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RESUMO 

Contextualização: A espasticidade é uma desordem neuromuscular que culmina em déficits 

funcionais em indivíduos pós-Acidente Vascular Cerebral (AVC). A crioterapia é um dos principais 

meios usados para diminuir temporariamente a espasticidade, contudo não é claro na literatura quais 

efeitos o resfriamento poderia causar no controle sensoriomotor em hemiparéticos. Não foi descrito na 

literatura se a crioterapia poderia interferir nas submodalidades de sensibilidade profunda destes 

indivíduos, como o senso de posição articular. Objetivos: Avaliar os efeitos imediatos da crioterapia 

(pacote de gelo) sobre o senso de posição articular do tornozelo, o nível de espasticidade e o 

desempenho na marcha de indivíduos hemiparéticos espásticos crônicos pós-AVC. Métodos: Este foi 

um estudo controlado com delineamento crossover que contou com a participação de dezesseis 

sujeitos hemiparéticos crônicos, randomizados em dois grupos: 1) aqueles que receberam a aplicação 

da crioterapia durante todo o primeiro bloco de avaliações e após quinze dias passaram pelo mesmo 

procedimento após a aplicação da intervenção controle (Grupo Crioterapia - CT) e 2) aqueles que 

receberam a aplicação da intervenção controle durante todo o primeiro bloco de avaliações e após 

quinze dias passaram pelo mesmo procedimento após a aplicação da crioterapia (Grupo Intervenção 

Controle - CI). O Senso de Posição Articular (JPS) do tornozelo foi mensurado através de um 

dinamômetro isocinético Biodex Multi-joint System 3, antes e imediatamente após 20 minutos de 

ambas as aplicações. O menor erro absoluto em relação ao teste proprioceptivo foi calculado e 

utilizado para determinar a propriocepção. O nível de espasticidade da musculatura do tornozelo foi 

pontuado de acordo com a Escala de Ashworth Modificada (MAS). O teste de caminhada de 6 metros 

(6MW) foi aplicado para determinar a velocidade da marcha dos participantes. Resultados: A 

crioterapia reduz o nível de espasticidade da musculatura do tornozelo, sem alterar o seu Senso de 

Posição Articular ou a velocidade da marcha dos indivíduos. Conclusão: A crioterapia (pacote de 

gelo) reduz o nível de espasticidade em indivíduos hemiparéticos espásticos crônicos, sem alterar o 

seu Senso de Posição Articular e os parâmetros temporais da marcha.  

 

Palavras-chave: reabilitação fisioterapia, plasticidade neuronal, acidente vascular cerebral. 
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APRESENTAÇÃO 

 A dissertação está estruturada de acordo com as recomendações do Programa de Pós-

Graduação em Fisioterapia da UFSCar. Inicialmente será descrita uma breve contextualização 

do trabalho, seguida pelos objetivos do estudo. A seguir, é apresentado o manuscrito 

intitulado "Cryotherapy reduces muscle spasticity, but does not affect joint sense position and   

walking speed in chronic post stroke subjects: a randomized sham-controlled crossover 

study". Este manuscrito será submetido à American Journal of Physical Medicine and 

Rehabilitation. Por fim, a conclusão do estudo, bem como as atividades desenvolvidas pelo 

aluno no período. 
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CONTEXTUALIZAÇÃO 

O presente estudo faz parte de uma linha de pesquisa implementada no Laboratório de 

Pesquisa em Fisioterapia Neurológica (LaFiN). Esta dissertação de mestrado faz parte de um 

projeto maior do laboratório que verifica os efeitos da crioterapia no controle momentâneo da 

espasticidade e seus desdobramentos sobre o controle sensório-motor, as propriedades 

mecânicas dos músculos espásticos e a funcionalidade em indivíduos pós-AVC. 

Atualmente, há uma falta de consenso e evidência na literatura sobre uma série de 

mecanismos de ação do gelo em pacientes neurológicos. Apesar de bem descrita a redução da 

espasticidade após a crioterapia, não é claro o seu impacto sobre a sensibilidade e o 

desempenho em tarefas funcionais. Neste estudo, foram abordadas as seguintes implicações 

clínicas: Seria a crioterapia capaz de alterar componentes da propriocepção em membros 

inferiores de indivíduos hemiparéticos espásticos? Haveria qualquer prejuízo ou facilitação 

para a marcha destes indivíduos? 

Estes projetos receberam apoio financeiro da FAPESP e CNPq. 
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OBJETIVOS 

 

Objetivos Gerais 

 Avaliar os efeitos imediatos da crioterapia (pacote de gelo), aplicada sobre o músculo 

tríceps sural parético, sobre a espasticidade destes músculos, o senso de posição articular do 

tornozelo durante os movimentos de tornozelo, bem como sobre o desempenho da marcha, em 

indivíduos hemiparéticos crônicos. 

