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Abstrakt Czech

Ugelem této studie je zjistit uginek kratkodobé kryoterapie u termoreceptort, tedy
propriocepci prostfednictvim receptort hlubokych vjemu a pocit stability na
hlezennim kloubu u zdravych dospélych. V pfedmétu se zminuji o dalSich studiich
pouzivajicich slovo proprioception pfi méfeni chladového efektu pro stabilitu
hlezenniho kloubu. Negativni termoterapie pUsobi hlavné na termoreceptory, ale
muze byt také vstupem pro zménu neuromuskularniho pfenosu. Cilem
experimentalniho procesu je zjistit, zda aplikace chladu na hlezenni kloub po
dobu 20 minut snizuje dynamickou posturalni stabilitu a pocit rovnovahy v
laboratornim prostfedi. Uginek kratkodobé kryoterapie se méfi u 12 udastniku
rozdélenych do dvou skupin: kontrolni a experimentalni skupina. Obé skupiny
prosly prvnim méfenim, 20minutovym odpoCinkem s nebo bez aplikace za
studena a druhym méfenim bezprostfedné po dobé odpocinku.
K vyhodnoceni somatosenzorického vysledku v experimentu byl pouZit
dynamicky posturografie SMART Balance Master System (NeuroCom). V
systematické revizi jsou predchozi studie zkoumany za stejnych podminek
jako u experimentalniho procesu, kratkodobé aplikace kryoterapie na hlezenni
kloub, méfeni vlivu na propriocepci kotniku a polocit kloubu. Vysledky v
experimentalnim i systematickém prehledu jsou shodné, kratkodoba kryoterapie
na hlezenni kloub nijak vyznamné neovliviiuje propriocepci a stabilitu kotniku.
Pfed pokraCovanim ve sportovni aktivité se doporucuje zahfati po studené

aplikaci.



Abstract

The purpose of this study is to determine the effect of short-time cold pack
cryotherapy in thermoreceptors, therefore, proprioception via deep sensation
receptors and sense of balance on ankle joint in healthy adults. In the subject, |
refer to other studies using the word proprioception when measuring the cold
effect in the balance of the ankle joint. Mainly, cold therapy is affecting to the
thermoreceptors but there might be input also to change neuromuscular
transmission. The aim of the experimental process is to identify if the cold
application on the ankle joint for 20 minutes is decreasing dynamic postural
stability and the sense of balance in laboratory environment. Short term
cryotherapy effect is measured within 12 participants divided into two groups:
control and study group. Both groups went through the first measurement, 20
minutes rest with or without cold application and second measurement directly
after the rest period. The dynamic posturography machine SMART Balance
Master System (NeuroCom) was used to evaluate somatosensory outcome in the
experiment. In the systematic review the previous studies are investigated within
same settings as on experimental process, short time cold application on ankle
joint measuring the effect on ankle proprioception and joint position sense. The
results in both experimental as well in systematic review are corresponding, short
time cold application on ankle joint is not significantly affecting the ankle
proprioception and balance. However, warm up after cold application is

recommended before continuing the sport activity.
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1 Introduction

This study is combining two research, randomized control trials and systematic
literature review, | made around the topic ‘Short-term cryotherapy effects to ankle

thermoreceptors and sense of balance’.

Increased participation in sports has led to more sport injuries and need for injury
prevention has grown with the same time. Talking about sport injuries we must
focus on the joints in extremities what mainly are responsible of our active
movements. (Aaltonen, S., Karjalainen, H., Heinonen, A., Parkkari, J., & Kujala,
U. M., 2007). Proprioception is responsible of sending information from joints to
brain and furthermore receive the information from brain to make position
corrections. In joints proprioception sense the movement and position,
kinesthesia and sense the force of movement (tension, resistance, or weight).
Proprioception has an important role in neuromuscular control and the complex

mechanism of joint control. (Furmanek, M. P., Stomka, K., & Juras, G., 2014).

In 1906 the first hypothesis of the proprioceptive field was developed by
Sherrington; the proprioceptive reflex and the proprioceptive system. That
moment can be considered as the development of the "proprioception” term.
Definition of proprioception is perception of joint position and movement, “the
afferent information arising from internal peripheral areas of the body that
contribute to postural control, joint stability and several conscious sensations”.
(Furmanek, M. P., Stomka, K., & Juras, G., 2014). In addition, peripheral areas
of the body are located predominantly in the ligaments, joint capsules, tendons
and muscles, postural control determined as postural balance, joint stability as a
segmental posture and several conscious sensations as muscle sense
(Riemann, B. L., & Lephart, S. M., 2002).

Proprioception and balance are interconnected. Postural equilibrium describes

the states of forces and movements in relation to center of body mass



movements. Postural equilibrium is primarily based on vestibular information but
also depends on muscle sense, joint position sense and resistance to the
movement. (Furmanek, M. P., Stomka, K., & Juras, G., 2014). Cold therapy is
affecting to the thermoreceptors of the skin but there might be input also to
change neuromuscular transmission. (Coulange, M., Hug, F., Kipson, N.,
Robinet, C., Desruelle, A. V., Melin, B., & Jammes, Y., 2006). Because of that
interconnection between proprioception and postural balance, they are
considered together in this research, and the cryotherapy effects are also looked

in proprioceptive point of view.

In acute sports injuries cold application on injured area is popular method. After
the treatment of cold application athletes are usually immediately returning to
competitive activity what can be a risk if cold treatment is decreasing
proprioceptive sense. (Bleakley, C. M., Costello, J. T., & Glasgow, P. D., 2012).
Cold therapy is also known as cryotherapy where the application of cold
substance removes heat, decreases the temperature of the area where applied
and also tissues around. Generally cold therapy is used in acute traumas or
injuries as prevention of the pain and inflammation, muscle spasms and edema.
Acute ankle sprain is common injury where cold therapy is applied, usually
together with first aid treatment; rest, ice, compression, and elevation (RICE)
therapy. (Malanga, G. A., Yan, N., & Stark, J., 2015).

The purpose of this study is to find out if short-term cold application on ankle will
affect to ankle proprioception by decreasing it. Short-term cold application is
favorite way treat sprains and little injuries during sport activity but if cold
application is decreasing proprioception and sense of balance, there is the
question if it's safe to continue sport activity straight after cold application.
(Aaltonen, S., Karjalainen, H., Heinonen, A., Parkkari, J., & Kujala, U. M., 2007).

As the year of 2020, it seems everything planned went around and demanded
another creative solution, so it was with this study as well. Original plan to do this
study was to do research study of cryotherapy effects on ankle proprioception
and range of motion but due measurements relating COVID-19, it wasn’t possible

to arrange meetings with study group in laboratory. There was possibility to



modify research method, and as a result, another research was made as
systematic literature review. In this study, these two works are together inside
one cover, where | got wonderful opportunity to view and compare my own

experiment in the light of the systematic literature review.



2 Background

2.1 Human balance and posture

Being bipeds and locomotive human beings, it creates a huge challenge to our
balance control system. Challenges in locomotion over the ground are the
following: with one-foot contact (walking), no feet in contact (running) or both feet
in contact (standing). In stable position control system is continuously acting,

otherwise we are an inherently unstable system. (Winter, D. A., 1995).

Keeping the stable human bipedal standing requires the vertical projection of the
human body’s center of mass (COM) staying in the base of support (BOS). Center
of mass defined as the orientation and control of individual body segments and
the base of support is defined as the area under and between the feet in
freestanding. Three basic strategies are used when humans are keeping the
center of mass within the base of support. These strategies are 1) motion
between individual body segments are limited, controlled nonlinear mechanism
limits center of mass sway, 2) larger motion is allowed for the body segments
which are relative for each other. Movement is coordinated when overall center
of mass motion remains small and/or 3) increasing the base of support by
standing feet wider apart. Center of mass can make bigger range of motion before
reaching the limits of the support. (Goodworth, A. D., & Peterka, R. J., 2010).

