demon-
strated increased peak vertical ground reaction force

and peak loading rate at the uninvolved limb.?* The
profound effect on landing mechanics is significant
given the evidence linking alterations in movement
mechanics in ACLR patients to re-injury risk, per-
formance deficits, and increases in joint reactive
forces.?

Rate of force development has been characterized
as a measure of explosive muscle action and neu-
ral drive.®® Reduced rate of force development of
specific muscles following ACLR may have similar
effects on athletic performance as muscle weakness.
Angelozzi et al found that at six months after ACLR
maximum voluntary isometric contraction levels in
the involved leg had returned to 97% of preinjury
values.?> However, decreased rate of force develop-
ment persisted at the affected lower extremity and
did not near preinjury levels until twelve months
post-operatively. Knezevic et al also found deficits in
rate of force development and maximal strength at
the quadriceps and hamstrings between the involved
and the uninvolved lower extremity in ACLR sub-
jects at six months post-operatively.

The rate of force development is an important factor
in athletics due to the need to accelerate, decelerate,
and change direction. For this reason, the results of
these studies have potentially significant implica-
tions in return to sport time frames and overall ath-
letic performance. The authors of these studies did
not offer a hypothesis for the continued deficits in
rate of force development, but their results suggest
that neuromuscular function of the involved lower
extremity may remain impaired well into the late
post-operative rehabilitation course.

FATIGUE

In addition to changes in neuromuscular activation,
multiple studies have identified the detrimental
effects of fatigue on the involved and/or uninvolved
lower extremity.®”* Fatigue has been reported to
have a negative effect on postural stability, neuro-
muscular control, and lower extremity mechanics
during sport activity or components of sport perfor-
mance in ACLR subjects.”?* Deficits in postural sta-
bility, increased knee valgus, and increased opposite
hip internal rotation moment of the lower extrem-
ity are correlated to increased ACL re-injury risk."
McLean and Samorezov noted a crossover effect on
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lower extremity mechanics from the involved lower
extremity to uninvolved contralateral lower extrem-
ity after a fatigue protocol.’” Decreased knee flex-
ion angle at intial contact was observed, as well as
increased knee abduction and hip internal rotation
at peak stance during single leg jumps.*” The cross-
over effect on the uninvolved lower extremity may
have added significance given the results of a recent
study which found a twenty percent injury rate in
females who had undergone ACLR the contralateral
lower extremity.® This crossover effect also rein-
forces the concept of higher level central nervous
system control and processing of lower extremity
mechanics, which as noted previously appear to
be impacted by ACL injury and/or reconstruction.
The effects of fatigue may be more pronounced in
ACLR subjects. Fatigue should be considered in late
stage rehabilitation program design to ensure that
ACLR subjects are able to maintain consistent move-
ment mechanics under fatigued conditions. Exercise
dosage and training intensity must be sufficient to
reach fatigue thresholds encountered under sport
conditions. Augustsson et al performed a study on
functional hop testing in ACLR subjects and found
that two thirds of subjects who had initially passed
with greater than 90% limb symmetry index scores
were unable to pass following a fatigue protocol for
each lower extremity.”” Additionally, in this study
lower extremity mechanics during testing were sig-
nificantly negatively impacted by the fatigue proto-
col. This suggests that return to sport testing in a
fatigued state may be beneficial to ensure that ath-
letes are not cleared for return to play prematurely.
The ability to maintain consistent movement qual-
ity and mechanics to avoid at-risk postures for ACL
re-injury in the presence of fatigue is critical in reha-
bilitation planning and limiting injury risk in ACLR
patients.