 

Objetivos Específicos 

 

Avaliar os efeitos imediatos da crioterapia (pacote de gelo), aplicada nos músculos tríceps 

surais paréticos de indivíduos hemiparéticos espásticos crônicos, sobre: 

 

 O senso de posição articular do tornozelo, mensurado pelo erro absoluto na angulação, 

em menores e maiores amplitudes de movimento para dorsiflexão e flexão plantar. 

 O nível de espasticidade da musculatura do tornozelo parético, determinado pela 

Escala de Ashworth Modificada. 

 Velocidade da marcha durante o teste de caminhada de 6 metros. 
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MANUSCRITO 

 

O artigo será submetido ao periódico American Journal of Physical Medicine and 

Rehabilitation (fator impacto 2,04 e qualis A1) – Anexo I 

 

Cryotherapy reduces muscle spasticity, but does not affect joint sense position and   

walking speed in chronic post stroke subjects: a randomized sham-controlled crossover 

study 
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Abstract 

Background: Spasticity is a neuromuscular disorder that causes functional impairments in 

post-stroke individuals. Cryotherapy is used to temporarily reduce spasticity, but its effects on 

sensorimotor control components, such as the joint position sense (JPS), and gait performance 

in hemiparetics individuals are still unclear. Objectives: To evaluate the immediate effects of 

cryotherapy (ice pack modality) on the spasticity level, ankle JPS and gait performance in 

chronic hemiparetic individuals post-stroke. Methods: Sham-controlled crossover design. 

Sixteen chronic hemiparetic subjects were randomized into two groups: 1) those who received 

cryotherapy and after fifteen days they received control intervention (Cryotherapy Group – 

CT); and 2) those who received control intervention and after fifteen days they received 

cryotherapy (Control Intervention Group – CI). Joint position sense (JPS) of the ankle was 

measured in the paretic side by using a Biodex Multi-joint System 3 dynamometer before and 

after receiving 20 minutes of either applications. The lower absolute error scores were 

calculated for data analyses and used to determine proprioception. The spasticity levels of 

ankle’s muscles were scored according to the Modified Ashworth Scale. The 6-meter walking 

test was applied to determine participants walking speed. Results: Cryotherapy reduced the 

spasticity level of ankle dorsiflexors and plantar flexor muscles, without altering the ankle 

joint position sense and gait speed. Conclusion: Cryotherapy (ice pack) reduced spasticity 

level in chronic hemiparetic patients, without altering the ankle JPS and gait performance.  
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Introduction  

Stroke, the second most common cause of death and the major cause of disability in 

adults worldwide, is often related with some degree of disability (Almeida, 2012), which 

impairs the working and daily living activities. Most of these impairments are related to the 

hemiparesis contralateral to the injured hemisphere. The hemiparesis can be characterized by 

motor control deficits, weakness and changes in muscle tone (Hsu et al., 2003; Lin et al., 

2006). Previous data showed that even though 60% of individuals can walk after 

rehabilitation programs (Preston et al., 2011), deficits in the lower limbs function usually 

persist, affecting gait performance and functional mobility (Gerrits et al., 2009; Chisholm et 

al., 2013), which can be characterized by lower velocities and compensatory asymmetries 

(Hsu et al. 2003; Lin et al., 2006). 

These deficits are often related to ankle dorsiflexor muscles weakness, spastic extensor 

pattern predominance, ankle joint stiffness, and proprioceptive deficits (Park et al., 2013). In 

particular, the ankle muscles spasticity has been reported as an important cause of spatial 

asymmetry during ambulation (Lin et al. 2006). Although spasticity is quite common among 

hemiplegic patients, its control is still a challenge for the rehabilitation team. Resources such 

as electrical stimulation, proprioceptive neuromuscular facilitation and cryotherapy are 

routinely used aiming to temporarily control spasticity and/or facilitate functional training. 

However, their effects and efficacy still lack studies (evidence-based practice).  

Cryotherapy, in particular, has a large gap in the literature about its real effects, action 

mechanisms, efficacy and safety in neurological patients with spasticity. With a low cost, 

application facility and only a few adverse effects, the cryotherapy is defined as the use of any 

substance that removes the heat from the body, resulting in decreased tissue temperature 

(Nadler et al., 2004). In healthy subjects, the physiological effects of cryotherapy include 
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blood flow reduction, decreased local metabolism and reduction in the sensory and motor 

nerve conduction velocity (Algafly & George, 2007, Herrera et al., 2011). 