2.2 Anatomy of ankle

The ankle joint is a complex structure connecting the foot to lower leg and forms
the kinetic linkage between these two segments. Through ankle joint the lower
limb is interacting with the ground, and it is an essential requirement for walking
and active daily living. (Brockett, C. L., & Chapman, G. J., 2016.)



Ankle can function with high degree of stability thanks to its bony and ligamentous
structure even though the joint is under high bearing during gait. Ankle joint
suffers less often generative process in healthy ankle, like osteoarthritis, when
compared to other joints such as the hip or knee. (Brockett, C. L., & Chapman,
G. J., 2016.) However, prior trauma can effect to ankle joint leading to
degenerative changes more faster (Anderson, D. D., Chubinskaya, S., Guilak, F.,
Martin, J. A., Oegema, T. R., Olson, S. A, & Buckwalter, J. A. 2011).

The foot and ankle are made up of twenty-six bones and together with the long
bones of the lower limb they form a total of thirty-three joints. Even though in the
foot and ankle there are numerous articulations effecting to the movement of
ankle and lower leg, commonly referred as "ankle joint” includes the joint complex
with talocalcaneal (subtalar) joint, tibiotalar joint (talocrucular) joint and
transverse-tarsal (talocalcaneonavicular) joint. (Kelikian, A. S., & Sarrafian, S. K.,
2011).
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Picture 1. Bones of ankle and ankle joints. Source :
http://myankle.co.uk.s156312.gridserver.com/content/uploads/2013/06/For-first-

paragraph.jpg



2.3 The subtalar joint

Subtalar joint is also called as talocalcaneal joint based on the bony structures
around the joint. The biggest and strongest bone of the foot is calcaneus. It's
located most posterior on the foot and provides attachment for the Achilles
tendon. The talus bone rest on the anterior side of the calcaneus. In the subtalar
joint, between calcaneus and talus, the structure of bones allows the movement
of eversion and inversion, pronation and supination. The most of inversion and
eversion of the foot is provided here. In anterior part of the talocalcaneal joint on
the inferior aspect of the talus is convex and the superior part of the calcaneus is
concave. On the posterior view these shapes turn around: talocalcaneal joint the
inferior aspect of the talus is concave and superior aspect of the calcaneus is
convex. (Sarrafian, S. K. 1993).

The key ligaments between the calcaneus and the talus bones are called medial
and posterior talocalcanel ligaments. The talocalcaneal ligaments are strong and
thick ligaments from inferior talus to the superior surface of the calcaneus. Two
weaker ligaments of the joint are called lateral and anterior talocalcaneal
ligaments which also contribute the connection of the joint, even though as said
these are relatively weak ligaments of the structure. The talocalcaneal joint is also
supported by lateral collateral ligament from the tibia malleoli to the calcaneus
and tibiocalcaneal ligament, part of the deltoid ligament on medial side of ankle.
(Brockett, C. L., & Chapman, G. J., 2016). Additional support is also provided by
the long tendons of peroneus longus, peroneus brevis, flexor hallucis longus,
tibialis posterior and flexor digitorum. (Sarrafian, S. K. 1993). On the lateral side
anterior and posterior talofibular ligaments are providing support as well as the
calcaneofibular ligament. (Nordin, M., & Frankel, V. H. 2001).

2.4 The tibiotalar joint

The tibiotalar joint, also called as talocrural joint, forms the junction between distal
tibia and fibula of the lower leg and the talus bone. The load-bearing aspect of

this joint is in the interface between tibia and talus. In the talus bone, which



includes the head, neck and body, there is no direct muscle connection. The neck
of the talus fits into the mortise formed distal ends of tibia and fibula. The
malleolus of tibia and fibula act restricting the talus movement, and the joint
functions as a hinge joint. However, due the geometry of the joint, it is not working
as simply as a hinge. The neck surface of the talus is cone-shaped and then it
also works like the oblique rotation axis, providing more free movement. Primary
movement of the tibiotalar joint is plantar- and dorsiflexion of the ankle. (Gray, H.
2009). The talus bone being at its widest anteriorly, the structure allows the joint
to be more stable in dorsiflexion (Nordin, M., & Frankel, V. H. 2001). The structure
of the joint contributes the stability of the joint. In stance phase the geometry of
the joint alone can provide resistance to eversion, when otherwise stability is

result of soft tissue structure support. (Brockett, C. L., & Chapman, G. J., 2016.)

The tibiotalar joint is covered by a thin capsule. Capsule is attaching superiorly to
the tibia and the malleoli, and inferiorly to the talus. Tibiotalar ligament, part of
the deltoid ligament, is providing the support for tibiotalar joint. On posterior side,
posterior talotibial ligament provides support. A bit above on the lower limb, the
tibiofibular syndesmosis joint limits the motion between the tibia and fibula
maintaining the stability between these bone ends. The syndesmosis consists of
three parts: the anterior tibiofibular ligament, the posterior tibiofibular ligament
and the interosseous tibiofibular structure. On lateral side the support is provided
by the calcaneofibular ligament. (Nordin, M., & Frankel, V. H. 2001.)

2.5 Transverse tarsal joint

The transverse tarsal joint, also known as Chopart’s joint, connect the junction
between the talus and navicular bones, as well as between calcaneus and cuboid
bones. Anterior talar head articulates with the posterior aspect of the navicular
bone in talocalcaneonavicular joint. The section between the calcaneus and the
cuboid bone is called calcaneocuboid joint. The transverse tarsal joint makes the
functional unit together with subtalar joint as they share a common axis of the
motion, contributing eversion-inversion motion of the foot. Tibionavicular

ligament, part of deltoid ligament, provides support to the joint. Other ligaments



supporting the joint are talonavicular ligament on superior side and
calcaneocuboid ligament on inferior side of the foot. (Brockett, C. L., & Chapman,
G. J., 2016.) On lateral side group of small ligaments are connecting the bones
together (Nordin, M., & Frankel, V. H. 2001.).

2.6 Ligaments of the ankle joint

The medial collateral ligaments also known as deltoid ligaments are resisting
eversion motion and valgus stresses within the joint. The fan shaped deltoid
ligament includes the tibionavicular ligament, the tibiocalcaneal ligament and the

anterior and posterior tibiotalar ligaments. (Nordin, M., & Frankel, V. H. 2001.)

The lateral collateral ligaments reduce inversion of the joint, limit varus stresses
and reduces rotation. The lateral collateral ligaments consist of the anterior and
posterior talofibular ligaments and calcaneofibular ligament. The anterior and
posterior ligaments provide stability to the lateral tibiotalar joint and are commonly
damaged on inversion injuries such as ankle sprains. The calcaneofibular
ligament is only connection between tibiotalar and subtalar joints. (Nordin, M., &
Frankel, V. H. 2001.)
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2.7 Muscles of the ankle

Muscles of the ankle and foot control movements of those structures and joints.
They also provide thrust, balance and shock absorption which are essential for
locomotion. Two groups of muscles in the lower limb can be separated by their
origin. Extensor muscles have the origin on the lateral part of the lower limb when
flexor muscles have the origin on the medial part of the lower limb. Flexor muscles
mainly have their insertion also in medial side of the foot. Extensor muscles may
cross several joints on the way to insertion and so on they effect to many
functional movements of the joints. Many of these functions are visible at subtalar

and talocrural joints. (Neumann, D. A., 2013).

Muscles can be separated to three groups on lower limb: anterior group, lateral
group and posterior group. Muscles in anterior group are tibias anterior, extensor
digitorum longus, extensor hallucis longus and peroneus tertius. These muscles
are primary responsible of dorsal flexion and they are innervated by deep branch
of fibular nerve. (Neumann, D. A., 2013).

Lateral group includes peroneus longus and brevis muscles, also known as
fibularis longus and brevis. This group is innervated by superficial branch of
fibular nerve and the main function is work as an eversion provider of the ankle
and foot. (Neumann, D. A., 2013).