PSYCHOLOGY AND INFLUENCE ON

RETURN TO SPORT FOLLOWING ACLR

Recent research has highlighted an enhanced under-
standing of psychological influence on the ability of
ACLR patients to fully return to sport and restore
performance to preinjury levels. Ardern et al showed
that preoperative psychological responses were asso-
ciated with likelihood of returning to preinjury levels
12 months after reconstruction.* This may suggest

that the role of psychology in the rehabilitation pro-
cess has been underappreciated and further research
may be warranted in this area.* The most common
reason cited in failure to return to sport is fear of
reinjury.® This fear of reinjury may manifest in the
form of negative behaviors impacting sport perfor-
mance including hesitation, giving less than maximal
effort, and excessive protection of the affected body
part during competition.”® Fear of reinjury or pain
may also alter optimal motor function in the form of
alterations in muscle tone, firing patterns, or sequen-
tial activation.”® There is evidence that motor con-
trol alterations in response to pain or musculoskeletal
injury may persist despite the resolution of pain and
symptoms.” Acclimating the ACLR patient to the
anticipated sport or recreational demands under con-
trolled conditions may improve comfort level and
confidence with these tasks in order to reduce or
limit the negative impact of fear behaviors. Ardern
et al reported that the prospective judgment ACLR
patients made about their ability to return to sport
included their own experience and attitudes as well as
advice of health care professionals.? This suggests the
ability of rehabilitation providers to have a profound
effect on the psychological attitudes of these patients
through education, patient interactions, and custom-
ized neuromuscular training interventions that incor-
porate functional specificity during rehabilitation.
Authors report significant efficacy and improvements
in pain and fear of reinjury using education and in
vivo exposure therapy for musculoskeletal condi-
tions.** While these studies are not specific to ACLR
patients, they may be useful in developing rehabili-
tation strategies to address fear beliefs and kine-
siophobia. Abbott et al also demonstrated superior
effectiveness of post-operative rehabilitation incorpo-
rating psychomotor therapy consisting of cognition,
behavior, and motor relearning versus exercise alone
in patients recovering from lumbar fusion.'®® De Jong
et al hypothesized that graded in vivo exposure may
also activate cortical networks and reconcile motor
output and sensory feedback that may be altered due
to pain and fear of reinjury in patients with Complex
Regional Pain Syndrome (CRPS).'” Providers working
with ACLR patients may provide exposure to a vari-
ety of advanced sport-specific movements during late
stage rehabilitation to potentially improve psycho-
logical and neuromotor benefits. Early recognition of
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ACLR patients demonstrating evidence of the psycho-
logical variables linked to less than optimal outcomes
appears critical to improving overall rehabilitation
success. Patients exhibiting these behaviors may ben-
efit from consultation with a sports psychologist to
remediate limiting factors and minimize re-injury
risk. Many rehabilitation professionals lack the nec-
essary training and psychology background to accu-
rately identify patients demonstrating behaviors that
are potentially detrimental to outcomes. Additionally,
few peer-reviewed and researched post-operative
ACLR protocols include screening tools to assist reha-
bilitation professionals in identifying these behaviors.
Ardern et al recently utilized the ACL-Return to Sport
after Injury (ACL-RSI) as a screening tool to deter-
mine psychological readiness to return to sport and
recreational activity.'”” The authors correlated higher
ACL-RSI scores with return to sports participation
at pre-injury level. Chmielewski et al also demon-
strated an association between scores on the Tampa
Scale of Kinesiophobia (TSK) and function in the late
stage rehabilitation period following ACLR from 6-12
months postoperatively.'® Higher TSK scores indicate
greater pain-related fear of movement or reinjury.
Pain-avoidance and fear-avoidance psychological fac-
tors have been demonstrated in an ACLR postopera-
tive population as well. Lentz et al found that those
who did not return to preinjury level of sports partici-
pation following ACLR because of fear of reinjury or
lack of confidence demonstrated higher pain-related
fear of movement.'” This supports the possibility
that pain may alter neuromuscular function and pain
avoidance behavior may have psychological implica-
tions that negatively impact rehabilitation. Rehabili-
tation professionals may find the above mentioned
questionnaires or similar assessment tools useful to
gauge psychological preparedness and aid in return
to sport decision making, as well as to identify ACLR
patients that may require additional interventions to
enhance outcomes.

