








Table 1. Rehabilitation Protocol for Post-Operative Leg Fractures

PHASE ACUTE SUBACUTE CHRONIC FUNCTIONAL
Goals Protect surgery Full AROM Pain-free jogging Return to sport
Control inflammatory 5/5 MMT Return to modified soccer specific
response Normalized gait | activities
Control pain, edema, spasm SLS > 30 seconds | Progression to plyometrics
Weight-bearing | WBAT FWB
External Axillary crutches Aircast Taping or bracing PRN PRN
Support Wrapping Ankle lace-up
ROM PROM — AAROM — Static stretching PNF stretching Ballistic stretching
AROM PNF stretching Ballistic stretching Self-stretching
Self-stretching
Strengthening Isometrics Isotonics Isotonics Olympic lifts Olympic lifts
OKC OKC Soccer program
Ankle Ankle
Foot Foot
Hip Hip
Knee Knee
CKC CKC
Leg Press Leg Press
Squats Squats
Lunges Lunges
PBA SLS Soccer-specific ball drills Plyometrics
Tilt board Plyometrics
Complimentary | Hip/ knee isotonic Core Treadmill Soccer
strengthening strengthening Stair climber conditioning
Upper body ergometry Stationary cycling | Jogging — Running
Elliptical
Modalities Ice Scar massage PRN PRN
HVGS Contrast baths
Effleurage
AROM= Active range of motion; MMT= Manual muscle test;SLS= single limb stance; WBAT= weight bearing as tolerated;
FWB= full weight bearing; PROM= passive range of motion; AAROM= active assisted range of motion;
PNF= proprioceptive neuromuscular facilitation; OKC= open kinetic chain; CKC= closed kinetic chain;
HVGS= high voltage galvanic stimulation.

Figure 3. Overhead view of post-operative knee following IM

fixation of the tibia.

in score of greater than 9 points marks the thresh-
old for the minimal detectable change of the IKDC.*
To distinguish between those who were or were not
improved across a wide variety of knee conditions

using the IKDC, revealed that a change score of 11.5
points had the highest sensitivity (.82), and a change
score of 20.5 points had the highest specificity (.84).*
The IKDC has been shown to be reliable across a
broad range of knee pathologies including ligament
and meniscal injuries, articular cartilage lesions, and
patellofemoral pain.®'*** The test battery of ques-
tions that comprise the IKDC give reliable results
across all age ranges and genders.*

The TSK-11 is a self-report questionnaire used to mea-
sure fear associated with pain and fear associated
with re-injury." The TSK-11 is scored on a 4-point
scale from 1 (strongly disagree) to 4 (strongly agree).
Scores range from 11 to 44 points. Higher scores
(>22) are indicative of fear-related pain or re-injury.
Initially the (17-item) Tampa Scale for Kinesiopho-
bia (TSK) was used as a fear-avoidance predictor
for chronic low back pain, but it has been more
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recently studied as a strong predictor of knee, ankle,
and shoulder reinjury. 8912161824253 The TSK-11 has
been proven to have similar reliability and validity
to the original TSK.*® Kvist et al® demonstrated that
those patients who did not return to their previous
level of activity were more afraid of re-injury due to
movement and had a worse knee-related quality of
life than those who had returned to their previous
level of activity, as measured by the TSK. Woby et al*
found that a decrease in score by four points on the
TSK increases the likelihood of identifying patients
who have undergone an important reduction in fear
or movement (sensitivity =66 %; specificity =67%). A
change of 3 points on the TSK-11 is needed to be 95%
confident that a change has occurred.” Furthermore,
a reduction of 4 or more points maximizes the likeli-
hood of correctly identifying patients with an impor-
tant decrease in their fear of movement or re-injury.

Clinical Impression #2

The subject’s extreme work ethic and strong desire
to return to soccer became more evident as time pro-
gressed. Only days after her physical therapy began,
it became clear that she was independently exercis-
ing beyond what was prescribed. Against medical
advice, the subject was simultaneously involved in
a self-directed and intensive conditioning program.
The conditioning program took place at the Univer-
sity Wellness Center and involved several hours of
weight-bearing activities on machines such as the
elliptical, Jacobs Ladder™, stair climbers, and tread-
mills. While the subject did not freely admit to her
extra conditioning activity, her teammates did report
to the medical staff that it indeed was taking place.

The subject began reporting lateral leg pain during
the 11* post-operative week. Radiographs were taken
at that time and revealed incomplete healing of both
fractures. The subject was advised to reduce her
workload and would be re-evaluated if her symptoms
persisted. However, the authors believe she again
acted against medical advice and continued on her
self-directed conditioning program. During the 17
post-operative week, the subject reported worsening
of her symptoms and was revaluated. Radiographs
showed a one centimeter translational deformity
of the fibula and an intervening butterfly fragment
revealing nonunion of the fibular fracture.

Figure 4. AP view radiograph after removal of interlocking
screws in the tibial nail and bone grafting with internal fixation
of the fibula.

The nonunion required a second surgical interven-
tion to fixate the fibula (Figure 4). This procedure
was performed in the 21% week after her initial pro-
cedure. This time however, her recovery became
complicated due to a surgical site infection with an
eventual hospital admission for medical treatment.
The subject was instructed to remain non-weight
bearing for the subsequent four weeks after the sec-
ond surgical procedure. The authors believe this
time the subject was compliant with her care and
adhered to all precautions. She continued a reha-
bilitation program at the university training facility
until eight months after the incident before leaving
to coach and train independently without orthope-
dic restrictions. One year after the initial incident
the subject was able to return to play internationally
at the professional level without restrictions. For a
detailed timeline of events throughout the course of
her recovery, see Table 2.

Outcome

In addition to typical impairment and physical func-
tion tests and measures, the main outcome measures
discussed in this case study include the TSK-11 and the
IKDC (Table 3). The subject improved 52.87 points on
the IKDC over the course of four months indicating
a high reliability for improved self-reported function.
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Table 2. Timeline of Events

Week Relevant Events

Week 0 | - Initial incident

- Hospitalization

- Surgical Intervention: tibia reduction and fixation, fibula reduction
Week 1 | - Weight bearing as tolerated

Week 11 | - Reports pain with movement in the lateral aspect of the leg
- Radiographs show interval healing of both fractures

Week 17 | - Patient reports movement and pain on the lateral leg
- Recommended for surgical intervention

Week 18 | - Radiographs show complete union of tibia and a translation deformity of
fibular with more than 1 c¢m translation and intervening butterfly fragment

- Tibia screws removed

Week 21 | - Surgical reduction and fixation of fibula

Week 23 | - Surgical site infection

- Admitted to hospital for IV antibiotics, discharged with home antibiotics

Week 24 | - Infection resolved

- Radiographs show fibula and mortise in alignment, tibia healing
- Cleared to begin full weight bearing

graft

Week 29 | - Radiographs show early bridging of nonunion site and integration of bone

- Cleared to begin strength training as tolerated

Table 3. Post-Operative TSK-11 and IKDC Scores
Post-Operative TSK-11 and IKDC Scores

Week 3 Week 7 Week 17 Week 21

TSK-11 | 20/44 19/44 19/44 n/at

IKDC* | 8.05 (<5%) | 45.98 (5%) | 36.78 (<5%) | 60.92 (10%)

*Percentages based on the same age and gender group of the
athlete.

tScore was not taken due to her consistency with previous
scores.

TSK= Tampa Scale for Kinesiophobia;
IKDC= International Knee Documentation Committee

The decrease seen from November, 2012 to January,
2013 was a result of the second surgery performed
to fixate the fibular head. Total TSK scores can range
from between 11-44. In this case, the patient’s TSK-11
scores ranged from 19-20 throughout the treatment
process. Although her scores did not decrease by
four points her scores throughout were low, which is
indicative of low kinesiophobia.

DISCUSSION

High velocity traumatic injuries are common in
high level contact sports.* Tibia-fibula fractures are
seen in soccer players.>* Researchers have found
that surgical fixation of the tibia followed by physical
therapy have been efficient in promoting success-
ful union of the fibula.?®*4 Specifically, immediate
weight bearing of the lower extremity without dis-
comfort or loss of position following lower leg frac-
ture has been proven to have definite advantages in
non-surgical patients.** Despite fractures of both the
tibia and fibula, surgical fixation of the tibia without
surgical intervention of the fibula is an acceptable
protocol.*#! Tyllianakis et al® indicated that inter-
locking intramedullary nailing of the tibia is a reli-
able method of treatment associated with high rates
of union and low incidence of complications. Non-
union fractures are often the result of non-optimal
healing environments (mechanical or biological).*’
Excess movement at the fracture site, due to excess
weight bearing in non-physical therapy activities
chosen by the subject of this case report may have
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inhibited the fibula’s ability to heal properly.

