











the medial elbow. Special testing revealed a positive
valgus stress test for increased laxity (Grade 4 indi-
cating “slight hypermobility” on the manual grading
of accessory joint motion scale) on the right when
compared to the left with no associated pain.

Outcome Measures

The DASH outcome tool scores throughout treatment
can be seen in Figure 3. The DASH is a 30-item self-
report questionnaire utilized to determine arm pain
and function in athletes and workers who require
relatively high levels of ability and has been shown
to be both valid and reliable.>** Scoring ranges from
1 (no difficulty) to 5 (unable) and includes report-
ing on various activities of daily living.'®* A score
of 100% would thus indicate 100% disability. The
DASH also contains an optional four-item high per-
formance sport-specific module in which the subject
is questioned regarding their individual ability to
participate in sport.>*?° Minimal detectable change
and minimally clinically important difference for
intercollegiate athletes utilizing the DASH have both
been reported as 10 points.*** Baseline assessment
revealed 100% disability in sport with 34.2% disabil-
ity on the DASH.

Figure 3. Windup phase

Functional Testing

Although not initially assessed, functional pitching
observation using UberSense® (www.hudl.com) slow
motion video revealed altered pitching mechanics,
particularly throughout the early and weight-trans-
fer phases. This functional observation was initiated
after MRI results revealed healing of the UCL ten
weeks after initial evaluation. Figures 3-6 are images
of the subject discussed in this case report captured
through the UberSense® application. Major devia-
tions found in the subject that differed from ideal
form that may have contributed to the UCL trauma
are summarized in Table 4.

INTERVENTION AND OUTCOMES

Physical therapy frequency was three times per
week for five to six weeks followed by twice weekly
for five to six weeks to ensure full healing of the
UCL and to allow ample time for neuromuscular re-
education with body mechanics and safe return to
high-level throwing. Rehabilitation was divided into
three phases.

Phase I: Upper Extremity Strengthening

Weeks 1-4

Pain free range of motion and shoulder/scapular sta-
bilization exercises were performed during this stage
to maintain and eventually increase strength along

Figure 4. Early Cocking/Stride phase
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the upper extremity portion of the kinetic chain.
After elbow pain at rest resolved, focus on the wrist
flexors and pronators and supinators began. This por-
tion of therapy, based around the “Thrower’'s Ten”
exercise set found in Appendix 2 is considered the
typical conservative approach for UCL injury and
lasted approximately six weeks.??* In typical UCL
injury protocols, after full restoration of the strength
of this musculature is complete the subject may
begin functional exercise including a throwing pro-
gram. Subsequently, the subject may return to sport
after pain-free completion of the chosen return to
throwing program or progression.!®?:? In the sub-
ject of this case, despite full strength achievement
throughout the upper body after approximately four
weeks of intervention and ten total weeks of throw-
ing cessation, pain free completion of a throwing
program was not achieved.

Phase II: Dry Needling Weeks 5-6

Based on the assumption that continued pain was still
stemming from chronically unhealed and inflamed
tissue, dry needling was attempted five weeks after
initial evaluation to initiate an additional acute
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Table 4. Body Mechanics Analysis of the Subject During Pitching Motion

Phase Ideal Mechanics Altered Mechanics Result
Specific to this Case
Windup Full weight shift to | Decreased weight shift Decreased
trailing leg to to trailing leg availability of
maximize energy potential energy for
buildup transfer
Early Lead leg remains Early weight shift onto Dissipation of
Cocking/Stride off ground lead leg energy prior to
acceleration phase
Late Peak pelvic and Early weight shift onto Lack of area for
Cocking/Stride peak torso anterior lower extremity lower extremity
velocities occur with lack of upper power transfer
simultaneously extremity advancement
Acceleration Trunk flexion Decreased trunk Complete separation
throughout pitching flexion, of lower and upper
motion, continued Overcompensation of kinetic chain,
simultaneous pelvic upper extremity increased torque and
and torso rotation demand to upper
extremity complex

inflammatory response and secondarily inhibit
nociception from local tissues.? The first needling
session was initiated approximately five weeks after
physical therapy began. Trigger point dry needling
of the flexor carpi radialis, flexor digitorum superfi-
cialis, and flexor digitorum profundus was perfomed
to increase myofascial mobility to allow more effi-
cient performance of the musculature by decreasing
myofascial trigger points from chronic overutiliza-
tion. The needles were retained in the target tis-
sues, and connected to electrical stimulation (2 Hz
via ITO ES-130 Three Channel Electro Stimulation
Unit from Superior Medical Equipment in Wilm-
ington, NC) to elicit a localized twitch response and
remained in place for eight minutes to encourage
post-synaptic pain modulation as previously dis-
cussed.® When needling the injured non-contractile,
avascular tissue, a pistoning technique was utilized
with needles (0.23x15mm) placed in the proximal
and lateral UCL, with placement based on the loca-
tion of sprain indicated in original MRI. This tech-
nique was performed in hopes of re-initiating the
extracellular healing cycle to allow improved heal-
ing time of the chronically injured and partially torn
UCL which is often unable to adequately heal itself
without signs of remaining laxity and dysfunction.?
The subject continued therapy two times per week,
and underwent dry needling again one week later
by the same protocol as described above. A follow-up
MRI approximately three weeks after the second dry

needling treatment revealed significantly decreased
tears and laxity with no associated edema. Dry nee-
dling was discontinued after this point, as no pal-
pable trigger points were present within the forearm
musculature and the initial goal of dry needling for
ligament healing had been achieved. As full liga-
ment healing at this point had been accomplished,
form analysis was performed at the end of week six
to assess pitching mechanics.

Phase III: Lower Extremity Strengthening

and Form Analysis: Weeks 7-12

Approximately seven weeks after initial evalua-
tion, the treatment focus shifted to target throw-
ing mechanics and strengthening specific to the
muscles of the kinetic chain utilized in a normal
throwing motion. This focus was largely placed on
mechanics, stability, and general strength through-
out the lead (left) leg to provide increased general
stability throughout the phases in which the most
elbow valgus force typically occurs.'® * The accel-
eration phase has been shown to require adequate
concentric rectus femoris strength to allow for hip
flexion in addition to knee extension to increase
angular momentum of the trunk through a prop-
erly stabilized lead leg.!® Providing a secure lead leg
allows maximal hip flexion prior to ball release to
decrease reliance on the upper extremity to create
the force and associated velocity transmitted to the
ball. Exercises to challenge stability included BOSU
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(BOSU in Ashland, Ohio) lunges for proprioceptive
training, double-leg squats with focus on decreas-
ing anterior tibial translation, single-leg eccentric
squats, stride drills focused on arm elevation at lead-
leg strike, single-leg deadlifts with maintenance of
core stability, and concentric and eccentric four-way
resistance band hip strengthening to address any
instability throughout the lower extremity and core
in situations where the lead leg may not land in opti-
mal positioning. Stride drills specifically focused on
the early cocking phase in which the subject would
repeatedly perform the wind-up to early cocking
portion of the pitch to ensure that the lead foot was
pointed directly towards home plate with the domi-
nant upper extremity elevated to 90° abduction, 90°
ER, and 90° elbow flexion to optimize energy trans-
fer in later phases and decrease forces required
through the upper extremity.

Outcomes

After only one week of education regarding pitch-
ing mechanics via verbal and visual feedback, the
subject reported significantly lower pain levels as
seen in Table 5. These pain levels surpassed both the
minimal detectable change (3 points) and minimally
clinically important difference for chronic muscu-
loskeletal pain (1 point) on the NPRS.* Education
regarding form involved part-practice utilizing partial

task completion, avoiding full speed pitching at this
time in order to continue to promote proper mechan-
ics and neuromuscular re-education prior to initia-
tion of return to sport intensity levels. Re-education
at half speed was required to overcome maladaptive
motor patterns as the subject was repeatedly unable
to perform proper pitching form with education,
instruction, and self-observation alone.

Range of motion examination and strength exami-
nations after this phase can be seen in the 12 and
24-week follow ups in Tables 1-3. The subject returned
to sport at the start of the following season serving
as the closing pitcher and has repeatedly pitched
what is considered a full game for his position at six
month after injury with no pain at full speed and sig-
nificantly decreased DASH scores as seen in Table 6,
surpassing both the minimal clinically important dif-
ference and minimal detectable change.®*

DISCUSSION

UCL injury is prevalent in young baseball athletes
and surgery has become a common solution to this
problem related to the long-term effects of micro-
trauma occurring due to altered throwing mechanics
and muscle fatigue as a result of excessive repeti-
tions.*” Although many patients are able to return to
sport after surgery, relying on the surgical fixation of

Table 5. Subjective Pain Levels

Throwing Speed (mph) Pain Level (NPRS)
Initial Evaluation 88-90 (Full Speed) 10/10
After Dry Needling and Full 66-68 (75% Full Speed) 6/10
UE Training

After 1 Week of Body 66-68 (75% Full Speed) 3/10

Mechanics Retraining
Implementation/12-Week
Follow Up
24-Week Follow Up 88-90 (Full Speed) 3/10
mph= miles per hour, NPRS= Numerical pain rating scale (verbal)

Table 6. atient Reported Outcome Scores

Conventional DASH DASH Sport Subscale
Initial Evaluation 34.20% Disability 100% Disability
12-Week Follow Up 16.67% Disability 87.50% Disability
24-Week Follow Up 3.33% Disability 31.25% Disability

Conventional DASH= Disabilities of the Arm, Shoulder, and Hand (30 items of ADLs)
DASH Sport Subscale= Four-item high performance module
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the UCL may not fully address the underlying prob-
lem, and many individuals continue to utilize the
mechanics that created the injury—increasing shear
force through the medial elbow and eventually
resulting in an exacerbation of symptoms.*? With
advancements in the understanding of this injury,
it is believed by the authors of this case report that
implementation of pitching biomechanical retrain-
ing and kinetic chain optimization early in the
rehabilitation process in combination with these
innovative non-contractile dry needling techniques
can encourage healing in largely avascular tissues
as confirmed by diagnostic testing. Due to the tim-
ing of the injury, the subject discussed in this report
missed approximately half of his sophomore sea-
son prior to starting physical therapy—but returned
without limitation or pain in his junior year.

Symptoms were initially treated locally with the
belief that nociception was being generated from the
injured UCL tissue. This pain, by definition, should
cease upon tissue healing. In this case report liga-
ment healing confirmed by MRI post-dry needling
interventions correlated with reduced pain com-
plaints, although all pain was not fully abolished.
Further analysis into other pain mechanisms was
required to address other potential contributing
factors and encourage safe return to sport. Particu-
larly in a functional movement where such complex
multi-joint coordination is required, even minor
alterations in form as a result of pain can encour-
age improper motor strategies. Understanding the
role various pain mechanisms may play is key to
full resolution of symptoms, and combining the
dry-needling technique to abolish nociceptive pain
with biomechanics retraining to diminish central
sensitization and pain associated with altered motor
patterns was shown to be successful in the manage-
ment of this subject.

Although the subject did present with significant
strength deficits in the upper extremity, the subject
did not show any improvement in pain levels with
activity after completing the traditional four to six
weeks of upper extremity strengthening, stabiliza-
tion, and stretching. Dry needling of the UCL for
re-stimulation of the healing process appeared to
encourage healing of a typically very slow-healing
connective tissue, resulting in only minimal chronic

abnormalities upon follow-up MRI. Implementa-
tion of the emergic technique of dry needling of
non-contractile tissue allowed further assessment of
biomechanical analysis due to the potentially asso-
ciated healing phase progression. The residual pain
despite a “healed” ligament as evidenced by MRI led
the physical therapists to believe that the UCL was
not the only source of symptoms for this subject,
and that he may in fact be experiencing referred
pain from other structures, such as trigger points in
the pectoral muscles. Addressing the initially faulty
pitching mechanics that resulted in overload of the
shoulder complex may have aided in offloading the
work of the shoulder internal rotators during a pitch-
ing motion, and thus may have decreased the pain
that may have been associated with these potential
referral patterns.

Initiation of body mechanics education using visual
feedback, verbal cuing, and part practice once UCL
healing had been documented provided near-imme-
diate reductions in pain during throwing. Progres-
sion of the performance of biomechanical throwing
training to near full speed during whole task perfor-
mance allowed the assessment of activity and deter-
mination of significantly decreased pain levels.

When individuals undergo surgical repair whether
due to partial or full UCL tear, average return to
prior level of competition has been reported as
11.6 months.?? Even after return to sport, research-
ers suggest that only 67% return to similar levels of
competition postoperatively with 57% returning to
the disabled list due to later injuries of the throw-
ing arm, implying lack of attention to actual con-
tributing factors and symptom sources.?” Ideally,
if techniques such as non-contractile dry needling
can be implemented to break up the chronic pain
cycle post-injury, these full-body interventions can
be utilized earlier in the therapy plan to significantly
decrease the amount of sport cessation required for
adequate healing and surgical intervention could
be prevented. In future studies, early combination
of upper extremity stabilization training combined
with lower extremity and core stabilization exercises
to optimize the kinetic chain in addition to dry-nee-
dling of both contractile and non-contractile tissues
may greatly decrease pain levels, healing time, and
time required for safe return to sport. Further, edu-
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cation of proper throwing mechanics may prevent
future damage to the UCL and prevent the need for
surgical intervention, although further studies are
needed to support this theory.

Limitations

This case report does have limitations in generaliz-
ability, as only one subject was assessed. No controls
were utilized to assess healing times or return to
sport measures with those who did not receive the
aforementioned interventions. The outcome mea-
sures utilized in this report are standard to physical
therapy, but no reliability or validity testing was per-
formed on the individual completing those measures.

No diagnostic testing was performed just prior to dry
needling, and thus it is unclear whether or not the
aforementioned healing and mildly decreased sub-
jective pain report after dry needling occurred spe-
cifically due to the re-initiation of the inflammatory
cycle or if the UCL damage had healed secondary to
time or an additional three weeks of activity modifica-
tion. However, due to the prolonged healing process
of'the UCL and delay of the needling technique until
14 weeks post-initial-injury, it is believed that the re-
initiation of the healing cycle through the dry nee-
dling technique may have significantly impacted the
healing of the tissue. Further research is necessary
to determine long-term benefits of non-contractile
and avascular dry-needling techniques, and follow-
up should include completion of the sport season as
long-term follow up was not performed in this report.
More quantitative strength analysis may have pro-
vided more objective results, and focus on myofascial
restrictions and impairments of the glenohumeral
internal rotator muscles would have provided a more
complete image of involved contributing factors.

CONCLUSION

The case presented is that of a college-aged male
diagnosed with partial UCL tear. Poor response to ini-
tial treatment in this case resulted in reassessment
of plan of care and source of symptoms, followed
by alteration of interventions. Focus on the altered
pitching mechanics that may have been a contrib-
uting factor to the UCL damage was incorporated.
The subject reported a significantly decreased score
on both the NPRS and DASH and was able to fully
return to sport the following season without pain.

