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Abstract
Introduction: Because of the the complex physiopathology of spasticity, it is distinguished as one of the 
most significant positive clinical signs of upper motor neuron syndrome, constituting a clinical feature 
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that has great impact in the neurorehabilitation setting. Thus, the current study aimed to determine the 
prevalence, onset, evolution, and prediction of spasticity after a stroke. Materials and Methods: A correla-
tional, longitudinal design was used. A total of 136 patients were evaluated at the following times: 10 days 
(T1), 3 months (T2), and 12 months (T3) poststroke. The initial evaluation included sociodemographic and 
clinical data (T1). Muscle tone was measured (T1, T2, and T3) using the Modified Ashworth Scale. Results: 
The prevalence of poststroke spasticity in the elbow was 37.5 % at T1 and 57.4 % at T2 and T3. Among 
patients with motor damage, the onset of spasticity occurred at T1 in 44.7 %, between T1 and T2 in 23.7 %, 
and between T2 and T3 in 0.9 %. Significant predictors of the alteration in muscular tone for at least two 
of the evaluation times were ethnic self-classification, type, area, extent of stroke, and number of sessions. 
Conclusions: Spasticity onset occurs during the first 10 days after a stroke. More clinical than sociodemo-
graphic variables predicted spasticity. 

Keywords: Muscle spasticity; rehabilitation; risk factors; stroke; upper extremity.

Resumen
Introducción: la espasticidad se destaca como uno de los signos clínicos positivos más significativos del 
síndrome de motoneurona superior, por su compleja fisiopatología, y constituye una característica clí-
nica de gran impacto en el ámbito de la neurorrehabilitación. Por lo tanto, el objetivo fue determinar la 
prevalencia, el inicio, la evolución y la predicción de la espasticidad después de un accidente cerebro-
vascular. Materiales y métodos: se utilizó un diseño longitudinal correlacional. Se evaluaron 136 pacien-
tes: 10 días (T1), 3 meses (T2) y 12 meses (T3) pos-acv. La evaluación incluyó datos sociodemográficos 
y clínicos (T1) y se midió el tono muscular (T1, T2 y T3) mediante la Escala de Ashworth Modificada. 
Resultados: la prevalencia en el codo fue del 37.5 % en T1, y del 57.4 % en T2 y T3. Entre los pacientes 
con daño motor, el inicio de la espasticidad ocurrió en T1 para el 44.7 % de ellos, entre T1 y T2 para el 
23.7 % y entre T2 y T3 para el 0.9 %. La autoclasificación étnica, el tipo, el área, la extensión del ictus y 
el número de sesiones predijeron significativamente la alteración del tono muscular en al menos dos 
ocasiones. Conclusiones: el inicio de la espasticidad ocurre durante los 10 primeros días después de un 
acv. Más variables clínicas que sociodemográficas predijeron espasticidad. 

Palabras clave: espasticidad muscular; rehabilitación; factores de riesgo; accidente cerebrovascular; 
extremidad superior.

Resumo
Introdução: a espasticidade destaca-se como um dos sinais clínicos positivos mais significativos da sín-
drome do neurônio motor superior, devido à sua fisiopatologia complexa, e constitui uma característica 
clínica de grande impacto no campo da neurorreabilitação. Portanto, nosso objetivo foi determinar a 
prevalência, início, evolução e predição da espasticidade após o acidente vascular cerebral. Materiais 
e métodos: foi utilizado um desenho correlacional longitudinal. Foram avaliados 136 pacientes: 10 dias 
(T1), 3 meses (T2) e 12 meses (T3) pós-avc. A avaliação incluiu dados sociodemográficos e clínicos (T1) 
e o tônus muscular (T1, T2 e T3) foi medido por meio da Escala Modificada de Ashworth. Resultados: a 
prevalência no cotovelo foi de 37,5 % em T1 e 57,4 % em T2 e T3. Entre os pacientes com prejuízo motor, 
o início da espasticidade ocorreu em T1 em 44,7 % deles, entre T1 e T2 em 23,7 % e entre T2 e T3 em 0,9 % 
dos pacientes. A autoclassificação étnica, o tipo, a área, a extensão do avc e o número de sessões predisse-
ram significativamente as anormalidades do tônus muscular em pelo menos duas ocasiões. Conclusões: 
o início da espasticidade ocorre durante os primeiros 10 dias após o acidente vascular cerebral. Mais 
variáveis clínicas do que sociodemográficas previram a espasticidade.