Prognosis for return to sport in a tibia-fibula fracture
due to a soccer injury is approximately 40 weeks,
however many factors can influence the outcome.?
Kinesiophobia, or pain related fear of movement,
has recently received attention as a psychological
factor that contributes to the timeline for progres-
sion of rehabilitation. An athlete’s level of kinesio-
phobia, either high or low, may greatly impact their
recovery timeline and their prognosis for return
to competitive sport.”? Athletes with low levels of
kinesiophobia should be monitored for signs of over-
training and lack of adherence to physical therapy
restrictions. However, these athletes may also be
more likely to ultimately return to their sport.

Athletes with high levels of kinesiophobia will likely
be more hesitant to return to sport.”® These athletes
may need special attention in order to encourage
them throughout therapy and reassure them that it
is safe to return to activities. At either extreme, an
athlete may also benefit from sports psychological
counseling during injury rehabilitation as an adjunct
to physical therapy. The TSK-11 can be a helpful tool
in identifying and monitoring an athlete’s level of
kinesiophobia throughout rehabilitation.

The TSK and TSK-11 are currently being used across
a wide array of diverse patient populations. 5812131526
Chmielewski et al” used the TSK-11 to measure fear
of movement in patients undergoing ACL recon-
struction rehabilitation and found that it was high-
est shortly after surgery and gradually decreased
as more time passed. They also discovered that
as the athletes started to return to sport the lower
TSK scores were recorded in the higher function-
ing patients. Prugh et al® studied TSK-11 in throw-
ing athletes with elbow injuries and found that a
specific subscale of the TSK-11 dealing with ‘fear of
re-injury’ has the potential to accurately depict fear
of movement, however it was concluded that more
research is required to better understand the scale’s
accuracy as well as the psychological component of
an athlete’s return to play.'

While the current study did not focus on performing
psychometric tests related to the TSK-11, the results
shed light on how it can be clinically used in the
rehabilitation of high-level athletes. The subject’s

low level of fear after such a gruesome injury could
have contributed to her desire to vigorously train
outside of rehabilitation and ultimately could have
led to the fibular nonunion fracture. This case report
suggests a new use for the TSK-11 in the athletic
population. The TSK-11 can help clinicians monitor
how each individual psychologically perceives their
injury in order to ensure the proper guidance and
education necessary for optimal physical outcomes
as needed.

CONCLUSION

While the subject’s psychological state may have
been contributory to be a setback initially, it ulti-
mately contributed to her return to sport. Her low
level of kinesiophobia may have negatively impacted
her compliance with weight bearing restrictions.
This non-compliance may have been what led to her
nonunion fracture and the need for a second sur-
gery. Previous studies have found that psychologi-
cal affect is more predictive of return to sport after
injury than physical outcome measures.> However,
it is possible this subject’s low level of kinesiophobia
allowed her to return to a high level of play follow-
ing a traumatic injury and subsequent complicated
rehabilitation.
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CASE REPORT

THE USE OF DRY NEEDLING FOR A SUBJECT WITH
ACUTE ONSET OF NECK PAIN: A CASE REPORT

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

[JSPT

ABSTRACT

Background and Purpose: Neck pain is a common complaint treated by the physical therapist. Trigger points (TrPs) have been
studied as a source of neuromusculoskeletal pain, though the ability of clinicians to accurately locate a TrP is not well supported.
Dry needling (DN) is an intervention utilized by physical therapists where a monofilament needle is inserted into soft tissue in
order to reduce pain thereby facilitating return to prior level of function. The purpose of this case report is to report the outcomes
of DN as a primary treatment intervention for acute, non-specific cervical region pain.

Case description: The subject was an active 64-year-old female who self- referred for cervical pain following lifting heavy boxes
while moving into a new home. She had a history of multi-level cervical fusion and recurrent cervical pain that physical therapy
helped to control over the past few years. Physical examination supported a diagnosis of acute cervical region strain. Objective
findings included decreased cervical active range of motion (AROM) and upper extremity strength, as well as, reproduction of pain
symptoms upon palpation indicating the likelihood of TrPs in the right upper trapezius, levator scapula, supraspinatus, and infra-
spinatus musculature. She was treated using DN to the aforementioned muscles for two sessions, and no other interventions were
performed in order to determine the effectiveness of DN as a primary intervention strategy without other interventions masking
the effects of DN.

Outcomes: Clinically meaningful improvements were noted in pain and disability, as measured by the Neck Disability Index and
Quadruple Visual Analog Scale. Physical examination denoted minimal to no change in cervical AROM (likely associated with
multi-level fusion), except for right lateral flexion, and no change in shoulder flexion/ abduction MMT.

Discussion: The patient was able to return to daily and work activities without further functional limitations caused by pain. This
case report shows promising outcomes for the use of DN in the treatment of non-specific cervical region strain. Further research
is recommended to determine if DN is clinically beneficial independent of other therapeutic interventions/ postural corrections
such as general or specific exercises targeting the affected musculature, or other “manual” therapy techniques such as manipula-
tion or non-thrust mobilization.

Level Of Evidence: Level 4

Keywords: Cervical strain; dry needling; myofascial trigger points; neck pain
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INTRODUCTION

Dry Needling (DN) has risen in the rehabilitation
community to become one of the preeminent treat-
ment strategies employed by physical therapists.
There are a number of schools of thought regard-
ing proper DN techniques in order to address a host
of pathological conditions. Literature is easily found
upon a search for treatment of trigger points (TrPs),
but there is minimal scientific research comparing
DN to other interventions. Several authors have
investigated and reported the physiological make-up
of a TrP, as well as the reliability of current attempts
to accurately clinically diagnose a TrP.'” TrPs have
been studied extensively over the years, beginning
with Simons and Travell, who originally reported that
TrPs could be identified by focal tenderness to pal-
pation along with restricted stretch range of motion
when the muscle was placed on stretch.? The pres-
ence of a TrP was also described as identifiable by
palpation by the presence of a local twitch response
(LTR) and reproduction of predicted referred pain
patterns, which matches the distribution of the sub-
ject’s pain.®

A clinical diagnostic criterion for identification of
a TrP consists of palpation of a tender nodule in a
taught band of muscle and subject pain recognition
of tender spot palpation.* Some authors, such as Hong
et al.” continue to promote the notion that the (LTR)
described by Simons and Travell is necessary for
maximum effectiveness of trigger point dry needling
(TrP-DN), but current research by Tough et al* indi-
cates that of the original four criteria most commonly
used to diagnose TrPs according to Simons and Trav-
ell?, ITR, and predicted pain referral pattern are no
longer considered essential for diagnosis. An issue
with accurate diagnosis of TrP location is the lack of a
clinician’s lack of ability to reliably identify a specific
TTI).ZA—G

The exact mechanism(s) as to the physiological
response elicited by DN is unclear. Though the liter-
ature proports the effectiveness of acupuncture, DN
has not been extensively studied, and a distinction
needs to be made noting that DN is not synonymous
with acupuncture. The mechanisms of needle inser-
tion, though similar in nature, are differentiated in
the application and theory behind the two differ-
ent types of needling interventions. Several studies

have been performed to attempt to describe the
pathophysiology, biomechanical, and mechanical
characteristics of TrPs, as well as, the effects of acu-
puncture/ DN on TrPs. A summary of these investi-
gations provide the following proposed explanatory
mechanisms:

e Afferent signal barrage from localized TrPs sensi-
tize neuronal receptive fields in the dorsal horn,
thereby widening the receptive field and activat-
ing silent synaptic connections in the same or
other muscles causing pain.''?

e Excessive acetylcholine release affects formation
of the taught band causing a palpable nodule in
the muscle causing localized hypoxia of the mus-
cle caused by increased energy consumption and
decreased energy supply, creating an “energy cri-
sis” within the muscle'®, and the release of energy
consuming localized contracture via sarcomere
lengthening leading to tissue ischemia. This situa-
tion can be positively affected by eliciting the local
twitch response.'

e Analgesia may be attained via the gate control
theory occurring during needle insertion (afferent
pain input may be mitigated by another noxious
stimulus input); the elevation of opioid peptides
(endorphins, enkephalins, serotonin, and ace-
tylcholine) in the CNS; and/ or diffuse noxious
inhibitory control where the noxious stimulation
regulates the pain originating area).'*'®

e DN techniques may have a local and/ or remote
therapeutic effect based on mechanical coupling
of connective tissue and the needle thereby caus-
ing a “downstream” effect on the generation of a
mechanical signal caused by needle grasp pulling
(or twisting of the needle in-situ to wind collagen
fibers around the needle). These downstream
effects may include cell secretion, modification of
extracellular matrix, enlargement and propagation
of the pain signal along connective tissue planes,
and afferent input modulation by changes in the
connective milieu.'®*?

e Multiple regions of deactivation occur in limbic,
para-limbic, and subcortical gray structures (to
including the nucleus accumbens, amygdala, hippo-
campus, para-hippocampus, hypothalamus, ventral
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tegmental area, anterior cingulate, caudate nucleus,
putamen, anterior insula, and the temporal pole)
demonstrating modulation (decreasing pain signal
intensity) of several cortical and subcortical lim-
bic/ para-limbic structures while increasing pain-
mitigating signal intensity in the somatosensory
cortex.?*

e Analgesia may occur via stimulation of the hypo-
thalamus and mid-brain structures (endogenous
anti-nociceptive modulation system) and the given
the hypothalamus’ descending raphe nucleus and
deep periaqueductal gray (dPAG) projections, stimu-
lation of this region may be critical for analgesia.***

The purpose of this case report is to illustrate the use
of DN as a primary treatment intervention in a sub-
ject with acute, non-specific cervical pain. Informed
consent to participate in the study was obtained by
the subject prior to the start of the intervention.
Human subjects research review was not required
for this case report.