Although the technique and benefits of dry needling
particularly in non-contractile tissues continues to
be a topic that is not fully understood, one theory
suggests that re-initiation of the acute inflammatory
process via intrinsic and extrinsic healing factors
may impact healing time.*?'° This case report has
demonstrated how a better understanding of healing
and pain mechanisms may improve patient care by
addressing both the adequate healing of the acutely
injured tissue in addition to addressing the contrib-
uting factors to injury as a result of the complex
pitching motion. Further research and larger sample
sizes are necessary to better determine the impact
that dry needling may have on soft tissue healing.
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Appendix 1. Throwing Program Adapted from

Andrews Sports Medicine*

30’ Phase
Step 1
Warm-Up Throwing
30 25 Throws
Rest 15 min
Warm-Up Throwing
30 25 Throws
Step 2
Warm-Up Throwing
30 25 Throws
Rest 10 min
Warm-Up Throwing
30’ 25 Throws
Rest 10 min
Warm-Up Throwing
30 25 Throws

Step 3

Step 4

45’ Phase

Warm-Up Throwing
45’ 25 Throws

Rest 15 min
Warm-Up Throwing
45’ 25 Throws

Warm-Up Throwing
45’ 25 Throws

Rest 10 min
Warm-Up Throwing
45’ 25 Throws

Rest 10 min
Warm-Up Throwing
45’ 25 Throws

60’ Phase
Step 5
Warm-Up Throwing
60 25 Throws
Rest 15 min
Warm-Up Throwing
60 25 Throws
Step 6
Warm-Up Throwing
60’ 25 Throws
Rest 10 min
Warm-Up Throwing
60 25 Throws
Rest 10 min
Warm-Up Throwing
60 25 Throws

Step 7

Step 8

90’ Phase

Warm-Up Throwing
90’ 25 Throws

Rest 15 min
Warm-Up Throwing
90’ 25 Throws

Warm-Up Throwing
90’ 20 Throws

Rest 10 min
Warm-Up Throwing
60 20 Throws

Rest 10 min
Warm-Up Throwing
45’ 20 Throws

Rest 10 min
Warm-Up Throwing
45’ 15 Throws
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Appendix 2. Thrower's Ten UE Strengthening Program?

Exercise Name

Performance

1. D2 Extension

Involved hand will grip tubing handle overhead and out to
the side. Pull tubing down and across your body to the
opposite side of leg. During the motion, lead with your
thumb.

2. D2 Flexion

Gripping tubing handle in hand of involved arm, begin with
arm out from side 45 degrees and palm facing backward.
After turning palm forward, proceed to flex elbow and bring
arm up and over the uninvolved shoulder. Turn palm down
and reverse to take arm back to starting position. This
exercise should be done in a controlled manner.

3. ER at 0° Abduction

Stand with involved elbow fixed at side, elbow at 90 degrees
and involved arm across front of body. Grip tubing handle
while the other end of the tubing is fixed to a stationary
object. Pull out with arm, keeping elbow at side. Return
tubing slowly and in a controlled manner.

4. IR at 0° Abduction

Standing with elbow at side, fixed at 90 degrees and should
rotated out. Grip tubing handle while other end of tubing is
fixed to a stationary object. Pull arm across body, keeping
elbow at side. Return tubing slowly and controlled.

5. ER at 90° Abduction

Stand with shoulder abducted 90 degrees and elbow flexed
90 flexed. Grip tubing handle while the other end is fixed
straight ahead, slightly lower than the shoulder. Keeping
shoulder abducted, rotate the shoulder back, keeping elbow
at 90 degrees. Return tubing and hand to start position.

6. IR at 90° Abduction

Stand with shoulder abducted to 90 degrees, externally
rotated 90 degrees and elbow bent 90 degrees. Keeping
shoulder abducted, rotate shoulder forward, keeping elbow
bent at 90 degrees. Return tubing and hand to start position.

7. Shoulder Abduction to 90°

Stand with arm at side, elbow straight, and palm against side.
Raise arm to the side, palm down, until arm reaches 90
degrees (shoulder level). Hold 2 seconds and lower slowly.

8. Scaption, IR

Stand with elbow straight and thumb up. Raise arm to
shoulder level at 30 degree angle in front of body. Do not go
above shoulder height. Hold two seconds and lower slowly.

9. Prone Horizontal Abduction
Neutral

Lie on table, face down, with involved arm hanging straight
to the floor, palm facing down. Raise arm out to side,
parallel to floor. Hold 2 seconds and lower slowly.

10. Prone Horizontal Abduction Full
ER, 100° Abduction

Lie on table, face down, with involved arm hanging straight
to the floor, thumb rotated up (hitchhiker position). Raise
arm out to the side slightly in front of shoulder, parallel to
the floor. Hold 2 seconds and lower slowly.

11. Press-Ups

Seated on a chair or table, place both hands firmly on the
sides of the chair or table, palm down and fingers pointed
outward. Hands should be placed equal with shoulders.
Slowly push downward through the hands to elevate your
body. Hold the elevated position for 2 seconds and lower
slowly.

12. Prone Rowing

Lying on your stomach, with your involved arm hanging
over the side of the table, dumbbell in hand and elbow
straight. Slowly raise arm, bending elbow and bring
dumbbell as high as possible. Hold at the top for 2 seconds,
then slowly lower.
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CASE REPORT

EVALUATION AND TREATMENT OF A PATIENT
DIAGNOSED WITH ADHESIVE CAPSULITIS CLASSIFIED
AS A DERANGEMENT USING THE MCKENZIE METHOD:
A CASE REPORT

Ashley Bowser, DPT!
Brian T. Swanson, PT, DSc, OCS, FAAOMPT!

[JSPT

ABSTRACT

Background/Purpose: The McKenzie Method of mechanical diagnosis and therapy (MDT) is supported in the
literature as a valid and reliable approach to the management of spine injuries. It can also be applied to the
peripheral joints, but has not been explored through research to the same extent. This method sub-classifies an
injury based on tissue response to mechanical loading and repeated motion testing, with directional preferences
identified in the exam used to guide treatment. The purpose of this case report is to demonstrate the assess-
ment, intervention, and clinical outcomes of a subject classified as having a shoulder derangement syndrome
using MDT methodology.

Case Description: The subject was a 52-year-old female with a four-week history of insidious onset left shoul-
der pain, referred to physical therapy with a medical diagnosis of adhesive capsulitis. She presented with pain
(4-7/10 on the visual analog scale [VAS]) and decreased shoulder range of motion that limited her activities of
daily living and work capabilities (Upper Extremity Functional Index (UEFI) score: 55/80). Active and passive
ranges of motion (A/PROM) were limited in all planes. Repeated motion testing was performed, with an imme-
diate reduction in pain and increased shoulder motion in all planes following repeated shoulder extension. As
a result, her MDT classification was determined to be derangement syndrome. Treatment involved specific
exercises, primarily repeated motions, identified as symptom alleviating during the evaluation process.

Outcomes: The subject demonstrated significant improvements in the UEFI (66/80), VAS (0-2/10), and ROM
within six visits over eight weeks. At the conclusion of treatment, A/PROM was observed to be equal to the R
shoulder without pain.

Discussion: This subject demonstrated improved symptoms and functional abilities following evaluation and
treatment using MDT methodology. While a cause-effect relationship cannot be determined with a single case,
MDT methodology may be a useful approach to the examination, and potentially management, of patients with
shoulder pain. This method offers a patient specific approach to treating the shoulder, particularly when the
pathoanatomic structure affected is unclear.

Level of Evidence: 4

Keywords: Adhesive capsulitis, McKenzie, Mechanical Diagnosis and Treatment
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BACKGROUND/PURPOSE

It has been reported that the number of individuals
with peripheral joint injuries far exceed those that
require treatment for injuries of the spine.! The prev-
alence of these peripheral joint injuries ranges from
6.7 to 46.7% per year in the general population, dem-
onstrating the importance of finding effective evalu-
ation and treatment methods.? The literature reveals
that most therapists commonly use specialized ortho-
pedic testing procedures applied to a pathoanatomic
model to diagnose shoulder injuries.®> However, arriv-
ing at a specific pathoanatomic diagnosis is chal-
lenging due to questionable reliability and validity
of specialized orthopedic testing.*'® De Winter et al
reported that in the diagnosis of different shoulder
injuries, including adhesive capsulitis, the kappa
value for correct diagnosis was 0.45 (95% confidence
interval 0.37,0.54),"° demonstrating only low-to- mod-
erate reliability.!® Failure to correlate the exact ana-
tomical structure with the patient’s presentation can
complicate the diagnosis and treatment process.

Traditional treatments delivered for adhesive capsu-
litis based on pathoanatomic findings include corti-
costeroid injections, nonsteroidal anti-inflammatory
drugs, manipulations, and therapeutic exercise.!
The literature supports that exercise is much more
effective than either modalities or medications.!2%2?
However, 40% of individuals treated with traditional
therapies continue to experience pain and loss
of ROM* after discharge, suggesting that current
treatment methods may be suboptimal.! Assigning
a sub-classification based on the tissue’s mechani-
cal response to loading, rather than pathoanatomic
diagnosis, may offer a viable treatment approach
to address the continued pain and stiffness in this
population.?+26

Application of the McKenzie method (MDT) has
become widely accepted as a valid form of evaluation
and treatment for the spine, and has demonstrated
a high degree of inter-rater reliability when identi-
fying a mechanical classification?”* with trained
therapists demonstrating approximately 92% agree-
ment on classification.?® When these classifications
were used to guide treatment, chronic pain and dis-
ability were improved in patients with spine inju-
ries that received interventions based on directional
preference.*?°

It has been suggested that MDT assessment method-
ology could also be applied effectively to peripheral
joints by classifying them into posture, dysfunction,
or derangement syndromes.' The McKenzie method
is a mechanical sub-classification system based on
the patient history and the response to repeated
motions and positioning, rather than attempting to
identify the exact pathoanatomic structure.! An MDT
trained therapist uses the assessment to classify the
patient based on their responses during movement,
with repeated motion testing used to determine the
patient’s mechanical classification and treatment.?

Derangement syndrome is a classification not utilized
by any other evaluation and treatment approach.!
It is defined as an internal disruption or displace-
ment of tissue, which then mechanically deforms
outer innervated structures.** The resulting pain
is then referred peripherally depending upon the
degree of internal displacement. When the tissue
is displaced to a lesser degree pain is intermittent;
however, larger displacements may cause constant
pain. Individuals with this syndrome can experience
quick changes in symptoms and mechanical presen-
tation as a result of repeated motions. A directional
preference is found when movement(s) in a spe-
cific direction reduces the patient’s report of pain. It
must then be determined if this reduction is main-
tained over time, or if it will continue to re-occur.
Conversely, motions that open the joint space may
temporarily decrease pain, but may displace the tis-
sue even further.! Outcomes with this type of treat-
ment have been very successful when applied to the
spine. However, it appears that there are currently
only two case reports that demonstrate the effective-
ness of MDT on the shoulder complex.**

The purpose of this case report is to detail the use of
MDT principles in the assessment and treatment of
an individual with shoulder pain. More specifically,
this case report details the process used to identify a
directional preference during evaluation, with sub-
sequent treatment based on this response.

HISTORY AND REVIEW OF SYSTEMS

The subject was a 52-year-old female who reported
pain and decreased ROM after striking her left
shoulder on a refrigerator four weeks prior to the
initial evaluation. Radiographs were negative, and
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Table 1. Systems Review During Subject Examination.

Cardiovascular/Pulmonary
| Normal
Musculoskeletal
Impaired Gross range of motion (ROM) impairments
in left shoulder with pain.
5/5 Strength for all shoulder motions
bilaterally; however, pain produced with
abduction, internal rotation (IR), and
external rotation (ER) on the left.
5/5 Strength for all elbow motions
bilaterally; pain with left elbow flexion,
extension, pronation, and supination
Neuromuscular
| Normal
Integumentary
| Normal
Communication
| Normal

her orthopedic physician provided a diagnosis of
adhesive capsulitis. She was subsequently referred
to physical therapy for ROM and strengthening.
The subject reported intermittent symptoms, made
worse with overhead motions, twisting doorknobs,
and opening jars. Significant functional limitations
included: limited ability to perform her usual work
hanging wallpaper, limited ability to perform volun-
teer work due to pain with lifting, and limited ability
to care for her grandchildren.

A thorough systems review was conducted (Table 1).

Overall, the subject reported good health, and denied
any previous orthopedic injuries. Her main goal for
therapy was to return to work, complete ADLs, and
complete volunteer work without aggravating symp-
toms or needing assistance.

The subject provided written informed consent for
participation in this case report, and for any photog-
raphy or videography associated with this report.

CLINICAL IMPRESSION 1

Following the subjective history and systems review,
it was hypothesized that the subject presented with
left shoulder adhesive capsulitis, which is classified
in the MDT system as a dysfunction. This was based
upon her restricted left shoulder ROM in all direc-
tions with pain, consistent with ICD 10 criteria for
adhesive capsulitis:* reports of pain in the shoulder
exacerbated by activity and feeling of stiffness, with
examination criteria of reduced passive range of GH
motion >30° in two planes.*** However, loss of ROM
and pain are present with a variety of diagnoses;

therefore a thorough evaluation was planned. Addi-
tionally, pain with elbow motions indicated possible
involvement of the long head of the biceps tendon.
Further tests/measures to rule in/out other possible
conditions included the Crank test, Empty-Can Test,
Hawkins-Kennedy Test, and Speed’s Test.

It was planned to evaluate the subject using McKen-
zie methodology. This approach involves identifying
the body area involved, pain levels, how long the
pain had been present, whether the symptoms were
constant or intermittent, and if there were any posi-
tions or motions that changed the symptoms. After
observation of posture, palpation, ROM/strength
testing, and special testing, repeated motion testing
commences. The evaluation focuses on identifica-
tion of a concordant sign, defined as a movement or
position that increases or reproduces the subject’s
symptoms consistently. The subject’s report of how
repeated motions in various directions affect the
concordant sign determines the mechanical diag-
nostic classification, which in turn guides treatment.

EXAMINATION

The subject completed the Upper Extremity Func-
tional Index (UEFT), and received a score of 55/80,
indicating moderate disability. She reported pain
that ranged from 4-7/10 on the VAS. After observa-
tional analysis and palpation was conducted, a gross
AROM and strength assessment was performed.
Deficits were noted in AROM and strength of the left
upper extremity (pain produced), leading to gonio-
metric measurements of PROM and evaluation for
end-feel and restrictions. PROM measurements can
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Table 2. Passive Range of Motion Measurements (Initial

Examination).

Right Left
Abduction 178° 152°
Flexion 180° 155°
External Rotation 101° 70°
Internal rotation 56° 62°

be seen in Table 2. All glenohumeral joint motions
on the left presented with firm (capsular) end feel
and pain. The following diagnostic tests were per-
formed to evaluate for impingement, labral and/or
muscular pathology: Crank Test (negative), Empty
Can Test (positive), Speed’s Test (positive), and
Hawkins-Kennedy Test (positive).