The studies which detected momentary spasticity reduction attribute this effect to the 

reduction of the sensitivity of the muscle spindle (Allison & Abraham, 2001). Moreover, 

spasticity reduction has already been related to the facilitation of alpha motoneurons and 

inhibition of the gamma system. However, the neurophysiological mechanisms that support 

the modulation of spasticity by cryotherapy appear to be much more complex, including 

cutaneous afferents and central nervous system inputs  (Michlovitz, 1990). A previous study 

(Allison and Abraham, 2001) found that cryotherapy reduces ankle muscles spasticity, 

measured by the Modified Ashworth Scale, but hinders the performance on coordination 

tasks, such as performing alternating dorsiflexion and plantar flexion movements of the ankle 

in post-cranioencephalic trauma individuals. The authors argue that despite the cryotherapy is 

able to temporarily reduce spasticity, changes related to decreased motor and sensory nerve 

conduction velocity and increased stiffness as a result of muscles, nerves and joint cooling 

could impair the coordination activities that required speed.  

Findings arising mainly from studies that investigated if cryotherapy interferes on 

athletes’ performance have shown controversial results (Vieira et al., 2013; Hopkins & 

Stencil, 2002; Hatzel & Kaminski, 2000). It is also not clear in the literature if cryotherapy 

could interfere with spastic patients sensitivity, as in post-stroke individuals, and therefore 

result in performance changes during functional tasks. Data on the commitment of post-stroke 

sensory functions show a particularly high incidence for the somatosensory system, reaching 

85% of the patients (Carey, 1995; Kim  & Choi-Kwon, 1996). Among the sensory 

components, proprioception has been reported as an important deep sensitivity actor which 

operates in the control of human movement, and their deficits lead to declines in postural 

control, protective reflex, joint movement, balance ability and gait (Park et al., 2013). 
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Proprioception is divided into three submodalities: conscious or unconscious perception of 

joint position (joint position sense), movement (kinesthetic), and strength, weight and effort 

(sense of strength) (Röijezon et al., 2015).  

Each proprioception submodality is mainly influenced by specific receptors, 

depending on their roles. The JPS is under muscle spindle great influence, because this 

receptor has the function of perception and afferent regarding the changes in muscle length. 

This submodality is important to the perception of the limb in space and, therefore, determine 

the required range of motion to complete the task (Yalcin et al., 2012). Recently, Yalcin and 

colleagues (2012) showed that post-stroke individuals had ankle joint position sense deficits 

during dorsiflexion and plantar flexion, with no relation to functional deficits. However, there 

is no available information in the literature regarding the interference of cryotherapy on joint 

position sense in hemiparetic individuals. Given that cryotherapy in often used in the clinical 

scenario, it is plausible to investigate and clarify if this intervention would have any negative 

effects on proprioception in spastic post-stroke subjects, likely compromising functional 

performance.  

Thus, the objective of the study was to evaluate the immediate effects of cryotherapy 

(ice pack modality), applied on the rear leg muscles, on the spasticity level of these muscles, 

ankle joint position sense during the dorsiflexion and plantarflexion movements, as well as 

the gait performance in chronic hemiparetic individuals. The hypothesis was that the cooling 

would shortly reduce the spasticity level of the rear leg muscles of the individuals, however, 

could also compromise the ankle joint position sense, negatively interfering on temporal gait 

parameters. 
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Methods 

Experimental design 

 This study presents a crossover, controlled, randomized design conducted at a single 

center in chronic hemiparetic patients. The research activities of this study received ethical 

approval by the Ethics Committee in Brazil (Number: 1.469.151) and it was registered in the 

Clinical Trials (NCT02736747). Written informed consent was obtained from each patient 

prior to taking part in the study.  

The initial assessment included a screening to select the sample and a clinical 

evaluation, followed by two evaluation blocks (pre and post crossover). All assessments were 

performed by the same blind evaluator. The screening evaluation was performed for selection 

of the individuals according to inclusion and exclusion criteria. Enrolled subjects were 

submitted to the following sessions in three separate days: spasticity evaluation (Modified 

Ashworth Scale - MAS), joint position sense (JPS) evaluation, and walking evaluation (6-

meter walking test - 6MW), before and after intervention (cryotherapy or control). Seven days 

rest period was considered between each session. The first block with these three evaluations 

was followed by a wash-out period of fifteen days before the repetition of all evaluations 

(spasticity, JPS, and gait speed) in the second block, but at this time evaluating the effect of 

the other intervention (cryotherapy or control). The included participants were randomly 

assigned to one of two groups using sealed opaque envelopes to receive the Cryotherapy (CT) 

first or Control Intervention (CI) first. An independent staff member prepared the envelopes. 

A schematic representation of the experimental design is shown in Figure 1.  
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Figure 1 – Schematic representation of the experimental design. JPS: Joint Position Sense. 

MAS: Modified Ashworth Scale. 6MW: 6-Meter Walk. 