Posterior group is separated in two, superficial and deep muscles. The superficial
group of posterior group includes gastrocnemius and soleus muscles, together
known as triceps surea, and plantaris longus muscle. The deep group includes
tibias posterior muscle, flexor hallucinations longus muscle and flexor digitorum
longus. Posterior group is innervated by nerves tibialis. Superficial group of
posterior muscles is primary providing plantar flexion of the ankle meanwhile the

deep group provides inversion for the ankle. (Neumann, D. A., 2013).
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2.8 Ankle range of motion

Ankle motion is primarily occurred in the sagittal plane at the tibiotalar joint in
plantar- and dorsal flexion. The range of motion (ROM) varies between
individuals based on their daily activities, geographical and cultural differences.
Studies has shown that an overall ROM in the sagittal plane varies between 65°
to 75°, dorsiflexion moving from 10° to 20° and plantar flexion from 40° to 55°. In
the frontal plane, inversion-eversion movement the motion is approximately 35°,
where 23° inversion and 12° eversion. (Brockett, C. L., & Chapman, G. J., 2016.)

Recently the studies have found out that the complete separation of the motions
to each ankle joints cannot be done, even though most of the plantar-dorsal
flexion is considered occur at the tibiotalar joint. Few degrees of the motion is

coming also from the subtalar joint. (Brockett, C. L., & Chapman, G. J., 2016.)
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2.9 Biomechanics of the ankle

The foot is essential mechanical part of lower limb for smooth gait and stable
walking. The ankle and foot are complicated structures and wonderfully
associated with each other. As a hinge joint the stability of the ankle joint depends
the joint harmony and the medial, lateral, and syndesmotic ligaments. (Nordin,
M., & Frankel, V. H.,Eds., 2001.).

Especially in closed kinetic chain movements the joints in ankle are always
moving together. The wholeness of the kinetic combination of subtalar, talocrural
and talonavicular joints are specialty of biomechanics. Proximal tarsal joints and
biomechanical cooperation of subtalar and talocrural joints are playing the major
role in flexibility and mobility of the foot. (Reichert, B., 2008).

The main movement of the ankle joint complex are plantar- and dorsiflexion in
the sagittal plane, abduction and adduction in transversal plane and inversion-
eversion in the frontal plane. These movements and their combinations move
through both the subtalar and tibiotalar joints creating three-dimensional motions
which are called supination and pronation. These terms define the position of the
sole, plantar surface of the foot. (Brockett, C. L., & Chapman, G. J., 2016.).

2.10Proprioception

Proprioception means the information of the body posture and body parts
movements to the brain. Information is coming through muscles, tendons, and
joint capsules without vision. Proprioception leads the information to central
nervous system (CNS) of joint position sense and movements. (Borghuis, J., Hof,
A. L., & Lemmink, K. A., 2008).

Joint position, muscle length and muscle tension are mechanical distortions of a
muscle or joint that are detected by sensory receptors. These sensory receptors
are called proprioceptors. Nerve impulses lead the information of changed
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position that enter the spinal cord and stimulate a motor response. (Hamill, J., &
Knutzen, K. M. 2009).

Proprioception can be defined as person’s ability to compound the sensory
signals from mechanoreceptors. By that ability it will give the brain the information
of the positions of body parts and segments as well as body’s movements in
three-dimensional space. Proprioceptive performance includes both the available
proprioceptive information and a person’s proprioceptive ability. Having both
physiological and psychological aspects, proprioceptive information goes from
physiological aspect to the brain and there, as psychologically, centrally
processed to be used. (Han, J., Waddington, G., Adams, R., Anson, J., & Liu, Y.
2016).

All the muscles can concentrically shorten and accelerate movement to wanted
function and usually then motion is controlled. Control happens also isometrically
by holding muscles in same position or eccentrically lengthen muscles and
decelerate motion for stable position. This kind of action provides afferent
proprioceptive feedback to the CNS for adjustment and coordinate the muscle
function. (Comerford, M. J., & Mottram, S. L. 2001).

Every muscle has muscle spindles for position sensation. The muscle spindle is
a proprioceptor which located in the belly of the muscle. This structure is
connecting into the fascicles via connective tissue. (Hamill, J., & Knutzen, K. M.
2009). The signals from the muscle spindle participate in many body functions.
These body functions are for example spinal and supraspinal motor reflexes,
control and coordination of movements, as well as perception of positional and
body movements, known also as kinesthesis. A-motoneurons influences muscle
tone when y-motoneurons are controlling muscle spindles (also considered a
muscle receptor). The sympathetic system brings out activity changes in muscle
spindles and together with y-motoneuron they set the threshold for simulation of
a-motoneurons. It's possible that increased tone of the sympathetic system could
influence the quality of kinesthesis and motor control. Increased efferent activity
brings out the changes in proprioceptive information what could result in motor
and proprioceptive dysfunction. (Kolar, P., 2013.)
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Seems like psychological part of proprioception, central processing, is in
important role. However, it’s still unclear how peripheral and central mechanisms
are underlying proprioceptive control. Han and co. wrote in their study that
evidence has indicated the central processing might play a role when talked about
proprioception in sport performance. To learn new and complex movement skills
conscious attention is required and by learning new skills person is developing
new movement patterns by processing proprioceptive information properly. (Han,
J., Waddington, G., Adams, R., Anson, J., & Liu, Y. 2016).

2.11Balance

Balance is the human body ability to control the body posture related to support
surface with muscular control and sensory information. Support surface is the
area where body leans its weight when it's touching the surface. Sensory
information comes from the proprioceptive receptors, deep sensation.
(Fogelholm, M., Vuori, |., Vasankari, T. 2011).

Controlling the balance is required in everyday life and during the sport activities.
If the external force is subverting the balance, to keep the body balance the main
thing is to keep the center of gravity stable in relation to support area. (Sandstréom,
M. & Ahonen, J. 2011). Balance is generally separated to static and dynamic
balance. Static balance is the ability to keep the posture with minimal movement
like for example standing stable on both or one leg. Dynamic balance is
combination of internal and external forces, including the environment.
(Daneshjoo, A., Mokhtar, A. H., Rahnama, N., & Yusof, A. 2012).

2.12 Joint position sense

Joint position sense is determined as the ability of the subject to perceive a
presented joint angle and after the limb movement reproduce new angle actively

or passively (Houten, D., & Cooper, D., 2017). Some researchers are defining
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joint position sense only as proprioception. When joint position and movement
have been imagined as two separate sensory entities the movements are
completed by information changes regarding position and movement senses.
The senses of joint movement and joint position are associated with each other
in active daily living. (Han, J., Waddington, G., Adams, R., Anson, J., & Liu, Y.
2016).

3 Cryotherapy effects on tissues

Cryotherapy, also known as “cold therapy”, decreases muscle temperature.
Decreasing muscle temperature has been shown to reduce muscle force and
muscle power, likely due to a reduction of myosin ATPase activity. (Costello, J.
T., & Donnelly, A. E., 2011). It seems also decreasing nerve conduction velocity
by reducing action potential running (Algafly, A. A., & George, K. P., 2007).
Proprioceptive accuracy, or proprioceptive acuity, is the component of the
sensomotor system. Proprioceptive accuracy has been previously defined as an
individual's ability to sense themself joint position, movement and the force to
adjust the movements of their limbs (Riemann, B. L., & Lephart, S. M., 2002).
Cold application is affecting directly to thermoreceptors on the skin. It's possible
that cold application on the targeted area can change the joint position sense as
well, when temperature of the skin, intramuscular and rectal areas are under the
cold treatment. It's caused by the cold effect to muscle spindles. (Costello, J. T.,
& Donnelly, A. E., 2011.)

Cryotherapy before exercise may change the biomechanical quality of the joint.
This can lead to insufficient feedback from peripheral parts of the body and the
risk of the injury exists when rehabilitation or exercise is continued. (Oliveira, R.,
Ribeiro, F., & Oliveira, J., 2010.) Cold application has been shown to decrease
nerve conduction velocity (Algafly, A. A., & George, K. P., 2007), balance
(Makinen, T. M., Rintamaki, H., Korpelainen, J. T., Kampman, V., Paakkonen, T.,

Oksa, J., & Hassi, J., 2005) and change neuromuscular transmission in muscles
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(Coulange, M., Hug, F., Kipson, N., Robinet, C., Desruelle, A. V., Melin, B., &
Jammes, Y., 2006). Based on this knowledge it's possible that cold application,
as cold packs, on ankle joint could reduce ankle joint position sense and

proprioception.