CASE DESCRIPTION

The subject for this case report was an active 64-year-
old female who self-referred to physical therapy for
evaluation of generalized right-sided cervical regional
pain following activities related to moving into a new
house the day prior. She participated in lifting and car-
rying boxes, which led to pain in the right upper trape-
zius and levator scapular regions. Pain in these regions
affected her ability to perform independent exercise
activity, which she reported to engage in several times
per week. Medical history of cervical spine fusion (C4-
7) was noted. Pain was reported with all cervical active
range of motion (AROM) and any activity requiring use
of the right upper extremity. There were no reported
symptoms of neurovascular radiculopathy such as par-
esthesia, anesthesia, or dysesthesia in either upper
extremity. Her general health was good and absent
of signs suggestive of non-musculoskeletal origin. She
was already taking anti-inflammatory medication for
ongoing chronic intermittent neck and low back pain.
Her goal was to eliminate her increased neck pain in
order to return to work as a real estate agent to finish-
ing moving into her new house.

The outcome measures employed in this case report
were the Neck Disability Index (NDI) and the Qua-
druple Visual Analog Scale (QVAS) ™!l Upon initial

evaluation per the QVAS, the subject reported her
current, average, best, and worst pain levels dur-
ing the last 24-hour period. The visual analog scale
(VAS) and its derivatives, such as the QVAS, have
moderate to good reliability (correlation coefficient
0.60-0.77) to detect disability and high reliability for
acute pain (correlation coefficient 0.76-0.84).2%% All
QVAS measures are shown in Table 1. The NDI was
used to assess functional disability. The NDI is a
quick and moderately reliable tool that can be eas-
ily completed and has been found to have moder-
ate to high degree reliability (0.69-0.70) and internal
consistency regarding the assessment of disability.?®
According to Young et al.?, the minimal detectible
change is 13.4 points and the minimal clinically
important difference is 8.5 points. Validity is thought
to be low per Young et al.,* but for a standardized,
fast, and reliable measure, the NDI was chosen. The
results of the NDI are shown in Table 1. Outcomes
measures were assessed initially for baseline, then
immediately following the initial treatment session,
and at the completion of the last session.

EXAMINATION

The subject in this case report was a long time patient
of the clinic, as she has been seen over the years
for various issues including neck pain. She reported
pain with cervical AROM in all planes, though most
significantly with bilateral rotation, right lateral flex-
ion, and flexion and abduction of the right upper
extremity.

Given the subject’s previous complaints of cervi-
cal pain and history of cervical fusion, and previ-
ous shoulder pathology including rotator cuff repair,
it was necessary to rule out cervical radiculopathy
and pain associated with shoulder etiology. Cervical
radiculopathy was ruled out via upper quarter neu-
rological screen including dermatomal, myotomal,
deep tendon reflex (DTR), and symptom centraliza-
tion testing. Symptom centralization was assessed via
repetitive cervical extension to rule out the likelihood
of discogenic pathology. She had no complaints of
upper extremity radicular symptoms, but there were
reports of pain into the upper trapezius (UT) /levator
scapula (LS), and posterior scapular regions (specifi-
cally the infraspinatus muscle belly and superomedial
border of the scapula). Shoulder pathology was ruled
out via comprehensive assessment of the shoulder
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(including the tests performed for cervical radiculop-
athy) with added special tests focused on ruling out
the following etiologies: rotator cuff injury/pathology
(belly squeeze test, manual muscle testing of the cuff
musculature, full can resistance test), labrum com-
plex pathology (crank test, O'Brien’s, and clunk test),
biceps pathology (Speed’s, Yergason'’s, and Dynamic
Speed’s), and acromioclavicular joint pathology (AC
compression and manual palpation). Due to the sub-
ject’s subjective reports, and based upon her previous
history and current injury mechanism, differential
diagnoses included cervical disc pathology, rotator
cuff involvement, and pain of cervicogenic origin
(specifically joint-based pathology).

Assessment of posture was performed in a seated
position, rather than standing, as she reported a sig-
nificant amount of pain while standing, and a stand-
ing position was not able to be tolerated per her
subjective report. This included assessment of cer-
vical positioning and shoulder complex (scapulotho-
racic) observation. Physical examination revealed
cervical positioning at rest maintained in a mild
right laterally flexed position with right shoulder
depression. There was observed forward bilateral
shoulder positioning while sitting in a relaxed posi-
tion. No other postural abnormalities were noted.

Cervical complex and right upper extremity AROM
were both assessed for deficit. An inclinometer and
goniometer was used to assess AROM of the cervi-
cal spine, but was not necessary for the shoulder, as
AROM was normal. According to Hole et al.,*® intra-
tester interclass correlation coefficients (ICCs) for
single inclinometer assessment is as follows: 0.84
and 0.94 (flexion/ extension), 0.82 and 0.92 (lateral
flexion), and 0.81 and 0.89 (rotation). For cervical
AROM, the inclinometer was placed directly over

the external auditory meatus for flexion, extension,
and lateral flexion. For rotation, a goniometer was
utilized and used landmarks of the midline of the
nose and an imaginary line drawn between the
acromion processes. ROM was recorded at baseline,
immediately after the first and last treatment ses-
sions and the results are shown in Table 1. Scapu-
lothoracic rhythm was also observed with shoulder
elevation in all planes for abnormality. No deficit
was observed. Right upper extremity AROM was nor-
mal, although the patient reported pain in the upper
trapezius region with active elevation of the shoul-
der. Strength was also assessed in the right upper
extremity using manual muscle testing (MMT), and
the results are shown in Table 1.

An upper quarter neurological examination was per-
formed to screen for spinal symptom etiology. This
included dermatomal, myotomal, and DTR'’s. Der-
matomal testing assessed light touch sensory palpa-
tion to the C4 to T2 dermatomal regions of the upper
extremities. Myotomal testing was assessed via man-
ual muscle testing of the same nerve root representa-
tions just mentioned. DTR’s were assessed by testing
the C5 through C7 nerve roots (Brachial, Radial, and
Triceps) with a reflex hammer. There were no neu-
rologic abnormalities noted.

Provocative testing was not utilized for the cervical
spine, as the subjective reports of symptoms did not
warrant evaluation of symptoms of radiculopathic ori-
gin. Given her cervical fusion history with hardware
implantation, subjective and objective testing ruled
out the need for provocative testing. Given her normal
AROM and only mild strength deficit of the right shoul-
der, it did not appear the pain was of shoulder origin.
Nonetheless, special tests including the Hawkins Ken-
nedy (SN-sensitivity = 79%, SP-specificity= 59%),*

Table 1. Outcome Measures

Outcome Measures Initial Exam Following Initial Follow Second
Treatment Treatment
NDI 24% 0% 0%
QVAS Current 71 cm 2 cm 2 cm
QVAS Average 71 cm 8 cm 14 cm
QVAS Best 7 cm 5cm 1cm
QVAS Worst 76 cm 42 cm 22 cm

NDI= Neck Disability Index
QVAS= Quadruple Visual Analog Scale
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Neer (SN = 79%, SP = 53%),* Speed (SN = 32%, SP =
62%),* Full Can (SN = 66% pain/ 77% weakness; SP
= 64% pain/ 74% weakness)*, Yergason (SN = 43%,
SP = 79%),* and Crank Test (SN = 56%, SP = 46%),**
tests were performed to rule out shoulder pathology,
and the results of the special tests did not reveal pathol-
ogy that originated glenohumeral joint complex.

Palpation revealed tender/ taught bands in the upper
trapezius, levator, supraspinatus, and infraspinatus
musculature on the right side. There were no auto-
nomic responses noted (e.g. temperature change,
diaphoresis, etc.) and no sensory issues were identi-
fied. Trophic changes were also absent (skin dryness,
color changes, dermatomal hair loss, and edema).

EVALUATION/ DIAGNOSIS

Following subjective history and physical examina-
tion, TrPs in the upper trapezius and levator scap-
ular were suspected as the underlying pathology.
According to the literature,'” the ability to defini-
tively ascertain the exact location of a TrP is ques-
tionable, and examiner experience plays a positive
role in determining the presence of a TrP. Identifica-
tion of a tender nodule in a taught band of muscle
along with reproduction of the subject’s subjective
report of pain is the most clinically accurate way
to recognize the presence of a TrP, especially in the
upper trapezius muscle.??