 

 Participants 

The following inclusion criteria were used: age between 40 and 75 years with chronic 

spastic hemiparesis (post-stroke time greater than 6 months) due to unilateral ischemic stroke 

of any hemispheres. Subjects with recurrent stroke were included; however, stroke should be 

happened in the same hemisphere. Individuals should present spasticity levels between 1 and 

3 according to MAS (Bohannon & Smith, 1987) on the ankle flexor muscles and a minimum 

passive range of motion of 5° for dorsiflexion and 15º for plantar flexion. Furthermore, 

patients should present walking ability classified in levels 2, 3, 4 or 5 according with the 

Functional Ambulation Category (FAC) (Wade, 1992). Moreover, a minimum score on the 

Mini Mental State Examination according to the education level of the volunteer was 

considered (Folstein et al; 1975). 
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The following exclusion criteria were applied: peripheral neuropathy; adverse 

reactions to cold; intolerance to the ice pack application; lack of sensitivity to cold; presence 

of Raynaud's phenomenon; ulcers or skin lesions; serious cardiovascular or peripheral 

vascular disease (heart failure, arrhythmia or angina pectoris); any other orthopedic or 

neurological disorder; botulinum toxin application up to six months before the study; 

cognitive or communication disabilities; lower limbs joint or muscle previous injuries; pain 

during the assessment procedures. 

  

Clinical assessment 

The subjects underwent an interview, which included the medical history and physical 

examination performed by an experienced physiotherapist. The initial clinical assessment 

included the collection of anthropometric data, such as weight and height, the application of 

the Fugl-Meyer scale for lower limbs (FMA-LE) (Maki et al., 2006), and the evaluation of 

passive range of motion (ROM) for dorsiflexion and plantar flexion using a goniometer. 

These ROM measurements were performed with the knee in a neutral position and at 90° 

flexion. 

 

Spasticity Evaluation 

Spasticity level of ankle dorsiflexor and plantar flexor muscles was evaluated using 

Modified Ashworth Scale (MAS) (Bohannon & Smith, 1987) before and after application of 

the intervention (control/cryotherapy). For the dorsiflexors assessment, patients remained 

lying on the table in lateral decubitus and the evaluator performed a fast-moving ankle plantar 

flexion from maximum dorsiflexion. To evaluate the posterior muscles, a fast ankle 

dorsiflexion movement was performed from a maximum plantar flexion (Bohannon & Smith, 

1987). This scale is composed of six level of spasticity, which range from 0, characterized as 
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"normal tonus" or "no increase in muscle tone" to 4, "stiffness of affected part” or “limited 

range of motion” (Cho et al., 2013). For the analysis, these spasticity levels (0, 1, 1+, 2, 3, 4) 

were categorized in the following levels 0, 1, 2, 3, 4, and 5, respectively. The mean values 

before and after intervention were considered for analysis (Cho et al, 2013; Suh et al, 2014; 

Tsuchiya et al, 2016).  

 

Joint Position Sense Evaluation (JPS) 

Ankle joint position sense was evaluated by passive joint position test reproduction 

(Myers and Lephart, 2000; Lephart et al., 2002; Yalcin et al, 2012). This assessment was 

performed on an isokinetic dynamometer (Biodex Multi-joint System 3, Biodex Medical 

System Inc., New York). Before each test, the dynamometer was calibrated according to the 

manufacturer’s guidelines. Individuals remained seated in a chair with the hip at 70° and knee 

at 45° of flexion, with trunk stabilized by belts. Similarly, the hip and thigh were fixed to the 

dynamometer chair by strips according to the description of the equipment manual. The 

dynamometer rotation axis was aligned with the lateral malleolus and the foot was fixed on 

the device with strips assigned to the ankle joint. Moreover, during the testing, the individuals 

were blindfolded to exclude any possible visual cues. However, the individuals did not wear 

headphones because the communication with experimenter was necessary in order to guide 

them before and in the between of each test. No feedback was provided at any moment 

(Myers and Lephart, 2000; Niessen et al., 2008). 

At the beginning, the dynamometer moved the ankle of each subject passively from 

the initial position (neutral - 0°) toward the reference position (5° and 15° dorsiflexion and 

15° and 30° plantar flexion). The participant remained in the reference position for 10 seconds 

before returning the ankle passively to the initial position. Subsequently, the ankle was moved 

passively towards the reference position. The subjects had to press a button when they felt 
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that the reference position had been reached, which corresponds to the indicated position. The 

stop button was held in the non-paretic hand. The dynamometer movement speed was 2° per 

second for each test. The absolute error was calculated as the difference between the reference 

position and the indicated position measured in degrees.  

