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The use of a multi-modal approach in the
rehabilitation of a pre-operative grade 3 ACL tear
In a world-level Poomsae athlete: a case report

Michael Edgar, BKin, DC'

Mohsen Kazemi, RN, DC, FRCCSS(C), FCCPOR(C), MSc, PhD!

Objective: This case is designed to aid practitioners in
understanding the potential role of multi-modal care
with vibration rehabilitative exercise for a complete ACL
tear in a high-level Poomsae athlete.

Case presentation: A 16-year-old male world-class
Poomsae athlete presented with a right ACL rupture
and LCL sprain. An extensive clinical examination and
imaging confirmed a right grade 3 ACL tear. Due to the
complete tear and impending participation in World
Championships, a pre-operative rehabilitation strategy
was implemented with treatment modalities aimed to
accelerate return-to-play.

Summary: An appropriate clinical history and
physical examination of the knee is required when
instability is present. Imaging is indicated when testing
criteria are positive. Clinicians should be aware that

Objectif : Le présent exposé de cas vise a aider les
praticiens a comprendre le role que pourrait jouer

le traitement multimodal associé a des exercices de
rééducation par vibrations chez un athlete de haut
calibre pratiquant le poomsae ayant subi une déchirure
complete du LCA.

Exposé du cas : Un athléte de 16 ans de calibre
international, pratiquant le poomsae, avait subi une
déchirure du LCA droit et une entorse du ligament
latéral externe (LLE). Un examen clinique approfondi
et un examen par imagerie ont confirmé une déchirure
du LCA droit de grade 3. Comme il s’agissait d’une
déchirure complete et que la participation de I’athlete
aux championnats internationaux était imminente,
on a opté pour une rééducation préopératoire et des
modalités thérapeutiques pour accélérer le retour au jeu
de I'athleéte.

Résumé : Un examen du tableau clinique et un
examen physique du genou s’avérent nécessaires en
cas de genou instable. Un examen par imagerie est
indiqué lorsque les criteres d’instabilité sont satisfaits.
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multiple therapies can each serve a role in conservative
care to better suit patient demands, especially at high
levels of sport. In the article, the author proposes a
tailored protocol using vibration rehabilitative exercise,
bracing, vibration therapy, neuromuscular electrical
stimulation, and laser to improve healing and sport-
specific outcomes.

(JCCA. 2020;64(3):248-257)

KEY WORDS: chiropractic, ACL, anterior cruciate
ligament, tackwondo, poomsae, vibration, multimodal

M Edgar, M Kazemi

Les cliniciens devraient savoir qu’on pourrait avoir
recours a une approche multimodale lorsqu’on envisage
un traitement conservateur pour mieux répondre aux
besoins du patient, en particulier ceux qui pratiquent
des sports de haut niveau. L’ auteur de [’article propose
un protocole personnalisé comprenant des exercices

de rééducation par vibrations, le port d’une attelle, un
traitement par vibrations, la neurostimulation électrique
transcutanée et des traitements par laser pour favoriser
la guérison et I’obtention de résultats axés sur ce sport
en particulier.

(JCCA. 2020;64(3) : 248-257)

MOTS CLES : chiropratique, LCA, ligament croisé
antérieur, tackwondo, poomsae, vibration, multimodal

Introduction

The traditional form of Tackwondo, which is a form of
martial arts involving sparring, has been performed for
many years. It has seen a recent popularization since the
2000 Summer Olympic Games, where it officially be-
came a full medal sport. Overall, there has been an in-
crease in the level of participation in Taeckwondo with
over 80 million athletes worldwide.'? Due to Taekwon-
do’s popularity, Poomsae has gained a recognized pos-
ition in the sporting community with its first world-level
championship in 2006.>* Poomsae is the only non-contact
form of Taekwondo and has a high degree of technical in-
volvement due to the basis of its scoring.** In addition, it
involves skill, technique, flexibility, fluidity and physical
exertion. Recognized Poomsae involves 13 defined pat-
terns of movement which are emphasized repeatedly dur-
ing sport-specific practice.** On average, Poomsae ath-
letes train up to six days a week with each session lasting
for up to four hours and forty minutes.*#

