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Abstract. [Purpose] The aim of the present study was to perform a review of the literature on objective mea-
sures of upper limb movements in children and adolescents with cerebral palsy and describe the methods used to 
investigate upper limb kinematics in this population. [Materials and Methods] An extensive database search was 
performed using the keywords kinematics, upper limb, and cerebral palsy. A total of 146 papers were identified, 
but only five met the inclusion criteria. [Results] No consensus was found regarding the data collection, processing, 
and analysis procedures or reporting of the results. [Conclusion] Standardization of the protocol for 3D upper limb 
movement analysis will provide the foundation for comparable, reproducible results and eventually facilitate the 
planning of treatment interventions.
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INTRODUCTION

Cerebral palsy (CP) comprises a group of movement and posture disorders resulting from nonprogressive, permanent 
damage to the immature brain1). Motor impairment is the main manifestation of CP, with consequent effects on the biome-
chanics of the body2). Children with CP exhibit impaired muscle coordination, difficulties in the organization of sensory 
information, and functional limitations3). Approximately half of all children with CP have upper limb dysfunction4), which 
includes weakness, associated mirror movements, decreased velocity, overactive reflexes, muscle contractures, altered bio-
mechanics, disuse, sensory impairment, and hypertonia5, 6). These upper limb impairments lead to difficulties in reaching, 
grasping, and manipulating objects. Deficiencies in one or more of these basic functions hinder the performance of activities 
of daily living and therefore exert a negative impact on independence and quality of life7).

Adequate treatment planning is imperative and requires extensive knowledge of all upper limb dysfunctions. A clinical 
assessment combined with objective, quantitative upper limb measures can provide the necessary insights7). However, most 
measures are subjective and use a straightforward scoring system. The main disadvantage of qualitative outcome measures 
is that they provide a subjective description of upper limb performance based on the opinion of the rater, who visually scores 
the range and quality of movement during the execution of tasks. Moreover, some outcome assessments have been criticized 
for not being sensitive enough to detect clinically meaningful changes in upper limb function following an intervention8). In 
a recent study, Santos et al. reported that no consensus has been reached on the most appropriate scale or on which scale has 
greater clinical applicability in this population9). Thus, quantitative measures are needed to provide a more detailed, objective 
description of upper limb movement patterns. Such measures can provide an objective description of upper limb performance  
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based on technical measurements and calculations (e.g., joint angles, movement duration, and velocity). Three-dimensional 
(3D) movement analysis is a powerful tool for quantitative assessment of movement in all degrees of freedom7). A number 
of authors have recommended the use of kinematics for objective, quantitative analysis of upper limb movements in children 
with CP10).

Motion analysis is considered the gold standard for evaluating lower limb function during gait in individuals with CP11). 
Upper limb motion analysis is more technically challenging due to the noncyclical nature of upper limb use and the complex-
ity of shoulder joint motion12). In addition to joint kinematics, spatiotemporal variables, such as duration, velocity, smooth-
ness, and trajectory of movement, can provide important quantitative information on the quality of upper limb motion13).

The aim of the present study was to perform a review of the literature on objective upper limb movement measures for 
children and adolescents with CP with a focus on describing methods for the assessment of kinematics, spatiotemporal 
variables, and/or angular joint movements. Methodological reflections are included in this report to promote standardization 
of a protocol for 3D analysis of upper limb movements in children and adolescents with CP.

MATERIALS AND METHODS

A systematic review of the literature was performed with searches in the Virtual Health Library network and the Medline, 
PEDro, Lilacs, SciELO and PubMed databases using combinations of the following key words: upper limb, three-dimensional 
analysis, kinematics, and cerebral palsy. The articles retrieved were evaluated by two blinded researchers using the following 
inclusion criteria: 1) type of study, controlled clinical trial; 2) outcome, 3D or kinematic evaluation of the upper limbs of 
children/adolescents with CP; and 3) publication between 2010 and 2015.

The selected articles were evaluated, scored, and qualified using the Physiotherapy Evidence Database (PEDro) scale, 
which has 11 items. Item 1 is not scored, whereas the other 10 items receive a score of either 0 or 1. Thus, the final score 
ranges from 0 to 10 points. The purpose of this scale is to evaluate the methodological quality (Table 2) of randomized 
controlled clinical trials, giving priority to internal validity (whether the results published in the study have sufficient infor-
mation) as well as clinical and statistical relevance, so that interpretation of the findings is clear and other researchers can 
reproduce the study. All divergences regarding classification of the studies analyzed based on the PEDro scale were discussed 
and evaluated by two blinded raters until a consensus was reached on the score of each study.