INTERVENTIONS

It has been well documented that deficits in range of
motion'*"? and strength 7% can negatively affect
lower extremity performance and functional out-
come following ACLR. For this reason, restoration
of acceptable levels of ROM, strength, and biome-
chanics are essential components of a well designed

rehabilitation program. Unfortunately, inclusion of
these key components does not always correlate
with successful return to previous level of activity.
Traditional rehabilitation programs have produced
variable results with respect to restoring symmet-
rical lower extremity muscle strength and activa-
tion, postural stability, and symmetrical movement
mechanics. The traditional rehabilitation model has
produced less than optimal success rates for return
to athletic performance at preinjury levels. This sug-
gests changes may be needed to the traditional ACLR
rehabilitation paradigm to ensure improved patient
outcomes. The resultant neuromotor effects of ACL
injury and reconstruction are increasingly recog-
nized but may not be properly resolved with tradi-
tional ACLR rehabilitation protocols, necessitating a
change and willingness to adapt current rehabilita-
tion practices. Emerging evidence-based rehabilita-
tion strategies and concepts should be considered to
remediate neuromotor changes.

Plyometric training is a mainstay in the mid and
late rehabilitation phases of traditional ACLR reha-
bilitation protocols. Implementation of plyometrics
is critical because early rehabilitation may not ade-
quately simulate the forces required by full athletic
participation and competition.'®* ACLR patients who
are not adequately prepared to accept and tolerate
these forces and avoid at-risk postures and mechan-
ics are more susceptible to re-injury.!! Plyometric
training is often incorporated in conjunction with
neuromuscular retraining with feedback to allow
integration of improved lower extremity mechanics
and simulate components of sports specific maneu-
vers."* Plyometrics are an area where type of cuing
and adequate supervision of movement mechanics
may take on added importance due to the increased
neuromuscular demand and higher loads and forces
placed on the lower extremities."

A growing body of evidence has emerged regarding
the types of cues and feedback employed during ply-
ometric exercise and sport specific movement train-
ing. Recent studies">"” have suggested that specific
feedback methods may enhance motor learning and
may be more efficacious in restoration of safe move-
ment patterns than the methods employed during
traditional rehabilitation activities. Feedback applica-
tion of varying types and volume may significantly
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influence motor control and neuromuscular re-edu-
cation."® The use of oral and video feedback has been
shown to improve frontal plane lower extremity bio-
mechanics during jumping tasks, improve strength,
and decrease vertical ground reaction force."'” The
use of combined verbal, visual, and tactile feed-
back has also allowed functional carryover of lower
extremity biomechanics across multiple functional
weight bearing tasks."*

Recent research has focused on the effects of exter-
nally and internally directed cues and their respec-
tive impact on movement mechanics and motor
learning. The type and method of cuing and feed-
back offered to ACLR subjects may have a significant
effect on landing mechanics, lower extremity sym-
metry, and postural stability. Physical therapists pro-
vide feedback inducing internally directed focus up
to 95% of the time."® Examples of internally directed
cues may include instructing patients to land with
flexed knees or to land with feet shoulder width
apart.'® Recent evidence indicates that while use
of internally directed cues may be more prevalent,
it may actually limit potential for motor learning
and full recovery following ACLR because it causes
the patient to rely on more conscious versus auto-
matic control at a central nervous system level.!'
It has been suggested that cues involving externally
directed focus may promote use of more uncon-
scious or automatic mechanisms that may improve
motor learning efficacy.!'® Using external cues and
targets such as cones, bars, or foot markers may allow
patients to direct focus externally to improve qual-
ity of squatting, jumping, and sport-specific move-
ments (Figures 1A and 1B)."° Feedback wording and
supplied images with external cues describing tech-
nique such as land “light as a feather”, “like a spring”
and “shock absorber” were also found to improve
landing mechanics in both healthy and ACLR sub-
jects.'® Improvements in jump distance and jump
height during plyometric activities and training
were observed using external attentional focus com-
pared to internal attentional focus (Figures 2A and
2B)."#120 Multiple authors support improvements
in force and athletic performance using externally
directed attentional focus versus internally directed
focus. "% Augmented verbal feedback coupled with
plyometric training has also been demonstrated to
increase power output in trained athletes during