Palavras-chave: espasticidade muscular; reabilitação; fatores de risco; acidente vascular cerebral; 
extremidade superior.
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Introduction

Because of the complex physiopathology of spasticity, it is distinguished as one of the most 

significant positive clinical signs of upper motor neuron syndrome, constituting a clinical  

feature with great impact in the neurorehabilitation setting (1,2). Although the most 

commonly cited definition of spasticity is the one offered by Lance, other studies have 

proposed more modern concepts, with that formulated by Pandyan et al. referring to “a 

disordered sensory-motor control, resulting from an upper motor neuron lesion, which 

presents with involuntary, intermittent, or sustained activation of the muscles” (3-5).

The evidence suggests that poststroke spasticity (pss) is caused by the loss of equilibrium 

between the supraspinal excitatory and inhibitory mechanisms, particularly of the dorsal 

reticulospinal tract, and abnormal intraspinal processing of the stretch reflex due to changes 

in the intrinsic properties of the spinal motor neuron, which is associated with modifications in  

the biomechanical properties of the muscle and surrounding soft tissue (6-8).

There is great variability in the beginning and evolution of pss (9). This variation is related 

to changes in neural plasticity and mediated by different intrinsic and extrinsic factors after 

a brain injury (10,11). Studies have projected a prevalence of 24 % in the first week, 19 % at 

3 months, 22 % to 43 % at 4 and 6 months, and 17 % to 38 % at 12 months poststroke (12,13).  

This high variability can be explained by the various assessment methods and multiple 

definitions used, for which there is currently no consensus (14). 

Depending on the location and extent of the brain damage, the presentation of pss can 

differ (15); however, the lesion does not predict the intensity nor impact it will have, as this 

can change within the same day or over longer periods as well as fluctuate in different phys-

iological and psychological situations (6,16). The degree of pss can vary from the effects of 

some antigravity muscle groups to global manifestations. In this way, three types of involve-

ment are clear: focal, segmental, and generalized. Likewise, the spastic condition is typically 

manifested in the upper and lower extremities, through characteristic patterns, each with 

specific muscles involved, mainly affecting the elbow (79 %), wrist (66 %), and ankle (66 %) 

(9,17-19). The typical pattern of the spastic upper extremity (ue) is described as shoulder 

adduction with internal rotation, flexed elbow, flexed wrist, and closed fist; however, this is 

not the only pattern of spasticity that can manifest (17).

Although spasticity is a source of functional involvement, associated with reduced quality of 

life due to the generated disability, it is not always detrimental and does not always require treat-

ment (20-22). In fact, some effects of spasticity may be beneficial, such as during the support phase 

in walking rehabilitation and when carrying weight through support on the ue (23). Lundström 

et al. concluded that intervention is required when spasticity causes disability (24), which makes 

it necessary to consider the final impact of pss before seeking therapeutic strategies (25). 
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Despite the broad scientific evidence on this topic, there remains no consensus on 

the moment when spasticity appears, its location, or its predictors (4,6). Therefore, new 

evidence could guide professionals in the investigation and handling of spasticity, sup-

porting intervention planning and reducing functional limitations and rehabilitation 

costs (26). Thus, the purposes of the current study were to examine (i) the prevalence, 

(ii) onset time, (iii) evolution, and (iv) prediction of elbow and wrist spasticity during the 

first year poststroke.

Materials and methods

We used a correlational, longitudinal design for this study, with prospective follow-up, 

for descriptive and predictive purposes. We obtained the population and samples as 

described in Figure 1. In total, we recruited 186 patients, among whom 45 were excluded 

for not fulfilling the eligibility criteria, leaving 141 to participate in the first assessment 

period (T1). The final sample, with all three assessments, was composed of 136 patients, as 

5 were lost between T1 and T2. 