3.1 Physiological effects of cold therapy on injured tissues

Multiple physiological effects exist on injured tissue when treating the area with
cold application. Decreasing the temperature of skin and muscles lowers blood
flow on the area in cooled tissues. This activates a sympathetic vasoconstrictive
and controls blood flow in peripheral tissues. Cold application causes decreasing
in blood flow which contributes to reduce edema and slow the delivery of
inflammatory mediators, like leukocytes, and lowers the inflammation of the
affected area. Decreasing tissue and muscle temperature on injured area, the
lower temperature reduces muscle spasms by inhibition of a spinal cord reflex
loop. (Malanga, G. A,, Yan, N., & Stark, J., 2015).

3.2 Cryotherapy effects to joint position sense

Literature review of Furmanek and his colleagues have considered eleven
studies according cryotherapy effects to joint position sense. Cryotherapy
effected negatively to joint position sense in four studies whereas seven studies
showed that there is no effect to joint position sense by cryotherapy but they also
claimed it's hard to compare those studies because all of them used different
cryotherapy procedures and joint position sense tests. Studies considered in this
literature review handled mainly joint position sense in knee joint and muscles
around knee. (Furmanek, M. P., Stomka, K., & Juras, G., 2014.)

Negative effects to joint position sense might be caused by cryotherapy
application when cryotherapy is reducing the afferent information traveling to the
central nervous system. This reduce could affect to the efferent signals to the

joint to correct the joint position. By other words, information of the joint position
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might not reach the central nervous system fast enough. (Houten, D., & Cooper,
D., 2017.)

3.3 Complications of cold therapy

Inappropriately use of cold therapy can cause risks for patients. Risk can be such
as frostbite. (Sallis, R., & Chassay, C. M., 1999.) Most often mentioned cold
therapy complications have been allergic reactions, burns (sensation) and pain
(Malanga, G. A,, Yan, N., & Stark, J., 2015). Cold application for muscle soreness
and acute injury have sometimes led to neuropathy of superficial nerves. This
reported cryotherapy-related nerve palsy has been temporary almost in every
case, but it could last for hours, days or months. (Bassett Ill, F. H., Kirkpatrick, J.
S., Engelhardt, D. L., & Malone, T. R., 1992.) Patients who are suffering
decreased sensation, hypertension or mental impairment, should use cold
therapy treatment only with awareness and caution. (Malanga, G. A., Yan, N., &
Stark, J., 2015.)

Cold therapy treatment should not be used in patients with cold hypersensitivity,
intolerant of cold, Raynaud’s disease or over the areas with vascular compromise
(dermal filler allowing the blood flow in artery). Researches has also showed cold
therapy associated with short-term harmful changes to joint position sense,
muscle strength and neuromuscular performance which can affect athlete’s
performance when returning to the sport immediately after cooling. (Malanga, G.
A., Yan, N., & Stark, J., 2015).



19

4 Experimental study process

As said in the introduction, the original plan for this master thesis was
experimental study about cryotherapy on ankle joint and its effect on the sense
of balance. Possible effect of cryotherapy in ankle joint area to postural stability
are measured in the dynamic posturography machine SMART Balance Master
System (NeuroCom). Cold application is mainly affecting on thermoreceptor
sensors, which can decrease the sense of balance. As mention above, the cold
application might also affect to nervous system that the information of the joint
position might not reach the central nervous system fast enough. The
measurements were made and analyzed, in the laboratory conditions. The study
group was small, total 12 participants who all went through the test evaluation as

well as the control evaluation.

4.1 Methodology

4.1.1 Objectives
The aim of this study is to identify the effects of short-term, 20 minutes

cryotherapy on healthy young adults’ dynamic postural stability, to determine the

dynamic postural stability statistical differences post cold therapy application.

4.1.2 Research question

What is the effect of short-term cryotherapy application on the ankle joint to
proprioception and range of motion?
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4.1.3 Hypothesis

Based on physiology and previous researches, the hypothesis of this study is that
short-term cryotherapy will affect to ankle sense of balance and proprioception
as well on ankle range of motion by decreasing them. Cryotherapy is usually used
20-minute application after acute ankle sprains and other injuries of the ankle
during sport activities. This is common way to treatment and is based on first aid
instructions. If short-term cryotherapy, either it's very common, will decrease the
proprioception sense by effecting to thermoreceptors, neural information
movement and range of motion in the ankle there is the risk for bigger injuries
after returning back to the sport activity when tissues are not reacting to changes

of the movements optimally.

4.2 Methods and materials

This is experimental study for physiotherapy, assessing dynamic postural stability
by using Sensory Organization Test (SOT) for proprioceptic sensory and Motor
Control Test (MCT). Theses assessments are provided by using Smart Balance
System, NeuroCom (Natus Medical Incorporate, Clackamas, Oregon USA). The
experiment procedure was approved by The Ethics Committee of Faculty of
Physical Education and Sport, Charles University in Prague. (In Appendix |, The
Application of Ethics Committee Approval). All the subjects signed an information

consent. (Appendix I, Informed Consent).

4.3 Settings

Participants were tested in Laboratory of Kinesiology of Physiotherapy
Department at The Faculty of Physical Education and Sport, Charles University

in Prague.

Number of participants is 12. Participants are healthy university students between

the age range 20-40.
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For the proprioception measurement NeuroCom balance machine is used in
physiotherapy department. NeuroCom measures object’s center of gravity while
standing on the balance platform and based on object's wobble making an

analysis of the body balance.

At the beginning of the meeting, in the middle of the measurements and after the
last measurement there is also done active range of motion measurement for

ankle dorsal and plantar flexion.

Inclusion Criteria
- Healthy Adults
= Age range between 20 and 40 years

- Male and female

Exclusion Criteria

= Neurological disorders

= Motor disorders

- Head and spinal cord injuries

- Sensory deficits

= Vestibular disorders

= Joint instability

= Lower extremity injuries last 6 months

- Taking medications affect balance or postural stability
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Picture 5. The dynamic posturography machine SMART Balance Master

System (NeuroCom)
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4.3.1 Centre of gravity sway measurement

The Balance Manager® system used in this experiment, the dynamic
posturography machine SMART Balance Master System (NeuroCom), has
various numbers of different concepts. Those concepts are related to human
postural mechanics. In this system we can measure center of gravity (COG),
center of foot support, alignment, anterior-posterior COG sway angle, limits of

stability and sway referencing. (NeuroCom® International, Inc., 2008.)

The center of gravity can also be called the center of mass if the only acceleration
applied to the object is gravity. The object’s center of mass is a point that moves
to the way of single particle of the same mass would move if equivalent external
accelerations were applied to it. When examined person is standing on the power
platform the COG is positioned directly from the point called the center of foot
support. This point is located slightly forward of the ankle joint, halfway between
the back and front boundaries of the feet and is midway between the lateral

borders of the feet. (NeuroCom® International, Inc., 2008.)

Picture 6. COG, Hog and Center of Foot Support

When the person moves as a rigid mass on the ankles, so called “the Anterior-
posterior center of gravity sway angle” is the angle measured. This angle is
between a line extending vertically from the center of foot support and a line

extending from the center of the foot support through the center of gravity. This
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angle is used to measure a person’s limits of stability and defines how far the
person can lean forward without support. Upright position should be quiet and
straight when the movement is primarily about on the ankles. (NeuroCom®

International, Inc., 2008.)