This procedure was performed three times for each reference position (5° and 15° 

dorsiflexion and 15° and 30° plantar flexion) before and immediately after the application of 

cryotherapy / control intervention. Thus, patients performed 12 repetitions pre-intervention 

and 12 repetitions post-intervention. The order for dorsiflexion and plantar flexion 

assessments was randomized to avoid possible learning effects. The order of the tested angles 

was always from the lowest to the highest range of motion (5° followed 15° of dorsiflexion, 

and 15° followed 30° of plantar flexion). 

 

Walking evaluation 

 Participants performed a 6-meter walking test (6MW). They were instructed to walk 

barefoot, at a self-selected and comfortable speed along a 10-meter walkway (Kinsella and 

Moran, 2008). The walkway was divided in three parts: participants started walking 2 meters 

before the 6 meters collection area, and finished 2 meters after it. This procedure was 

performed in order to discard from the assessment the initial stages of acceleration and 

deceleration. 

To avoid the adaptation phase of the gait speed analysis (Boudarham et al., 2013), the 

patients performed three gait trials before the beginning of data collection (familiarization). 

For data analysis, three trials of gait were collected, without interval between them, before 

and after the cryotherapy/ control intervention. The mean of gait speed (m/s) in these trials 

was calculated in each trial before and after both intervention.  
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Intervention 

For both interventions, cryotherapy and control, participants dressed comfortable and 

stayed for 15 minutes in the room with controlled temperature (25°C) for acclimatization. A 

rectangular area was defined to position the package as described by Herreira et al., 2010. 

Then, the participants were positioned in a comfortable chair for the intervention application 

(Supplementary material Fig. 1S).  

 

 

 

Figure 1S – Patient positioning in the massage chair for the application of cryotherapy/ 

control intervention. 

 

The leg was involved by a strap of plastic film, avoiding direct contact between the 

skin and the package. Then, the intervention package (cryotherapy - ice / control - sand) were 

placed over the delimited area and kept for 20 minutes. This application time is used widely in 

clinical practice (Myrer et al., 2001; Herrera et al., 2011; Vieira et al., 2013). The subjects 

remained with the limb resting and neither ice nor sand was added during the application 

time. At the end of the intervention, the skin was quickly dried without friction (Herrera et al., 

2010).  
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For the cryotherapy intervention, package (25 x 35cm) was filled with 1000g of 

crushed ice, no air, tied on the leg using a non-compressive elastic band (Herrera et al., 2010). 

For the control intervention, the package was filled with 1000 g of sand, at room temperature, 

also without air, so that the pressure was similar to the ice pack, in order to prevent any 

variables besides temperature interfering with the analysis. 

 

Outcome measures 

The primary outcome variable in this study was ankle JPS, expressed by the lowest 

absolute error value among repetitions, in degrees, for the paretic limb measured before and 

after interventions (cryotherapy and control) in the first and second evaluation blocks. 

Secondary outcome variables were the spasticity level measured by the categories of MAS (0, 

1, 2, 3, 4, and 5), and the gait speed (m/s) asessed during the 6MW test. Both variables were 

also measured before and after intervention (cryotherapy and control) in both evaluation 

blocks.   

 

Statistical analysis  

Statistic tests were performed using SPSS software, version 17.0 (SPSS Inc., Chicago, 

IL, USA). As the level of spasticity is a categorical variable, Wilcoxon test was performed to 

compare spasticity level during pre and post-intervention (cryotherapy and control). In 

addition, Mann-Whitney test was used to compare groups in each evaluation. For both tests, a 

significance level of 0.05 was considered.  

For other variables (JPS absolute error and gait speed), Shapiro-Wilk and Levene tests 

were applied to verify normality and homogeneity, respectively. The variable absolute error, 

for all movements and angles, did not presented a normal and homogeneous distribution. 

Thus, the Friedman test followed by the Wilcoxon test were used to compare pre and post 
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intervention (cryotherapy and control) for each group. A significance level of 0.008 was set 

considering the Bonferroni adjustment . To compare groups in each evaluation (pre and post 

cryotherapy or control intervention), the Kruskal-Wallis test with Bonferroni adjustment was 

used. A significance level of 0.0125 was considered.  

On the other hand, gait speed during 6-Meter Walk test showed normality and 

homogeneity. Therefore, a mixed model, two-way ANOVA (group and evaluation time) with 

repeated measures (evaluation time: pre and post - control or cryotherapy intervention) with 

Bonferroni’s correction was used to verify the effect of group-by-evaluation interaction. A 

significance level of 0.05 was considered. 

 

Results 

Participants  

A total group of 432 hemiparetic subjects from local community and hospital of São 

Carlos were assessed for eligibility. Sixteen subjects met the entire inclusion criterion and 

agreed to participate. Among the excluded patients, 61 declined to participate, 198 did not 

meet inclusion criteria, and 166 were excluded for other reasons. Thus, 16 subjects (2 women 

and 14 men) were randomized into two groups: cryotherapy followed by control intervention 

(n=9, CT) or control intervention followed by cryotherapy (n=7, CI). All included patients 

completed the crossover experiment. However, data analysis was successfully conducted in 

15 of 16 participants, because one of them did not provide sufficient valid absolute error 

values during the JPS assessment (did not indicate the reference position before reaching its 

own maximum range of motion for the test) (Figure 5). 