Due to the workload these athletes experience and the
demand of the sport, injuries can be detrimental especial-
ly at higher levels of performance. In regard to the injury
rates for Poomsae and sparring, it was found that lower
limb and back were the most common areas of injury in
females and males respectively.*® Poomsae is the only
non-contact and no opponent form of Taekwondo but de-
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spite its non-contact nature, the lower limb and back were
still the most common areas of injury.*

A retrospective case series by Kazemi ef al.” investi-
gated the effects of injury on Taekwondo sparring per-
formance by following 75 Taekwondo athletes over a
ten-year period. They found that an injury that occurred
during competition led to the athlete having an 88% less
likely chance to win a medal.” A paper by Kasbparast et
al® highlighted the rates of anterior cruciate ligament
(ACL) injury amongst Taeckwondo sparring athletes. They
found that the main mechanism of action for a torn ACL
was that the athlete had a planted foot with the knee in an
almost extended position (sometimes hyper-extended). In
addition, they found the rates of ACL injury to be highest
during practice compared to competition.® Although this
is the case, the literature regarding the prevalence of ACL
rupture in Poomsae-specific athletes is sparse. Due to the
degree of pivoting that each of the fundamental move-
ments requires, the stability of the knee plays an integral
role to technique and scoring and therefore placing at a
world-level event.’

An ACL injury can typically be separated into three
grades, ranging from grade one involving mild damage to
grade three which involves a complete rupture of the liga-
ment.”!"" Among young male athletes, the rate of ACL in-
juries has increased within the last 20 years while the rate
of surgical repairs for ACL ruptures is estimated at 47 per
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100,000 boys each year.!” This injury can lead to sever-
al complications, including acute intra-articular swelling
and instability, quadriceps strength deficits, and decreased
range of motion.'"” As strength, stability and full range of
motion are essential for the sport of Poomsae, the effects
of these variables on performance can be significant.”!"
The first line of treatment for an ACL rupture is conserv-
ative management and rehabilitation, followed by sur-
gical intervention with postoperative rehabilitation if the
patient develops functional instability.'*'* Conservative
management involves interventions such as, chiropractic
manipulation, mobilization, exercise, soft tissue therapy,
nonsteroidal anti-inflammatory drugs, and steroid injec-
tions.'>!

A case of an ACL rupture in a sixteen-year-old male,
world-class Poomsae athlete is presented to illustrate
clinical presentation, diagnosis, imaging assessment, and
conservative chiropractic management. The patient ended
up placing in the top 10 at the World Poomsae Champion-
ships, only two weeks after his last treatment and with no
reported knee pain or instability during his competition.

Case report

A sixteen-year-old male, world-class Taeckwondo Poom-
sae athlete, presented with right knee pain which started
two days prior to his initial visit after executing a round-
house kick, during which the right leg twisted and gave
way after landing. Training was stopped after this and the
pain was initially focused on the lateral side of the knee.
After his practice session, he had discomfort bending and
straightening the knee with noticeable aggravation upon
walking with feelings of instability upon weight bearing.
He focused on icing the area until his initial appointment
with his sports chiropractor two days later. He did not
have any prior injuries to his knee, and his past medic-
al history and systems review were unremarkable and
non-contributory to his chief complaint.

On examination, lower extremity deep tendon reflexes
were 2+ bilaterally and light touch sensation examination
was unremarkable. In addition, heel and toe walking were
normal with pain at the end range of flexion during the
squat test. His right knee (ROM) flexion and extension
were reduced by 10% with pain in the lateral knee. The
bounce home test, McMurray, Anderson and Lachman
tests were positive on the right. Pivot shift, valgus loading,
posterior drawer and posterior sag were negative. There

250

Figure 1.
Front kick.

was no noticeable clicking or locking upon examination
and only mild swelling over the right lateral knee with
sharp pain upon palpation. His right popliteus, iliotibial
band, lateral collateral ligament (LCL), quadriceps and
hamstrings were hypertonic and tender upon palpation.