Repeated motion testing was performed as per MDT
methodology. The subject performed two sets of 20
repetitions in shoulder flexion, shoulder external
rotation, shoulder extension, and scapular retrac-
tion, and reported how the motions affected her
symptoms during and after the test, with particular
interest on change in the concordant signs (Table 3).
Rapid improvements in ROM, pain, and her concor-
dant signs were observed following scapular retrac-
tions and shoulder extension.

Table 3. MDT Repeated Motion Testing.

Repeated Motion Initial Evaluation Final Evaluation
Testing Results JREN T
Scapular During: pain Full A/PROM, no
Retractions decreased, pain

A/PROM
increased

After: better
A/PROM/pain
(1/10)

During: NE pain,
A/PROM
increased

After: NE
pain/A/PROM
During: pain
increased, NE
A/PROM

After:
A/PROM/pain
worse after
During: pain Full A/PROM, no
decreased, pain

A/PROM
increased
After: Better
A/PROM/pain
(1/10

Shoulder Flexion Not tested

Shoulder ER Not tested

Shoulder
Extension

Mechanical Diagnosis Hypothesis

Derangement Syndrome

AROM= active range of motion, PROM=passive range of motion
NE= no effect, ER= external rotation

CLINICAL IMPRESSION 2

The primary impairments identified during the
examination were left shoulder pain and loss of ROM
that prevented participation in volunteer activities,
work, and self-care activities. At this point in the
examination, the pathoanatomic differential diagno-
sis consisted of adhesive capsulitis, impingement,
and/or a rotator cuff tear. Differential diagnosis for
MDT classification included articular dysfunction,
contractile dysfunction, and derangement.

The subject presented with generalized tender-
ness to palpation of the anterior left glenohumeral
joint as well as impaired posture (forward head,
rounded shoulders). A positive Empty Can test indi-
cated possible supraspinatus pathology, Hawkins-
Kennedy test possible shoulder impingement, and
Speed’s test indicated possible biceps LH pathology.
A gross strength assessment revealed full strength
for all shoulder motions with pain upon resistance
in all shoulder motions, indicating possible muscu-
lar pathology. However, impingement findings and
painful resisted tests are not uncommon with a diag-
nosis of adhesive capsulitis.®** PROM was decreased
and painful with firm-end feel demonstrating prob-
able capsular pathology. Following performance of
scapular retractions and shoulder extension during
repeated motion testing (two sets of 20 repetitions for
each motion) her ROM and pain levels for all shoul-
der motions demonstrated immediate improvement.
The mechanical diagnosis of a derangement was
assigned to the subject based on the rapid change in
her symptoms during repeated movements, despite
her medical diagnosis of adhesive capsulitis.

Given the subject’s few co-morbidities, intermit-
tent symptoms, and excellent response to repeti-
tive motion testing, she was an excellent candidate
for physical therapy. Additionally, individuals with
a diagnosis of derangement syndrome have been
reported to generally demonstrate a very quick
response to therapy.'** She was very motivated,
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which indicated that she would be very compliant
with her HEP. As a result, it was expected that she
would make a full recovery in a short period of time.

Based on the mechanical diagnosis, the subject was
sent home with scapular retractions and shoulder
extension exercises (two sets of 20 repetitions of each
exercise, four to five times per day) to continue treat-
ment. It was agreed that the subject would attend
therapy once per week, with overall therapy goals to
increase ROM to be equal bilaterally, and to decrease
pain.

INTERVENTIONS

The subject was provided with a thorough expla-
nation of her condition (adhesive capsulitis), and
mechanical classification (derangement), and then
goals were established for physical therapy. Given
her positive initial reaction to therapy, it was decided
that she did not require outside referral for further
medical intervention, and was appropriate for physi-
cal therapy management.

As described above, shoulder extension and scap-
ular retractions decreased the concordant signs,
increased A/PROM, and decreased pain levels to
1/10 during the initial evaluation. Therefore, inter-
ventions were designed to favor these movements.
The upper body ergometer (Cybex, Bayshore, NY)
was performed as a warm up to increase synovial
fluid and blood flow, and the subject then completed
standing scapular retractions followed by shoulder
extension with a dowel (Appendix 1). Standing row-
ing with red tubing (Theraband, Akron, OH) was
added for inter-scapular strengthening and postural
re-education (Appendix 1).** It was expected that
improved activation and strength of the inters-scap-
ular musculature and postural re-education would
improve scapula-humeral rhythm, shoulder biome-
chanics, and posture.® Finally, the subject was given
pictures and demonstrations to convey therapy and
HEP exercises, as this was her preference. This
included the subject performing the given stretches
four to five times throughout the day (two sets, 20
repetitions). She was also advised to avoid other
potentially provocative shoulder motions.

Due to continued improvements in ROM, pain, and
function over the following sessions, it was deter-
mined that the correct directional preference had

been identified. Treatment was then progressed
according to MDT methodology for treatment of
derangements. Once the subject could perform chal-
lenging activities without aggravating symptoms,
exercises were progressed to include all planes of
motion while continuing her previous exercise pro-
gram (shoulder extensions, scapular retractions). It
should be noted that exercises incorporating exter-
nal rotation (ER) were added in the treatment pro-
gram at visit 4, causing the subject’s symptoms
to become aggravated. The subject’s symptoms
quickly returned to baseline after external rotation
was removed as an intervention on visit 5, with a
subsequent improvement of ER range of motion to
normal by visit 6. The subject was instructed to con-
tinue the initial exercises after discharge to prevent
the derangement from re-occurring.

OUTCOMES

At discharge the subject had met or exceeded all PT
goals, with the exception of the UEFI score. However,
she did show a clinically significant improvement of
11 points the UEFI [MCID 9-10 points].”” PROM on
the involved side was equal to the unaffected side
with firm end feel and no pain. VAS scores revealed
that the subject experienced only mild pain (2/10)
during overhead activities. All special tests (includ-
ing the Hawkins-Kennedy, Empty Can and Speed’s)
were mnegative, demonstrating resolution of her
symptoms throughout the treatment process. Since
pain was infrequent, and continued to diminish,
the subject was advised to continue with her home
exercise program. Initial and final examination find-
ings are detailed in Table 4, and Figures 1-3 detail
changes in ROM and pain that occurred at each visit.

DISCUSSION

Given the questionable sensitivity and specificity of
pathoanatomic models for diagnosis and treatment
of shoulder pathology, a model based upon patient
response may allow for more accurate treatment of
individual patients. Considering the moderate'® lev-
els of sensitivity and specificity reported for the diag-
nostic tests used with this subject: Empty Can Test
(SN 0.69-0.78, SP 0.52-0.62)", Speed’s Test (SN 0.48,
SP 0.55)* and Hawkins-Kennedy Test (SN 0.79, SP
0.59)* as well as research demonstrating that struc-
tures other than rotator cuff tendons are impinged
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Table 4. Initial vs. Final Outcome Results.

Outcome
Measurements
UEFI (function)

Initial Visit

55/80

Final Visit

66/80

75/80 (improved
but not met) X

VAS (pain) Current: 4/10 Current: 0/10 3/ 10 (goal met)

24 hour max: 7/10 24 hour max: 2/10 No goal made
specifically
about this

Empty Can Test Positive Negative Goal met v

Hawkins-Kennedy Positive Negative Goal met v

Test

Speed’s Test Positive Negative Goal met vV

Gross Strength 5/5 all shoulder 5/5 all shoulder No pain with

Assessment motions (abduction, | motions (mild pain resisted motions
IR, ER painful) only with ER) (goal met) v
5/5 all elbow 5/5 all elbow 0/10 pain with
motions (flexion, motions resisted motions
extension, pronation, (goal met) v
supination painful)

AROM Gross limitations all | AROM equal AROM on left
shoulder motions bilaterally with no equal to right
with pain pain with 0/10 pain

(goal met) v

PROM Right: Right: No goal
178 abduction 178 abduction addressed this
180 flexion 180 flexion
101 ER 101 ER
56 IR 56 IR
(firm end feel) (firm end feel)

Left: Left: Full PROM

152 abduction 177 abduction (when compared
155 flexion 178 flexion to right) with

70 ER 99 ER 0/10 pain (goal
62 IR 62 IR met)

(pain, firm end feel)

(firm end feel, pain-
free)

UEFI=Upper Extremity Functional Index, VAS= visual analog scale for pain,
AROM-=active range of motion, PROM=passive range of motion, ER=external

rotation, IR=internal rotation
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Figure 2. Range of motion at initial evaluation and discharge,
compared to uninvolved side.
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Changes in Pain by Visit
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Figure 3. Pain measured on visual analog scale at each
treatment session.

during impingement testing,® and the diagnostic
uncertainty of adhesive capsulitis, an individualized
approach based upon symptom behavior appears
to be a viable alternative to pathoanatomic diag-
nosis. The literature supports the reliability of this
system among trained clinicians, with 85.5% diag-
nosis categories remaining consistent throughout
treatment.»*3%% Evaluation to determine specific
mechanical behaviors allows the therapist to select
treatments that demonstrate symptom alleviation,
limiting the need for determination of a specific
pathoanatomic diagnosis. This may be particularly
beneficial when treating adhesive capsulitis, as this
condition and its comorbidities are frequently mis-
diagnosed.'”*" Although it is possible that this sub-
ject was misdiagnosed as having adhesive capsulitis,
this remains questionable as adhesive capsulitis
is primarily a clinical diagnosis,* and the subjects
symptoms were consistent with the ICD 10 criteria
as described earlier.*** Authors have concluded that
the diagnosis of idiopathic versus secondary adhe-
sive capsulitis may be elusive.” Regardless of the
actual pathoanatomic diagnosis, in this case the sub-
ject's physical therapy treatment was effective as
it was tailored to specific responses to movement
rather than a medical diagnosis.

With the application of MDT methodology, it was
determined that the subject’s condition was not a
shoulder dysfunction (the mechanical classification
for adhesive capsulitis) but rather a derangement
based upon the subject’s rapid symptomatic improve-
ment following repeated motions. Derangement has

previously been identified as the most common
cause of shoulder pain identified by MDT practitio-
ners.* Specifically, this subject recovered following
repeated shoulder extension. This is in agreement
with the case series of Aytona and Dudley,®* who
found that there was a trend towards recovering fol-
lowing repeated extension in subjects with shoulder
derangement. A recent study also identified exten-
sion as the most common directional preference in
the shoulder. ¥ This finding requires further study to
confirm its relevance.

There is conjecture about the pathoanatomic basis
of obstructed movement in peripheral joints. In a
cadaveric study, it was revealed that intra-articular
intrusions (deformable space fillers composed of fat
pads and fibroadipose meniscoids) could prolifer-
ate within joints.*® It is thought that cartilage frag-
ments, joint capsule, a portion of the labrum, or any
other component of the joint can become interposed
between the joint surfaces causing blocked move-
ment and abnormal stress on peri-articular struc-
tures.! Pain is derived from deformation of the joint
capsule and supporting ligaments when the nor-
mal resting position is disturbed. These have been
suggested as a potential cause for derangement in
the extremities, but this still requires much inves-
tigation.*** Therefore, it is proposed that due to
the nature of derangements, performing exercises
that go against the identified directional prefer-
ence can prevent the tissue from re-aligning itself,
or can cause the tissue to become displaced even
further.#3° This was seen during the treatment of
this subject when stretches incorporating ER were
added prematurely on visit four with aggravating
affects, which may have also interfered with subject
outcomes at discharge, although the subject’s symp-
toms returned to baseline rapidly after discontinu-
ing ER on visit five.

There are several limitations of this case report
that merit discussion. This report does not attempt
to demonstrate a cause-and-effect relationship
between the use of MDT methodology and success-
ful outcomes for individuals’ that are being treated
with injuries to the shoulder complex. During the
examination of the subject, the therapist did not test
accessory motions of the shoulder complex, which
is a common practice when dealing with adhesive
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capsulitis. Therefore, it is not known if joint mobi-
lization would have had specific benefit for this
subject; however, the capsular end feels identified
during examination would suggest that this may
have been an appropriate alternative. Furthermore,
integrating motions that favored external rotation
into the exercise program, which is also common
practice in treatment of adhesive capsulitis, had
a short term detrimental effect with this subject.
While in this case it appears that avoiding external
rotation exercises was beneficial, this may not be
the case for other patients diagnosed with adhesive
capsulitis. Although the subject demonstrated rapid
improvements in symptoms throughout the dura-
tion of treatment, these limitations need to be con-
sidered prior to the application of this methodology.

CONCLUSIONS

The outcomes of this case report suggest that the
use of MDT techniques can be effective in the treat-
ment of shoulder pathology. The ability to establish
a cause-and-effect relationship is limited as this is
a report of a single case, particularly as there is no
long-term follow-up available. However, the rapid
improvements that were observed suggest that the
use of MDT methodology may be a useful approach
to the examination, and potentially management,
of patients with shoulder pain. More research is
required comparing the outcomes of individuals
treated with MDT methodology compared to tra-
ditional therapy methods, and to determine if this
is a valid approach for treatment of the extremi-
ties. Overall, this method offers a patient specific
approach to treating the shoulder, particularly when
the pathoanatomic structure affected is unclear.
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LITERATURE REVIEW

INTERVENTION AT THE FOOT-SHOE-PEDAL
INTERFACE IN COMPETITIVE CYCLISTS

Sinead FitzGibbon'
Bill Vicenzino?
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ABSTRACT

Background: Competitive cyclists are susceptible to injury from the highly repetitive nature of pedaling
during training and racing. Deviation from an optimal movement pattern is often cited as a factor contrib-
uting to tissue stress with specific concern for excessive frontal plane knee motion. Wedges and orthoses
are increasingly used at the foot-shoe-pedal-interface (FSPI) in cycling shoes to alter the kinematics of the
lower limb while cycling. Determination of the effect of FSPTI alteration on cycling kinematics may offer a
simple, inexpensive tool to reduce anterior knee pain in recreational and competitive cyclists. There have
been a limited number of experimental studies examining the effect of this intervention in cyclists, and
there is little agreement upon which FSPI interventions can prevent or treat knee injury. The purpose of
this review is to provide a broader review of the literature than has been performed to date, and to critically
examine the literature examining the evidence for FSPI intervention in competitive cyclists.

Methods: Current literature examining the kinematic response to intervention at the FSPI while cycling
was reviewed. A multi-database search was performed in PubMed, EBSCO, Scopus, CINAHL and SPORTdis-
cus. Eleven articles were reviewed, and a risk of bias assessment performed according to guidelines devel-
oped by the Cochrane Bias Methods Group. Papers with a low risk of bias were selected for review, but two
papers with higher risk of bias were included as there were few high quality studies available on this topic.