The sample size was calculated using pilot data from four hemiparetic subjects of CT 

group and four of CI group using G.Power 3.1 software (Faul et al, 2007). For this 

calculation, the absolute error during plantar flexion at 30° was considered because it was the 
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variable that presented the highest sample size after calculation. A power of 0.80 and alpha of 

0.05 was considered, requiring a total sample size of 12.  

Figure 2 – Flow diagram of study. 

Demographic characteristics of participants are presented in table 1. The mean age of 

the subjects was 62.3 years (range 52 - 71) and mean time post-stroke was 29 months (range 

20 - 135). All subjects presented right dominance before stroke. However, 9 subjects were 

diagnosed with right hemiparesis and 6 with left hemiparesis. During baseline, ankle muscle 

tone evaluations indicated 10 individuals with a 1+ score, 5 individuals with a 2 score and 1 

individual with a 3 score on the MAS for dorsiflexion. No patient presented 0, 1 or 4 score on 

MAS for dorsiflexion. Evaluations for plantar flexion indicated 11 subjects with 0 score, 1 



29 

 

with 1 score, 3 with a 1+ score and 1 with 2 score. None presented 3 or 4 score on MAS for 

plantar flexion. The median score of FMA-LE for motor function was 22 (range 13-32). 

Table 1 – Demographic characteristic of participants 

Demographics outcomes Values 

Age (years/ mean, min-max) 62.3 (52-71) 

Weight (Kg/ mean, min-max) 68.4 (49.5-103.3) 

Height (meters/ mean, min-max) 1.65 (1.47-1.80) 

BMI (Kg/m
2
/
  
mean, min-max) 24.81 (21.36-31.89) 

Time post-stroke (months/ median, min-max) 29 (20-135) 

Dominance side (R/ L) (15/0) 

Hemiparesis side (R/ L) (9/6) 

Passive ROM of ankle dorsiflexion with neutral knee (º / mean, min-max) 

Passive ROM of ankle dorsiflexion with  90º knee flexion (º / mean, min-max) 

6.3 (0-15) 

12.5 (5-32) 

Passive ROM of ankle plantar flexion with neutral knee (º / mean, min-max) 

Passive ROM of ankle plantar flexion with 90º knee flexion (º / mean, min-max) 

41 (30-58) 

42.1 (32-52) 

MAS of ankle plantar flexors muscles (0/1/1+/2/3/4) (0/0/10/5/1/0) 

MAS of ankle dorsiflexors muscles (0/1/1+/2/3/4) (11/1/3/1/0/0) 

FMA-LE (median, min-max) 

         Tactile Sensibility 

         Movement Sense  

         Subscale score of motor function  

         Reflex Activity 

 

(4, 1-4) 

(8, 4-8) 

(22, 13-32) 

(4, 4-6) 

BMI: Body Mass Index. R: Right. L: Left. MAS: Modified Ashworth Scale. FMA-LE: Fugl-

Meyer Assessment-Lower Extremity. Data expressed as mean and standard deviation, except 

time post-stroke expressed as mean (minimum-maximum), and subscales score of FMA-LE 

as median (maximum-minimum).  

 

Spasticity evaluation  

  Lower values were observed after cryotherapy intervention compared to pre-

intervention (p=0.002). No difference was observed between pre and post-control intervention 

(p=0.157). Moreover, groups differ only in post-intervention assessments (cryotherapy, 
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p=0.015, and control, p=0.008) (Table 2).  Table 1S shows absolute values of level spasticity 

for each individual, group and assessment time (See supplementary material). 

 

Table 2 – Modified Ashworth Scale mean, standard deviation and p values for each group by 

assessment time. 

 Session 1 Session 2 

Group Pre Post Pre Post 

CI 2.50 (±0.76) 2.25 (±0.71) 2.13 (±0.64) 0.75 (±0.89) 

CT 2.29 (±0.49) 1.29 (±0.76) 2.29 (±0.76) 2.29 (±0.76) 

p-value 0.625 0.015 0.608 0.008 

CI: Control Intervention First; CT: Cryotherapy First. 
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Table 1S – Modified Ashworth Scale absolute values for each individual, group and 

assessment time. 