A clinical diagnosis of right LCL grade 1 sprain, right
lateral meniscus lesion and right ACL grade 2 sprain were
made with associated myofascial pain. Initial treatment
consisted of 15 minutes of acupuncture (AC) of the fol-
lowing points: GB33, GB34, ST36, SP9 and BL39 with
TENS at 2Hz; Local vibration therapy using VMTX®
device (made by Thumper®, 25-45Hz, 4-5 mm vertical
displacement) to the right popliteus, iliotibial band, quad-
riceps, hamstrings and posterior and lateral fascial chains.
A brace was prescribed to improve walking ability and re-
habilitation was started with straight leg raises and slow,
non-explosive front snap kicks (Figure 1).

The patient was initially referred for an x-ray in his
first week of treatment which found no acute fracture or
dislocation of the knee, although moderate knee effusion
was observed. He was subsequently referred to his family
physician to obtain a referral for an MRI of the knee. The
physician referred the patient to an orthopedic surgeon
who agreed with the diagnosis, requested an MRI of the
knee, and referred the patient back to his sports chiro-
practor for further conservative treatment. The right knee
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Figure 2.
A T2-weighted oblique sagittal MR image of the
right knee demonstrating a grade 3 complete ACL tear
(white arrow).

Table 1.
Exercise progression.

SLR Week 1
Front Kick Week 1
Squat 90 Week 2
Boeing 747 Week 2
Heel Raises Week 2
Side Kick Hold Week 2
Lunge (front stance) Week 2
One Legged Supine Hamstring Curl | Week 2
Hamstring Curl on Ball Week 5
Front Snap Kick Week 11

3 sets of 30 seconds Week 1-12
3 sets of 40 seconds Week 4-12
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Figure 3.
A T1-weighted oblique sagittal MR image of the
right knee demonstrating a grade 3 complete ACL tear
(white arrow).

MRI indicated a complete ACL tear (Figures 2 and 3) and
mid-grade partial tear of the LCL. It was decided that the
focus should be on conservative, non-operative therapy
as the Poomsae World Championships were taking place
fourteen weeks later.

At the end of the second week, there was no visible
swelling over the anterior knee and only minimal swell-
ing on the lateral aspect. Right knee flexion and extension
ranges of motion were full with a positive Lachman’s test
and negative Varus load test. Hyperalgesia and hyperton-
icity of the popliteus, iliotibial band, LCL, quadriceps and
hamstrings were diminished. At this time, the treatment
was changed to primarily rehabilitation. The rehabilita-
tion program consisted of weight-bearing squats at 90
degrees (Figure 4), heel raises, 747 and sidekick holds
(Figures 5 and 6), lunges (Figure 7), back stance and su-
pine isometric one-legged hamstring curls (Figure 8) for
three sets of thirty seconds on the whole body vibration
(WBV) machine (VMAX® Elite 7) at 20 Hz with 3.2 mm
vertical displacement. (See Table 1 for a more thorough
chart of the exercise progression). This was done in con-
junction with electro-muscular stimulation over the quad-
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Left, Figure 4.
90 Degree Body Weight Squat

Above, Figure 5.
Boeing 747

Right, Figure 6.
Side kick hold.

Left, Figure 7.
Lunge.

Below, Figure 8.

One legged supine hamstring curl.

Right, Figure 9.
Hamstring curl on ball.
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riceps and hamstrings with 15 seconds on and 10 seconds
off as he practiced on the WBV. Local vibration therapy
using VMTX® (VMTX Thumper® massager) was done
to the right popliteus, iliotibial band, LCL, quadriceps and
hamstrings, posterior and lateral lower limb myofascial
chains. The same exercises were prescribed for at-home
use with an avoidance of rotation and sudden stopping on
the right side.