Figure 1. Flow chart of the study

Recruitment 

Evaluations

Losses:
- Death (n = 1)
- Unable to be contacted (n = 4)  

 

Excluded: (n = 45)
- Did not meet the inclusion criteria (n = 30) 
- Did not sign the consent (n = 10)
- Other reasons (n = 5)

Initial participants
(n = 141) 

Time 1 (T1) 

Potential participants
(n = 186)

Time 2 (T2) 

Time 3 (T3)

Final Participants 
(n = 136)
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Participant selection was controlled by strict compliance with the inclusion and exclusion 

criteria. Inclusion criteria were age between 18 and 90 years, without prior history of motor 

disability, being in the hospital phase diagnosed with an ischemic or hemorrhagic stroke, 

without severe cognitive impairment (Mini-Mental Scale score ≥≥ 11), hemodynamically 

stable, presenting a stroke confirmed by computed tomography (ct) and/or magnetic reso-

nance imaging, and signing the informed consent. Exclusion criteria were presenting with 

sensitive aphasia, having a medical contraindication, and having had more than one stroke.

Table 1 presents the sociodemographic and clinical characteristics of the final sample, 

showing that 62.5 % of the participants were men, 49.3 % were aged 65 years or older, 

76.5 % lived in an urban area, and 32.4 % self-classified as belonging to the Mapuche 

ethnic minority group. With regard to the extent and severity of the damaged brain area, 

58.1 % of the sample showed moderate to slight damage in the middle cerebral artery (mca; 

as measured by the Alberta Stroke Program Early ct Score [aspects]), and 56.6 % showed a 

partial anterior circulation infarct (paci) according to the Oxfordshire Community Stroke 

Project (ocsp) classification. 

Table 1. Sociodemographic characteristics of the sample

Frequency %

Sex
Female 51 37.5

Male 85 62.5

Age range, years 

25–44 15 11.0

45–64 54 39.7

≥65 67 49.3

Ethnic self-classification 
Mapuche 44 32.4

Non-Mapuche 92 67.6

Type of stroke Ischemic 105 77.2

Hemorrhagic 31 22.8

Location Right 73 53.7

Left 63 46.4

nihss 0: No stroke 12  8.8

1–4: Mild stroke 75 55.1

5–15: Moderate stroke 40 29.4

16–20: Severe stroke 9 6.6

Hypertension Yes 103 75.7

No 33 24.3

Coronary disease Yes 25 18.4

No 111 81.6



Prevalence, Onset, Evolution, and Prediction of Spasticity Poststroke: A Longitudinal Study

6
Rev. Cienc. Salud. Bogotá, Colombia, vol. 21(2): 1-19, mayo-agosto de 2023

Frequency %

Insulin dependent diabetes Yes 27 19.9

No 15 11.0

No diabetes 94 69.1

aspects Severe damage mca 35 25.7

Mild damage mca 44 32.4

Without damage mca 25 18.4

Different damaged  
structures 32 23.5

ocsp taci 17 12.5

paci 77 56.6

laci 11 8.1

poci 31 22.8

Motor damage Hemiplegia upper  
extremity 47 34.6

Hemiparesis upper  
extremity 67 49.3

Without alteration 22 16.2

Quantity of rehabilitation ses-
sions

No 25 18.4

1–10 21 15.4

11–30 24 17.6

>30 66 48.5

aspects: Alberta Stroke Program Early ct Score; laci: lacunar circulation infarcts; mca: middle cerebral artery; nihss: National Institute 
Health Stroke Scale; ocsp: Oxfordshire Community Stroke Project Classification; paci: partial anterior circulation infarcts; poci: posterior 
circulation infarcts; taci: total anterior circulation infarcts.

Initially, the potential participants were evaluated by two neurologists, who also 

confirmed compliance with the eligibility criteria, in each health center, and for the 10 

hospitalization days. The sample was then recruited and identified. A previously trained 

physiotherapist belonging to each health center performed the evaluations of ue motor func-

tions. Each participant was assessed on three occasions: during the first 10 hospitalization 

days (T1) and 3 months (T2) and 12 months (T3) after stroke. The length of the follow-up 

period was based on previous studies (27).

At T1, the neurologists registered sociodemographic data such as sex, age, residence, and 

ethnic self-classification (Mapuche, nonindigenous); clinical aspects referring to the type, 

extent, and severity of the stroke, assessment of the neurologic deficit (National Institute 

Health Stroke Scale), and motor damage; and comorbidities such as high blood pressure (hbp), 

cardiopathies, and diabetes. The physiotherapist assessed muscle tone at all time points. 
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At T3, the number of rehabilitation sessions of each patient was registered as one of four 

categories: none, 1 to 10, 11 to 30, and 31 sessions or more.