Cervical AROM deficit and mild shoulder flexion
and abduction strength deficits were noted. Cervical
AROM was already limited due to previous multi-
level cervical fusion, and pain in the upper trapezius
and levator scapula regions were reported to cause
decreased ability to raise her right upper extrem-
ity for daily use needs. This may or may not have
contributed to strength deficit in the right shoulder.
Hyperirritable taught bands were palpable in the
noted musculature and flat palpation confirming
the location to be used for DN was utilized. These
tender bands were suggestive of TrP involvement, as
described by Simons and Travell.? There was tender-
ness to palpation in the supraspinatus and infraspi-
natus muscle bellies, and the levator scapula muscle
belly and insertion at the scapular superior angle.

DN was performed as outlined in the intervention
section. Clinical reasoning determined DN should
be the intervention employed due to the palpable

taught bands and reported pain reproduction. Given
her cervical fusion history, the author chose not
to employ spinal manipulation. Also, due to her
reports of severe pain upon presentation, it was not
believed that stretching and exercise interventions
would provide the immediate pain relief the subject
was seeking. This decision was also based upon the
author’s training through the Dry Needling Institute
of the American Academy of Manipulative Therapy
and Integrative Dry Needling concept, and three
years of clinical experience utilizing DN for acute
muscular pathology.

INTERVENTION

Risks and potential complications were advised
and written consent was obtained outlining com-
mon and serious adverse events associated with DN
interventions. Common complications include mus-
cle soreness, bruising, and vasovagal reaction. More
serious (but rare) complications include infection,
broken needle, and pneumothorax.* There were no
reported contraindications to the use of DN. Con-
traindications include, but are not limited to: local
infection, recent cancer/ history of immune sup-
pression, bleeding disorders, current/ chronic use
of anti-coagulant medications, pregnancy, compro-
mised sterility of equipment, and lack of practitio-
ner practical knowledge.*

The subject was treated for two sessions with 26
days between sessions. She was placed prone on a
hi-low table for therapist comfort, ease of access to
treatment regions, and to reduce the effects of vaso-
vagal response, which could occur in sitting.

The following muscles were treated: the LS at the
insertion on the superior angle of the scapula and
in the muscle belly; the UT muscle belly at the area
determined by deep palpation as a possible location
of the TrP; the infraspinatus muscle belly; and the
supraspinatus muscle at the tenoosseus (T-O) junc-
tion superior to the scapular spine.

The needles used for the treatment of the patient in
this case report were solid monofilament Seirin J-type
sterile needles, No. 5 (0.25 diameter) x 30 mm. in
length. Needles were used one time and discarded, as
the risk of needle injury to the therapist is increased
with techniques that utilize ‘“re-sheathing” of the
needles to use in other locations on the same sub-
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ject.®® Each needle was held in the therapist’'s domi-
nant hand for application of and manipulation of the
needle through the tissue. Prior to insertion of the
needle(s), an application of 70% isopropyl alcohol was
performed to the areas and allowed to dry for a least
ten-seconds in order to reduce the resident micro-
flora of the skin by 80-91 %, yet given the fact there are
an average of 1,000 microbes per square centimeter
on the skin’s visible surface, and 10,000 microbes per
square centimeter in the ducts, glands, and follicles
below the skin's surface, effective cleansing of the tis-
sue by topical means to prevent infection is unlikely.*

All DN was performed according to the Dry Needling
Institute of the American Academy of Manipulative
Therapy’s current educational programing.®* The
patient was prone for all DN insertions. DN to the
LS (Figure 1) was performed using a 30 mm. needle
inserted through the muscle belly and tangential to
the plane of the chest wall. The DN technique uti-
lized ten fast-in/ out movements in a cone pattern
to attempt to target as many sensitive loci as possible
within the tender nodule in the taught band of muscle.
The needle was then wound clockwise repeatedly to
attain needle grasp and was left in-situ for 15 minutes.

Figure 1. Levator Scapula musculoskeletal junction needle
insertion

A second 30 mm needle (Figure 2) was inserted into
the teno-osseus (T-O) junction of the levator at the
superior angle of the scapula, and periosteal pecking
was used at the T-O junction. This needle was not left
in-situ unattended due to the location and proximity
of the pleural cavity. The needle was removed after
20 “taps” of periosteal pecking at the T-O junction.

DN of the UT muscle (Figure 3) was performed uti-
lizing a 30 mm needle. A tender nodule was located,
using flat palpation, in the middle of the muscle
belly. The needle was inserted perpendicularly
through the muscle using ten fast-in/out movements
in a cone pattern. As with the previous needle, this
needle was wound clockwise repeatedly until needle
grasp caused a slight discomfort reported by the sub-
ject. This needle was then left in-situ for 15 minutes.

DN of the supraspinatus muscle T-O junction (Fig-
ure 4) was performed using palpation to locate the
tender nodule in the muscle belly. A 30 mm. needle
was inserted toward the supraspinous fossa, where
periosteal pecking (ten “taps”) was performed just
superior to the scapular spine. The needle was then
left in-situ for 15 minutes.

Figure 2. Levator Scapula teno-osseous junction needle inser-
tion
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Figure 3. Upper Trapezius muscle belly needle insertion

Figure 4. Supraspinatus teno-osseous junction needle insertion

DN of the infraspinatus muscle (Figure 5) was per-
formed using flat palpation to identify the location
of the tender nodule in the taught band of muscle
located one-third the distance from the scapular

Figure 5. Infraspinatus muscle belly/teno-osseous junction
needle insertion

spine and center of the inferior angle of the scapula
in the muscle belly. A 30 mm. needle was cautiously
inserted perpendicularly to a bony backdrop, as
there are rare cases of unknown scapular foraminae
that need to be considered.*® Periosteal pecking was
performed 10 times and after twisting the needle
clockwise, it was left in-situ for 15 minutes.

OUTCOMES

The efficacy of the DN intervention was measured
by assessment of pain and disability levels per the
NDI and QVAS outcome measures, and subjective
reports of improvement in the subject’s overall abil-
ity and quality of life. Immediately following both
treatment sessions, the subject was assessed via
the NDI and QVAS outcome measures. The results
of these outcome measures are shown in Table 1.
The NDI improved from 24% at baseline to 0% after
both DN sessions. This was maintained for almost
one month following the initial treatment session
(as follow up was made by phone to determine sta-
tus periodically) and is is considered to be a mean-
ingful improvement based on the MDC and MDIC
of the NDI. The QVAS (current) score improved
from 71 cm at baseline to 2 cm at completion. The
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QVAS (average) improved from 71 cm to 14 cm. The
QVAS (best) improved from 7 cm to 1 cm. The QVAS
(worst) improved from 76 cm to 22 cm. Though cer-
vical AROM and shoulder MMT were recorded at
baseline and following the two treatment sessions,
it was not believed nor intended that these objective
findings would significantly improve via DN inter-
vention, rather, that pain and disability were the
items being assessed.

Table 2 shows objective results including cervical
AROM and right upper extremity strength results.
The subject subjectively reported improved func-
tion with regard to daily activities such as standing,
working on her computer for work needs, and with
abilities such as lifting boxes for moving into her
new home. Upon completion of the intervention
sessions, there were no further subjective reports
of functional limitation related to the recent injury,
and pain was present intermittently and minimally
with all daily and work activities. This was consis-
tent with her pre-injury status, and the remaining
pain was controlled with NSATD medication, which
she was taking prior to the recent injury.

DISCUSSION

The subject had no further reports of cervical region
pain during daily activities, including all functional
cervical mobility and right upper extremity activi-
ties. She was able to work without limitation. Signifi-
cant improvement in pain and disability was seen
immediately following the initial treatment inter-
vention per the QVAS and NDI, and this carried over
almost one month to the second and final treatment
session. Her busy schedule did not allow for her to
get back for further intervention prior to 26 days
after the initial treatment session. Cervical AROM

did not change significantly, and this likely due to
her previous cervical fusion. Shoulder strength did
not improve following any treatment session, but
this was not an expected benefit being assessed in
this case report. These findings support the use of
DN as an initial intervention strategy for acute, non-
specific cervical strain injury.

This case report uses only a single-subject, as is typi-
cal of a case report. This is an inherent limitation
to a case report, offering only results that relate to
this single patient that cannot be generalized. Larger
randomized control studies looking at DN interven-
tions need to be performed in order to fully assess
the effectiveness of DN as a primary intervention
for acute cervical strain injuries. Longer assessment
periods looking at long-term benefit versus immedi-
ate or short-term benefit also need to be assessed, as
this case study showed immediate and short-term
(one month) improvements in pain and disability.
Further research is recommended to determine
if DN is clinically beneficial independent of other
therapeutic interventions such as general or spe-
cific exercises targeting the affected musculature, or
other “manual” therapy techniques such as manipu-
lation or non-thrust mobilization.