At the end of the fourth week, modifications had been
made to his Poomsae routine and the patient was fitted
with a Donjoy® ACL brace based on the recommendation
of his orthopedic surgeon. There was no longer pain or
instability during his Tackwondo practice. The exercises
on WBYV increased to 40 second holds at week four. Re-
habilitation exercises continued with incorporation of su-
pine hamstring curls on a physiotherapy ball (figure 9) for
3 sets of 10 repetitions on week five. An advanced front
snap kick was incorporated at week eleven to incorporate
an explosive movement. Laser was applied to the anterior
and lateral knee at 10J with cryotherapy for 10 minutes
after the rehabilitation exercises.

The same treatment was continued one or two times
per week for twelve weeks. At the end of this treatment
course, the athlete felt no pain in the right knee and had
full ability in his Tackwondo practice with no sensation of
‘giving way.” Two weeks following his final appointment,
the athlete competed in the Poomsae World Champion-
ships without using any brace and placed in the top 10.
He did not report any give way or pain during the compe-
tition or training.

Discussion

In this case, the athlete experienced an immediate reduc-
tion in his knee ROM after a roundhouse kick. The ath-
lete suffered from a full ACL and partial LCL tears. The
main symptoms experienced by the athlete were localized
knee pain, decreased range of motion, feelings of instab-
ility, and weakness, although significant swelling was
not present. Parkarri ez al.”® found the knee was the most
common location for injury in younger individuals. In
addition, they found that participation in organized sports
significantly increases the risk of a cruciate ligament in-
jury of the knee."> An anterior cruciate ligament injury is
typically sustained at foot strike with the knee close to full
extension with a sudden deceleration prior to a change of
direction or landing motion due to the rotational forces.”'?
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Previous literature has described several risk factors for
the predisposition of ACL injury, including increased
general joint laxity, increased patellar tendon length, in-
creased knee abduction angles, and decreased knee flex-
ion angles. Specific anatomical risk factors include the
intercondylar notch width (NW) and tibial slope .®1°

In the current case, x-rays were initially ordered to
rule out knee pathology. Several guidelines and rules are
available to recognize red flags for radiographic imaging
of this bodily region. The Ottawa Knee Rules recognize
several red flags: age greater than 55 years old, inability
to bear weight immediately or the inability to take four
steps, isolated tenderness of the patella or fibular head,
and inability to flex to 90 degrees."" However, the Pitts-
burgh Knee Rules differ by highlighting four red flags:
fall or blunt trauma, less than 12 years old or greater than
50 years old, and an inability to take four steps.'* In the
case presented, an inability to flex to 90 degrees and issues
weight bearing were noted; therefore, routine knee x-rays
were ordered to rule out any osseous lesions. The x-ray
appeared unremarkable, but the athlete was then referred
to an orthopedic surgeon who confirmed a complete right
ACL tear by clinical examination and MRI. One reason
for the referral was to obtain an MRI since chiropractors
in Ontario, Canada are unable to directly order MRI.!'®
The orthopedic surgeon referred the athlete back to the
sports chiropractor for conservative management. Ma-
jor et al."” found MR imaging to be the gold standard for
knee imaging in adolescents due to its avoidance of the
exposure to ionizing radiation, and ability to illustrate the
menisci and cruciate ligaments. The anterior cruciate liga-
ment was the major focus of this case and highlights the
utility of this imaging modality.

Conservative management is considered a first-line
treatment option for anterior cruciate ligament injuries.!>!?
The case presented a conservative approach focusing on a
multimodal treatment plan. Interventions for multimodal
care include strengthening, proprioceptive exercises,
sport-specific exercises, bracing, activity modifications,
neuromuscular stimulation, vibration therapy and laser,
which have been shown to be beneficial for the treatment
of ACL injuries.'>!3- 1827

Many authors have reported success using progressive
rehabilitation programs from partial weight-bearing to
full weight-bearing with a predominant focus on quadri-
ceps and hamstring strengthening.'>!*-'® The goal for this