Picture 7. Center of Gravity Sway Angle

Studies (Nashner, unpublished data) have measured the limitations of the
stability. Limitations of the stability can be determined in normal subjects standing
with the medial malleolus of each ankle directly over the X axis of the balance
platform. Feet were placed laterally an equal distance from the Y axis. Subjects
leaned forward and backward as far as they can without losing balance and the
maximum positions of forward and backward leanings were recorded. The
maximum positions were converted to equivalent COG sway angles to
compensate for differences in subject height. Studies has found the theoretical
anterior-posterior stability limits for adults to be 12,5°. Provided evidence of the
angular limits of stability are nearly the same for all adults regardless of the height

was also shown in the studies. (NeuroCom® International, Inc., 2008.)
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4.3.2 Power platform principles

Balance testing with power platform is usually based on the wobbling movement
of the body. In literature there is many terms used when talking of balance testing
with electric balance platform. There is center of pressure (COP), center of gravity
(COG) or center of mass (COM). Centre of pressure means how big the
movement of pressure is while moving. Point is to show single vertical middle
point of forces. Centre of gravity or center of mass are pointing the place where
whole mass of the body is centralized and how the body is supported to surface.
The moved distance of center of gravity is showed in measurements. These
terms are used to describe the magnitudes of body wobbling in different positions.
(Hartikainen, E., 2017., Benda, B. J., Riley, P. O., & Krebs, D. E., 1994.)

4.3.3 SMART Balance Master System

In this study used balance measurement machine is The SMART Balance Master
System (SBMS) (NeuroCom International Inc., Clackamas, OR). It performs
computerized dynamic posturography to assess quantitatively sensory and motor

components of postural stability. (Balance and Mobility Academy, 2017).

SBMS has an 18” x 18” force plate with four transducers which are located around
the corners of the force plate, two anteriorly and two posteriorly. The sensors
receive signals from vertical force of subject on the force plate while measuring.
Around subject there is also three panels, on both sides and in front of the subject
which ones are used when measuring also visual effect to the balance. Those

panels were not used in this study. (Balance and Mobility Academy, 2017).

SMART Balance Master System is connected to computer which run its software.
Balance assessment is made by choosing wanted test. Before each test the data
of the subject is collected in the system: name, weight, height, and date of birth.
After the testing the data from SBMS is collected to the field of each subject to
extract there. The data is collected at sampling frequency of 100 Hz. (Balance
and Mobility Academy, 2017).
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4.4 Methods

In this study | have comprised the results of proprioception assurance of ankle
joint and range of motion of the ankle joint before and after 20 minutes rest. Six
participants have cold pack application on their ankle joints during the rest, six
participants rest without cold application. The test was made randomized but after
measurements, when collecting data together, results were separated to two
groups: Participants 1-6 as study group with cold application and participants 7-

12 as control group.

At the beginning of the meeting each participant wrote Informed consent and
apply their personal data for the SMART Balance Master System. Data needed
from participants was age, height, weight, and initials to identify the study results
to be part of my experience. Before the first measurement ankle active range of
motion (AROM) is measured with goniometer in dorsal and plantar flexion, sitting
position on the treatment table knee over the table ankle resting freely above the
floor. After AROM measurement participants wear the safety harnesses on and
step on the power platform as instructed in the manual of the machine. Subjects
do the balance measurement with closed eyes in the conditions 2 and 5, each
condition includes three 20 seconds trials. In condition 2 the platform is not
moving when in condition 5 the platform makes movement leaning forward and

backward.

After the first measurement subject sit on the treatment table, legs resting
comfortably on the table. Each participant can decide what is more comfortable
for them, if they want to keep ankles on the table or keep heels outside from the
table, otherwise the position on straight knees is the same for each participant for
controlled rest. Participants are not allowed to stand up or walk during the 20

minutes rest time.

Immediately after the rest period the AROM of the ankle joint dorsal and plantar
flexions are measured. After the active range of motion measurement participant
goes to the balance machine for another measurement for the balance, safety

harnesses are on during the rest time for faster moving to the balance



27

measurement. On the second time the same measurements are done on SMART

Balance Master System as the first time.

4.5 Results

4.5.1 Subjects Demographic Data

12 subjects met the inclusion criteria and were participating in the study.
Demographic Data for Participants are listed in Table (1), with subjects age range
between 20 to 40 years, their height ranged from 157 to 187 cm, their weight

ranged from 50 kg to 86 kg and there were 8 females and 4 males.

Parameters Participants (n=12)
Age, years 25,42

Height, cm 171,75

Weight, kg 66,92

Gender (Female/Male) 8/4

Table 1 of participants

4.5.2 Outcome measurements of the Sensory Organization Test SOT

As these measurements were done only with eyes closed tests (test with stable
platform test number 2 and moving platform test number 5) and SOT couldn’t
create equilibrium outcome score. In this study it's only focused on the clearest
outcome on equilibrium score percent. You can see of example on the test data

on picture 8 below.
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Sensory Organization Test
(Sway Referenced Gain: 1.0)

Equilibrium Score

3 4
Conditions

Picture 8. Sensory Organization Test Data
Bars represent sensory ratio score (from 0 to 100, whereas 100 indicates optimal
balance and 0 indicates balance loss). On the test number 2, to indicate as good

result the test score is 80, when on moving platform on test number 5 the good

result is recognized on 55.

4.6 Data analyzing/Subjects demographic data

4.6.1 Active range of motion data

All participants were tested for active range of motion of ankle joint before testing

as well as right after the 20 minutes rest period, before starting the balance test.

Significant changes on active range of motion wasn’t found on each group.
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AROM AROM AROM AROM AROM AROM
dorsiflexi |dorsiflexi | plantarfle| plantarfle|dorsiflexi | AROM plantrflex] AROM
on, on, xion, xion, on, after |dorsiflexi |ion, after | plantrflex
before before before before cold, on, after |cold, ion, after
test, right|test, left |test, right|test, left |right cold, left [right cold, left

Participa |12° 12° 38° 34° 10° 12° 30° 34°

nt 1

Participa | 16° 16° 26° 32° 14° 16° 32° 20°

nt 2

Participa | 18° 12° 36° 36° 10° 16° 32° 36°

nt 3

Participa | 18° 22° 24° 30° 20° 22° 26° 32°

nt 4

Participa | 16° 18° 38° 38° 14° 14° 43° 42°

nt5

Participa |8° 4° 28° 20° 8° 4° 25° 18°

nt 6

Table 2: Ankle active range of motion on study group

AROM AROM |AROM AROM |AROM AROM AROM AROM
dorsiflexi | dorsiflexi | plantarfle| plantarfle| dorsiflexi | dorsiflexi | plantarfle| plantarfle
on, on, xion, xion, on after |on after |xion, xion,
before before before before rest, rest, left |after after
test, test, left |test, test, left |right rest, rest, left
right right right

Participa | 14° 14° 20° 20° 22° 20° 24° 22°

nt7

Participa | 20° 20° 24° 40° 22° 22° 30° 30°

nt 8

Participa | 20° 25° 34° 26° 20° 20° 38° 36°

nt9

Participa | 28° 30° 30° 28° 28° 30° 32° 28°

nt 10

Participa |15° 15° 18° 25° 16° 15° 24° 25°

nt 11

Participa | 14° 0° 22° 30° 20° 0° 22° 30°

nt 12

Table 3: Ankle active range of motion on control group
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4.6.2 Manual muscle test: modified Kendall testing

Manual muscle force testing for ankle dorsal flexion and plantar flexion was done

following modified Kendall test.

All the subjects had the maximal result of force on Kendal testing rate, number 5.

4.6.3 Equilibrium data

As on the picture above precents (Picture 8) Equilibrium data was collected three
times in each test. For test results, the average equilibrium score percent result

was collected and transformed to the charts.

4.6.4 Equilibrium score results

First, base measurement was done for all participants at the beginning of each

trial. All the tests were done eyes closed.

The participants and results are not dependent of each other. Figures are shaped
as linear charts to visualize the differences between results and differences
between results are easier to see. On each chart the results with stable and
moving platform was shown. On the figure, on x-axis is showing the participant

number.

The first measurement charts as well as the chart after 20 minutes resting period,
with the cold application or not, are shown as a y-axis starting from 0. Comparison
charts however are starting from point 50, to make the reading of charts easier

when the changes in results were small.