CONCLUSIONS

DN was tolerated well by this subject, demonstrating
improvements in pain and function, without adverse
effects. Given her reduction in pain and improve-
ments in reported function, the use of DN for acute
cervical region strain injuries shows promise. Future
research is needed to determine the full effective-
ness of DN for strain-related injury of the cervical
spine region, as well as, to determine longer- term
outcomes.

Table 2. Objective Measurements for Active Range of Motion and Manual Muscle 'Tests

Objective | Cervical | Cervical Cervical | Cervical | Cervical | Cervical | Right Right
Measures | AROM AROM AROM AROM AROM AROM Shoulder | Shoulder
(flexion) | (extension) | (right (left (right (left Strength | Strength

side- side- rotation) | rotation) | (flexion) | (abduction)
bending) | bending)

Initial/ 60° 40° 35° 35° 60° 60° 4/5 4/5

Baseline

Treatment | 65° 45° 42° 37° 60° 60° 4/5 4/5

#1

Treatment | 65° 40° 45° 35° 60° 60° 4/5 4/5

#2
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ABSTRACT

Background and Purpose: The majority of all soccer injuries affect the lower extremities. Regardless of whether the
injured limb is an athlete’s preferred kicking or stance leg, a lower extremity injury may affect their ability to impact
the ball. Sport-specific biomechanical progressions to augment loading and gradually reintroduce a player to the
demands of sport have been developed for upper extremity sports such as baseball, softball, tennis, and golf. General-
ized return to soccer progressions have also been published in order to assist clinicians in safely returning athletes to
sport; however, there are no specific progressions for the early stages of kicking designed to introduce stance leg
loading and kicking leg impact. Thus, the purpose of this clinical commentary was to review the existing literature
elucidating the biomechanics of kicking a soccer ball and propose a progressive kicking program to support clinicians
in safely returning their soccer athletes to the demands of sport.

Description of Topic: The interval kicking program (IKP) describes clinical guidelines for readiness to begin a kick-
ing program as well as possible readiness to return to sport measures. The program is performed on alternate days
integrating therapeutic exercise and cardiovascular fitness. The IKP gradually introduces a player to the loading and
impact of kicking. The progression increases kicking distance (using the markings of a soccer field as a guide), vol-
ume, and intensity and uses proposed soreness rules, effusion guidelines, and player feedback in order to assist clini-
cians in determining readiness for advancement though the stages. The TIKP also recommends utility of specific tests
and measures to determine readiness for return to sport.

Discussion: Gradual reintroduction to sport specific demands is essential for a safe return to soccer. This return to
sport progression provides a framework integrating injury specific therapeutic exercise, cardiovascular fitness, and
the return to kicking progression, to assist clinicians in initiating an athletes’ return to soccer.

Keywords: Kicking, Lower Extremity Injury, Soccer
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INTRODUCTION

Approximately 265 million people play soccer, making
it the most popular sport in the world.! Unfortunately,
the demands of the sport place the lower extremities
at high risk for injury.** Sport-specific biomechanical
progressions can augment loading, reducing the risk
of re-injury as an athlete attempts to return to sport.
Interval programs, integrated as part of a return to
sports progression, gradually expose upper extremity
athletes to the demands of their sports as they return
to baseball, softball, golf, and tennis.*® Similarly,
interval running programs are also common, gradu-
ally reintroducing the biomechanical and cardiovas-
cular demands of running.”® However, to the authors’
knowledge there are no published interval kicking
programs to prepare soccer players for return to sport
after sustaining a lower extremity injury. Therefore,
the purpose of this clinical commentary was to exam-
ine the existing literature relevant to kicking in soccer
and propose an interval kicking program (IKP) that
can be used as a framework to return an athlete to
kicking a soccer ball following lower extremity injury.

INJURIES IN SOCCER

Injuries occur at a rate of 8.0 per 1000 player hours
in European men'’s professional soccer for an aver-
age of two injuries per player per season,*® which
for a team of 25 players, translates to 50 injuries of
varying severity per season, resulting in significant
medical costs, diminished club performance, and
lost playing time. Between 60-87% of soccer inju-
ries involve the lower extremities.?>*!° The majority
of injuries are acute or traumatic,"! with chronic or
reinjures accounting for only a small proportion of
all injuries.>'*? Approximately 57-80%2%"1? of inju-
ries occur in matches, up to one quarter of these*!"!3
stemming from foul play. These rates of injury are
similar for amateur and youth players. Among youth
players injury incidence increases with age, women
between the ages of 15-19 having the highest inci-
dence.'*'® Goalkeepers at all levels have a lower
injury incidence than field players.'*171?

Studies examining soccer injury incidence indicate
that injuries occur more frequently in games than in
training sessions,**!*!"3 hut some professional leagues
have unique patterns of injury occurrence across a
season. In European men's professional soccer, for

instance, injury occurrence increases both in the lat-
ter portion of the season and when game frequency
increases.>?'" Women'’s professional soccer in Germany
shows a similar trend, with a higher overall number of
injuries occurring in the second half of the season.” In
contrast, injury occurrence in US men’s professional
soccer spikes twice, once early in the season and then
again in mid to late season.'

Muscle strains account for 31% of all injuries in
women’s soccer,'? and approximately 35% in men’s
soccer.” In men’s soccer the risk of muscle injury
increases with age,'*'”?° history of injury,'* and dur-
ing the later portions of a game.? Injuries to the
thigh region are the most common, with hamstrings
strains accounting for 16 % of all reported injuries.>*°
The adductors are the next most commonly injured
muscle group, followed by quadriceps and calf mus-
cles.® Furthermore, patterns of injury occurrence
vary by muscle group, with adductor strains stem-
ming from overuse rather than trauma.*® Quadri-
ceps strains are more commonly seen on the kicking
leg,* often occurring during preseason, in contrast
to adductor and calf injuries which occur later in
the season.!? In European men’s professional soccer,
hamstrings injuries are sustained more commonly
late in the season,?® whereas in US men’s profes-
sional soccer hamstrings injuries are reported more
often early in the season.'

Ligament sprains make up a smaller portion of all
injuries; 19.1% in women’s soccer'” and 18% in
men’s soccer.” In men's soccer the majority of these
sprains occur at the ankle, representing 51% of all
sprains and 6.9-7.5% of all injuries.**!° Knee sprains
are less common than ankle sprains in both men’s
and women'’s soccer, though often more serious. In
men’s soccer, isolated medial collateral ligament
(MCL) sprains are the most common knee ligamen-
tous injury,*® in contrast to women'’s soccer where
anterior cruciate ligament (ACL) injuries are the
most common. ACL injuries are a significant prob-
lem in women'’s soccer, with injuries in professional
soccer occurring at a rate of 0.09 per 1000 playing
hours' and between 0.1-0.31 per 1000 playing hours
in amateur and collegiate soccer.!*** The risk of
ACL injury for adolescent female players has been
reported to be even higher, at 1.0 per 1000 playing
hours.”
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Lower extremity injuries may affect the kinemat-
ics of kicking, as the kicking leg requires adequate
range of motion (ROM), muscle strength, and neu-
romuscular control in order to move through the
kicking motion, in addition to having the stability to
withstand and dissipate the impact force of striking
a ball. The health of the stance leg is of equal impor-
tance, as its ROM, strength and neuromuscular
control are essential to stabilizing the body through-
out the kicking motion. Regardless of whether the
injury involved the stance or the kicking limb, both
limbs should be analyzed for pathokinematic pat-
terns potentially involved in the development of the
initial injury.

OVERVIEW OF KICKING BIOMECHANICS

The three common kicking techniques in soccer are
the instep kick, the curved kick (a variation of the
instep kick which generates ball spin and a curved
flight pattern of the ball), and the side-foot kick. Dur-
ing an instep kick (Figure 1b) a player strikes the

4

ball with the laces of the shoe, along the first meta-
tarsal. In contrast, during a side-foot kick (Figure 1a)
a player uses the medial side of the foot, striking
the ball with the medial arch. Brophy et al describe
five phases of kicking (Table 1 and Figure 2) that
are proportionally the same duration for instep and
side-foot kicking; however, instep kicks occur at a
higher velocity.*

Other important soccer-specific techniques include
dribbling, volleying, and juggling (for additional
detail see Appendix 1). Dribbling is the use of
numerous small touches of the ball with the foot/
feet allowing a player to run with the ball at his or
her feet. Players generally use the distal lateral dor-
sum of the foot to push the ball, though all surfaces
of the foot can be used, especially when attempting
to evade a defender. Volleying is a technique using
the side or instep of the foot in order to strike a
lofted or airborne ball. Juggling uses the feet, thighs,
chest, head, and occasionally other body parts to

7

Figure 1. Example of Side-foot and Instep kick. a.) Side-foot kick: A kick using medial side of the foot, particularly the medial arch, to
strike the ball. b.) Instep kick: A kick using the dorsum of the foot, particularly along the first metatarsal, to strike the ball. Both tech-
niques can be used for short or long distance kicking, however the instep kick is move frequently used for long distances and/or higher

speeds.
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The Start and End Point of the Phases of Kicking

Phase Start of End of
phase* phase*
1 Preparation Heel strike Toe-off
2 Backswing Toe-off Maximum
hip extension
3 Leg Cocking Maximum Maximum
hip extension knee flexion
4 Leg Maximum Ball contact
Acceleration knee flexion
5 Follow Ball contact Heel strike
Through
*Events all occur on the kicking leg.

keep the ball in the air. Rarely used in games, jug-
gling is commonly used to practice controlled and
accurate touches of the ball. In addition to each of
the aforementioned techniques, Goalkeepers use
one additional technique which will not be covered
in this paper, the drop-kick or punt. The drop-kick is
similar to that used in Aussie Rules Football, rugby,
or American football, though there are slight varia-
tions due to the shape of the ball.