The extent and severity of the damage were recorded using the aspects, a quantitative 

topographic scale (0 to 10 points) that assesses acute ischemic changes in patients with a 

recent stroke in the territory of the mca at the level of the basal ganglia and above the basal 

ganglia through cranial ct (28). In the present study, we classified the scores derived from 

the ct according to four mca damage categories: severe (0–4), moderate (5–7), slight (8–9), and 

no damage (10). (29).

The damaged area of the brain was identified using the four subtypes included in the 

ocsp classification: total anterior circulation infarct (taci), paci, lacunar circulation infarct 

(laci), and posterior circulation infarct (poci). This classification provides fast, simple, and 

prognostically valuable information, as well as predicts the size and location of the lesion 

in 75 % of patients (30,31). 

The elbow and wrist muscle tone were evaluated as flaccid, normal, and spastic. We 

used the Modified Ashworth Scale (mas) to differentiate the degree of spasticity, given its 

utility when applied to the ue and its high interobserver reliability (32-34). The mas classifies 

the tone according to six categories, which, in this study, were regrouped into the following 

four categories: normal (value 0), slight (values 1 and +1), moderate (values 2 and 3), and 

severe spasticity (value 4). Other studies have also used this abbreviated classification (35). 

We added a fifth category, flaccidity, to the classification. Although flaccidity is not part of the 

mas, its inclusion allows a more comprehensive view of the different alterations in muscle 

tone after stroke.

To evaluate the presence of motor damage in the affected ue, the patient was asked to 

place their affected hand on their head and was categorized as normal if they achieved the 

complete movement, hemiparesis if they began the movement but did not complete it or 

hemiplegia if they did not perform the movement.

We used the statistical package spss 25. The prevalence of spasticity was calculated as the 

percentage of patients with at least slight muscle tone according to the mas, thus excluding 

those with normal tone and flaccidity. We used Cohen’s kappa coefficient to evaluate the 

degree of agreement in muscle tone between the elbow and wrist at each evaluation time. 

The evolutionary pattern of the elbow and wrist tone was examined by comparing T1 and 

T2 and then T2 and T3, using the marginal homogeneity test and reporting its standard 

Mantel–Haenszel statistic. This statistical test evaluates changes in repeated measures of 

a variable composed of three or more categories. Finally, to predict muscle tone, we used 

Cramer’s V coefficient when the predictor was nominal and Goodman and Kruskal’s gamma 

(G) coefficient when the predictor was ordinal. Obtaining significant V values was followed 

by a post hoc analysis of the contingency table using the z test, with the Bonferroni correction 

for pairwise comparisons of the categories (percentages) of the predictor variable.
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Results 

Prevalence and onset of spasticity in the elbow and wrist
The prevalence of pss in the elbow was 37.5 % at T1 and 57.4 % at T2 and T3. We observed 

similar or identical percentages in the wrist: 36.8 % at T1 and 57.4 % at T2 and T3. These 

results indicate that, for both joints, the prevalence of spasticity increased from T1 to T2 

but remained the same from T2 to T3. Among the 136 patients with motor damage, elbow 

spasticity set in at T1 (i.e., during the first 10 days), between T1 and T2, and between T2 and 

T3 in 44.7 %, 23.7 %, and 0.9 % of the cases, respectively. Almost one-third (30.7 %) of these 

patients lacked spasticity in the elbow at all three evaluation times. Similar results occurred 

with wrist spasticity: for 43.9 % of patients, it began at T1; for 24.6 %, between T1 and T2; and 

for 0.9 %, between T2 and T3. In addition, 30.7 % of these patients did not present spasticity 

in the wrist.

Evolution of muscle tone
The kappa coefficients were 0.97 at T1 and 0.84 at T2 and T3, with p < 0.001 for all, which in-

dicates a high degree of agreement between the muscle tone of the elbow and wrist at every 

measurement time. Taking into consideration this high convergence and the high similarity 

between these two joints in terms of prevalence and onset of spasticity, a decision was made to 

continue examining only the muscle tone of the elbow in the subsequent analysis. In fact, the 

evolution pattern of muscle tone in the elbow was nearly identical to that in the wrist. Equally, 

we observed high similarity between these two joints in terms of the muscular tone prediction 

patterns. Another reason for this decision was that the literature reveals a higher prevalence 

of spasticity in the elbow (79 %) compared with the wrist (66 %) (19).