Figures 1A and 1B. Cones or similar objects may be utilized
to facilitate improved lower extremity mechanics with jumping
(Figure 1A) and landing/squatting (Figure 1B). Use of these
external cues in conjunction with visual and verbal feedback
will facilitate increased hip and knee flexion to encourage
improved force absorption at the lower extremities and increased
hamstring activation.

jumping tasks."®!% Although it has not been studied
specifically in an ACLR population, the enhanced
benefits of external attentional focus during plyo-
metric training may allow improved athletic per-
formance and improved overall outcomes in ACLR
subjects based on existing information from healthy
subjects. Gokeler et al also found improvements in
movement mechanics during single leg hopping in
ACLR subjects using external attentional focus ver-
sus internal focus.'* Real time feedback is another
means of incorporating external attentional focus.
Real time visual feedback training utilizing mirrors
and virtual reality images have recently been stud-
ied as a means of effectively altering neuromotor
function and processing during both training and
testing.!'”1?*12* Investigators used real time feedback
training and found improvements in knee abduction
load, knee flexion angle, and trunk postures found to
correlate with ACL injury risk.!'7!#122124 However, a
recent study comparing real time feedback training
with traditional post-session visual or verbal feed-
back showed no added benefit to real time biofeed-

The International Journal of Sports Physical Therapy | Volume 10, Number 2 | April 2015 | Page 263




Figures 2A and 2B. Clmprovements in jump height and
jump distance may be observed during plyometric training
using external attentional focus on objects such as cones, tar-
gets, etc. placed at increased distance.

back versus traditional means in improving sagittal
or frontal plane kinematics.'* The lack of consensus
on the effectiveness of real time feedback training
coupled with the cost and limited availability of the
equipment needed to implement it are areas of con-
cern for practical use in the clinical setting.

One recently developed theoretical construct was
proposed by Grooms et al** in order to incorporate
specific visual motor rehabilitation approaches in
conjunction with neuromuscular training to affect
some of the documented neuromotor changes that
occur following ACL injury and ACLR as discussed
in this clinical commentary. This theoretical con-
struct proposed that the detrimental neuroplastic
changes that occur following ACL injury and ACLR
to efferent and afferent input, lead to a compensa-
tory overreliance on the visual motor systems to
provide adequate neuromuscular control and func-
tion at the involved knee.* They proposed that this
over reliance on visual motor input may actually
lead to reinforcement of the detrimental top-down

cortical pathways discussed previously, focused on
internal cuing and more conscious nervous system
regulation versus externally focused pathways that
utilize more optimal autonomic regulation of neu-
romotor feedback and control.** This is an inter-
esting contrast to the theory employed during real
time feedback training, where visual input was used
as a means to enhance neuromuscular function.
Grooms et al** proposed that limiting visual input
through the use of stroboscopic eyewear, computer
or web-based applications to address visual process-
ing, adding competing environmental stimuli (i.e.
targets, reaction balls, etc.) (Figures 3A and 3B), or
simply closing eyes during functional tasks and neu-
romuscular training in rehabilitation may help de-
emphasize this over reliance on visual motor input.
The authors of this approach emphasized that this
is a hypothetical construct which currently lacks

Figures 3A and 3B. The addition of competing environmen-
tal stimuli such as targets, balls, etc. during functional neuro-
muscular training may limit the overreliance on visual motor
input for dynamic knee stability during sport-specific tasks.
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substantial supporting evidence. However, there is
some evidence to support this premise. Swanik et
al found that athletes that suffered non-contact ACL
injuries had slower visual processing scores on neu-
rocognitive testing versus healthy controls.!*

CONCLUSIONS

Successful return to sport following ACLR is likely
affected by multiple factors. The biomechanical risk
factors for ACL injury have well been studied and
documented.'® Strategies to avoid ACL injury'® and
re-injury® have been developed and examined. The
disturbing rate of re-injury and unsatisfactory out-
comes reported by a significant number of patients
indicates that there may be barriers to optimal per-
formance that need to be better recognized and
addressed.