31

Study group - First measurement

100
90 ® .
80
70
60
50
40
30
20 =@=\oving platform
10
0

®— Stable platform

Eqilibirium score %

1 2 3 4 5 6
®—Stable platform 92,66667 95 94,33333 93 93,666689,33333
=@==\\oving platform 54 53,333334,3333%6,333331,333383,33333

Participants

Figure 1. Study group first measurement

On figure 1 changes on equilibrium scores are visible when the platform is
moving. Changes explained in some subjects when the test is new and even
though they were explained of becoming actions, they might have been surprised

of the platform movement on the test number 5.

After 20 min cold application
100

% ’/\/._’-o—.
80
70
60
50
40
30
20
10
0

=@— Stable platform
=Q==\loving platform

Eqilibirium score %

1 2 3 4 5 6
—8— Stable platform 93,333337,333384,666689,333331,666601,33333
=0==Moving platform 78 57,666656,66667 71 85,333380,66667
Participants

Figure 2. Study group measurement after cold application
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After cold application dramatic changes are not visible, as shown on figure 2.
Participants 2 and 3 are still on the level of good result, even though compared

to the other participants they had the lowest scores.

Study group comparison

100
95
90
85
80
75
70
65
60
55
50

Before - stable platform
=== Before - moving platform

=@=— After cold - stable platform

Eqilibirium score %

=0== After cold - moving platform

1 2 3 4 5 6
Participants

Figure 3. Study group comparison between first and second measurement

When adding both charts in one on Figure 3, the results are easier to read
competition in one, study, group. Orange line is showing the score on first
measurement, with stable platform. Red line is showing the score on moving

platform on the first measurement. The y-axis is starting from 50%.

Blue lines are showing the results after 20 minutes ice application. Light blue line
shows the scores with stable platform, dark blue with moving platform. On
participant 1 and 2, the cold application scores were even better than on first
measurement. Participant 3 is showing the most differences on both stable and
moving platform, however, still on normal range. Participants 4 and 5 showed
improvement on the moving platform balance after cold application when
participant 6 got better result on stable platform when comparing to results on

first trial.

Next ones are the control group measurements.
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Control group - first measurement

100
90 @ O m

80
60

50
40
30
20
10

0

=@=Stable platform
=@==Moving platform

Eqilibirium score %

1 2 3 4 5 6
=—@=—Stable platform 92,66667 92 91,33333 92 93,333330,33333
=@==|\loving platform 60 79 69 62 66 70,33333
Participants

Figure 4. Control group first measurement

Control group, shown on Figure 4, first measurement results are following good
grade standard. Here as well, the subjects were counted from number 1= control

group participant number 1.

Control group - after 20 min rest
100

90 ‘\/‘N—-—O\'
80
70
60
50
40
30
20
10
0

—@- Stable platform
=@==Moving platform

Eqilibirium score %

1 2 3 4 5 6
=@-Stable platform 95 90,6666P4,333332,333333,333389,33333
=@==[\oving platform65,333338,666672,3333%6,66667 60 72,33333

Participants

Figure 5. Control group measurement after rest

After rest measurement are visible on Figure 5. All the results are above the

minimal limit of the normal scoring.
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Control group comparison
100
95
90
85
80
75
70
65
60
55
50

==i==Before - stable platform
=== Before - moving platform

=@ After rest - stable platform

Eqilibirium score %

=Q== After rest - moving platform

Participants

Figure 6. Control group comparison between first and second measurement

Figure 6 is comparing the results of control group on first measurement and after
20 minutes rest. All the test results are on normal range. The y-axis is again

starting from 50%.

Comparison - first measurement

100
95 A A
90 ° -0
=S
o 85 4= Study group - stable platform
[}
S 80
£ 75 === Study group - moving
=) platform
= 70
= =@=Control group - stable
Lﬁ' 65 platform
60 ==@==Control group - moving
55 platform
50
1 2 3 4 5 6
Participants

Figure 7. Comparison between study and control group first measurements
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Comparison between study and control group on first measurement is visible on
figure 7. There we can compare the differences between individuals. Stable
platform results are near each other on both groups. There are bigger variations
on study group when the platform is moving, however, still on normal scoring
range. After all, the groups seem to be equal when it comes to first
measurements, on the balance platform eyes closed with stable and moving

surface. Y-axis starts from 50%.

Comparison after 20 min cold application/rest

100
95
- 90
X
o 8 === Cold application - stable
3 80 platform
g 75 === Cold application - moving
2 70 platform
‘_E 65 —@- Control - stable platform
i 60
=@==Control - moving platform
55
50

1 2 3 4 5 6
Participants

Figure 8. Compared results between study and control group after 20 minutes

rest period

When coming to comparison table after the 20 minutes rest, with or without cold
application, we can see the differences between study and control group are not

wide. Here again, the y-axis starts from 50%.

As said, On the test number 2, to indicate as good result the test score is 80,

when on moving platform on test number 5 the good result is recognized on 55.

All the test results on all factors are on above the minimum limit of the normal

scoring.
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4.6.5 Subjective feedback from the participants

Participants were asked their subjective feeling after the first measurement,
during the rest time and after the second measurement. All the participants were
also able to tell their feeling during whole experiment where the researcher was
in the same room. Participants experienced that the measurement of the active
range of motion was easy. Some of the participants weren’t been in the
measurement on The SMART Balance Master System (SBMS) but all the
subjects found it easy and fast. Participants were happy with the knowledge of
the process they got during the trials. Participants who had the cold application
on their ankles felt cold in the toes, feet, and ankle areas at the end of the resting
time and two participants mentioned difficulties to bend their ankles and walk after
the cold application. At the end of each session participants were asked the
feeling of whole procedure, all of them felt good and comfortable after the

experiment.

4.7 Discussion

The aim of this study was to evaluate the dynamic postural stability in healthy
young adults using Smart Equitest System, using Sensory Organization Test
SOT and Motor Control Test MCT before and after 20 minutes rest, where during

the rest time half of the participants had cold application on their ankle joint.

| hypothesized that there would be negative effect after cryotherapy application
on dynamic postural stability and the balance scores would decrease. However,
the results we found showed that there were no significant differences in SOT
equilibrium composite scores, sensory ratios scores (SOM, VIS, VEST and
PREF) and in MCT weight symmetry score in the participants after cryotherapy

application. Then my hypothesis was rejected based on this information.

The results can be interpreting several ways. There could be efficacy of cold and
cryo application on postural stability in different outcome measures we didn’t use

in this study. It's possible that short time cold application doesn’t influence on
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proprioceptive receptors and that's why doesn’t have a significant effect on
postural stability. It can also be that the cold pack weren’t cold enough to
influence to deep sensation, proprioceptive and neural system, as used in
extremely cold cryotherapy. Another interpretation could be due to the
participants conditions, participants were healthy adults without neurological or

vestibular disorders.

Upon to the results we found with no statistical differences in dynamic postural
stability after cryotherapy application, we suggest that it could be due to different

causes:

First, the participants health state while they are healthy with no neurological
problems affecting their balance and stability, so we think that the results maybe
because of decreased physical performance and not because of deficits
neurologically based. Also, most of the participants in this study were healthy
university students in sport and physiotherapy faculty, so it can be assumed their

stability and body posture sensation has developed during the knowledge.

Second, the time of the application. This study was decided to process with short-
time cold application, as it usually is recommended in acute ankle injuries
(Bleakley, C. M., Costello, J. T., & Glasgow, P. D., 2012), (Malanga, G. A., Yan,
N., & Stark, J., 2015). In this study the time was set to 20 minutes, based on
generally known and used practice. As a comparison for that, the rest time was
same for period without cold application. There is some studies recommending
different procedure for cold application; for example Tiemstra, J. D. (2012)
recommends 10 minutes on, 10 minutes off, and 10 minutes on the cold
application when Holcomb, W. R. (2005) recommends 40 minutes

cryotherapeutical treatment.

Third, it could be because of the effect of the cold pack cold in the freezer it is not
good stimulus enough to work on healthy adults and we may need to use different

type of cryotherapy for those type of participants.
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Fourth, the design of the study would be different. It would be more effective to
measure all participants with and without cryotherapy application. Then the study
would give more information of exact effect of cold application to each person

and the results would be more detailed.