Results: Seven of the eleven papers had low bias in sequence generation i.e. random allocation to the test
condition, only one paper had blinding to group allocation, all papers had detailed but non-standardized
methodology, and incomplete data reporting, but were generally free of other bias sources.

Conclusions: Wedges and orthoses at the FSPI alter kinematics of the lower limb while cycling, although
conclusions about their efficacy and response to long-term use are limited. Further high quality experi-
mental studies are needed examining cyclists using standardized methodology and products currently used
to alter SPFT function.

Level of Evidence: 3
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INTRODUCTION

Repetitive micro-trauma to the knee complex is one
of the most significant musculoskeletal factors in
recreational and competitive cycling.! Incidence of
knee pain is 50% in competitive cyclists, resulting in
reduced training and racing in 57% of professional
cyclists.? Cycling involves extending and flexing the
knee over five million times per year in a competi-
tive cyclist riding in the order of 25-35,000km every
year, so that even small inefficiencies in pedaling
are likely to contribute to knee pain.**

In seated cycling, there are three main areas of
contact between the cyclist and bicycle; the hands,
pelvis and feet. Since the foot is the direct point of
contact with the drivetrain (pedal-crank-chain-gear
system), optimization of this link is of interest to
cyclists, clinicians and coaches. This link between
foot and pedal influences the kinematics of cycling
and is comprised of two elements; the foot-shoe
interface (FSI), and the shoe-pedal interface (SPI).
(Figures 1a and Figure 1b)

Intervention in footwear alters kinematics of over
ground gait,® and it stands to reason that interven-
tion at the foot-shoe-pedal interface (FSPI) might
alter axial and frontal plane knee function while
cycling. Deviation from optimal frontal plane kine-
matics has been implicated as a predictive fac-
tor for injury in sports such as running, basketball
and soccer.%” Excessive, or sub-optimal non-driving
moments (knee varus/valgus forces, axial tibial
internal or external rotation) are largely considered

to be responsible for knee pain in cyclists.®!* Multi-
planar kinematics can be altered using orthotics in
footwear for walking and running,>"** and increas-
ingly, wedges and orthotics are used to correct aber-
rant knee motion in cycling.!*15

Despite a large body of literature on the effect of
orthotic intervention in walking and running,
there has been limited investigation into the kine-
matic effects of wedge and orthotic intervention in
cyclists. A recent systematic review'® of the effect
of various types of orthoses in cycling concluded
that orthoses produce significant changes in pres-
sure and contact area in the foot while not compro-
mising cycling performance. The review by Yeo et
al'%examined six articles, only one of which exam-
ined cycling kinematics, the majority of the articles
examined physiological parameters while cycling
with orthoses. The authors determined that orthoses
produced a non-systematic, subject-specific effect
on some lower extremity variables.""The study in
question did not control for shoe type, cleat type and
pedal system, and the methodological design limits
firm conclusions on the kinematic effect of ortho-
ses in cycling. The authors concluded that further
study in this field is warranted. In response, this
updated review of the FSPI includes four additional
papers, which examined different pedal systems on
cycling kinematics and included EMG responses to
changes at the foot-pedal interface in cyclists. The
articles reviewed herein, address the kinematic
effects of each element of the foot-shoe-pedal-inter-

Bottom bracket

Fixed inter-spindle distance

| <{i>

Fixed bottom bracket width

NN

Crank

Pedal spindle

Figure 1. (a) Relevant bicycle components, (b) Relevant bicycle components
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face: i.e. the effect of a sneaker compared with a
cycling shoe, the effect of multi-planar mobility in
the pedal-cleat system, and the effect of wedges and
orthoses on cycling kinematics. FSPI modifications
may be a simple, inexpensive and unobtrusive solu-
tion to managing anterior knee pain in cyclists with-
out compromising cycling performance. Cyclists,
their coaches and health care professionals, would
benefit from research-based guidelines to assist in
management of anterior knee pain. To date, there is
little agreement upon which FSPI interventions can
prevent or treat knee injury, but this review aims to
assist the clinician by providing a broader review of
the literature than has been performed to date.

While acknowledging that training load is a major
contributing factor to overuse injuries of the lower
limb in cycling,>'”!® this review will focus on under-
standing the kinematics of cycling, including the role
of FSPI interventions. The purpose of this review is
to provide a broader review of the literature than has
been performed to date, and to critically examine the
literature examining the evidence for FSPI interven-
tion in competitive cyclists. This information will
assist the clinician to use evidence-informed inter-
ventions in managing knee pain in cyclists.

KINETICS OF CYCLING

In seated cycling, the knee maximally flexes to
110° and extends to 20-35°. Knee extension produces
almost 40% of the total lower limb muscle moments,
with the remainder from hip extension (27%), ankle
plantar flexion (20%), hip flexion (4%) and knee
flexion (10%)." Moments in the sagittal plane are
propulsive or driving forces, moments in the trans-
verse and frontal planes are considered non-driving
forces.'*?* While the majority of lower limb motion
during cycling is in a sagittal plane, there are also
associated accessory joint movements in transverse
and frontal planes. Small amounts of tibial and foot
rotation (approximately 10°) occur in the transverse
plane.®1920-2 These rotational moments in the trans-
verse plane have an effect on the patellofemoral
contact pressures proximally and ankle/foot pres-
sures distally.>* Frontal plane motion (hip adduc-
tion/abduction, tibial abduction/adduction) occurs
through the recovery and power phase of cycling,
and patterns vary between cyclists, with 2-8 cm
movement of the knee center in the frontal plane,

creating valgus and varus angles at the knee.''* As
the knee extends through the power phase from the
top dead center (TDC or 0°) where the pedal is at
its most vertical in the cycle, the knee maintains a
varus moment (7N), moving to a valgus moment
(1-2N) at bottom dead center (BDC or 180°)° later in
the power phase when pushing down on the pedal,
returning to a valgus moment in the recovery phase
to the top of the cycle.”” Some studies examining
cyclists with a history of knee pain or injury indi-
cate a valgus or medial positioning of the knee.**
Alteration of the knee alignment through the pedal-
ing cycle is achieved by changing inter-pedal stance
width using washers between the pedal and crank
arm or with longer pedal spindles (altering the “Q
factor”)®* as well as by canting the foot medially or
laterally relative to the pedal.’** Changing the inter-
pedal stance width is limited by fixed bicycle frame
dimensions and limited pedal spindle lengths and
bottom bracket widths,?® so intervention at the FSPI
may be a more feasible method of altering cycling
kinematics. Laterally or medially inclined wedges
are increasingly recommended in the cycling indus-
try to alter the frontal plane knee angle and position
relative to bicycle centerline.®%!516252729 ‘While 10°
wedges have been demonstrated to alter kinematics
of the pedaling limb,'*** there have been few stud-
ies using commercially available products which are
in 1 degree increments to a maximum of 4-5 degrees.
Inclined wedges are used by coaches and bike-fitters
to modify medio-lateral deviation of the knee, as a
pedaling pattern with a more vertical shank is consid-
ered optimal.** The hypotheses that a vertical shank
is optimal for cycling, and that an inclined wedge
at the SPI can alter cycling kinematics, need to be
explored in controlled experimental studies, where
wedges of consistent size and inclination are exam-
ined for effectiveness in altering cycling kinematics.

BICYCLE ADJUSTMENTS

Altering the cycling position and using clipless pedal
systems (i.e. no toe clips/straps), rigid soled cycling
shoes or shoe inserts can modify forces on the lower
limb. Studies have examined the influence of many
variables on cycling performance, (saddle height,**3*
handlebar height,'**> cadence,***” workload, foot
position on pedal” fixed vs. ‘float’ (motion avail-
able in both the transverse plane (0°-15°) and fron-
tal plane (0-10mm) between the shoe and pedal) vs.
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Table 1. Bicycle adjustments, associated physiological responses, and clinical implications

Variable | Adjustment | Response | Implications

Inter-pedal Variable with Alters Q angle in Too narrow or too wide a stance width can

width spacers 1-20 mm.  frontal plane. adversely affect frontal plane knee angle,
Limited Narrower stance increasing lateral or medial knee strain,
adjustability improves creating foot stress in shoes, pressure points
secondary to efficiency in shoes.
frame width.

Cleat Adjusts 0-10mm  Alters the point of  Too far forward a position could increase

position fore-
aft

in most cleats.

pedal contact with
the shoe sole.
Changes location
of pedal pressure
on the foot in a
fore-aft direction.

stress on metatarsals and increase pressure
points in plantar aspects of feet.

Cleat lateral-

Adjusts 0-5mm in

Alters the point of

Can be used to alter pedal stance width. Could

medial most cleats, pedal contact with  increase lateral/medial knee frontal plane
adjusted in the shoe sole. strain.
combination with ~ Changes location
pedal stance of pedal pressure
width. on the foot in a
medio-lateral
direction.
Cleat Adjusts 0-15°in Alters the Inadequate foot rotation transfers axial load
internal- most cleats. transverse plane proximally potentially straining meniscal and
external angle at which the  articular knee tissues. Cleat “float” reduces
rotation shoe connects to axial loading at the pedal and knee.
the pedal. Some
cleats allow “float”
which allows
movement in this
plane.
Cleat Adjustable with Varus/valgus alters  Potentially increases lateral or medial knee
varus/valgus use of medially or Q angle and foot frontal plane stress.
tilt laterally inclined  pressure points.

wedges 1° to 5°

toe straps®***) but adjustments commonly made at
the SPI are largely based on interpretation of cadav-
eric or biomechanical modeling studies, and histori-
cal practice.'?**232 An outline of most common SPI
adjustments, associated kinematic responses, and
clinical implications is presented in Table 1.

THE FOOT-SHOE-PEDAL INTERFACE

Competitive cyclists constantly seek to improve
performance, and equipment is always evolving in
the quest for greater power production and cycling
efficiency. The modern clipless pedal system was
developed in response to technological develop-

ments in the ski industry in the 1970s, and a cleat
on the undersurface of the cycling shoe now con-
nects directly into the pedal. This allows the shoe to
remain in greater contact with the pedal, assisting
propulsion during the recovery phase of the pedal-
ing cycle (i.e. from 180° to 360/0°).

Intervention at the FSPI with wedges and in-shoe
orthoses in cycling, is purported to contribute to
improved kinematics,'® increased power output,'*
altered plantar pressures at the foot,***° and a reduc-
tion of knee joint forces, 2°?* but there is limited
available literature to allow sports performance and
health professionals to definitively support their use.
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Table 2. Specific FSPI adjustments

Author Participants .FSPI . Methods ‘ Outcome -Clini.cal .
(n, sex, type) | intervention implications
Anderson 6 male, 4 Posted 4° Cycle ergometer, No significant Small N might
etal¥! females, rearfoot, 4° preferred geometry, differences in O2 contribute to
untrained forefoot workload moderate  consumption and non-significance.
cyclists. molded and maximal. HR different Tendency for
orthoses. Different shoe between conditions  higher HR with
Mixed rigid ~ types and sneakers/lower
shoe and workloads. HR with rigid
sneakers. shoes at higher
load, supporting
use of rigid
cycling shoes to
increase cycling
efficiency.
Bousie et 8 male, 4 Prefabricated Cycle ergometer, Inc. plantar Prefabricated
al ¥ female cyclists. orthoses vs.  preferred geometry, pressure, inc. orthoses increase
flat inserts. 12/20 RPE (Borg)  contact area, in plantar contact
Cyclists own rigid ~ medial > lateral and improve
cycling shoe and sole. Orthoses inc.  perceived
clipless pedals. pressure at heel, support in rigid
and inc. perceived  cycling shoes.
supportt but not
comfort
Boyd et 10 male Instrumented  Cycle ergometer, Allowing 2 degrees  Transverse and
al” cyclists. pedal, rigid  preferred geometry, of freedom at pedal frontal plane
cycling shoe.  90rpm, and 250W.  reduces moments at pedal float does
2 degrees of FSPIf but not at the not significantly
freedom in knee change force
pedal. driving the
pedal. Pedal float
alters moments
at the FSPI but
not significantly
at the knee.
Cruzetal 4 male Clipless Cyclists own EMG lower in HS,  Muscle activity
42 triathletes pedal and bicycle, 100rpm. GS for clipless may change with
cycling shoe  Stationary rollers. pedals. No different FSPI
vs. toe-clip statistical analysis.  systems.
and sneakers.
Dinsdale 6 male Rigid cycling Cycle ergometer, Correlation Custom orthoses
etal untrained shoe, clipless  30s anaerobic test between power for Forefoot
cyclists. pedal, 1-4° (Wingate). increase and FF Varus may
medial varus correctionf improve
wedge under Peak power and anaerobic power.
shoe, mean power not
forefoot improved with
varus wedges
matched with
appropriate
medial
wedge.
Gregersen 15 male Instrumented  Cycle ergometer, Varus wedge (10°)  Varus wedge
? cyclists. pedal with preferred geometry, caused increased alters Quad ratio,
rigid cycling  90rpm, and 225W.  EMG VM/VL ratio  reduces knee
shoe. 5-10° with reduced TFL ~ moments and
medial and activity and may have
lateral pedal reduced varus implications for
inclination. moment at kneef PFPS patients.
38-72% CV for Wedge is
varus-valgus significantly
moments. 59% CV  larger than those
for axial moments.  used
commercially.
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Table 2. Specific FSPI adjustments (continued)

Henniget 26 male, 3 Rigid cycling Cycle ergometer, An increase in Cycling shoes

al®’ female cyclists. shoe, toe-clip preferred geometry, workload causes improve applied

pedal system  80rpm 100W, increased medial force to the

vs. sneakers.  200W, 300W, forefoot and first pedal, and

400W. toe pressure, in increase pressure

cycling shoe vs. in the medial
sneakert Greater foot.
index of
effectiveness with
cycling shoef

Jorge et 6 male cyclists  Rigid cycling Bicycle onrollers,  Sneakers produced  Rigid cycling

al® shoe, toe-clip  80rpm, seat height ~ higher EMG in shoes reduce

system vs. 100% of trochanter ~ Quads, and EMG activity in
sneakers height Hamstrings, lower ~ Quads and
in Rectus Femoris ~ Hamstrings
and Gastrocnemius  during the
propulsive phase
of the pedal
cycle.
Koch, et 18 male Pre- Rigid cycling shoe,  No significant Short effort may
al % cyclists. fabricated clipless pedal difference in mean  not reflect longer
carbon system. Anaerobic ~ power, peak power, endurance
insoles test (Wingate) cadence efforts.
Cyclists’ own bike,
shoe, and pedal
system.