Players often take two to four steps at an angle of
42-45°7?¢leading up to a kick (with the last step being
the longest, particularly for long-range kicks*?)
with their bodies inclining posteriorly and laterally
towards the side of the support leg by 25° (Figure
2: Preparation).”” This angle of approach coupled
with the angle of the support leg facilitates a steeper
swing plane for the kicking leg, allowing greater
extension of the kicking leg at ball contact, thereby
creating higher foot velocities and better ball con-
tact, as well as a more stable support-leg position.*

At backswing the arm of the support leg is abducted
and gradually adducts as the body moves through
leg cocking and leg acceleration (Figure 2: Back-
swing). The trunk also rotates in preparation for
the kick, returning to neutral as the athlete pro-
gresses towards the ball.** Elevation of the arm has
been hypothesized as a technique for providing a

counterbalance to stabilize the body or for creat-
ing an arc of tension to use potential energy. The
arc is created by increased tension from abduction
of the arm, rotation of the trunk, and extension of
the hip in backswing. Through a stretch shortening
cycle potential energy is converted as the leg swings
forward and arm adducts.**** Skilled players use a
greater hip and arm range of motion, allowing them
to create greater ball speeds without expending addi-
tional energy.*

Pelvic protraction and posterior tilting occurs as the
body progresses towards ball contact. During back-
swing, the pelvis of the kicking leg begins lowered
relative to the support leg and rises to a position
superior to the support leg at ball contact facilitat-
ing greater knee extension of the kicking leg, greater
foot speed (Figure 2: Backswing, Leg Cocking, Leg
Acceleration),**** and avoidance of catching the toes
on the ground.*® Brophy et al report that women
have significantly more hip adduction on the sup-
port leg than men, particularly during backswing,
leg cocking, and leg acceleration; however, overall
pelvic obliquity remains the same.*

At the beginning of backswing, the support leg knee
is flexed at approximately 26° and continues flex-
ing until ball contact in order to absorb the force of
landing and provide stability (Figure 2: Backswing,
Leg Cocking, Leg Acceleration). Immediately follow-
ing ball contact the knee begins to extend slowly,
allowing for stability, muscle fiber recruitment, and
the generation of additional force (Figure 2: Follow
Through).*” This eccentric action of the quadriceps
during most of the stance phase allows the stance
leg more stability and thus generation of greater
kicking speed.*

During an instep kick the hip is the primary mover,
contributing more to the angular acceleration of the
shank than the knee.*® In a side-foot kick, however,

Figure 2. The Phases of Kicking
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the knee has higher power, likely due to the effort
required at the hip to maintain the foot position.*® A
strong relationship exists between foot-swing velocity
and resultant ball velocity. The findings of Nunome
et al indicating that the foot continues to accelerate
through ball contact® are consistent with traditional
coaching advice to “kick through the ball.”*

Ball impact lasts 10ms and occurs near the center of
gravity of the foot.*® For a ball moving at 16.3 m/s the
peak impact force at the foot is 1200N,*’ but peak foot
impact force can reach as high as 2900N.*** Upon
impact the foot is passively plantarflexed (unless
barefoot, in which case the foot is already in maxi-
mal plantar flexion),* everted and abducted.*** Men
experience less plantar flexion angular displacement
during ball impact than women.** Some studies have
reported men also achieve higher average ball veloci-
ties®**** and ball-to-foot velocity ratios.** This may be
due to smaller plantar flexion displacement, such a
mechanism would be similar to the higher velocities
achieved when kicking barefoot as compared to shod.
Nevertheless, because there is no normative data on
kicking, further research is needed in order to fully
understand all mechanics involved in this action.

Instep kick ground reaction forces (GRF) through
the stance leg have been reported as follows: vertical

Brophy et al (2007).
% MVIC

Iliacus

Gluteus
Medius
Gluteus
Maximus

Hamstrings

Vastus
Lateralis
Vastus
Medialis

Gastrocnemius

Table 2. Muscle activity as a percent of maximal volitional isometric contraction (% MVIC)
as measured by electromyography during each phase of an instep kick based on data from

T N

Kicking 0- 11- -
Leg 10% | 20% 30% 40%
Support 0- 11- 21- 31-
Leg 10% | 20% 30% 40%

isometric contraction

*Values greater than 100% represents muscle activity that exceeded measured during maximal volitional

GRF 2.1-2.4 times the player’s body weight (xBW),* 4
posterior GRF 1.9-2.4 xBW, and medial GRF 0.5-1.2
xBW.#% The vertical and posterior GRFs of kick-
ing are larger than running at a speed equivalent to
the approach steps (vertical 1.7 xBW, posterior 0.39
xBW).* Instep kick vertical GRF is smaller than that
observed in other sporting activities such as javelin
throwing,”” basketball layup or jump shot landing,*
and cricket fast bowling.*>*°

Muscle activity varies by muscle group as well as
by leg (Tables 2 and 3).” A side-foot kick requires
greater hamstrings activation (62% of maximal voli-
tional isometric contraction-MVIC) during follow
through than an instep kick (50% MVIC), while the
instep kick requires greater overall iliacus, vastus
medialis, gastrocnemius, and adductor activation
(Tables 2 and 3). On the support leg, a side foot
kick requires higher gastrocnemius activation (84 %
MVIC) during leg acceleration than an instep kick
(74% MVIC).”® Overall, men have greater gluteus
medius (124% MVIC) and vastus medialis (139%
MVIC) muscle activation (women have 55% MVIC
and 69% MVIC respectively) on their support limb
and greater iliacus activation (123% MVIC) on their
kicking limb as compared to women (34% MVIC).*
Although greater iliacus activation may be protec-
tive at the knee it may contribute to a higher risk of

109

>101%*
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Table 3. Muscle activity as a percent of maximal volitional isometric contraction (% MVIC)

as measured by electromyography during each phase of a side-foot kick based on data form

Brophy et al (2007)

% MVIC Preparation

Iliacus

Gluteus
Medius
Gluteus
Maximus

Hamstrings

Vastus 48

] . Le Follow
Leg Cocking Accelergation

Lateralis

Vastus
Medialis

Gastrocnemius
Kicking 0- 11- 21- 31-
Leg 10% 20% 30% 40%
Support 0- 11- 21- 31-
Leg 10% | 20% 30% 40%

isometric contraction

*Greater than 100% represents muscle activity greater than that measured during maximal volitional

>101%*

hip and groin pathology.*® Hip extension during an
instep kick not generated from higher gluteus maxi-
mus activation, may necessitate increased iliacus
activation in order to flex the hip farther and faster.?

Greater foot speeds and ball speeds are achieved
kicking with the dominant leg;*°° however, there
are no differences between the dominant and non-
dominant limbs in support limb vertical, braking,
or medial-lateral GRFE.*® The linear velocity of the
kicking leg knee is similar, for both the dominant
and non-dominant leg, but the shank angular veloc-
ity is greater on the dominant leg, meaning more
work is done on the shank of that leg.®® In any
case, there is no difference in muscle moment or
rate of force development.® Clagg et al found that
women kicking with their non-dominant leg used
greater amounts of braking torque (hip, knee, and
ankle extension, external rotation, and abduction);
in contrast, greater pulling torque (flexion, internal
rotation, and adduction) was exerted when kicking
with their dominant leg.® While there seems to be
little kinematic differences between the dominant
and non-dominant legs when kicking a stationary
ball as compared to a rolling ball, further research is
needed to assess kinetic differences.>

PROPOSED CLINICAL MEASURES

Although some objective measurements related to
kicking exist, many are not relevant to an IKP. Thus,
the authors have separated clinical measures into
two categories; readiness for a return to kicking pro-
gram and readiness for return to sport.