Table 2 presents the crossed distributions of muscle tone categories in the elbow, compar-

ing T1 and T2 and comparing T2 and T3. For correct interpretation, it must be considered that 

although the cells of the downward diagonal (indicated with a border) include the patients 

who demonstrated maintained tone between assessment times, the cells above and below 

the diagonal indicate the patients who presented increased or reduced tone, respectively.
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Table 2. Evolution of muscle tone in the elbow: T1 × T2 and T2 × T3

T2

Spasticity 

T1 Flaccidity Normal Mild Moderate Severe

Flaccidity 4 13 21 4 0

Normal 0 41 1 1 0

Mild 0 0 32 14 1

Moderate 0 0 0 1 3

Severe 0 0 0 0 0

T3

Spasticity

T2 Flaccidity Normal Mild Moderate Severe

Flaccidity 1 2 1 0 0

Normal 0 54 0 0 0

Mild 0 1 53 0 0

Moderate 0 0 0 20 0

Severe 0 0 0 0 4

Significant changes in elbow tone between T1 and T2 were shown in the test of marginal 

homogeneity, hm = −6.98, p < 0.001. As noted in Table 2 (section T1 × T2), no patients presented 

reduced tone, whereas 58 patients (42.6 %) presented increased tone. Of the 42 patients 

with flaccidity at T1, 13 changed to normal tone, 21 to slight spasticity, and 4 to moderate 

spasticity. Of the 43 patients with normal tone at T1, 1 changed to slight spasticity and 1 to 

moderate spasticity. Of the 47 who exhibited slight spasticity at T1, 14 moved to moderate 

and 1 to severe spasticity. Finally, of the 4 patients with moderate spasticity at T1, 3 changed 

to severe spasticity. It is relevant to note that, of the 41 patients who maintained normal 

tone between T1 and T2, 21 presented no motor damage. We noted no significant changes 

in elbow tone between T2 and T3 (hm = −1.41; p = 0.157). Indeed, at T3, 132 patients (97.1 %) 

showed conservation of the tone they presented at T2 (see Table 2, section T2 × T3).

Prediction of muscle tone in the elbow
Table 3 presents the results of three sociodemographic and five clinical variables as predictors 

of muscle tone in the elbow at each evaluation time. Sex, age, type of stroke, and hypertension 

did not significantly predict elbow muscle tone at any of the measurement times.
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Table 3. Prediction of muscle tone in the elbow from sociodemographic and clinical variables

Predictor Test T1 T2 T3

Sex V 0.14 0.15 0.12

Age range G 0.16 0.13 0.12

Ethnic self-classification V 0.19 0.31* 0.28*

Type of stroke V 0.31** 0.27* 0.26

Hypertension V 0.21 0.18 0.17

Brain damaged area (ocsp) V 0.34*** 0.37*** 0.39***

Extent of damage mca (aspects) G 0.17 0.52*** 0.50***

Quantity of rehabilitation sessions G 0.16 0.69*** 0.70***

aspects: Alberta Stroke Program Early ct Score; G: Goodman and Kruskal’s gamma coefficient; mca: middle cerebral artery; ocsp: 
Oxfordshire Community Stroke Project Classification; V: Cramer’s V coefficient.
*p > 0.05. **p > 0.01. ***p > 0.001.

Ethnic self-classification was the only sociodemographic variable that significantly 

predicted tone, although only at T2 and T3. As shown in Table 4, post hoc analyses at T2 

revealed significant differences in the categories of normal tone (46.7 % in nonindigenous 

people vs. 25.0 % in Mapuches) and slight spasticity (33.7 % in nonindigenous people vs. 52.3 % 

in Mapuches). The significant difference observed in the normal category at T2 persisted 

at T3 (48.9 % in nonindigenous people vs. 27.3 % in Mapuches). These results suggest that, 

comparatively, the nonindigenous patients tended to present normal tone and the Mapuche 

patients tended to present slight spasticity.