Fifth, but not the last at all, the number of participants. Number of study subjects
were very low. Participants in this kind of study should be more than 12 to get

reliable study results.

Sixth, to get wider range of results and use the full potential of the SMART
Balance Master System machine, it would be recommended to use all tests

programmed to the machine.

4.8 Conclusion

When doing the randomized control study experiment on small study group, it's
not expected to have big variations on study results. The study was made in
controlled laboratory environment and the equipment used could provide reliable

results on this study group.

Conclusion of this experiment done, huge differences on proprioception with or
without cryotherapy application on ankle joint couldn’t be found. Based on these
findings, 20 minutes cold application/cryotherapy is not affecting to ankle
proprioception and returning to sport activities are not endangered after using

short time cold application.

However, more studies are recommended on this area. My recommendations for
future studies are to replicate some existing study with same settings when it
comes to cryomethod and the test. Also, more participants are needed in future
researches. It would be also interesting to measure other physiological effects of
cryotherapy with balance testing; how short time cold application is affecting to
blood flow, oxygenation, changes within the muscle or force, and how this

information could be practical? Also, future researches could include the
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information are the results in cryotherapy application in one body are changeable

to other joints as well?

5 Systematic review process

After the effect of COVID-19 and health measurements, and when my
experimental study was still on process, the change of study type came to
discussion. To support my learning and increase the knowledge, | stayed with

familiar topic, cryotherapy effect on ankle proprioception and sense of balance.

5.1 Materials and Methods

5.1.1 Search strategy

This systematic review was performed in accordance with the PRISMA statement
(preferred reporting items for systematic reviews and meta-analyses) (Moher et
al., 2009). The literature review was carried out by electronic search for articles
and papers in different databases. The search included original papers, written in
the English language. The papers went through a detailed filtering system,

conditioned by the inclusion criteria.

5.1.2 Inclusion Criteria

The screening process and competence of the studies was performed
independently by one author only. To determine the inclusion and exclusion
criteria of the study, the PICOS (population, interventions, comparison, outcome,
study design) criteria was used (Needleman 2002).
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e Population: Young healthy adults without acute ankle or lower limb
injuries. Age range 20-35 years.

¢ Interventions: Selected therapy method is short term cryotherapy effect to
ankle joint range of motion and proprioception, sense of balance. Also,
cold therapy is noticed in this study as cold application of cold-water
immersion or use of cold packages. Any protocol of assessment was
allowed and taken under consideration as long as it is standardized.

e Comparison: Participants

e Study design: Randomized control trials (RCTs) were included, as the
highest level of evidence, to determine the real effectiveness of the
selected therapy on the matter. Other articles were evaluated on the side

but excluded from the study.

Studies older than 6 years weren’t taken to this study to get the information from

most recent studies available. The last year of studies included was 2014.

5.1.3 Keywords

Keywords used to find relevant studies were
e Cryotherapy
e Cold immersion
e Ankle joint
e Proprioception
¢ Range of motion

e Healthy young adults

5.1.4 Data collection

The data in the studies was evaluated and utilized by one author only.

Identification of all the articles through the databases utilized for the study.
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Elimination of duplicates.

Screening process, focusing on the title and abstract of every article, resulting in
the full text articles estimated for eligibility.

Full-text articles were subsequently estimated for eligibility and studied

thoroughly.

For the present study, data was found, collected, and analyzed for both case and

control groups.

5.2 Risk of Bias

Bias occurs if systematic mistakes or limitations in the design misrepresent the
results. Also conduct or analysis of a review might mislead the result of the text.
Evidence from an evaluation may have limited relevance if the review question

did not match the guidelines question.

5.2.1 Data analysis

Data was collected, analyzed, and synthesized very thoroughly in order to come
up with the best evidence result possible. Initially results were found regarding
the topic chosen. The databases utilized for the research 629 studies found. They
were found as following: PubMed (168 results), Scopus (318 results) and Web of
Science (143 results). These results were with keywords “Cryotherapy” and
“ankle” only, without other criteria yet. The first filtration was to add the publish
year as criteria, the time range between 2014-2020, and it limited the found
articles to PubMed (40 results), Scopus (93 results) and Web of Science (50
results). After this search, keyword “Proprioception” was added to the criteria and
articles found as following PubMed (17 results), Scopus (21 results) and Web of

Science (9 results).

After another thorough scan for relevant and irrelevant papers, judging by the
topics and abstracts was made to find 7 most crucial papers which are concluded.
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In this part papers with acute injure or duplicate papers were excluded. One of
the found studies included abstract and part of body text in English but main
article was in German language, so this paper had to exclude as well, becoming
so the final result of relevant papers with wanted criteria to be 6. One of the
papers was already systematic review which shouldn’t be taken as part of this
systematic review, and one of the studies overlook the whole lower limb

cryotherapy effect, so it was decided to remove from the review as well.

Final number of papers is 4.

Data was collected from 3 databases. During the search was clear most of the
studies were made for injured joint, to another joint than ankle or the studies were

older than 6 years.

5.3 Results

After the studies decided to include to this review, the table 4 was created to

compare the study results.

5.3.1 Studies chosen to this review

1. Cold water immersion of the ankle decreases neuromuscular response of
lower limb after inversion movement. Macedo, C. S., Alonso, C. S,
Liporaci, R. F., Vieira, F., & Guirro, R. R. (2014).

2. Effects of focal ankle joint cooling on unipedal static balance in individuals
with and without chronic ankle instability. Kim, K. M., Hart, J. M., Saliba,
S. A, & Hertel, J. (2015).

3. Dynamic Postural-Stability Deficits After Cryotherapy to the Ankle Joint.
Fullam, K., Caulfield, B., Coughlan, G. F., McGroarty, M., & Delahunt, E.
(2015).

4. How does cryotherapy effect ankle proprioception in healthy individuals?
Houten, D., & Cooper, D. (2017).
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5.3.2 Studies decided to remove from review due not fitting to the final review

question

1. Effect of Segmental, Localized Lower Limb Cooling on Dynamic
Balance. Montgomery, R. E., Hartley, G. L., Tyler, C. J., & Cheung, S.
S. (2015).
Studied Lateral malleolus, ankle; lateral femoral epicondyle, knee;
anterior superior iliac spine, hip response for cryotherapy

2. The Effects of Cryotherapy on Proprioception System. Furmanek, M.
P., Stomka, K., & Juras, G. (2014).

Systematic review.

5.4 Research findings

When comparing these four studies studying the research question was Does

cryotherapy affect ankle proprioception and balance.

Macedo et al (2014) found out in their study there is decreased response in EMG
in the group of lower extremity muscles affecting to ankle inversion after 20
minutes cold water immersion and the effect lasts up to 30 minutes. Therefore,
after such treatment, is recommended to take special care in activities that require
greater neuromuscular control. They were testing ankle inversion to 30° on tilt
platform. All 35 participants went through the same measures, the test before
cold application and then after 20 minutes cooling the other test. The study used
an analysis of repeated measures design to determine the peak Root Mean
Square values of the lateral gastrocnemius (LG), tibialis anterior (TA), fibularis
longus (FL), rectus femoris (RF), and gluteus medius (GM) muscles, before,

immediately after and 10, 20, and 30 minutes after cold water application.

Ankle cryotherapy effects studied Kim et al (2014) didn't find significant effect of
cooling on any postural control measurements. They used unipedal stance,
closed eyes on Accusway plus forceplate as test and cooling was made by plastic

bag filled with crushed ice for 20 minutes. Researchers had two test group with
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and without chronic ankle instability, but the findings were postural control wasn’t
changed after 20-minute focal ankle joint cooling between study groups. The
results indicate that a single session of ankle joint cryotherapy is neither beneficial
nor harmful for unipedal stance. They made a study for 15 participants with
chronic ankle instability as well as to 15 gender matched healthy individuals as

control group.