RESULTS

The initial database search yielded a total of 146 articles. However, 141 did not meet the inclusion criteria. Thus, five 
articles addressing 3D analysis of the upper limbs of children and adolescents with cerebral palsy (Fig. 1) were considered 
methodologically adequate (minimum of three points on the PEDro scale) and were included in the present systematic review 
(Table 1).

All studies selected were controlled clinical trials and employed one or more upper limb evaluation methods. The methods 
and results of the 3D analysis were analyzed in the present review. The following information was extracted from each study: 
authors and year of publication, sample size, sample characteristics, methods employed, and outcomes (Table 2).

Table 1.  PEDro scale scores of each study

References

Item

1 Schneiberg et al.14) 1 1 1 1 1 0 1 1 1 1 0 8/10
2 Hung Ya-Ching et al.15) 1 1 0 0 0 0 1 1 0 1 1 5/10
3 Elliott et al.16) 1 1 0 1 0 0 0 1 0 1 1 5/10
4 Elliott et al.17) 1 1 0 1 0 0 0 0 1 1 1 5/10
5 Fitoussi et al.18) 1 0 0 0 1 0 0 1 1 1 1 5/10
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DISCUSSION

Current clinical methods of upper limb evaluation are performed in terms of function, motor control, sensory impairment, 
dexterity, tone, and degree of fixed versus dynamic deformity as well as both passive and active range of motion. In higher 
functioning children, the quality of upper limb movement during functional tasks is determined using available clinical 
scales19).

Kinematic analysis of upper limb function is considered ‘‘a strategy level assessment.’’ A large number of kinematic 
variables are used to reflect the characteristics of the reaching motion. By quantifying specific kinematic variables, key 
components can be identified and the influence of motor impairment on the reaching motion can be carefully analyzed. 
Consequently, specific kinematic parameters with large effect sizes can provide therapists with a sensitive way to measure 
the effectiveness of treatment and analyze the influence of different levels of motor dysfunction on upper arm control during 
activities that require various degrees of accuracy. A better understanding of this information can offer insights for the evalu-
ation of treatment and the progression of a wide variety of motor disorders, such as those that occur with CP20).

The samples in the studies analyzed in the present systematic review were predominantly made up of children with spastic 
hemiparetic cerebral palsy, which confirms an observation made by Body21). Children with hemiparesis have limitations 
regarding the use of the affected upper limb and two-hand coordination, which exerts a negative impact on activities of daily 
living and participation at school, in the community, and in family life. Mean age (eight years) was also a common factor in 
the studies analyzed.

As the present review was restricted to clinical trials, all studies had two groups: an experimental group subjected to a 
particular intervention and a control group that did not undergo the intervention. Analyzing the kinematic variables, it is 
clear that there is no consensus on the data collection, processing, and analysis procedures or the reporting of the results. The 
VICON optoelectronic motion analysis system (Oxford Metrics, Oxford, UK) was used in four of the five studies, but the 
number of cameras employed differed. The Optotrak 3020 (100 Hz; Northern Digital, Waterloo, ON, Canada) was employed 
in the other study. Differences among the studies also occurred with regard to placement of the makers (five segments were 
included, the trunk, scapula, humerus, forearm, and hand, and four joints were considered, the scapulathoracic (scapula), 
humerothoracic (shoulder), elbow, and wrist joints, and the number of trials.

In the present review, a variety of mechanical models, numbers of segments, joint degrees of freedom, and marker con-
figurations were encountered, with no consensus on a standardized assessment pattern. Only the study conducted by Fitoussi 
et al. 18) used the recommendations on the International Society of Biomechanics (ISB) regarding the definition of joint 
coordinate systems and rotation sequences22). This observation was also described in a study by Ellen Jaspers in 2011, who 
reported that most studies on upper limb (UP) kinematics in typically developing children and children with CP have not yet 
incorporated the ISB guidelines. Moreover, there is no general consensus on which tasks should be assessed23).

In the following section on kinematic analysis, characteristics are presented for the different tasks, including spatiotempo-
ral characteristics, joint kinematics (joint angles), trajectories of movement, and jerk analysis as well as contextual influences 
of interventions. The differences in spatiotemporal characteristics between the experimental group and control group during 
“reach to touch” and “reach to grasp” were studied in articles by Hung Ya-Ching el al.15) and Elliot et al16). Both authors 
reported a significantly greater reduction in time in the experimental group.

Schneiberg et al.14) compared the differences between pre-intervention and post-intervention assessments for three-
dimensional arm and trunk trajectories and elbow angles and overall trend analysis; the effect size for time period indicated 
smoother arm trajectories and greater elbow extension at the post-intervention assessment in most children. The other articles 
analyzed used kinematic evaluation focused on angular data of different joint segments and also found satisfactory results 
with the treatment protocol offered.