  Session 1 Session 2 

Subject Group Pre Post Pre Post 

H03 CI 4 4 2 2 

H04 CI  2 2 3 2 

H05 CI 2 2 2 0 

H06 CI 3 2 1 0 

H09 CI 2 2 3 1 

H10 CI 2 2 2 0 

H13 CI 2 2 2 0 

H15 CI 3 2 2 1 

H01 CT 2 2 2 2 

H02 CT 2 2 2 2 

H07 CT 2 1 1 1 

H08 CT 2 0 2 2 

H11 CT 2 2 3 3 

H12 CT 3 1 3 3 

H14 CT 3 1 3 3 

CI: Control Intervention First; CT: Cryotherapy First. Gray filled spaces highlight in which session the 

individuals presented a reduction in the spasticity level. 

 

Joint position sense  

For both groups (CI and CT), there were no effects of cryotherapy and control 

intervention during dorsiflexion at 5° (p=0.085 and p=0.172), dorsiflexion at 15° (p=0.147 

and p=0.136) plantar flexion at 15° (p=0.404 and p=0.096) and plantar flexion at 

30° (p=0.552 and p=0.145). Moreover, no differences between groups were observed before 

both intervention in first and second sessions during dorsiflexion at 5° (p=0.202 and 

p=0.268), dorsiflexion at 15° (p=0.476 and p=0.067), plantar flexion at 15° (p=0.093 and 

p=0.019) and plantar flexion at 30° (p=0.517 and p=0.183). No differences between groups 

were observed after both intervention in the first and second sessions during dorsiflexion at 
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5° (p=0.343 and p=0.048), dorsiflexion at 15° (p=0.476 and p=0.610) plantar flexion at 

15° (p=0.030 and p=0.354) and plantar flexion at 30° (p=0.667 and p=0.383) (Figure 3). 

 

Figure 3 - Lowest absolute error for dorsiflexion at 5° and 15°, and plantar flexion at 15° and 

30° for control intervention first (CI) and cryotherapy first (CT) groups pre and post intervention at 

first and second session. Data expressed as mean and standard deviation. No effects were 

observed for cryotherapy and control intervention for both groups.  

 

Walking evaluation 

There was no effect of group-by-evaluation interaction (F=1.729, p=0.206) and group 

(F=4.223, p=0.061). However, there was effect of evaluation time (pre- and post- cryotherapy 

or control intervention) (F=6.179, p=0.013). The gait speed increased in post-intervention at 
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first (p=0.002) and second sessions (p=0.008), regardless of the intervention applied 

(cryotherapy or control) (Figure 4).  

 

Figure 4 - Mean Gait Speed (m/s) in the 6-Meter Walking test (mean and standard deviation). CI: 

Control Intervention First. CT: Cryotherapy First. There was no effect of group-by-evaluation 

interaction and group. However, higher gait velocity values were observed after intervention, 

regardless of the intervention applied. *Significant differences compared to pre-intervention 

(p<0.05).  

 

Discussion 

To the best of our knowledge, this is the first randomized sham-controlled crossover 

study that has verified the effects of cryotherapy (ice pack modality) applied on posterior 

muscles of leg on spasticity level, JPS, and gait performance in chronic hemiparetic subjects 

post-stroke. According to present study, the cryotherapy reduced the spasticity level of ankle 

dorsiflexor and plantar flexor muscles, without altering the ankle joint position sense and gait 
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speed. Although the results are not in line with our hypothesis, these findings bring us 

important clinical evidence involving a resource widely used in neurological clinical practice. 

According to literature, the cryotherapy is an efficient intervention for momentary 

muscle spasticity reduction, probably related to decreased motor and sensory nerve 

conduction velocity (NCV) (Algafly & George, 2007) and to changes in the spinal reflexes 

(Hopkins et al., 2002). One previous study (Hopkins et al., 2002) reported that muscle cooling 

reduced NCV, muscle spindle firing rates, and monosynaptic reflex amplitudes in healthy 

subjects. Although these potential neurophysiological mechanisms might explain the decrease 

in spasticity level post cryotherapy in the present study, more research is needed to confirm 

this hypothesis.  

Another important result of the present study involves the absence of cryotherapy 

effects in JPS. According to literature review, the effects of cryotherapy on the JPS still 

inconclusive even in healthy subjects, which may be due to methodological differences 

between the studies, such as assessed joint, applied modality and measurement techniques 

(Costello & Donnelly, 2010). While some studies have shown that cryotherapy impaired JPS 

in healthy subjects and athletes when compared to a control assessment (Hopper et al., 1997; 

Oliveira et al., 2009; Uchio et al., 2003; Watanabe et al., 2013), justifying these changes by a 

greater reduction in intramuscular temperature, joint cooling, reduced NCV, or cold-induced 

changes in proprioceptive function, others showed that cryotherapy did not significantly alter 

JPS (Dover & Powers, 2004; Eftekhari et al., 2015; Someh et al., 2011; LaRiviere & Osternig, 

1994; Ozmun et al., 1996; Pritchard & Saliba, 2014; Surenkok et al., 2008; Wassinger et al., 

2007).  