Table 4. Prediction of muscular tone in the elbow according to ethnic self classification at T2 and T3 (%)

T2

Spasticity 

Ethnic self-classification Flaccidity Normal Mild Moderate Severe

Mapuche 0.0 25.0a 52.3a 22.7 0.0

Non-Mapuche 4.3 46.7b 33.7b 10.9 4.3

T3

Mapuche 0.0 27.3a 50.0 22.7 0.0

Non-Mapuche 1.1 48.9b 34.8 10.9 4.3

Note: At each time, percentages in a column with different superscripts differ significantly (p < 0.05) according to paired comparisons 
using the Bonferroni correction z test.

With the exception of hbp, all clinical variables significantly predicted elbow tone for at 

least two evaluation times (see Table 3). In addition, the damaged brain area (according to 

the ocsp) significantly predicted the muscle tone of the elbow (see Table 3). We also observed 
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greater ischemic damage (according to ASPECT) at T2 and T3. Finally, a higher number of 

rehabilitation sessions predicted increased elbow tone (see Table 3). 

Discussion

This study is the first in Chile to longitudinally examine pss and its predictors. Currently, the 

evidence concerning the onset and predictions of spasticity is controversial (36). It would 

be advantageous for professionals in the area of rehabilitation to have guiding scientific 

evidence during the acute period after a stroke that identifies which patients are at risk of 

developing spasticity and which motor functions could be affected, as well as evidence that 

provides details of the prevalence and onset of spasticity in the elbow and wrist.

There is disparate scientific evidence regarding the evolution time of spasticity, stimulat-

ing the search for new knowledge. In addition, although not all patients with spasticity require 

therapeutic intervention, early attention could reduce disability levels in those who need 

it (38), making early investigation fundamental (37). The reported prevalence of spasticity 

varies from 4 % to 27 % during the first 6 weeks after stroke, with the peak between 1 and 3 

months after the damage, results that are similar to those found in the present study (9,13,39).

Among all patients assessed, the prevalence of spasticity in the elbow was 57.4 % at 3 

months, which remained steady at 12 months poststroke. These findings are comparable with 

other studies in which the prevalence varied between 16 % and 42.6 % in at least one joint 

in cohorts of 83 to 328 patients (19,24,40). The increase between T1 and T2 can be explained 

through studies with electromyography, which showed that muscle tone reached its maximum 

at 3 months poststroke, implying that spasticity may be caused not only by damage in the 

neural structures but also by adaptive characteristics, such as intrinsic changes in the muscle 

(41-43). The ue adopts specific patterns causing immobilization (especially in short lengths), 

which triggers muscle contracture (8,17,44). The contracture and subsequent muscle fibrosis 

could even increase spasticity via the hyperactivation of the afferent pathways of the spindle 

during muscle lengthening (8). At the same time, muscle immobilization reduces postactivation 

depression, which is a fundamental mechanism in spasticity development (45). 

Of the patients who had motor damage at T1, 47 presented with hemiparesis and 67 with 

hemiplegia in the ue, and for almost half of these individuals, spasticity set in during the first 

10 days of evolution, results similar to those presented by Dorňák (14). With regard to the 

evolution of muscle tone, between T1 and T2, no patients presented reduced tone, whereas 

58 patients demonstrated increased tone. This finding is in line with the results of Wissel et 

al., who suggested that patients with no initial signs of increase in tone can develop spasticity 

during a longer follow-up (19). The accumulated evidence suggests that the identification 
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of predictors of spasticity is limited, and the present study contributes to expanding this 

knowledge (9,38,46). 

Ethnic self-classification (Mapuche or nonindigenous people) was the only sociode-

mographic variable that significantly predicted elbow tone at T2 and T3, indicating that, 

comparatively, nonindigenous patients tended to exhibit normal tone and Mapuche patients 

increased tone—specifically, slight spasticity. Although this finding is highly relevant, 

because it contributes new information in this area of study, possible explanations should 

be considered.

Some evidence has revealed a greater incidence of stroke and worse outcomes in native 

populations and ethnic minorities (47,48). The largest Mapuche indigenous population in 

the country is concentrated in the Chilean region of La Araucanía, where this study was 

conducted (49). In this region, the Mapuches have a mortality rate from stroke that is twice 

the rate observed in the rest of the country, as they also have a high prevalence of poverty, 

hbp, diabetes, sedentary lifestyle, and overweight, all risk factors for stroke (50-53). However, 

there is no evidence that specifically associates this ethnic group with the occurrence of 

stroke (54). 