253



The use of a multi-modal approach in the rehabilitation of a pre-operative grade 3 ACL tear in a world-level Poomsae athlete

form of strengthening is to improve active stabilization
of the major muscles around the knee to prevent trans-
lation of the tibia relative to the femur during loading of
the lower limb."® In the case provided, strengthening and
proprioceptive exercises were successfully implemented.
This was done in conjunction with a Donjoy® brace
which is designed to reduce knee instability following an
anterior cruciate ligament injury by providing passive in-
tegrity.?® The brace was warranted and utilized for the ath-
lete’s sport-specific Poomsae movements which require
a high degree of pivoting and knee stabilization.> Knee
bracing for pre-operative anterior cruciate ligament in-
jury has shown to improve subjective perceptions of knee
instability, although it had no effect on activation of the
quadriceps or hamstrings, in conjunction with functional
movements 2%

Transcutaneous electrical nerve stimulation (TENS)
is recognized to have several benefits physiologically
and therapeutically by eliciting a current and contraction
within the musculature it is applied to without voluntary
control.””?® At the present time, no studies or literature
reviews have been conducted into NMES efficacy pri-
or to ACL reconstruction. However, Lee et al."” reported
good outcomes for the use of TENS on the quadriceps for
the reductions of pain and improved strength after ACL
reconstruction. As well, Kim et al.* performed a system-
atic review and found neuromuscular electrical stimula-
tion (NMES) combined with exercise may be more ef-
fective in improving quadriceps strength than exercise
alone after ACL reconstruction. It is the authors’ belief
that this gave credence into the effectiveness of NMES
stimulation combined with exercise during the case pre-
sented.

Vibration is believed to work through a tonic vibratory
reflex (TVR).***! This is purported to be through rapid,
successive micro-muscular stretches which trigger intra-
fusal muscle spindle activity.***! This is believed to lead
to decreased muscle inhibition and improve the ability
to recruit a higher threshold of motor units.***! Vibration
can be applied locally or through whole-body vibration
(WBV). The neurophysiological mechanism may differ
between both, as WBYV generally activates multiple differ-
ent mechanoreceptors which can synchronize motor unit
firing and central motor commands to globally improve
neuromuscular activation patterns.*® In addition, WBV
can potentially work as a neuromuscular training meth-
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od where the subject stands on a platform that generates
vertical sinusoidal vibrations.?! In contrast, local muscle
vibration (LMV) uses a smaller device typically applied
to one bodily region. The neurophysiological mechanism
for LMV is theorized to work through its activation of
receptors proximal to the site of administration !

Vibratory stimulation combined with resistance training
has gained popularity in an attempt to gain greater neuro-
muscular activation. It has been shown to improve nerve-
muscle function, realign muscle fibers, and induce relax-
ation of stretched muscle tissue.”'* It can be speculated
from the research that in a rehabilitative exercise setting,
vibration therapy can allow for improved strength, power
and proprioception to better attenuate the sports-related
deficits from an acute injury.?"> 33! Pain reduction has
also been noted purportedly through the activation of skin
mechanoreceptors leading to the stimulation of inhibitory
interneurons. This is theorized to downregulate pain sig-
nals by alpha and C-fibers by the gate control mechan-
ism.” Macintyre and Kazemi?' found that the best anal-
gesic and pain-reducing effect occurred when vibration
was localized to the region of pain on the affected muscle
or tendon. On a systemic level, vibration therapy has been
found to elicit increased angiogenesis through promoting
pro-healing growth factors and chemokines.*>** Improved
blood flow has also been found in the lower extremity
for healthy individuals and is theorized to potentiate in-
creased healing rates and ability.** Typically, frequency
and amplitude of vibration stimulus can range from five
to 300Hz and 0.12 to 12 mm respectively.*> However,
higher frequencies required exposure of 30 minutes to
achieve the same results of one to two minutes exposure
of 20-50Hz.* In addition, higher frequencies above 60Hz
(60-500Hz) have been associated with cumulative trauma
disorders.**" As such for the patient in this case, vibration
with 20-50Hz range with amplitude of 3.2-5mm was used
as this is more time efficient and safer.>’