In the studies analyzed, the evaluation of kinematics was effective for a discussion of the findings, but we believe that the 
methodogical differences between the studies likely inconsistent results and therefore, exert an impact on the clinical inter-
pretation. We suggest, based on the present review, that authors of future clinical trials should try to use standardized patterns. 
Standardization of the protocol for 3D upper limb movement analysis will provide the foundation for comparable, reproduc-
ible results and eventually facilitate the planning of treatment interventions for children and adolescents with cerebral palsy.

Several clinical trials involving children and adolescents with cerebral plays have benefitted from the use of objective 
measurements of upper limb movements, with spatiotemporal and angular parameters used in the majority of them. However, 

Fig. 1.  Flowchart of studies included in the review
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there is a lack of consensus regarding the biomechanical model and which tasks to analyze. The findings of the present 
systematic review underscore the need for standardization of 3D upper limb movement analysis.

ACKNOwLEDgEMENT

Grant support: We gratefully acknowledge financial support from the Brazilian fostering agencies Conselho Nacional 
de Desenvolvimento Científico e Tecnológico (CNPq) and Coordenação de Aperfeiçoamento de Pessoal de Nível Superior 
(CAPES).

REFERENCES

1) Stanley FJ, Blair E, Alberman E: Cerebral Palsies: epidemiology and causal pathways: clinics in developmental medi-
cine n. 151. London: Mac Keith Press, 2000, pp 9–14.

2) Palisano R, Rosenbaum P, Walter S, et al.: Development and reliability of a system to classify gross motor function in 
children with cerebral palsy. Dev Med Child Neurol, 1997, 39: 214–223. [Medline]  [CrossRef]

3) Shumway-Cook A, Hutchinson S, Kartin D, et al.: Effect of balance training on recovery of stability in children with 
cerebral palsy. Dev Med Child Neurol, 2003, 45: 591–602. [Medline]  [CrossRef]

4) Aicardi J: Disease of the nervous system in childhood. N Engl J Med, 1993, 328: 1719–1720.
5) Mayston MJ: People with cerebral palsy: effects of and perspectives for therapy. Neural Plast, 2001, 8: 51–69. [Medline]  

[CrossRef]
6) Brown JK, Walsh EG: Neurology of the upper limb. In: Neville B, Goodman R (eds.), Congenital Hemiplegia. London: 

MacKeith, 2000, pp 113–149.
7) Jaspers E, Desloovere K, Bruyninckx H, et al.: Review of quantitative measurements of upper limb movements in 

hemiplegic cerebral palsy. Gait Posture, 2009, 30: 395–404. [Medline]  [CrossRef]
8) Sätilä H, Kotamäki A, Koivikko M, et al.: Upper limb function after botulinum toxin A treatment in cerebral palsy: two 

years follow-up of six cases. Pediatr Rehabil, 2006, 9: 247–258. [Medline]
9) Santos CA, Franco de Moura RC, Lazzari RD, et al.: Upper limb function evaluation scales for individuals with cere-

bral palsy: a systematic review. J Phys Ther Sci, 2015, 27: 1617–1620. [Medline]  [CrossRef]
10) Gilliaux M, Dierckx F, Vanden Berghe L, et al.: Age effects on upper limb kinematics assessed by the REAplan robot 

in healthy school-aged children. Ann Biomed Eng, 2015, 43: 1123–1131. [Medline]  [CrossRef]
11) Gage JR, Novacheck TF: An update on the treatment of gait problems in cerebral palsy. J Pediatr Orthop B, 2001, 10: 

265–274. [Medline]
12) Rau G, Disselhorst-Klug C, Schmidt R: Movement biomechanics goes upwards: from the leg to the arm. J Biomech, 

2000, 33: 1207–1216. [Medline]  [CrossRef]
13) Butler EE, Rose J: The pediatric upper limb motion index and a temporal-spatial logistic regression: quantitative 

analysis of upper limb movement disorders during the Reach & Grasp Cycle. J Biomech, 2012, 45: 945–951. [Medline]  
[CrossRef]

14) Schneiberg S, McKinley PA, Sveistrup H, et al.: The effectiveness of task-oriented intervention and trunk restraint on 
upper limb movement quality in children with cerebral palsy. Dev Med Child Neurol, 2010, 52: e245–e253. [Medline]  
[CrossRef]

15) Hung YC, Casertano L, Hillman A, et al.: The effect of intensive bimanual training on coordination of the hands in 
children with congenital hemiplegia. Res Dev Disabil, 2011, 32: 2724–2731. [Medline]  [CrossRef]

16) Elliott C, Reid S, Hamer P, et al.: Lycra(®) arm splints improve movement fluency in children with cerebral palsy. Gait 
Posture, 2011, 33: 214–219. [Medline]  [CrossRef]