O'Neill ® 9 males, 3 Custom Rigid cycling shoe,  Orthoses produced  Custom orthoses
females, orthoses, clipless pedal a trend towards may alter knee
cyclists. varied types  system. Cycle increased knee position in

posted and ergometer, 5’ distance from frontal plane.
molded, @85% max HR. bicycle centerline
varied and reduced tibial
materials. IR, but was not
statistically
significant. Small
group numbers may
have underpowered
the study.
Sanderson 28 mixed 10° medial or Toe-clip pedal Lateral wedge Wedges altered
etal ! gender cyclists. lateral wedge system. Own significantly altered knee position in
(not bicycle, 90rpm, distance of knee frontal plane.
commerciall  standard gearing. from centerline T Wedge is
y available) but wedges did not  significantly
significantly alter larger than those
the frontal plane used
knee angle commercially.
There was wide
inter-individual
variance in
response to
wedges
7 = Statistically Significant

The quality of the available literature limits conclu-
sions about the effectiveness of FSPI intervention,
as the majority of studies have small sample sizes,
and examine mostly competitive, young adult male
participants. This restricted sampling limits study
power, generalizability of results to females and older
cyclists, and impedes the application of findings to

cyclists of varying skill and experience. With increas-
ing demand for performance improvement and
injury mitigation, there is a need for experimental
studies to guide clinicians. Only one known system-
atic review has been performed on the effect of foot
orthoses and wedges on cycling, concluding that fur-
ther study in this area is warranted.'® Table 2 presents
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the most recent experimental studies published in
peer-reviewed journals examining FSPI intervention.

METHODS

A literature search was performed in October 2015
using the following databases: PubMed, EBSCO, Sco-
pus, CINAHL and SPORTdiscus using the following
search terms: (cycling OR bicycling) AND ((orthotic
OR orthoses OR orthoses) OR (wedges OR wedge)
AND kinematics), 29 articles were returned and
when Full-text, English language filters were applied,
and 27 articles were examined. Inclusion criteria
were as follows: Experienced cyclists, standard bicy-
cle frame or cycle ergometer, experimental design,
orthotic device or wedge. Eleven articles were
selected for review, seven met criteria for inclusion
in the literature review, and four additional papers
meeting these criteria were obtained from other ref-
erence lists within journal articles.

A risk of bias analysis was performed according to
guidelines developed by the Cochrane Bias Meth-
ods Group.*® Articles were reviewed with an effort
to determine bias in selection (randomized alloca-
tion), performance (blinding of participants and
personnel), detection (blinding of outcomes), attri-
tion (management of incomplete data) and report-
ing (selectivity of outcome reporting) of data. Table
3 displays the relative risk of bias for each paper
under consideration.

Seven of the eleven papers had low bias in sequence
generation i.e. random allocation to the test condi-
tion, only one paper had blinding to group alloca-
tion, and no papers described blinding of outcome
assessors or other personnel. All papers had detailed
methodology sections, but had incomplete data
reporting, with lack of detail about missing data,
missing outcomes, and how such data were handled
during analysis. Per Cochrane guidelines, all of the
papers were generally free of other bias sources such
as sample homogeneity, unequal variance or other
threats to validity.

RESULTS

Shoe-type
Competitive cyclists did not universally and simul-
taneously adopt the now ubiquitous rigid shoe and

clipless pedal systems, so both types of footwear
were often included in earlier studies. Two stud-
ies*?* examined the kinematic effects of FSPI inter-
vention using both rigid cycling shoes and sneakers,
but only one study directly compared the effect
of two different shoe types on cycling kinematics.
Cruz* examined the EMG response in four cyclists
when pedaling with sneakers with toe clip pedals or
rigid soled cycling shoes with clipless pedals, plot-
ted data for each subject, and visualized that there
was reduced EMG activity in the biceps femoris and
gastrocnemius muscles when cycling using a rigid
cycling shoe. The authors concluded that use of the
rigid shoe with clipless pedals was more efficient.
While they did not directly study cardiovascular
efficiency, they inferred from EMG trace data that
it was more efficient, as it has a reduced amplitude
compared with prior recordings from participants
cycling with sneakers and flat pedals. While the raw
EMG signal was normalized to the signal average, no
statistical analyses were reported, limiting support
for their conclusions. The observations from their
study were supported by Andersen et al,” who dem-
onstrated a lower heart rate while cycling in rigid
cycling shoes when compared with sneakers. Hen-
nig et al* compared sneakers and rigid shoes with
resultant higher medial foot pressure and greater
cycling effectiveness when pedaling using rigid
shoes. Their observations of greater pressures in the
medial foot when using a rigid cycling shoe were
supported in a later study by Bousie et al.*® While
earlier studies on FPSI intervention examined both
sneakers and cycling shoes, use of a rigid cycling
shoe has now become standard in experimental
studies, increasing internal validity by reducing con-
founding variables.

Pedal system

Authors have compared different cleat-pedal systems
(Figure 2) and resultant cycling kinematics. Reduced
axial (internal rotation) knee moments have been
demonstrated effectively with clipless float pedal
design without changing pedal loads or moments.*
Combined axial (internal rotation) and frontal plane
(valgus) moments applied at the pedal have been
demonstrated to increase patellofemoral contact
loading area by 29%, and loading force by 28%, with
greatest load on the patellofemoral joint obtained
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Table 3. Cochrane risk of bias assessment tool

Paper Sequence generation Allocation Blinding Incomplete data Selective outcome Other validity
concealment reporting threats
Anderson et L | Randomly No indication of No indication U | The study did L | Protocol is available H | Males and
alt assigned to allocation of blinding not address and reports include females did
orthosis test concealment process for this outcome expected outcomes not complete
condition process participants the same
Or assessors protocol,
flaw in study
design
Bousie et L | Randomly No indication of No indication U | The study did L | Protocol is available L | The study
al39 assigned to allocation of blinding not address and reports include appears to be
orthosis test concealment process for this outcome expected outcomes free of other
condition process participants sources of
or assessors bias
Boyd et al23 L | Randomly No indication of No indication U | The study did L | Protocol is available L | The study
assigned to allocation of blinding not address and reports include appears to be
pedal test concealment process for this outcome expected outcomes free of other
condition process participants sources of
Or assessors bias
Cruz et al#2 H | Norandom No indication of No indication U | The study did L | Protocol is available L | The study
allocation to allocation of blinding not address and reports include appears to be
pedal test concealment process for this outcome expected outcomes, free of other
condition process participants although with limited sources of
or assessors methodology and data bias
analysis details
Dinsdale et L | Randomly No indication of No indication U | The study did L | Protocol is available L | The study
als8 assigned to allocation of blinding not address and reports include appears to be
insole test concealment process for this outcome expected outcomes free of other
condition process participants sources of
Or assessors bias
Gregersen L | Randomly No indication of No indication U | The study did L | Protocol is available L | The study
etald assigned to allocation of blinding not address and reports include appears to be
pedal test concealment process for this outcome expected outcomes free of other
condition process participants sources of
Or assessors bias
Hennig et H | Norandom No indication of No indication U | The study did -1 | Protocol is available L | The study
al4o allocation to allocation of blinding not address and reports include appears to be
shoe test concealment process for this outcome expected outcomes free of other
condition process participants sources of
Or assessors bias
Jorge et als? H | Norandom No indication of No indication U | The study did L | Protocol is available L | The study
allocation to allocation of blinding not address and reports include appears to be
shoe test concealment process for this outcome expected outcomes free of other
condition process participants sources of
Or assessors bias
Koch et al56 L | Randomly Participants were Participants U | The study did L | Protocol is available L | The study
assigned to blinded to the were blinded not address and reports include appears to be
orthoses test allocation to the group this outcome expected outcomes free of other
condition allocation sources of
bias
O’Neill et H | Norandom No indication of No indication U | The study did L | Protocol is available L | The study
alts allocation to allocation of blinding not address and reports include appears to be
orthoses test concealment process for this outcome expected outcomes free of other
condition process participants sources of
Or assessors bias
Sanderson L | Randomly No indication of No indication U | The study did L | Protocol is available L | The study
etal3! assigned to allocation of blinding not address and reports include appears to be
pedal test concealment process for this outcome expected outcomes free of other
condition process participants sources of
or assessors bias
L = Low bias risk, U = Unclear bias risk, H = High bias risk

transverse plane mobility may be desirable. However,
not all cyclists respond to pedal-float with predictable
kinematic responses. *#** Wheeler et al made direct
comparisons of knee joint moments using clipless,

at 90° flexion.?! This is the point in the downstroke
where maximal propulsion, muscular forces and joint
moments occur,® so alleviation of potential excessive
patellofemoral pressure via use of pedals that allow
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Figure 2. Position of foot and shoe relative to pedal and cleat
interface. Used with permission of BikeFit™

toe clip and flat pedals while cycling at several differ-
ent work rates (150W to 350W).** Increasing power
output from 150W to 350W resulted in an almost lin-
ear increase in knee moments with a fixed pedal sys-
tem. Clipless fixed pedals produced the greatest knee
axial and varus moments, which were attenuated by
use of a clipless system allowing transverse rotation,
with 50% reduction in internal rotation moment at
250W power output. Ruby and Hull had previously
demonstrated most significant reductions in pedal
and knee moments when using a multi-axial instru-

mented pedal which allowed rotational mobility in
the transverse plane.”® Boyd et al** used a custom
multi-axial pedal platform to introduce two degrees
of freedom to the SPI resulting in a significant reduc-
tion of axial and transverse plane moments at both
the pedal and the knee, and pedal systems offering
this mobility have been widely adopted by competi-
tive and recreational cyclists. Alteration of cleat angle
in order to modify an individual’s lower limb align-
ment (tibial torsion, tibial varum etc.) might be a con-
sideration in preventing or managing injury to the
knee in cyclists.” Supported by these findings, there
are many recommendations to use cleat rotation to
reduce potentially adverse moments on the knee
while cycling, "*** and the majority of competitive
cyclists currently use clipless pedal systems.*?

In addition to reducing stress at the knee joint, it is
thought that clipless pedals produce more efficient
cycling patterns than toe-clip pedals. Most studies
examining the effect of SPI intervention in cycling
have examined joint kinetics; few have examined
resultant changes in muscle activity with different
degrees of pedal constraint. Cruz et al** compared
visual plots of EMG RMS data from lower limb when
cycling (n = 4) with combinations of clipless pedal/
cycling shoe and toe-clip/sneaker and flat pedal.
Cyclists using clipless pedals demonstrated lower
activation levels of hamstring muscles. The authors
concluded that a reduction in EMG represented a
more efficient pedaling action, but did not address
the influence of shoe type on the measured EMG.
Since only four cyclists were examined, normalized
EMG data were not processed for statistical analysis.
Without a larger group of subjects, removal of con-
founding factors (different shoe types) and appropri-
ate statistical analysis, it is not possible to determine
the influence of pedal type on EMG pattern. Patterns
of muscle activity in cyclists using clipless pedal sys-
tems have been documented **° with noted differ-
ence between competitive and novice cyclists,!**
but further studies of EMG responses to FSPI inter-
vention are needed.

Wedges/Insoles

A coupled linkage between the talo-crural joint of the
ankle, and the joints of the foot has been examined
extensively in over-ground walking and provides
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the basis for much of the orthoses-based interven-
tions used during human gait.> Rigid modern cycling
shoes can have medially or laterally inclined wedges
bolted to the undersurface of the sole influencing
cycling kinematics. Changes in cycling kinemat-
ics have been observed in biomechanical modeling
studies using instrumented multi-axial pedals ** and
in experimental studies using wedges at the SPI.*
Sanderson used a 10° wedge and measured frontal
plane knee angle in 28 cyclists, with wedges altering
the knee distance from centerline.** There was no
significant difference between the neutral condition
and a 10° medial wedge or the neutral condition and
a 10° lateral wedge. Participants exhibited a signifi-
cant response to the SPI intervention only between
extreme wedge angles, i.e. between 10° valgus
and 10° varus wedges, with a small magnitude of
frontal plane knee motion of approximatelyl0mm.
The study used two dimensional (2D) video analy-
sis, which has much less accuracy and reliability
than current gold-standard three dimensional (3D)
motion analysis systems*®* and the recently avail-
able handheld mobile devices.*.

Anderson et al* examined metabolic responses to use
of custom orthoses while cycling. Rearfoot and fore-
foot posting of 4° did not significantly alter cycling
efficiency, but shoe type was related to changes
in heart rate (HR). Using a rigid cycling shoe was
associated with a lower HR when compared with a
soft running sneaker, both with and without ortho-
ses (mean change 22 bpm for males and 33 bpm for
females). A mean change in HR of 26bpm was not
statistically significant, but would be clinically sig-
nificant in most physiologic studies**°, indicating
that the study (n =10) was likely underpowered.

Bousie et al*®* compared contoured pre-fabricated
orthoses with flat inserts in cycling shoes of 12
experienced cyclists. Plantar pressure, contact area
and perceived support were significantly increased
with contoured orthoses (p < 0.001) but the inter-
vention was limited to 20 minutes of seated, steady
state cycling. Replication of this study using long-
duration or fatigue protocols would produce infor-
mation about cycling performance closer to typical
racing conditions, as well as more realistic informa-
tion about the relationship between pressure and
comfort at the FSPI over timeframes approximating

training and competition.

Boyd et al** used an instrumented pedal platform
with freedom from SPI constraint in two planes (x
and y, approximating sagittal and transverse planes).
Transverse motion ranged from 6.3° to 17.3°, and
caused reduction of moments at both pedal and knee,
although the changes in knee moments were not
statistically significant.?? This study was unique as
it relied on custom-built dynamometer pedals. This
capability is likely to become increasingly available
as technological advances have led to commercially
available pedals and sensors that can measure power
output, shear forces and pedal forces orthogonal to
the pedal.® The ability to use the cyclist’s own bike
with these instrumented pedals will provide for
improved implementation of research findings into
clinical practice.

More closely approximating normal practice in the
cycling athlete, O'Neill”® examined the kinematic
responses to orthoses of different types. The dis-
tance of the knee to the bicycle centerline and the
frontal plane knee angle was reduced when using
orthoses (37.2° to 34.8° p < 0.001) with significant
responses demonstrable within-subjects. While
the orthoses produced reduced tibial axial internal
rotation in many participants (mean change from
16.8° to 15.2°), there were no significant systematic
effects (p = 0.072). The study was possibly under-
powered, with only 12 cyclists, but, there was a ten-
dency towards kinematic changes similar to those
in gait studies,** with tibial rotation reduced in the
order of 2-3° when using orthoses while cycling. As
knee loads in seated cycling are <50% lower than
walking and stair climbing, 5! it remains to be seen
whether this small reduction in tibial rotation is
important in cycling.

Gregersen et al monitored the response of thigh mus-
cle activation ratios when laterally inclined wedges
were placed at the SPI while cycling. There was a
significant reduction in tensor fascia lata (TFL) EMG
activity, improved vastus lateralis / vastus medialis
(VL/VM) ratios (i.e. increased VM activation corre-
lated with reduction in knee varus (v* = 0.65-81, p
< 0.0001), and reduced knee varus moments (53-
55%, p < 0.001) with a lateral wedge.” Varus load-
ing (4-10N) at the knee occurs in the power phase
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of cycling at 80-100° °** and is considered to be a
potential source of pain and injury when excessive.
An imbalance between the ratios of quadriceps and
hamstring muscle activity has been implicated in
contributing to excessive patella-femoral loading®**°
and can contribute to excessive repetitive loading
in regions of the patella-femoral articular surfaces,
but variance in the Gregersen et al’ study is large
(tibial varus-valgus coefficient of variation (CV)
=38-72%, tibial rotation CV = 59%) warranting cau-
tion in extrapolation and inferences from this data.
The 5-10° wedge used in this study is larger than
the 1-4° wedges most commonly used in competi-
tive cycling, so it remains to be determined if the
smaller wedges in current use have similar effects
on muscle activation.