Readiness for a return to kicking program:
Because the IKP is designed to be performed in
conjunction with rehabilitation and cardiovascular
training it should only be initiated when an athlete
has been cleared to begin running, cutting, pivoting,
and sport-specific rehabilitation. Athletes should
have no pain, full range of motion, and no effusion
as measured by reliable techniques such as the Mod-
ified Stroke Test® for the knee or the Figure 8 cir-
cumferential measurement method for the ankle.*
There are currently no valid/reliable tests for mea-
surement of effusion in the hip. Muscle strength,
if measured by manual muscle testing should be
equal bilaterally. Due to the decreased sensitivity of
manual muscle testing as an accurate determinant
of strength, the authors recommend quantifying
muscle strength using hand-held or electromechani-
cal dynamometers.>>*® Eighty percent strength per-
formance of the involved limb (compared to the
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performance of the uninvolved limb) is recom-
mended as a goal when considering readiness for
running, a gradual initiation of light plyometric (e.g.
hopping), agility, and return to sport activities.*”>*
Because running is integral to the lead steps of a
kick and the GRFs of kicking are slightly larger than
those of running,* it is critical that an athlete be able
to run with even step lengths and without pain prior
to kicking. Step length and impact forces should be
assessed for symmetry either clinically, by visually
examining step symmetry and ball speed, or if avail-
able in a laboratory.

Readiness for return to sport: The decision to
allow an athlete to return to full team training ses-
sions, contact, and eventually game-play is mul-
tifactorial, and, all too often made with few or no
objective measures. Objective measures, particularly
those with normative values, are essential for mak-
ing an informed decision concerning an athlete’s
readiness. While many objective criteria for return
to sport have been discussed in the literature there
is little agreement on standardization, thus many
institutions and practitioners use their own criteria
or some combination of criteria. The authors rec-
ommend that before returning to full team training
with contact an athlete should meet objective crite-
ria that include both performance-based and patient
reported outcome measures. An example of such cri-
teria used after ACL injury or surgery is greater than
or equal to 90% (performance of the involved limb
compared to the performance of the uninvolved
limb) on the single, triple, and cross-over hop for dis-
tance and the 6-meter timed hop test; greater than
or equal to 90% isokinetic quadriceps strength; and
a score of greater than or equal to 90% on the Global
Ratings Scale, and Knee Outcomes Survey- Activities
of Daily Living Scale (KOS-ADLS).%*

Patient reported outcome measures are important
objective tools in order to understand a players’ per-
ceived function. Some measures helpful in assess-
ing function include: the Global Ratings of Change
Scales,®® Knee Injury and Osteoarthritis Outcomes
Scale (KOOS) (particularly the sports subscale), %
the International Knee Documentation Commit-
tee 2000 Subjective Knee form (IKDC2000),% and
the Foot and Ankle Ability Measure.®*® Further,
scales that assess kinesiophobia, such as the Modi-

fied Tampa Scale of Kinesiophobia-11 (TSK-11),% or
confidence and risk appraisal, such as the Ante-
rior Cruciate Ligament-Return to Sport after Injury
Scale (ACL-RSI),*” may also be valuable in assess-
ing an athlete’s readiness and likelihood to return
to sport.®® By comparing a player’s current scores to
baseline scores and normative data, these self-report
measures can allow the rehabilitation team to judge
a player’s progress as well as readiness for sport.

Numerous assessments of passing, shooting and
kicking are available to assess an athlete’s ability
to perform soccer-specific tasks. Yet because of the
speed of play, the pressure from opponents, and the
endurance soccer requires it is difficult to create
an objective measure that accurately captures the
behavior, accuracy, or performance of a player in
competition. Furthermore, many soccer tests require
prohibitive amounts of equipment, space, and
player/tester training. Two of the most researched
tests are the Loughborough Soccer Passing Test and
Loughborough Soccer Shooting Test. These were
the first, and currently only, tests validated for ado-
lescents and women.%” The Loughborough Soccer
Passing Test is used to assess a player’s performance
when fatigued, as well as a player’s perception and
cognitive decision making processes.” No normative
data exists on either test and no validated “passing”
cut-off score has been established.

Similar to its use in assessing the performance of
a baseball pitcher, a radar gun can determine the
velocity of a kicked ball, providing information on a
player’s ability to contact the ball and whether or not
pain occurred. This measure requires baseline data
for comparison, and is not generalizable to either
practice or game play. Due to the limited use of jug-
gling in an actual game, counting the number of
times a player can juggle, has poor construct valid-
ity;”* similarly counting the times a player can vol-
ley a ball against a wall without its hitting the ground
can be used to assess passing accuracy and control,
but lacks ecological validity.” Testing a player’s abil-
ity to dribble in a figure eight pattern is a valid and
reliable indicator of technique.”” In the case of return
to kicking, such a test could be used to assess speed,
agility and readiness for higher level dribbling activi-
ties. Other soccer-specific tests include shooting at
a plywood target covered in carbon paper. Though
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a reliable measure of accuracy,” this test is limited
because it requires extensive equipment. Russell
et al developed a reliable and valid measure of ball
speed and precision involving dribbling, passing,
and shooting.” The test has more reliability than the
Loughborough Soccer Shooting Test, but is complex
in administration requiring both player and tester
training.”

Finally, a qualitative assessment of a player’s actual
performance during kicking is crucial both during
the TKP and prior to return to sport. Knowledge of
a player’s prior abilities and playing style is useful,
but general knowledge of what a soccer kick should
look like is sufficient to observe for antalgic gait or
abnormal movement patterns. In a highly competi-
tive atmosphere this qualitative assessment should
be performed by unbiased individuals whose pri-
mary concern is the player’'s health rather than a
timeline for their expected return to playing.

THE INTERVAL KICKING PROGRAM

The IKP is designed to be performed in conjunc-
tion with rehabilitation exercises and cardiovascular
training. Della Villa et al”® and Bizini et al’® provide
examples of broad return to soccer progressions
within which the IKP could be integrated. System-
atic progression through the IKP (Table 4) should
be individualized and based on a player’s response,
feedback and injury. In particular, soreness of the
surrounding musculature, is to be expected after
initiating a kicking program and the proposed sore-
ness rules should be observed in order to determine
readiness for progression (Table 5).° Similarly, effu-
sion guidelines such as those in White et al®® should
also guide progression. Clinicians may also adapt
the IKP based on a player’s injury. For example, a
clinician may decrease the number or the intensity
of side-foot kicks performed by a player recovering
from a MCL injury or adductor strain where as a
player with deltoid ligament injury or iliopsoas/rec-
tus femoris strain may require an even more gradual
introduction to in-step kicking.

Similar to upper extremity interval sports programs
the IKP is designed to be performed on alternate
days.* The IKP injury specific strengthening, plyo-
metrics, and neuromuscular control drills should be
performed on one day and cardiovascular training

and core strengthening performed on the off days.
This alternating structure is designed to allow the
lower extremities to recover from the re-introduc-
tion of kicking, therapeutic exercises, and any ply-
ometric or neuromuscular drills completed. The
authors recommend that the IKP be performed prior
to other exercises so that it is performed prior to the
lower extremities becoming fatigued and to ensure
proper form. Swimming, pool running, cycling, or
AlterG treadmill running can be used for cardiovas-
cular conditioning to decrease the repetitive impact
of running.

A soccer ball should be integrated into exercises
at the initial stages of rehabilitation. Once an ath-
lete can demonstrate proper biomechanical move-
ment in basic and simulating exercises, adding a
ball increases degree of difficulty. Activities such as
single-leg balance while gently pushing a ball ante-
riorly-posteriorly or medially-laterally with the con-
tralateral foot, are low risk/low force exercises that
help progress a player's proprioception while main-
taining touch/feel for the ball. Incorporating head-
ing, or in the case of goalkeepers catching/throwing,
can also make rehabilitation exercises sport specific
and enjoyable. Further, soccer related exercises may
improve an athlete’s mood, confidence, and motiva-
tion; all factors linked to a higher likelihood of an
athlete returning to sport.®

When a player is deemed ready to begin the IKP it
is crucial that all kicking techniques are performed
with proper biomechanics. Coaches may aid the
rehabilitation team in observing a player’s ability
with respect to length of passes, lofting balls, and
shooting in order to preclude abnormal compen-
sation patterns from being learned, adopted, or
reinstituted. A player should perform the IKP in
soccer-specific cleats or shoes, as shoes designed for
running often have a larger, more elevated sole that
may impede stability in landing on the support foot
thereby placing the ankle and knee at risk for injury.
A soccer ball is required to perform the IKP, but mul-
tiple balls are recommended as this allows for more
continuous kicking as opposed to time spent retriev-
ing balls. The IKP is based on soccer field distances
(Appendix 2), thus performing on a lined a soccer
field will reduce set up time. A goal is also useful for
the later stages when a player resumes shooting.
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Table 4. The Interval Kicking Program

Basic Kicking and Passing

Step 1:

Warm-up dribbling or juggling (5
min)

Two touch passing, 5.5 meters (5
min)

Rest (5 min)

Warm-up dribbling or juggling,
performing opposite activity from
start (5 min)

One touch passing, 5.5 meters (5
min)