Research has shown that strength training in isola-
tion does not guarantee improvements in hip and
knee kinematics and that improved lower extremity
strength does not guarantee improved landing tech-
nique.'® This suggests that while deficits in strength
and activation ratios are serious factors that contrib-
ute to re-injury risk and sub-optimal performance,
there are likely other contributing factors that may
not be remediated with strength training alone.
Additional neuromuscular retraining to simulate
the specific movement patterns and environmental
stimuli the athlete will encounter during sport may
be required in conjunction with traditional strength
training in order to achieve optimal movement
quality and biomechanics. The evolution of tar-
geted neuromuscular training programs to address
biomechanical deficits in at risk athletes has been
a significant development in functional rehabilita-
tion over the last several years.”® In spite of this, the
likelihood that up to one-third of athletes will re-tear
the surgically reconstructed ACL or tear the ACL on
the contralateral side implies that the improvements
in biomechanics demonstrated in the rehabilitation
setting do not reliably carry over to the playing
field.”'*!> For this reason, it is imperative that the
rehabilitation professional continue to explore other
factors that may negatively affect motor control and
develop strategies to enhance outcomes.

Recent research examining the correlation between
psychological preparedness and successful return
to sport*'71% indicate that this is an area that may

need to be addressed to improve outcomes. Based on
the current evidence, it may be of significant ben-
efit to the patient to utilize questionnaires or other
measures to gauge psychological preparedness for
discharge in the same manner that knee-specific
patient reported outcome tools (like the Interna-
tional Knee Documentation Committee, Lysholm,
Tegner, and Lower Extremity Functional Scale) are
utilized to assess knee function and outcomes. Ath-
letes who present with concerns in the psychologi-
cal realm must be referred to a qualified provider to
address these issues.

Testing to assess movement quality in both basic and
sport specific patterns is an essential component of
the return to sport decision making process. Assess-
ment tools like the Functional Movement Screen™
and Y Balance Test™ have recently been validated
in the literature as effective methods to assess injury
risk.!?133 Metrics like these that assess competency
in gross movement patterns may be valuable in
determining readiness to return to the field. The
FMS™ and lower quarter version of the Y Balance
Test™ were recently studied in an adolescent popu-
lation after an ACLR, and have been implemented
to determine prospective injury risk and movement
quality for safe return to sport.'* Tt is also essential
that movement quality is assessed during dynamic
activities that closely resemble sport requirement
with regards to speed and force development. Signifi-
cant work has been done to identify and target move-
ment patterns and biomechanical flaws that increase
injury risk during sport specific tasks like jumping,
hopping, landing, and changing direction.!?®135136
Neuromuscular training philosophy has evolved
and improved based on the work of these authors.
These techniques will likely be further enhanced
with greater understanding of optimal strategies to
improve motor learning. This, coupled with a bet-
ter understanding of the neuroplastic effect of ACL
injury and the impact both the injury and subsequent
surgery have on higher cortical areas will hopefully
provide clinicians with valuable insight and more
effective means to improve motor control and mini-
mize injury risk. Finally, existing research regard-
ing muscle activation and the effects of fatigue on
function and performance suggest that it is essential
that movement training and movement testing in a
fatigued state be included in the rehabilitation pro-
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gram.®” 71859192 Tt ig important that the rehabilitation
professional assess the athlete’s ability to perform
in situations that most closely simulate the compe-
tition environment. This includes varying levels of
stress, fatigue, and external stimuli. Rehabilitation
programs have continuously improved over the past
several years as evidence has emerged regarding bio-
mechanical and neuromuscular risk factors for injury
or reinjury. These programs will likely continue to
evolve and become more efficient at minimizing
injury risk as rehabilitation professionals continue to
examine the intricate relationships between the vari-
ous systems of the human body. Further research is
necessary to optimally target deficits in neuromus-
cular control, neuromotor status, and psychological
readiness to best prepare athletes for a return to the
playing field following ACL injury.
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