Wedges and insoles have been examined for their
effect on power output while cycling. Koch et al >
examined the effect of prefabricated carbon insoles
on power output during an anaerobic test, with non-
significant results (p = 0.76 Mean Power and p =
0.53 Peak Power) similar to a prior study.'* There
was no standardization of bicycle, pedal or shoe
system, possibly introducing excessive variance in
measurements. In an effort to match participants’
forefoot anatomy with appropriate wedge interven-
tion, Dinsdale'* used 1° to 4° varus wedges inside
the cycling shoe to correct for forefoot varus, and
examined subsequent power output in a 30s anaero-
bic test. While the results were not statistically sig-
nificant for changes in mean power or peak power,
there was strong correlation between the degree of
varus correction and improved power (r = 0.957)
indicating that cyclists with the greatest forefoot
varus benefitted the most from varus corrective
wedges. The sample was very small (n = 6) and
the authors express caution about the study being
underpowered. Untrained athletes were used in the
study, yielding less important information than if
competitive athletes had been used, since there are
known EMG and kinematic differences between
untrained and trained cyclists.'*'* While this is a
small study, it is the one of the few published stud-
ies using commercially available wedges, which are
in current use by cyclists, bike-fitters and coaches,
and thus, merits attention.

DISCUSSION

Since the foot is attached to the pedal while cycling,
two components of this attachment that influence
lower limb kinematics are the foot-shoe interface
(FSI) and shoe-pedal interface (SPI). A recent system-
atic review by Yeo et al'® highlighted a dearth of high
quality experimental studies of the effect of interven-
tions at the FSI on kinematics of cycling. The results
of the Cochrane risk of bias assessment completed
for the current paper concur with Yeo’s findings; the
studies examined for this review are relatively low
in bias, but the majority of the reviewed studies do
not report adequately on assessor and participant
blinding or data management. Few studies use stan-
dardized methodology for fitting the cyclist on the
bicycle, despite the existence of many standardized
bike-fitting protocols in the literature. °"*° No studies
used the same testing protocol or products, limiting
conclusions drawn about their comparative efficacy.

Despite these shortcomings, the studies reviewed
herein have provided some insight into possible
effects in lower limb biomechanics during cycling.
Orthoses have been shown to improve perceived
support,*® improve peak power in sprints,'* and
alter knee position.’s A rigid cycling shoe reduces
EMG activity in the biceps femoris and gastrocne-
mius muscles, and is more efficient than a soft-soled
sneaker or soft cycling shoe.*** Studies examining
the specific influence of inclined wedges used at the
SPI on the kinematics of cycling have shown that
they induce changes in knee position,”* moments
at the knee,? and alter EMG ratios in thigh and hip
muscles.® At the SPI, the choice of pedal system
(clipless float vs. no float, clipless vs. platform pedal)
also influences moments at the pedal and knee.?
Wedges at the SPI and orthoses at the FST are thought
to influence the knee position via the talo-crural
coupling mechanism.® To date, there have been no
published studies examining the effect of such com-
mercially used wedges on the kinematics of cycling.
Determining the relative influences of interventions
at the FSI and SPI on cycling kinematics will likely
improve guidelines for management of cyclists with
knee pain, but there are insufficient experimental
data to determine whether such a difference exists.
Future study should compare the kinematic effect of
wedges and orthoses in cyclists.
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Many Kkinetic and kinematic studies investigat-
ing intervention at the SPI®?230383942 and FSI in
cyclists.!*1545¢ have been conducted. Two SPI stud-
ies demonstrate significant changes in lower limb
moments and EMG activity.®* One SPI study dem-
onstrated significant response to changes in the
frontal plane knee angle.* One FSI study also dem-
onstrated changes in the frontal plane,' but there
are no peer-reviewed studies examining the effect
of FSI intervention on lower limb EMG or knee
moments. Studies examining FSI intervention on
cycling kinematics have been fewer in number.
Short-term power output may be improved with
FSI correction of forefoot varus.'* Perceived comfort
is improved with FSI intervention® which may be
important in studies which examine performance
over long periods of cycling. While the current lit-
erature indicates some specific kinematic responses
to FSPI intervention, the applications for clinicians
and coaches remain unclear. In order to determine
the kinematic responses to FSPI and to create spe-
cific guidelines for clinicians and coaches, studies
with improved methodologies are needed. Standard-
izing the position of the cyclist on the bicycle for
seat height, knee angle at the bottom of the pedaling
cycle and foot position on pedal is critical to deter-
mine if the intervention is effective, or the variabil-
ity in cyclist positioning limits correct interpretation
of the data. Standardizing cycling equipment such as
footwear, pedal system, and the wedges or orthoses
being tested, will reduce systematic bias and errors
in the data. Controlling for sex and experience, and
testing larger numbers of participants will reduce
variance, increase homogeneity, and improve sta-
tistical power. In the interim, with limited support-
ing evidence for intervention at the FSPI to manage
cyclists with anterior knee pain, it is the authors
belief that such intervention should be individual-
ized, methodically monitored, and modified based
on the cyclist’s feedback and performance. In sum-
mary, and in agreement with Yeo et al,'® while there
is theoretical plausibility that orthoses and wedges
could influence cycling kinematics, there is a need
for further high quality studies in this field.

CONCLUSIONS
Excessive frontal plane loading is a significant con-
tributor to knee dysfunction but can be effectively

changed with cueing and movement retraining.
Because injured cyclists demonstrate kinematic
patterns than uninjured cyclists, strategies to cor-
rect such aberrant kinematics might be useful to
coaches, clinicians and cyclists. Wedges and orthoses
at the FSPI appear to alter kinematics of the lower
limb while cycling, although conclusions about their
efficacy are limited. Further studies are needed
examining cyclists using standardized experimental
conditions and equipment used to alter FSPI func-
tion. Determination of the effect of SFPI alteration
on cycling kinematics may offer a simple, inexpen-
sive tool to reduce anterior knee pain.
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PERTINENT DRY NEEDLING CONSIDERATIONS FOR
MINIMIZING ADVERSE EFFECTS - PART ONE
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ABSTRACT

Background: Dry needling is an evidence-based treatment technique that is accepted and used by physical therapists
in the United States. This treatment approach focuses on releasing or inactivating muscular trigger points to decrease
pain, reduce muscle tension, and assist patients with an accelerated return to active rehabilitation.

Issue: While commonly used, the technique has some patient risk and value of the treatment should be based on
benefit compared to the potential risk. Adverse effects (AEs) with dry needling can be mild or severe, with overall
incidence rates varying from zero to rates of approximately 10 percent. While mild AEs are the rule, any procedure
that involves a needle insertion has the potential for an AE, with select regions and the underlying anatomy increas-
ing the risk. Known significant AEs from small diameter needle insertion include pneumothorax, cardiac tamponade,
hematoma, infection, central nervous system injury, and other complications.

Purpose/Objective: Underlying anatomy across individuals has variability, requiring an in-depth knowledge of anat-
omy prior to any needle placement. This commentary is an overview of pertinent anatomy in the region of the tho-
rax, with a ‘part two’ that addresses the abdomen, pelvis, back, vasovagal response, informed consent and other
pertinent issues. The purpose of the commentary is to minimize the risk of a dry needling AE.

Conclusions/Implications: Dry needling is an effective adjunct treatment procedure that is within the recognized
scope of physical therapy practice. Physical therapy education and training provides practitioners with the anatomy,
basic sciences, and clinical foundation to use this intervention safely and effectively. A safe and evidenced-based
implementation of the procedure is based on a thorough understanding of the underlying anatomy and the potential
risks, with risks coordinated with patients via informed consent.

Levels of Evidence: Level 5

Key Words: Adverse effect, anatomy, dry needling, informed consent, pneumothorax
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INTRODUCTION

Dry needling is an adjunctive treatment proce-
dure that is recognized as being within the physi-
cal therapy scope of practice by the 2014 version
of the ‘Guide to Physical Therapy Practice’,'! and
is now recognized by state licensing boards in at
least 33 states, including the District of Columbia.
2 While the first dry needling Medline citation by
Karel Lewit occurred over 25 years ago,® this is a
technique that, based on the number of articles in
print, has gained significant popularity over the past
five years. A review of the term ‘dry needling’ in
the national PubMed database, by year, yielded one
reference in 2000,* seven new references in 2009,
and 51 new references in 2014. This technique has
advanced from being taught in one physical therapy
curriculum at Georgia State University in 2006, to
a technique that is introduced to entry level physi-
cal therapy students in many of the Physical Ther-
apy programs in the United States. Dry needling
may also be called ‘Intramuscular Manual Therapy’
(according to the Federation of State Boards of Physi-
cal Therapy),® and the two terms can be used synon-
ymously. The typical needle for dry needling (DN)
is a solid filament needle and since it does not inject
anything, the technique is referred to as ‘dry nee-
dling’” The popularity is due to both patient accep-
tance and the demonstration that this technique has
‘evidence based procedure’ data for conditions like
upper-quarter myofascial pain, where both immedi-
ate reduction of pain (grade A), and reduction of pain
at four weeks (grade A), have been demonstrated.®
As an evolving treatment modality, high-quality evi-
dence remains to be clearly established for short or
long-term pain and disability reduction for musculo-
skeletal pain syndrome for all regions of the body,’
but there are studies that demonstrate a clinically
significant reduction of pain for conditions that
span osteoarthritis of the knee and hip,'>" shoulder
pain,*'? neck pain,''* and low-back pain.'>!® Other
factors, such as the optimal frequency (number of
treatments), duration (length of time that a needle
should remain inserted), intensity (the number of
needles that should be used), and the use of electrical
stimulation remains to be determined.!” While the
science behind the procedure continues to evolve,
there is now widespread acceptance and use of this
therapeutic intervention by physical therapists. The

popularity of dry needling is due to the versatility of
the technique for a variety of musculoskeletal condi-
tions, combined with the many examples of clinical
success.

Dry needling involves placing a solid filament needle
into tissue for the management of pain and neuro-
musculoskeletal dysfunctions.” The diameter of the
needle used is very small, just thick enough to allow
the tissue to be pierced while maintaining needle
integrity (for perspective, the typical needle is about
five times the diameter of a single muscle fiber, with
the needle gauge ranging from 32 to 36 equivalent to
.25 mm to .20 mm)."® Normally, the needle is usually
placed in muscle trigger points (MTrPs) in the prox-
imity of nerves, or placed in connective tissue.”!
Some position statements by State Boards of Physical
Therapy have specifically defined dry needling as
an ‘intramuscular procedure involving the isolated
treatment of myofascial (muscle) trigger points’.'® A
more expansive view of dry needling includes the
target areas of muscles, ligaments, tendons, subcu-
taneous fascia, scar tissue, peripheral nerves, bones,
and neurovascular bundles.” Dry needling can also
be performed in tissues that vary in terms of the
depth of needle penetration, with some dry nee-
dling performed at either a superficial or deep tis-
sue level that may or may not include MTrPs. The
many theories that are associated with dry needling
suggest that the observed pain relief may be due to
a variety of factors, to include: (1) peripheral and
central pain modulation, such as that discussed
with the ‘gate control theory of pain modulation’ by
Melzak and Wall;?° (2) central pain modulation that
utilizes the endogenous opioid system;* (3) ‘central
sensitization’, where conditions with enhanced noci-
ception (hyperalgesia) and allodynia, are disrupted
by the implementation of dry needling; (4) disrup-
tion of MTrPs, where there may be local ischemia
and hypoxia due to excessive release of acetycho-
line at the motor endplate;* (5) ‘distal to proximal’
remote effects, where stimulation of a distal MTrP
could result in reduced irritability of a proximally
located MTrP;*** and (6) placebo effects.? Dunning
et al’ in a review article, points out that research has
demonstrated increases in blood flow and oxygen
saturation levels following dry needling, increased
fibroblastic activity and endocrinological and neuro-
logical effects that decrease the activation of the lim-
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bic system. Whatever the physiological mechanism
or multiple neurophysiological mechanisms are that
function to provide relief with dry needling turn out
to be, the preponderance of the evidence suggests
that the technique does offer relief for a variety of
neuromusculoskeletal conditions.?!%1325

As referenced above, dry needling is now being
introduced in many entry-level physical therapy
programs as a therapeutic treatment option. In these
entry level programs as well as phase 1 certifica-
tion courses for DN, the gluteal region is a site that
is commonly taught since the muscle is large and
placement of a needle within this structure is rela-
tively safe. During an introduction to dry needling,
one of the authors had a chance observation that led
to this topic of minimizing AEs. The issue that was
evident during the orientation was that a site where
dry needles are placed, can be the same site many
health professionals are taught to avoid when inject-
ing compounds or vaccines, due to the potential for
damaging the sciatic nerve.?® Specifically, several rec-
ommended sites where the gluteus maximus could
be dry needled for MTrPs were demonstrated that
placed the needle approximately midway between
the ischial tuberosity and greater trochanter, over
the sciatic and other smaller nerves. At least one of
the dry needling sites was in a location where a dif-
ferent type of needle, one with a lumen that injects
a drug, should be avoided.” The literature outlines
cases of intramuscular needles damaging nerves in
the gluteal region resulting in motor and/or sen-
sory deficits. Villarejo et al annotated 370 injection
injuries to nerves and Pandian et al described 36
additional cases, predominantly in young children
with limited body mass.?”* In addition to the nega-
tive motor and/or sensory implications of a sciatic
or posterior cutaneous nerve of the thigh injury, a
key finding was that only 28 percent of the injuries
ultimately had a good recovery.?” While recognizing
that there are differences between a hypodermic
needle and a dry needle, the underlying anatomy
suggested that there is some potential risk when
placing a dry needle in the gluteal region along the
approximate course of the sciatic nerve. The appar-
ent disconnect between sites to avoid with differing
needles used for different purposes led to consider-
ation of potential of AEs associated with small gauge
needle utilization. The small gauge (diameter) nee-

dle used is approximately similar when comparing
acupuncture needles, dry needles, and the needles
employed for diagnostic electromyography (EMG).
Since they all will have the same impact on underly-
ing anatomy, the literature associated with AEs from
all of these procedures are referenced.