Fullam et al (2015) came out with the study result where cryotherapy affects
negatively to dynamic postural stability. In their study Aircast Cryo/Cuff IC cooler
was used for 15 minutes. They used Star Excursion Balance

Test (SEBT) — force plate on anterior (ANT), posterolateral (PL), and
posteromedial (PM) directions. Cryotherapy application for 15 minutes to the
ankle joint decreased skin temperature recorded over the anterior talofubular and
deltoid ligaments. They recommend rewarming for elite-level field-based athletes
after cryotherapy application to ankle joint before returning to sport activity, where
risk to injury might be present due decreased dynamic postural stability. A total
of 29 elite-level college male field-sport athletes participated. Participants were
tested on the anterior (ANT), posterolateral (PL), and posteromedial (PM) reach

directions of the Star Excursion Balance Test.

Houten, D., & Cooper, D. (2017) were searching for cryotherapy effects for static
single leg balance on the Force Plate (AMTI, BP40600, Watertown, MA, USA)
after 15 minutes Aircast Cryo/Cuff IC cryotherapy. They were looking the cold
therapy effect on joint position sense. The study was single group pre- and post-
test repeated measures experimental. The study found that 15 minutes of Cryo-
cuff treatment had no significant effect on proprioception whereas JPS was
shown to be affected differently to static unipedal balance. Participants were 18
healthy university sports team students (11 males, 7 females) aged between 20

and 21 years old.
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Table 4. Studies included to the research

5.5 Characteristics of studies

All the studies were controlled laboratory studies.

5.6 Instrumentation of studies

All the present studies report using different instruments and tests for the
evaluation and measurement of the outcome, however, they all used one type of
balance platform for the evaluation. Therefore, the instrumentations used in the

studies are listed below with a brief explanation:

Tilt platform — The platform was synchronized with the electromyography

equipment and activated by the computer

Accusway plus forceplate — Center of pressure (COP) was calculated from the
three-dimensional forces and movements arising from the foot/forceplate through

the Balance Clinic Software

Star Excursion Balance Test (SEBT) - lower limb sagittal-plane motion analysis

and force-plate—derived kinetic assessment

The Force Plate (AMTI, BP40600, Watertown, MA, USA) - a sensor
linked to a computer to measure the force exerted by the subject balancing on

one leg for 30 seconds.

5.7 Quality of studies

The quality of studies is good, not excellent. All the studies showed low level of
bias, trials included randomization, trials described the methods used and all

studies were controlled in laboratory environment. Number of participants wasn’t
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large in any of the studies. A low number of limitations and an average level of
evidence is to be expected. The quality of studies was estimated with the tool
provided by Williams, J. W., in his publication appendix C Study quality

assessment, 2011.

5.8 Study outcomes for cryotherapy

Two of these studies, Kim, K., et al and Houten, D., & Cooper, D., came up with
the result there was no significant effect on proprioception after short-term
cryotherapy. However, there has been an effect to surface temperatures and
warm up is recommended before returning to physical activities after cooling. Two
studies found out cryo application results as negative influence on dynamic
postural stability (Fullam, K. Et al.) as well as Macedo et al. found cooling
decreased nerve conduction velocity and consequently less requirement and

muscle activity. This can possibly lead that the ankle is vulnerable to injury.

5.9 Conclusion of study results

All the used studies used different test and half of them used same cryotherapy
method. What was common to these studies, they used short-term cold
application, as the research criteria stated, as well as balance platform to

measure the proprioception.

The reviewed studies identified all different tests that evaluate aspects of
proprioception. There is not standardized protocol or set of criteria for testing
conditions. The outcomes of the tests and the cryotherapy methods aren’t so well

correlated to each other.

In this systematic review it's showed there is no all-inclusive model for
cryotherapy and proprioception. The results from the proprioception assessment
methods provide a narrow view of the manner where cryotherapy and

proprioception are related.
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Mainly the studies evaluated join position sense feature, and how it was affected
by cold therapy. Two other aspects of proprioception, balance and force sense,

seem not to be affected by short term cold application.

The reviewed researches used several tests that evaluate different aspects of
proprioception. There is no clear criteria or standardized protocol for those test
conditions. The results of the tests and the cryotherapy procedures using different

cold modalities cannot be correlated reliably.

This systematic review showed that there is no complete model relating
cryotherapy and proprioception, and the results from the proprioception
evaluation methods provide a limited view where cryotherapy and proprioception

are related.

6 Discussion

It was interesting to do make my own experiment with small study group about
short-time cryotherapy effects on ankle proprioception and balance and then
make the literature review about same subject. The study findings were in same

line, no matter what test or cryomethod was used.

My own experiment was made for small group of participants and there wasn’t
big variation between the results. For some participants, the use of Neurocom
Balance Machine was the first time to use the machine and even when the
process was told to participants and they were prepared, the first measure might
have been the experience trial to them, just to experience how the machine works
and feels. When cold application was applied, the participants were already
aware of the machine requirements and they were adapted to the test and

movement. However, the study result infers there wasn’t a big effect on
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proprioception sense or joint position sense since the cooling didn’t affect to the
result or adaptation.

My experimental study group was consisted of 12 healthy university students
without previous injuries in lower extremities. In the systematic review participant
range was 18-35 participants. The systematic review studies were divided to two
resolutions, either there was no significant effect or there was negative and
decreased effect to nerve conduction and dynamic postural stability. The study
results weren’t depending which cooling method was used; both studies used
Aircast Cryo/Cuff IC cooler with same amount of time (15 min) came out with

opposite results.

The study results cannot be compared to each other reliably when there are
several tests and methods used for evaluations, and different aspects of
proprioception were investigated. The problem is, there is no clear criteria or
standardized protocol for those test conditions. The results cannot be correlated
reliably, however, we get the idea of the cold therapy function on proprioception

and joint position sense in ankle joint.

7 Conclusion

As a conclusion of my own experiment and the systematic review findings, the
outcome is there might be immediate effects on proprioception in short time cold
application on ankle joint, decreasing the joint position sense, nerve conduction
and influence on dynamic balance on unipedal activities. However, the first aid
cold application for 15-20 minutes isn’t enough to transfer the cold effect deeper
in tissues and to the ankle joint, and the cooling is happening on the focal area of
ankle joint. Due this, the radical decrease in balance is not expected when the

cold application is removed, and deep sensation shouldn’t be affected.

Altogether, even some of the evidence doesn’t declare the reduction on

proprioception and balance after cold treatment, it would still be recommended
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perform a warmup after cold application before returning to sport activity to

minimize the risks of further injuries.

The goal of this thesis was to find answers whether the common used first aid
treatment cold application on ankle injuries will be risky and lead to decreased
balance, joint position sense or if the joint feels unstable by participants and is it
visible in the measurements. After talking with participants, they didn’t feel lack
of balance, but they did recognize the skin temperature decreasing. This is a
result of thermoreceptor sensation. It could have led to sense of lost balance,
however, when processing the measurement task, no one mentioned they are
not feeling comfortable or their subjective sense of balance was decreased. Also,
the studies selected to systematic review are supporting this view; the
participants were able to performance the task after cryo applications and there

was no reposted risk of falls or unsecure procedure.

Almost all the studies in systematic reviews, as well as my own experiment was
done with healthy adults without acute or chronic problems effecting to the ankle
balance performance. One study compared the results with chronic ankle
instability and control group, where the results were provided also for the control
group and could be used in this review. The fact participants were selected to be
healthy means this study result cannot be transferred to practice directly as black
on white, and there were also two studies showing the decreased effect on
proprioception, so the situation after every cooling application should be
investigated. Warm up performance by the individual’s subjective feeling is

recommended before returning to physical activity.
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motion.*
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range of motion and muscle force of dorsiflexors and plantar flexors of the ankle.
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disorders, Head and spinal cord injuries, Sensory deficits, Visual disorders, Vestibular disorders
and Recent Lower extremity injuries.

6. The subjects will be informed about the exact day and time to do the the experiment. The
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used by the researcher only.
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10. I will ensure that the research data will not be misused.
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informed about my right to refuse participation within the research project or to withdraw my
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