For the athlete described in the case, the use of whole
body and local vibration was used for several purposes.
Arthrogenic muscle inhibition (AMI) of the quadriceps
muscles is a common occurrence after ACL injury.’®°
The phenomenon involves quadriceps activation failure
by neural inhibition. There are several theories for this
occurrence relating to resting motor thresholds, aberrant
articular sensory receptor discharge, spinal reflexes and
executive function related to abnormal cortical func-
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tion.*® Vibration was implemented to improve motor unit
recruitment for the athlete due to AMI of the knee. This
had the dual benefit of improving strength capacity and
reducing the degree of atrophy in the lower limb mus-
culature.” Vibration also was used to stimulate afferent
input within the intrafusal structures within the knee to
improve proprioceptive capacity, an aspect which ap-
pears to be reduced when intra-articular derangement is
present within the knee.***3* As the athlete’s sport re-
quired high degrees of coordination and balance, pro-
prioceptive input and overall kinesthetic awareness was
a top priority.* Whole-body platform vibration combined
with exercise was incorporated successfully into the plan
of management of the athlete presented in the current
case study.

The goal of improved healing time was also prioritized
due to the time demands until his next tournament. As the
athlete presented at acute onset of the injury, mitigating
the initial inflammatory response at the knee was focused
on. Upon ACL injury, local cytokines and inflammatory
mediators like IL-6, IL-8, VEGF, and TGFpI are released
within the synovium and ligaments to accelerate both
catabolic and anabolic activities.*” Local vibration ther-
apy to the affected tissues has shown to improve perfu-
sion to both increase uptake of nutrients within the tissues
and recycling of damaged structures.*>** For this athlete,
vibration was applied to the knee region with the goal of
accelerated healing in mind. It was also applied direct-
ly over the knee itself to elicit an analgesic response.?!
The use of local vibration was appropriately implemented
within the treatment plan of this patient.

Basic research into low-level laser therapy (LLLT) has
shown to reduce knee inflammation in rat models and
LLLT with 50 mW reduced cellular inflammation and de-
creased the expression of IL-1f3 and IL-6.>** The utility
of LLLT can be two-fold due to its therapeutic window
for anti-inflammatory actions overlapping with its ability
to improve tissue repair. A new hypothesis into its efficacy
revolves around it having a systemic effect through nitric
oxide synthesis (NOS) and local TNF levels.?*?¢ Although
the clinical effectiveness of laser therapy for acute ACL
rupture in the athletic populations remains controversial,
inflammation was treated. LLLT and ice was utilized on
the right knee and localized tissues to decrease inflam-
mation after the rehabilitation exercises and possibly im-
prove healing times.
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Limitations

Limitations of this case report include the initial symp-
tomatology and complexity of the plan of management,
meaning that the effects of each treatment or their com-
bined effect cannot be determined when natural history is
also accounted for. Firstly, the minimal swelling noted on
initial examination may have led to a more rapid progres-
sion to rehabilitation. This paramount factor could have
been the determining factor in the success of this athlete.
In addition, the case also presented an elite-level athlete
which current research populations do not generalize to.
Furthermore, research into NMES primarily looked at
post-ACL reconstruction whereas the current case high-
lights an athlete prior to ACL reconstruction. More so,
LLLT research is sparse for ACL injuries and is limited to
basic research at the current time. Higher quality research
is recommended to investigate prognostic factors revolv-
ing around swelling and rehabilitation rates, in conjunc-
tion with the effectiveness of the management protocol
described in the case.

Summary

Lower limb injuries are a common occurrence in Taek-
wondo athletes. This case demonstrates the use of multi-
modal care in conjunction with active therapy using WBV
for an acute, destabilizing lower limb injury in a world-
level athlete who requires high levels of coordination
and control. Exercise and progressive strengthening are
considered the first line of care for rehabilitation as they
have the ability to improve function and stability. Despite
the lack of research into combined treatments, there may
be benefits to simultaneous care with exercise, vibration
therapy, and neuromuscular activation when peak per-
formance requirements and time constraints are present.
The current literature combined with the clinical outcome
described in the case suggests that multimodal care, in-
cluding progressive exercise, vibration therapy, NMES
and LLLT can potentially offer a therapeutic benefit
greater than simply one modality alone. Further research
is required to investigate the efficacy and associations
of these modalities when used in conjunction in a larger
study population.
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