ADVERSE EFFECTS

One of the largest needling studies ever performed
looked at the question of adverse effects (AEs)
with acupuncture, and the study was designed to
collect data to develop a medical information and
consent form.? In this study by Witt et al, 229,230
patients self-reported any AEs following treatment
for chronic osteoarthritis pain of the knee, hip,
low back, neck, or for headache, allergic rhinitis,
asthma, or dysmenorrhea.? The average patient
received 10.2 + 3.0 acupuncture treatments, for a
total treatment session count of approximately 2.2
million sessions. Of these, 8.6% (19,726 patients)
reported experiencing at least one adverse effect,
and 2.2% (4,963 patients) reported an adverse effect
that required further treatment.? The most common
AEs were bleeding or pain, but two patient’s experi-
enced a pneumothorax, and one patient had a nerve
lesion with side effects that lasted 180 days. While
the collective findings cited above demonstrate that
AEs do occur, the numbers reported in the Witt et al
study, are probably lower than the actual incidence,
since this study was based on patient’s self-reporting
rather than on actual incidence.”

Adverse effects have also been documented with
dry needling.?**? While most of the AEs are mild,
any time that a needle is placed in a patient there is
the potential for an AE. Regardless of the skill level
of the practitioner, recognizing and documenting
AEs may be enhanced if the health care provider is
looking for them. This typically takes training and
reflection. For example, past research with areas like
‘plicae’ causing knee pain or ‘acetabular impinge-
ment syndrome’ (AIS) as the etiology for hip pain,
have demonstrated that conditions are not refer-
enced until clinicians are aware and trained to look
for those conditions. This is evident in a search using
AIS as the search key within the National Library
of Medicine’s PubMed, with virtually no research
articles on AIS in the year 2000, and by 2013 over
300 articles identified. Based on this realization, the
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purpose of this two-part clinical commentary is to
examine three key topics related to DN and AEs.
First, this Part 1 will deal with the thorax, examining
the underlying anatomy that is at risk with specific
dry needling sites, outlining cases reported in the lit-
erature and what might be done to minimize patient
risk. A similar anatomical and clinical review will
be performed for the abdomen, pelvis, and back in
Part 2. The subsequent manuscript will also provide
a description of a vasovagal response that can occur
due to a variety of causes ranging from a needle
stick to any strong emotional response. Lastly, the
clinical commentary will outline one system that
might be used to provide medical information and
informed consent to a patient that is appropriate for
dry needling intervention, along with several con-
cluding observations.

Thorax and the risk of a pneumothorax

There are a number of DN sites in and around the
thorax that treat conditions like adhesive capsulitis
of the shoulder,* upper quarter myofascial pain,®**
neck pain,** and headaches.*” Dry needling is
often advocated for these areas based on generally
favorable clinical outcomes, although effective-
ness does vary between studies. To maximize the
potential for safe needle placement in and around
the thorax, clinicians often use a ‘bracketing tech-
nique’ where a bony backdrop is positioned to stop
the needles progression, or the needle is placed in a
way to be stopped by bone, such as the suprascapu-
lar fossa. When correctly done, this can be an effec-
tive way to minimize the chance of penetrating an
unwanted region, such as the pleural cavity. Acci-
dents can happen, however, when the needle slips
along the side of a rib and penetrates further than
anticipated, with the result being compromise of
the pleural lining and a pneumothorax.?*3%# Several
studies have demonstrated that needling of the ser-
ratus anterior, rhomboids, supraspinatus, iliocosta-
lis, and the lower cervical paraspinals can result in
pneumothorax, 304446

While the incidence of pneumothorax with small
gauge needles has been reported in one study exam-
ining AEs to be less than one in 100,000 patient’s
treated,” when it occurs it can be a serious injury.
Case reports suggest that the incidence may be higher
than in the previously cited self-reported study that

included acupuncture to all regions of the body,
not just the thorax, but the incidence is low.?"*34>
4 With larger bore needles, such as the 17 gauge
coaxial needle used for a lung biopsy, the physician
intentionally penetrates the pleural lining and lung
to obtain a tissue sample.* In the case of this type
of procedure with a larger gauge needle, the inci-
dence of pneumothorax is about one-in-five patients
(19.8% versus 23.1%), when needle penetration
was performed in a conventional versus rapid-roll-
over group, respectively.” (Rapid-rollover has been
defined as “the time between removal of the biopsy
needle and placing the patient biopsy side down’”.
The rapid time was 10 seconds or less.)*® Regardless
of the way this lung intervention is performed, these
findings demonstrate that while not every needle
that penetrates the pleural cavity will result in a
pneumothorax, it is a concern. The advantage that
a surgical team has with the tissue sample biopsy
is that they are prepared for the emergency associ-
ated with a collapsed lung, with multiple physicians
standing by and the ability to place a chest-tube or
other device when indicated. In a clinical setting,
there typically is not this team of professionals avail-
able and the occurrence of a pneumothorax can
become a medical emergency. Additionally, while
the needle used in dry needling is much smaller in
diameter than the 17 gauge coaxial needle, it is large
enough to result in a pneumothorax with a single
misplaced needle stick.*

In addition to the potential for a pneumothorax, it
should be emphasized that when this type of adverse
event (AE) occurs, it is not consistently spontane-
ous at the time of the needle penetration and not
consistently a complete pneumothorax. Three case
reports demonstrate this fact.’*****® Cummings et
al,*® describe a physician that was participating in
a deep dry needling hands-on workshop. One of
the participants described the following after a 0.3
x 50 mm Seirin needle was used to needle the ilio-
costalis muscle using a rib as a blocking site. In the
case described the needle was advanced deeper than
what was expected and the subject reported feeling
pain. The subject described diffuse aching pain cen-
tered on the scapula, which began immediately and
continued into the next day. The subject also had
pain during inspiration, a dry cough, and a feeling
of breathlessness, which worsened during physical
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activity to include walking. To provide a narrative
picture of what he experienced, the subject provided
the following description:

“The needling was mid-morning and by mid-day I
had a deep ache and stiffness in my left chest pos-
teriorly. It was fairly diffuse, but was centered on
the scapula. This continued the rest of the day and
into the next day. By the morning I was also aware
of'a feeling of constriction on breathing and pain on
taking or trying to take a deep breath, which I felt I
couldn't actually perform fully. T also developed a
dry cough, the breathlessness felt like an exacerba-
tion of asthma symptoms (albeit more lateralized
to the left) and was more noticeable on walking. I
was also aware of a dull ache in the shoulder tip in
the region of the acromioclavicular joint”30»-5!

A radiograph on the second day after the needling
demonstrated a 20% left sided pneumothorax, with
some breathlessness on exertion that was still present
at two weeks, but was completely resolved by eight
weeks. A second pneumothorax incident reported in
the literature occurred during an acupuncture treat-
ment for neck and right upper thoracic pain, with the
patient experiencing shortness of breath and pain.*®
Four to five hours after treatment the pain became
more intense, and after tolerating the pain and
dyspnea for two days, the patient presented to the
emergency room where the pneumothorax was veri-
fied.”® In a case reported in the EMG literature with
an attempted needle stick to the rhomboid major
muscle, symptoms occurred within 40 minutes of
the needle stick.” These three cases all demonstrate
that the onset of pain and presentation of pneumo-
thorax symptoms are not uniform, with one immedi-
ate presentation of symptoms and the others delayed
minutes to hours. There are also reports where the
symptoms have been delayed as long as three days.*
When the pneumothorax is partial, it is often treated
conservatively. When a large pneumothorax occurs,
it may require a tube thoracostomy and the patient
should be referred for emergency care.

The cases outlined previously demonstrate that the
very small gauge needle used with DN can cause
a pneumothorax, and that the presentation can be
quite variable in terms of time of onset and the extent
of lung involvement.****** Clinicians performing DN
should be well versed in the underlying anatomy and

the potential for AEs and should notify the patient
of foreseeable possible risks prior to performing the
procedure with signed informed consent. In addi-
tion, an open line of communication should be devel-
oped with the patient when they are being treated.
In the event that during a dry needling treatment
the patient should need to cough, sneeze, or perform
any other sudden movement, they should have been
informed that it is imperative to notify the provider
immediately so the needle can be withdrawn.

Anatomical Considerations

When performing dry needling in the region of the
thorax, knowledge of the size and location of the
pleural cavity is critical. The pleural cavity contains
the right and left lungs, and these structures are inti-
mately covered by parietal pleural (external) and
visceral pleura (intimately associated with the lung
tissue), which are housed within the thoracic cav-
ity that is lined by endothoracic fascia.?® The space
between the visceral and parietal pleura is a poten-
tial space with a very small amount of lubricant that
allows the two surfaces to move on one another with
minimal resistance/friction. The layers that must
be penetrated to create a situation where air could
be introduced between these two layers are, from
outside of the body to the pleural cavity: (1) skin,
(2) superficial fascia (fat), (3) muscle with its sur-
rounding deep investing fascia [in the case of the
intercostals, this would be the external intercostals,
the internal intercostals,the innermost intercos-
tals, and the deep investing fascia or aponeurosis of
each of those muscles], (4) endothoracic fascia, and
then the (5) parietal and visceral pleura.” While it
is intuitively apparent that the lungs are present in
the thorax, the relatively thin thoracic wall and the
vertical dimension of the lungs are not so clear. In
a thin individual, a very short needle is able to pen-
etrate all of the layers above and inadvertently enter
the pleural cavity. Thus, while using a ‘bracketing
technique’ with a thin muscle that lines the ribcage,
like the serratus anterior muscle, a small misstep
could result in an AE.* With a slightly longer needle,
and not as intuitively obvious, the apex of the lung
can be penetrated with a needle stick in the lower
cervical paraspinals or the upper trapezius muscle.
This was the case that Honet et al*® described with
a patient that developed a pneumothorax follow-
ing a low paracervical EMG needle insertion. This

The International Journal of Sports Physical Therapy | Volume 11, Number 4 | August 2016 | Page 654




unexpected event was followed-up by this profes-
sional with a cadaveric review of the region, with
23 cadavers examined for the location of the apex
of the lung compared to the clavicle. The results of
this investigation demonstrated that five of the 23
cadavers examined had lung tissue that extended
above the clavicle, with a minimum distance from
the skin to lung tissue of only 3.1 centimeters. This
anatomical feature of the apex of the lung extending
up into the lower cervical region was also described
by McCutcheon and Yelland, who noted that the
apex of the lung extends 2 - 3 cm above the clavicu-
lar line.* Thus, any needle penetration in the region
of the upper trapezius, lower cervical paraspinals,
rhomboids, supraspinatus, or other similarly placed
muscle (e.g., levator scapulae, etc), is at a level
where lung tissue needs to be considered.

Spanning inferiorly, the lower limits of lung tissue
and the associated pleura are also not intuitively
clear. Conceptually, the lungs proceed inferiorly
to the level of the diaphragm that is the structural
boundary that divides the thorax from the abdomen.
The two lungs are separated by the thoracic contents
standing in the middle (the mediastinum), that con-
tain principally the heart, great vessels, and are sur-
rounded by the pericardial sac that is tethered to the
top of the diaphragm. Since the diaphragm is a domed
structure, it proceeds further inferiorly where it is
affixed to the spine and lower ribs, extending down
to the 12 rib posteriorly.* Anteriorly, the mediasti-
nal pleura covers the structures of the mediastinum,
including the pericardial sac. This pushes the pleura
laterally from the mid-line, (there is a portion of the
right and left sternal lines of reflection that can be
immediately contiguous, but they occur under the
body of the sternum), so that the sternal line of pleu-
ral reflection on the right side turns laterally at the
level of the 6™ costal cartilage. On the left side, the
equivalent sternal line of pleural reflection laterally
occurs at the 4™ intercostal space, but this line of
reflection starts at the mid-clavicular line sagittally,
due to the presence of the pericardial sac. From
these positions, the sternal lines of pleural reflec-
tion continue laterally and are now termed costal
lines of pleural reflection that then become continu-
ous with the diaphragmatic pleura inferiorly.?® The
costal lines continue laterally and inferiorly passing
across the mid-clavicular line at the 8" rib, and the

mid-axillary region at the level of the 10" rib, and
descend posteriorly and inferiorly to the level of the
12" ribs. It should be noted that while the inferior
aspect of the lung has the ability to expand and fill
the space down to the level of the 12 rib, it is not
consistently at this inferior level, due to inspiration
and expiration. During expiration, the lungs do not
fully occupy the pulmonary cavities and potential
spaces named the costodiaphragmatic recesses are
created. The key point from a practitioner’s per-
spective when placing a needle in the lower thorax,
is to be aware that the pleural cavity does proceed
inferiorly to the level of the necks of the 12 ribs.?
Thus, when placing a needle in a muscle such as the
iliocostalis, as was demonstrated in the Cummings
article,®® there is the potential to create a pathway
for air and an AE such as a pneumothorax.

The thin layers of muscles that fill the intercostal
spaces are also a consideration, since they are well
designed to allow for the combined movement of
the thoracic cavity that is needed for inspiration and
expiration, provide protection along with the ribs,
and are a light but strong muscular support. The
three intercostal muscles, from superficial to deep,
are the external intercostals, the internal intercos-
tals, and the innermost intercostals. Structurally,
the orientation of these fibers are conceptually simi-
lar to ‘plywood’, with the muscle fibers aligned in
different orientations to provide strength in very
thin muscles. The external intercostals span from
superior to inferior with a lateral to medial orienta-
tion (hands in pockets configuration). The internal
and innermost intercostals, span from superior to
inferior with a medial to lateral orientation (hands
positioned up in the axilla orientation). Neither of
these muscle groups span the entire anterior to pos-
terior dimension of the intercostal space. The exter-
nal intercostals arise from the tubercles of the ribs
posteriorly and span anteriorly to the costochondral
junction anteriorly, and then have a membrane
(external intercostal membrane) that spans the rest
of the way anteriorly to the sternum. The internal
and innermost intercostals arise from the sternum
and span posteriorly to the angle of the ribs, with
an internal and innermost intercostal membrane
that continues posteriorly to the vertebrae.”® Run-
ning between the layers of the internal intercostals
and the innermost intercostals is the neurovascular
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bundle of vein, artery and nerve. This design allows
expiration and inspiration, a passageway for nerves
and blood vessels, and strength without a great deal
of associated muscular weight. The combined inter-
costal muscles are too thin to reasonably attempt a
dry needle insertion.

The brief overview of the anatomy of the lungs
within the thorax provides a foundation from which
specific needle placements can be considered. The
pleural cavities in many individuals span above the
clavicle, and they can be inadvertently accessed
by a needle if that relationship is not appreciated.
It should also be recognized that the anatomy dis-
cussed in textbooks and atlases is simply the most
common variant and not necessarily what will be
present within any given subject or patient. Honet et
al*® noted this variability when stating that “patients
with long necks (more vertebrae above the clavicle)
appear most susceptible. A Valsalva maneuver may
also cause the lung apex to rise. Lung tissue is more
vulnerable with the neck in flexion than in exten-
sion”. #6r68 Extending this overview to the thoracic
wall, the relatively thin wall created by the ribs and
the combined intercostal muscles suggests that sig-
nificant caution should be used when placing a nee-
dle in any structure that is near or adjacent to the
thoracic wall. Similarly, with the recognition that
the pleural lining extends inferiorly as far as T12,
any needle placement in muscles such as the ilio-
costalis needling site needs to take into account the
location on the thoracic wall and the potential depth
of needle penetration. The descriptions that follow
are designed to minimize the likelihood of an AE
like a pneumothorax when needling in the region of
the thorax, based on the underlying anatomy. While
dry needling education varies, instructors do discuss
anatomy when teaching dry needling techniques.