17) Elliott CM, Reid SL, Alderson JA, et al.: Lycra arm splints in conjunction with goal-directed training can improve 
movement in children with cerebral palsy. NeuroRehabilitation, 2011, 28: 47–54. [Medline]

18) Fitoussi F, Diop A, Maurel N, et al.: Upper limb motion analysis in children with hemiplegic cerebral palsy: proximal 
kinematic changes after distal botulinum toxin or surgical treatments. J Child Orthop, 2011, 5: 363–370. [Medline]  
[CrossRef]

19) Krumlinde-Sundholm L, Holmefur M, Kottorp A, et al.: The assisting hand assessment: current evidence of validity, 

http://www.ncbi.nlm.nih.gov/pubmed/9183258?dopt=Abstract
http://dx.doi.org/10.1111/j.1469-8749.1997.tb07414.x
http://www.ncbi.nlm.nih.gov/pubmed/12948326?dopt=Abstract
http://dx.doi.org/10.1111/j.1469-8749.2003.tb00963.x
http://www.ncbi.nlm.nih.gov/pubmed/11530888?dopt=Abstract
http://dx.doi.org/10.1155/NP.2001.51
http://www.ncbi.nlm.nih.gov/pubmed/19679479?dopt=Abstract
http://dx.doi.org/10.1016/j.gaitpost.2009.07.110
http://www.ncbi.nlm.nih.gov/pubmed/17050402?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/26157275?dopt=Abstract
http://dx.doi.org/10.1589/jpts.27.1617
http://www.ncbi.nlm.nih.gov/pubmed/25413362?dopt=Abstract
http://dx.doi.org/10.1007/s10439-014-1189-z
http://www.ncbi.nlm.nih.gov/pubmed/11727367?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10899329?dopt=Abstract
http://dx.doi.org/10.1016/S0021-9290(00)00062-2
http://www.ncbi.nlm.nih.gov/pubmed/22304845?dopt=Abstract
http://dx.doi.org/10.1016/j.jbiomech.2012.01.018
http://www.ncbi.nlm.nih.gov/pubmed/20813019?dopt=Abstract
http://dx.doi.org/10.1111/j.1469-8749.2010.03768.x
http://www.ncbi.nlm.nih.gov/pubmed/21715141?dopt=Abstract
http://dx.doi.org/10.1016/j.ridd.2011.05.038
http://www.ncbi.nlm.nih.gov/pubmed/21131201?dopt=Abstract
http://dx.doi.org/10.1016/j.gaitpost.2010.11.008
http://www.ncbi.nlm.nih.gov/pubmed/21335677?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/23024728?dopt=Abstract
http://dx.doi.org/10.1007/s11832-011-0365-z


J. Phys. Ther. Sci. Vol. 28, No. 2, 2016700

reliability, and responsiveness to change. Dev Med Child Neurol, 2007, 49: 259–264. [Medline]  [CrossRef]
20) Chang JJ, Wu TI, Wu WL, et al.: Kinematical measure for spastic reaching in children with cerebral palsy. Clin Bio-

mech (Bristol, Avon), 2005, 20: 381–388. [Medline]  [CrossRef]
21) Boyd RN, Ziviani J, Sakzewski L, et al.: COMBIT: protocol of a randomised comparison trial of COMbined modified 

constraint induced movement therapy and bimanual intensive training with distributed model of standard upper limb 
rehabilitation in children with congenital hemiplegia. BMC Neurol, 2013, 13: 68. [Medline]  [CrossRef]

22) Wu G, van der Helm FC, Veeger HE, et al. International Society of Biomechanics: ISB recommendation on definitions 
of joint coordinate systems of various joints for the reporting of human joint motion—Part II: shoulder, elbow, wrist 
and hand. J Biomech, 2005, 38: 981–992. [Medline]  [CrossRef]

23) Jaspers E, Feys H, Bruyninckx H, et al.: Upper limb kinematics: development and reliability of a clinical protocol for 
children. Gait Posture, 2011, 33: 279–285. [Medline]  [CrossRef]

http://www.ncbi.nlm.nih.gov/pubmed/17376135?dopt=Abstract
http://dx.doi.org/10.1111/j.1469-8749.2007.00259.x
http://www.ncbi.nlm.nih.gov/pubmed/15737445?dopt=Abstract
http://dx.doi.org/10.1016/j.clinbiomech.2004.11.015
http://www.ncbi.nlm.nih.gov/pubmed/23809257?dopt=Abstract
http://dx.doi.org/10.1186/1471-2377-13-68
http://www.ncbi.nlm.nih.gov/pubmed/15844264?dopt=Abstract
http://dx.doi.org/10.1016/j.jbiomech.2004.05.042
http://www.ncbi.nlm.nih.gov/pubmed/21196120?dopt=Abstract
http://dx.doi.org/10.1016/j.gaitpost.2010.11.021