 Riemann and Lephart (2002) reported that, even though all groups who measured skin 

temperature reported reductions in skin temperature, cutaneous afferents play only a minor 

role in joint proprioception, whereas muscle spindles and joint receptors have a much more 
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significant role. Therefore, whether superficial applications of cryotherapy can cool deep 

tissue sufficiently to elicit impairments on JPS is still questionable.   

Moreover, the present study did not observed effects on gait performance, which was 

in line with previous study that did not observe deleterious effects on static and dynamic 

balance, and vertical jump performance in healthy subjects (Williams et al., 2013). These 

authors reported that afferent information from the joint may have been affected by the ice 

application, but subjects could have been able to use peripheral information from different 

areas to modify the motor response. It is argued that any little afferent information travels to 

the CNS seems to be enough for the central command information to correct the JPS (Dover 

& Powers, 2004). Although no effects of cryotherapy on gait were observed, our results 

revealed an increase in walking speed after intervention, regardless of the type of intervention. 

This result can be justified by a learning effect, after many repetitions of the task. 

In addition differences between limbs and the local of ice application could also 

explain the differences between the present results and the literature. The upper limb 

coordination, for example, could be more affected by proprioceptive disturbances than lower 

limb, considering its function of performing fine movements (Santos et al., 2016). Recently, a 

study showed that tactile stimuli provided by elastic taping improved shoulder’s sense 

position in chronic post-stroke subjects (Santos et al., 2017). Based on this, it is possible to 

suppose that ice pack applied over the muscle can generate different effects than applied over 

the joint. 

These findings highlight the clinical applicability of cryotherapy and point to its use 

(ice pack) in the momentary reduction of spasticity. On the other hand, these results also show 

that if the rehabilitation goal is to increase walking speed post-stroke, cryotherapy does not 

seem to be the most appropriate intervention.  



36 

 

However, it is worth noting that these results are limited to effects of ice package in 

chronic hemiparetic subjects with low and moderate levels spasticity (between 1 and 3) and 

independent walking (with or without aid).  

 

Conclusion 

Cryotherapy reduces the spasticity level of leg muscles, without altering its joint 

position sense and gait speed in chronic hemiparetic subjects post-stroke, which may point to 

the use of ice pack modality in the neurorehabilitation programs. 
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ATIVIDADES NO PERÍODO 

 

Durante todo o período do mestrado, estive envolvido em outros trabalhos e atividades 

discentes além do estudo apresentado. Atualmente, estive envolvido no processo de análise 

dessas avaliações e elaboração dos manuscritos. Para a execução do trabalho, participei de 

cursos e palestras pertinentes em relação instrumentos de avaliação e variáveis que eu utilizei.  

Durante o ano de 2015 participei do projeto de extensão “Grupo terapêutico para 

indivíduos hemiparéticos crônicos” na Unidade Saúde Escola (USE) da Universidade Federal 

de São Carlos (UFSCar). Neste período, também estive envolvido com co-orientações de 

alunos da graduação e participei do  

Curso de Capacitação em Terapia por Contensão Induzida: Infantil e Adulto realizado no 

Departamento de Fisioterapia da Universidade Federal de São Carlos (UFSCar). Além destas 

atividades, fui aluno de um curso pré-vestibular (2015) e iniciei minha graduação em 

Medicina na Universidade Federal Fluminense (UFF – 1/2016), a qual atualmente está ativa 

na Universidade Federal do Triângulo Mineiro (UFTM – 2/2016). 

No início de 2016, foi aprovado o pedido de bolsa de mestrado pela FAPESP, o qual 

teve que ser cancelado devido às atividades exercidas por mim como graduando de Medicina. 

Nestes dois anos, também foram publicados um resumo expandido e um artigo na área de 

Ortopedia ( SILVA, R. S. ; FERREIRA, A. L. G. ; NAKAGAWA, T. H. ; GARCIA, L. C. ; 

SANTOS, J. E. M. ; SERRAO, F. V. . SAGITTAL PLANE LANDING KINEMATICS IN 

ATHLETES WITH AND WITHOUT PATELLAR TENDINOPATHY. In: XXV Congress of 

the International Society of Biomechanics, 2015, Glasgow. XXV Congress of the 

International Society of Biomechanics - Abstract Book, 2015. p. 882-883/  

SILVA, R. S.; NAKAGAWA, T. H. ; FERREIRA, A. L. G. ; GARCIA, L. C. ; SANTOS, J. 

http://lattes.cnpq.br/9953273388451412
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E. M. ; SERRAO, F. V. . Lower limb strength and flexibility in athletes with and without 

patellar tendinopathy. Physical Therapy in Sport, v. 20, p. 19-25, 2016). 
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