Lower cervical spine

The safest way to place a needle in this region is to
place it close to the midline, staying medial to the lat-
eral dimension of the transverse process.”*? Honet
points out that if lateral to the transverse process,
needle penetration of lung tissue is possible when
placing a needle in the lower cervical paraspinal
muscles. The author further suggests that in individ-
uals with long and thin necks, that if a needle place-
ment in this region is desired, it would be prudent to

auscultate the neck with a stethoscope to determine
if lung tissue is in the region of the needle place-
ment. The length of the needle should be consid-
ered, since it has been demonstrated that a needle
as short as 3.1 cm can reach lung tissue, and in the
cadaver study performed, the average distance from
the skin to the lung field was 3.3 cm.46 If the needle
being placed is an EMG needle, he further suggests
that the audio be turned on so that muscle electrical
activity can be monitored during the procedure.

Trapezius

The trapezius is a thin muscle that spans the neck
and thorax, with the lateral aspects inserting on the
lateral half of the clavicle and on the spine of the
scapula.?® Tt is the most superficial muscle of the
neck and upper thorax, being covered only by the
skin and superficial fascia (fat). It is very thin, and
it is technically challenging to place a needle in this
muscle layer unless the clinician has feedback when
inserting the needle, as is the case with a clinician
performing an electrophysiological examination. In
a small number of individuals, the superficial loca-
tion of the trapezius can be complicated by the pres-
ence of a soft tissue lipoma since these are often
found in the upper back and neck, with an estimated
prevalence of 2.1 per 100 persons.>® Medially along
the midline, there are a number of muscles that
would also have to be penetrated, before the tho-
racic cage would be compromised. These include as
an abridged list, the rhomboid major and minor (at
the level of the scapula), thin structures such as the
serratus posterior superior, various portions of the
erector spinae muscle mass, and the intercostal mus-
cles. In the region of the upper trapezius and lower
cervical spine, however, lateral to the spinous pro-
cesses, there are fewer muscle layers between the
trapezius muscle and the lungs. As noted in the para-
graph above, needles in the range of 3 cm can reach
lung tissue.*® From a safety perspective, placing a dry
needle medially presents less risk than more lateral
needle placements, especially if attempting to nee-
dle the middle or lower portions of the trapezius.

Supraspinatus

This is typically a very safe muscle to place a nee-
dle into, since superior to the spine of the scapulae
the supraspinatus fossa provides a bony ‘shelf that
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normally functions to protect the thoracic cage and
it provides a bony backstop. Reinstein et al* have
provided a case report where the expected protec-
tion provided by the supraspinatus fossa did not
occur. In this case, a 37 mm, 27-gauge needle was
inserted into the supraspinatus muscle just above
the midline of the spine of scapulae, and the needle
advanced until the scapula was encountered. Due
to the placement of the needle, the scapula did not
serve as a backstop and the patient experienced
sudden, severe pain and difficulty breathing. Subse-
quent chest x-rays revealed a 10% pneumothorax.
In response to this incident, the authors reviewed
the anatomy and recommended that if a needle is
placed in the supraspinatus muscle, then it should
be placed three-quarters of the distance from the
acromion to the vertebral border of the scapula,
closer to the vertebral border. The reason for this
is that the supraspinous fossa is narrowest at the
midpoint, and in this region there is also the supra-
scapular notch that houses the suprascapular nerve.
In this narrow, mid-point region along the spine of
the scapula, there is the potential to miss the bony
backstop and penetrate the thorax.

Infraspinatus

As is the case with supraspinatus, placing a needle
into the infraspinatus is considered safe as long as
the needle stays within the confines of the scapula.
Structurally, the infraspinatus fossa provides a bony
backstop and protects the underlying ribcage and
lungs. McCutcheon and Yelland note that congeni-
tal foramina have been reported in the infraspina-
tus fossa with an incidence of 0.8 to 5.4%.%" These
foramina have presented with diameters up to 2 to 5
mm in size, clearly large enough that they could be
penetrated by a small gauge needle. While rare, this
finding again demonstrates that the anatomy atlases
provide the most common variant when describing
a region, and not necessarily the underlying anat-
omy of any individual patient.>**® A clinician needs
to be aware of the depth of penetration and not rely
solely on bone to stop the progression of the needle.

Rhomboid muscles

The rhomboids lie under the trapezius, so to reach
them, a needle has to penetrate the skin, any under-
lying superficial fascia (fat), the trapezius, and then

the rhomboids. Since these muscles are traditionally
thin, the needle placement has to be precise to stay
superficial to the lung field. An inadvertently deep
needle stick can easily penetrate the pleural cavity,
particularly if the needle is placed perpendicular to
the plane of the skin. If performing a manual muscle
test of the rhomboids with the patient prone, the arm
on the involved side internally rotated and extended,
it may be possible to detect the rhomboids where they
insert on the medial border of the scapulae. This posi-
tion can lift the muscle fibers off of the thoracic cage
and permit an obliquely oriented needle to be posi-
tioned so that the elevated undersurface of the scap-
ula (that is lifted off of the thoracic cage) can serve as
a backstop should the needle penetrate too far. While
possible, the key question for this muscle remains,
‘is the benefit greater than the inherent risk’? A 1990
case report by Miller outlines the case of a patient
who was being evaluated for a potential C5 radicu-
lopathy and the left rhomboid major muscle was
examined with an EMG needle since this is a C4-C5
innervated muscle.** Approximately 40 minutes after
the procedure, the patient “became acutely anxious,
restless, and short of breath. Chest x-ray revealed a
large pneumothorax with rightward shift of the medi-
astinum”.*® This case report illustrates the reality that
placing any type of a needle into the thomboid mus-
cles has some inherent risk. While the highlighted
case study was associated with a small gauge needle
used during an electrophysiologic examination, the
implications are relevant for any needle placement
in this area. Miller concludes his description by stat-
ing, “EMG of thorax is not a benign procedure and the
risk of a pneumothorax must be weighed against its
diagnostic benefits when selecting patients”.*? P65

Pectoralis Major

Trigger point dry needling of the pectoral muscles
has been shown to be an effective treatment for chest
wall pain and specific conditions like costochondri-
tis.”” The pectoralis major overlies the anterior aspect
of the thorax, with a clavicular and sternal segment,
and in many individuals, a slip from the abdomen.?
The specific attachments to the thorax include the
anterior half and medial aspect of the clavicle, ante-
rior surface of the sternum, and fibers that arise from
the aponeurosis of the external abdominal oblique
muscle. Distally, the muscle inserts into the lateral lip
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of the intertubercular sulcus of the humerus. It is the
most superficial muscle of the anterior thorax, lying
directly under the skin and superficial fascia (fat) that
in this region also includes specialized breast tissue in
women. Under the pectoralis major, is the thin pecto-
ralis minor that extends from ribs three to five to the
coracoid process. The only other muscle layer deep to
the pectoralis minor are the thin muscles represented
by the intercostal muscles and/or their aponeurotic
extensions. Internal to the ribs is endothoracic fascia
and immediately internal to that layer is the parietal
pleura of the lungs. The challenge with placing a dry
needle in this area, apart from the most lateral por-
tions of the muscle as it becomes aponeurotic prior to
inserting into the humerus, is that in many individu-
als this muscle is relatively thin, and is covered by
a significant amount of superficial fascia associated
with the breast tissue of both genders. When insert-
ing a needle into the pectoralis major, there is the
potential of overshooting the muscle tissue itself and
extending the needle into the thoracic cage. A tech-
nique to minimize this risk would be place the clini-
cians fingers along either side of an identified rib, and
place the needle between the fingers, counting on a
rib to serve as a ‘backstop’ for the needle. While this
will often prove to be effective, it is relatively easy
for the needle to pass along an edge of the rib and
this not be realized until the pleural cavity has been
breached, as was demonstrated in a previously ref-
erenced case report.*® Due to the presence of breast
tissue that overlies this muscle, there is gender sen-
sitivity associated with a significant hands-on compo-
nent, particularly with a female patient. Additionally,
due to the general thickness of the superficial fascia
layer (fat) overlying the muscle, specific knowledge
regarding the depth of penetration is problematic.
Should needling of the pectoralis major muscle be
indicated clinically, it will be safest to do this in the
lateral aspect of the muscle close to the humeral
attachment. Safety would also be increased by orient-
ing the needle obliquely so that should the needle
extend through the thickness of the muscle, it would
pass lateral to the ribs and avoid the lung fields.

Sternum

An alternate site to needle the pectoralis major is medi-
ally, since the axial skeleton attachment includes the
anterior surface of the sternum and superior six costal

cartilages.?® This is also a site that some practitioners
that provide acupuncture use.’® Since the sternum
is a flat bone that is easily palpated, placement of a
needle in this region is typically very safe. As was the
case with the infraspinatus fossa, however, the litera-
ture describes an incomplete ossification and fusion
of the sternal plates, that most commonly occurs at
the level of the fourth intercostal plate.**® This type
of incomplete fusion can occur with an incidence as
high as 5 to 8%. Peuker and Cummings note that “a
congenital sternal foramen is usually not able to be
palpated due to overlying muscle tendon fibers and
connective tissue”* The recommendation from this
anatomical reality is that since an inadvertent nee-
dle placed through the sternum could penetrate the
pericardial sac, dry needling in this region should be
done superficially and in an oblique manner over the
sternum. In the available literature, there are at least
seven reported cases of cardiac tamponade associated
with acupuncture.>®*

Serratus Anterior

The serratus anterior covers the lateral surface of
the upper eight ribs, and then inserts into the medial
border of scapula. Since it is a thin muscle in most
individuals overlying the lateral ribs, if an individ-
ual performing dry needling or electrophysiologi-
cal testing chooses to place a needle in this muscle
overlying the lateral thorax, a ‘bracketing technique’
where a rib is positioned between two fingers is
advocated.® Theoretically, if the needle stays within
the fingers on either side of the rib, the rib will serve
as a bony wall protecting the underlying thorax and
pleural cavity. Caution is indicated, however, since it
is easy for a needle to slide over the end of a rib, and
with many patient’s today with increased superficial
fascia (fat) overlying the ribs and serratus, clear pal-
pation of this muscle can be technically challenging.

Iliocostalis

As has been highlighted in the preceding case study
of a physician that was involved in a dry needling
workshop of the erector spinae muscles of the back,
it is possible to penetrate the thoracic cavity and
have a resulting pneumothorax.* While blocking the
depth of needle penetration by bracketing a rib, the
relatively thick muscles that are part of the erector
spinae (spinalis, longissimus and iliocostalis), with
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overlying skin and fat, create a challenge for the cli-
nician. In the case described, a 0.3 x 50 mm Seirin
acupuncture needle was used, but when the needle
was redirected following the first attempt when
pain was experienced, a rib was touched at a depth
of approximately 10 to 15 mm. Since there is not a
clear oblique needle orientation that can be utilized
in this case, in addition to the rib ‘bracketing’ that
is typically utilized, it may be advantageous to seri-
ously consider the length of the needle utilized. If
a rib would be encountered at 10 to 15 mm depth,
a short needle might be considered, and the clini-
cian should be aware of the combined needle length
extending from the skin as well as the approximate
depth of the potential tissue layers penetrated.

Extremely rare but possible anatomical
consideration in the thorax

While the above descriptions have focused on the
remote possibility of a pneumothorax or penetration
of the pericardial sac (in the case of needling in the
vicinity of the sternum), other underlying anatomy
can also be at risk. While extremely rare, there is a
case of an acute cervical epidural hematoma as a
complication of dry needling.** In this case, a 58 year
old woman was treated with dry needling over the
patient’s neck and arm. Approximately one hour
after treatment, she developed sudden weakness and
numbness of her right arm and leg. This progressed to
manual muscle test weakness that was 1/5 on the left
and 4/5 on the right. Imaging showed an acute cervi-
cal epidural hematoma that at surgery was shown to
be 9x 1.2x 0.5 cm in size, overlying the lower portion
of the dura from C2 to T1. Etiology was attributed to
dry needling performed six hours prior to the patient
presenting to the emergency room, with depth of
needle insertion not known. The patient did well fol-
lowing surgery to correct the hematoma. This is a rare
case that demonstrates that bleeding is an additional
potential concern when introducing a needle into tis-
sue. The DN solid filament needle does not have a
cutting edge, but has more of a rounded tip to push
tissue aside rather that cut through it. Additionally,
the high gauge of the needle (very small diameter
needle), minimizes the likelihood of any significant
bleeding. So, an AE associated with bleeding is small
and the potential for a case like that described above is
extremely rare. Having noted that, the literature does

cite other cases with acupuncture needles where the
spinal cord has been impacted, subarachnoid hem-
orrhage has occurred, and peripheral nerve tissue
damaged.®! These very rare cases all demonstrate,
however, that the skilled clinician always needs to be
cognizant of the structures at the tip of the needle
and consider the way that a patient might react in
response to the treatment provided.

While Part 1 of this clinical commentary provided
an overview of the most significant AEs associated
with the thorax, dry needling is performed at many
other anatomical sites. Depending on the needs of a
given patient, there may be a need to place a needle
in the abdomen, pelvis, back, or other area such as
the extremities. Part 2 of the clinical commentary
will address some of these areas, as well as cover the
potential for a vasovagal response, informed con-
sent, the obese patient, the fearful patient, and DN
as an adjunctive procedure.

CONCLUSION

Dry needling is an evidence based treatment modal-
ity that has broad application in the treatment of
numerous neuromusculoskeletal complaints, when
applied by a skilled and knowledgeable professional.
The approach focuses on releasing or inactivating
muscular trigger points to decrease pain, reduce
muscle tension, and assist patients with acceler-
ated return to active rehabilitation. To be performed
effectively and safely, minimizing the chance that an
adverse effect might occur, the clinician must have
a clear understanding of the underlying anatomy
of the region being dry needled. In the spirit of pri-
mum non nocere (first do no harm), the professional
application of DN must be done with knowledge
of and respect for the underlying anatomy. Part 1
of this clinical commentary outlined some areas of
potential concern associated with the neck and tho-
rax. In Part 2, the abdomen, pelvis, back, and other
conditions such as a vasovagal response, informed
consent, the obese patient, the fearful patient, and
DN as an adjunctive procedure will be covered. Rec-
ognizing the need for a thorough understanding of
anatomy and a systematic approach with the appli-
cation of dry needling should work to minimize the
incidence of adverse effects and increase the positive
results obtained with this therapeutic approach.
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