It is possible that the increased tone in the Mapuche population, in contrast to nonindig-

enous people, is due to the stroke being more serious in the indigenous group, generating 

greater spasticity. Two additional findings in the present study seem to support this possible 

explanation. On one hand, there was a marginally significant association between ethnic 

group and motor damage (p = 0.08), indicating that 52.6 % of Mapuches presented with hemi-

plegia (vs. 35.5 % of nonindigenous people) and 64.5 % of nonindigenous people presented 

with hemiparesis (vs. 47.4 % of Mapuches). These results suggest a tendency for Mapuches 

to present with hemiplegia and nonindigenous people to present with hemiparesis. From 

the point of view of motor function, hemiplegia is known to involve greater disability than 

hemiparesis does. On the other hand, when examining the relation between ethnic group 

and number of rehabilitation sessions, we found that a significantly higher percentage 

of Mapuches required more than 30 sessions (p = 0.04). If strokes were more serious in 

Mapuches, their spasticity would also be greater, and they would consequently require more 

rehabilitation sessions.

From the clinical point of view, three variables significantly predicted elbow tone for at 

least two evaluation times.

1. The type of stroke predicted muscle tone at T1 and T2; in relative terms, patients with isch-

emic stroke tend to have normal tone, and patients with hemorrhagic stroke have slight spasticity. 

These results agree with studies indicating that after a 3-month follow-up period, patients who 

developed spasticity had a previous diagnosis of hemorrhagic stroke (55). In addition, Lundström 

et al. found that hemorrhagic stroke was a predictor of spasticity at both the first month and 6 

months after the damage, with a similar statistical significance to this study (13). Katoozian et al. 
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suggested that the risk of presenting spasticity due to hemorrhagic stroke is 2.5 times, with no 

differences regarding anterior or posterior circulation (56).

2. The damaged brain area (according to the ocsp) significantly predicted muscle tone 

in the elbow at the three assessment times, identifying a significantly greater presence of 

patients with laci and poci in the normal tone category and more patients with taci and paci 

in the slight spasticity category. Previous research remains controversial regarding this 

issue. In their study, Kong et al. found that the lesion site, evaluated through the ocsp, was 

not a prognostic factor for spasticity (35). However, in the salgot study, in which several 

predictive models were evaluated, the ocsp was an important predictor of severe spasticity 

(57). However, these disparities could be due to the distribution by location; for example, 

in the two cited studies, patients with taci or paci comprised fewer than 50 % of the sample, 

whereas in the present study, they represent 69.1 % indicating that, clinically, patients with 

greater damage have higher chances of presenting with pss.

3. The association between pss and the extent of the lesion is not well known (58). The 

scientific evidence presents some software-support imaging studies. In our study, the extent 

of the damage assessed through aspects significantly predicted elbow tone at T2 and T3. In 

line with this result, Picelli et al. conducted a retrospective analysis of patients with chronic 

stroke who had lesions in the insula, basal ganglia, and thalamus as well as in the internal 

and external capsule, corona radiata, and superior longitudinal bundle, concluding that these 

patients can suffer severe pss in both the ue and the lower extremity (59). Cheung et al. observed 

a correlation between spasticity and lesions occurring in the putamen (60). This association was 

not unexpected, as these structures are irrigated by the mca and its lenticulostriate branches, 

encompassing broad areas of the brain that receive primary sensory input, the motor and 

premotor cortices, and the extrapyramidal cortex.

Among its strengths, our study is the first conducted in Latin America to include a lon-

gitudinal evaluation of the prevalence, onset, evolution, and prediction of elbow pss. This 

study also included ethnic self-identification, a variable that seems to be a relevant predictor 

of muscle tone and a finding that should be considered when studying ethnically heteroge-

neous populations. Another aspect to emphasize is the low percentage of follow-up loss over 

the three measurement times. In addition, we assessed all patients clinically and through 

neuroimaging, using scales widely validated in vascular neurology.

The limitations of this study include the recruitment of the sample, as only two health 

centers in the city were included. Although these centers attend 80 % of the stroke admissions 

in the geographic sector of reference, they do not necessarily represent the reality of other 

centers in the geographical study area. Another limitation is the inclusion of a low percentage 

of patients with severe stroke, which could lead to underestimation of spasticity prevalence; 

however, this was a characteristic of the subjects who comprised the study sample.
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