Step 2:

e Warm-up dribbling or
juggling (5 min)

e  Two touch passing,
maximum 16.5m (5 min)

e Rest (5 min)

e  Warm-up dribbling or
juggling, performing
opposite activity from start
(5 min)

e  One touch passing,
maximum 16.5 meters (5

Step 3:

e Warm-up dribbling or
juggling (5 min)

e Two touch passing,
maximum 16.5 meters (5
min)

e Rest (5-10 min)

e Warm-up dribbling or
juggling(5 min)

e One touch passing,
maximum 16.5 meters (5
min)

min) e Rest (5-10min)
e Warm-up dribbling or
juggling (5 min)
e One or two touch passing
with a maximum 16.5 meters
(5 min)
Passing and Basic Shooting
Step 4: Step 5: Step 6:

Warm-up dribbling or juggling (5
min)

Two touch passing, maximum 36
meters (5 min)

Rest (5 min)

Warm-up dribbling or juggling,
performing opposite activity from
start (5 min)

One touch passing, maximum 36
meters (5 min)

e  Warm-up dribbling or
juggling (5 min)

e  Two touch passing,
maximum 36 meters (5 min)

e Rest (5-10 min)
Warm-up dribbling or
juggling (5 min)

e One touch passing,
maximum 36 meters (5 min)

e Rest (5-10min)

e Warm-up dribbling or
juggling (5 min)

e One or Two touch passing
with a maximum 36 meters
(5 min)

e  Warm-up dribbling or
juggling (5 min)

e  One or two touch passing,
maximum 36 meters (5 min)

e Rest (5-10 min)

Warm-up dribbling or
juggling, (5 min)

e Shooting (10 shots) and
chipped/lofted balls,
maximum 11 meters (2-3
min)

e Rest (5-10 min)

e  Warm-up dribbling or
juggling, (5 min)

e  One or two touch passing,
maximum 36 meters (5 min)

Advanced Shooting

Step 7: Step 8: Step 9:

e  Warm-up dribbling or juggling (5 e  Warm-up dribbling or e  Warm-up dribbling or
min) juggling (5 min) juggling (5 min)

One or two touch passing,
maximum 36 meters (5 min)

Rest (5-10 min)

Warm-up dribbling or juggling, (5
min)

Shooting (10 shots) and
chipped/lofted balls, maximum 11
meters (2-3 min)

Rest (5-10 min)

Warm-up dribbling or juggling, (5
min)

Shooting (10 shots) and
chipped/lofted balls, maximum 11
meters (2-3 min)

e  One or two touch passing,
maximum 36 meters (5 min)
Rest (5-10 min)

e Warm-up dribbling or
juggling, (5 min)

e  Shooting (10 shots) and
chipped/lofted balls,
maximum 16.5 meters (2-3
min

e  Rest (5-10min)

e  Warm-up dribbling or
juggling (5 min)

e One or Two touch passing

with a maximum 36 meters
(5 min)

e  One or two touch passing,
maximum 36 meters (5 min)
Rest (5-10 min)

e Warm-up dribbling or
juggling, (5 min)

e  Shooting (10 shots) and
chipped/lofted balls,
maximum 16.5 meters (2-3
min

e Rest (5-10min)

e  Warm-up dribbling or
juggling (5 min)

e Shooting (10 shots) and
chipped/lofted balls,
maximum 16.5 meters (2-3
min
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Increased Intensity and Distance

Step 10%*:

Warm-up dribbling or juggling (5
min)

One or two touch passing,
maximum 36 meters (5 min)

Rest (5-10 min)

Warm-up dribbling or juggling, (5
min)

Shooting (10 shots) and
chipped/lofted balls, maximum 36
meters (2-3 min)

Rest (5-10min)

Warm-up dribbling or juggling (5
min)

Shooting (10 shots) and
chipped/lofted balls max 16.5m (2-
3miin) or One or two touch passing,
maximum 36 meters (5 min)

Step 11:

Warm-up dribbling or
juggling (5 min)

One or two touch passing,
maximum 36 meters (5 min)
Rest (5-10 min)

Warm-up dribbling or
juggling, (5 min)
Shooting (10 shots) and
chipped/lofted balls,
maximum 36 meters (2-3
min)

Rest (5-10min)

Warm-up dribbling or
juggling (5 min)

Shooting (10 shots) and
chipped/lofted balls,
maximum 36 meters (2-3
min)

Step 12:

e  Warm-up dribbling or
juggling (5 min)

e One or two touch passing,
maximum 36 meters (5 min)

e Rest (5-10 min)

e Warm-up dribbling or
juggling, (5 min)

e Lofted driven ball maximum
45 meters (25 times)

e Rest (5-10 min)

e Warm-up dribbling or
juggling, (5 min)

e  Shooting (10 shots) and
chipped/lofted balls,
maximum 36 meters (2-3
min) or One or two touch
passing, maximum 36 meters
(5 min)

Initiating Return to Sport

Step 13:

At this point goalkeepers should
begin work on punting and drop
kicking

Field players may begin to perform
>20 min technical portions of
practices with their teams as well as
shooting and other drills.

Step 14%*:

When cleared by medical
team player may begin full
practices with their team,
initially non-contact and
progressing to contact.

Step 15%**:

e Reintroduce game-play first
through scrimmages in
practice then with gradually
increasing periods of game
time.

The distances listed in each of these steps are maximum distances. Clinicians and players should not spend
the entire time passing or shooting at this maximum distance, but rather vary the passing/shooting distances
throughout the allotted time.
*Alternatively, once a player reaches step 10 (if cleared by the medical team) a percentage of time spent in warm-up
dribbling/juggling and one- or two- touch passing drills (maximum 20 minutes) may be spent working on technical
drills with their team, followed by performing the shooting or lofted driven ball practice defined by the progression
(with appropriate rest between). This alternative should only be used if the medical team is confident that both
player and coach are cognizant of all precautions such as only performing small sided technical drills involving
passing and dribbling and avoiding player contact.
tUnlike steps 1-13, steps 14 and 15 require more than one day in between. It is at the rehabilitation team’s discretion
to progress a player through these stages.
1 A gradual increase in game time will allow a player to adjust to the intensity and speed of play, while reducing the
amount of time they are exposed to the higher risk game environment.

Table 5. Proposed Soreness Rules for Progression through the Interval Kicking Program,

adapted from Axe et al (2001).

If no soreness:

Advance to next stage

If sore during warm-up but soreness is gone
during dribbling and juggling warm-up:

Repeat previous stage.

If sore during warm-up and soreness continues
through dribbling and juggling warm-up:

Stop; take 2 days off, and upon return to
IKP, drop down one stage

If sore more than 1 hour after kicking, or the

next day:

Take 1 day off; repeat most recent stage.
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Proper warm-up of the muscles and cardiovascular sys-
tem is necessary; the authors recommend a dynamic
warm-up that integrates stretching, low-level strength-
ening, and movement. The FIFA 11 + is a soccer-spe-
cific warm-up developed as an injury prevention tool.””
The FIFA1l + is designed to warm up all of the major
muscle groups in the lower extremity, and can serve
also as a teaching tool to reinforce proper alignment
and mechanics. Proper cool-down is also important fol-
lowing performance of the kicking program. This may
include stretching, light jogging, and cryotherapy.

Position specific modifications: Unlike rehabili-
tation in sports such as baseball and softball, little
position-specific rehabilitation is needed in soccer.
Goalkeepers must be confident and skillful with a
ball at their feet, thus in these initial stages of return-
ing to soccer the IKP is as important for goalkeepers
as it is for field players. The rehabilitation team may
modify later stages of the kicking program for goal-
keepers, omitting shooting in favor of similar dis-
tance goal kicks (long/lofted instep kicks) or punts.
Goalies may also add jumping, catching, diving for
and retrieving balls from the air as part of their drib-
bling or juggling warm-ups. One example of an alter-
native for goalkeepers is side shuffling along a line
11m long. Each time the goalkeeper reaches the end
of the line they receive either a ball on the ground,
which they must pass back with their feet, or a ball
in the air, which they must catch and throw back.
Adding plyometric and diving activities, however, is
at the discretion of the rehabilitation team.

The cardiovascular and intensity demands of soc-
cer differ by position. During games mid-fielders,
often wide midfielders, cover the most distance
of any field player and cover the most distance at
high speeds.”®” In contrast, central defenders cover
the least distance and least distance at high inten-
sities.”®”® Attackers and central defenders may also
have more recovery time between their bouts of
high intensity.”® Consequently the rehabilitation
team should modify cardiovascular training to pre-
pare a player for return to sport taking into consider-
ation position, fitness prior to injury, and age.

CONCLUSION
Regardless of whether an injury effects an athlete’s
dominant kicking or stance leg, any lower extrem-

ity injury may influence the ability to kick. The
IKP presents a novel return to kicking framework
specific to the sport of soccer. Similar to return to
throwing progressions developed for athletes in
upper extremity sports,*® this return to kicking pro-
gression guides clinicians from readiness to begin
kicking through an athlete’s return to sport. The IKP
format integrates a return to kicking into therapeu-
tic exercise and cardiovascular fitness in order to
address the broader needs of an athlete. While the
IKP presents a starting point for athletes to begin
their return to soccer, future research is needed to
determine the optimal rehabilitation techniques and
additional outcome measures and criteria that will
ensure a safe return to sport.
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