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Introduction/background

Cerebral Palsy (CP) is an umbrella term used to describe a 
permanent disability resulting from non-progressive damage 
to the brain, specifically the corticospinal tract, of a developing 
fetus or infant. CP is believed to be caused by a malformation 
of the brain during its development and is a common pediatric 
disorder with about two to three cases occurring out of every 
thousand births. Children with CP experience a range of impair-
ments including muscle weakness, sensory deficits, increased 
muscle spasticity, and upper limb dysfunction [1]. All of these 
interfere with a child’s motor function resulting in a reduction 

in their ability to interact effectively with their environment, de-
creases in the child’s daily self-care activities, as well as devel-
opmental nonuse, especially of the upper limbs [2]. In the past, 
treatment for unilateral CP has had a strong focus on correcting 
motor impairments such as muscle weakness and/or spasticity 
[3]. Recently, a shift in focus towards investigating the effects of 
assessing and improving tactile dysfunction in the upper limbs 
since findings have reported that the prevalence of sensory pro-
cessing impairments in children with hemiplegia are up to 75% 
or more [4]. To date, there is a lack of research assessing the 
relationship between Active Range of Motion (AROM) and sen-
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sory processing (tactile discrimination) deficits. Therefore, the 
purpose of this study is to determine if there is a relationship 
between active AROM and tactile discrimination for children 
previously diagnosed with unilateral CP.

Methodology

This is an IRB approved retrospective study. Potential partici-
pants were previously evaluated for a clinical assessment of up-
per extremity functions in the motion analysis center between 
August 2014 and July 2021. Inclusion criteria were: Patients with 
the primary diagnosis of cerebral palsy, spastic hemiplegia, ages 
7-21 years old at the time of the evaluation. Patients performed 
clinical assessment of active range of motion and Stereogno-
sis assessments during one clinic visit. Exclusion criteria were: 
Patients who had undergone botulinum toxin injections in the 
past 6 months or surgical interventions in the past 12 months. 

During the clinical assessment, each patient underwent a 
history and evaluation by a physical therapist and then per-
formed active range of motion assessment using seventeen 
[17] surface reflective markers placed on each upper extremity 
and three-dimensional motion analysis system (optical tracking 
system). This is similar to the technology used in the movie and 
video game industries, a motion capture system uses multiple 
digital cameras linked together to a computer, simultaneously 
measuring the movement of reflective markers attached to the 
skin [5,6]. Using these imbedded coordinate systems and Euler 
rotations, resulting angles describe the rotation of one segment 
relative to an adjacent segment [7]. A six degree of freedom 
model is created from each body segment. Each segment is free 
to translate and rotate independently of other body segments 
[7].

Twelve 3-D motion capture cameras (Vicon Vantage Cam-
eras, Nexus 2.12.1 software, Culver City, CA) were used for data 
collection and post processing. Three trials of active range of 
motion (wrist flexion/extension and forearm pronation/supina-
tion), first with their uninvolved and then their involved arm 
were averaged. Reflective markers were placed on the follow-
ing anatomical landmarks: Left scapula (offset), bilateral lateral 
humeral head, lateral mid-humerus, lateral humeral epicon-
dyle, mid-forearm in line with thumb, radial styloid process, 
ulnar styloid process, middle finger proximal phalange base 
and head. Radial and ulnar markers, bisecting the wrist, were 
placedso little to no motion can be detecting in the markers 
when supinating and pronating. 

The patients were seated on height adjustable bench so both 
feet could be flat on the floor. Patients performed three trials 
of active range of motion first with their uninvolved and then 
their involved arm. These motions performed were maximum 
wrist extension and flexion (with finger flexion/extension), and 
active forearm supination and pronation. Maximum and mini-
mum values for flexion/extension and pronation/supination 
were analyzed using Visual 3D software (Version 6, C-Motion, 
Inc., Germantown, MD).

After removal of reflective markers, regardless of which arm 
is more involved, patients performed stereognosis assessment 
first with their right upper extremity and then with their left. 
Stereognosis assessment consisted of patient sitting in a chair 
and then placing their hand on a bedside table. Attached to the 

bedside table was a small curtain to prevent the patient from 
seeing the objects and shapes. Five different objects and four 
different shapes were placed under the patient’s hand (Figures 
1 & 2). Patients were allowed to actively and freely touch ob-
jects and shapes for up to 5 seconds before naming. Patients 
were provided a diagram of objects and shapes and were asked 
to identify the object under their hand (Figures 3 & 4). Patient 
then received a score of 0 (incorrect) or 1 (correct identifica-
tion) of each object and shape. Patients were not allowed to 
see the object or shapes at any time. Therapist did not inform 
patient if their answers were correct or incorrect.

Statistical analyses were performed with SPSS 26.1. Descrip-
tive statistics and Spearman’s rank correlation coefficients be-
tween AROM and stereognosis scores were calculated. 

Figure 1: Object used for stereognosis testing.

Figure 2: Shapes used for stereognosis testing.

Figure 3: Diagram of options of objects with respective names for 
stereognosis testing.
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Figure 4: Diagram of options of shapess with respective names for 
stereognosis testing.

Results

Sixty-two patients (26 females) met inclusion criteria. A ma-
jority (82%) of participants had Manual Ability Classification 
System (MACS) score of II, with the remaining 14 % score of I 
and 3 % score of III. Per family report, 50 (81 %) of the patients 
performed activities of daily living with one hand. 

On average, the uninvolved arms demonstrated higher rates 
of correct identification of shapes and objects (p<0.001). The 
uninvolved arms demonstrated more wrist (p<0.001) and fin-
ger extension (p=0.002), and total excursions (p<0.001) com-
pared to involved arms. Uninvolved arms demonstrated more 
pronation (p=0.004), supination (p<0.001) and total excursions 
(p<0.001) compared to involved arms. (Table 1) 

Table 1: Uninvolved and Involved arms means and standard de-
viations with p value of paired t-tests for stereognosis scores, wrist, 
finger and forearm active range of motions.

Parameters

Uninvolved 
Arm Mean 
(Standard 
Deviation)

Involved 
Arm Mean 
(Standard 
Deviation)

p-value

Stereognosis Score of  
Correct Identified Shapes 
and Objects (%)

87.3 (17.3) 43.5 (33.4) <0.001

Maximum Wrist  
Extension (°) 74.6 (11.4) 19.4 (34.2) <0.001

Maximum Wrist Flexion (°) 46.3 (10.4) 45.0 (14.7) 0.271

Total Wrist Excursion (°) 120.9 (14.3) 64.4 (34.3) <0.001

Maximum Finger  
Extension (°) -20.1 (13.4) -27.6 (16.2) 0.002

Maximum Finger  
Flexion (°) 55.9 (15.3) 55.3 (16.5) 0.388

Total Finger Excursion (°) 35.8 (14.0) 27.8 (13.5) <0.001

Maximum Forearm  
Pronation (°) 55.5 (15.2) 49.9 (18.2) 0.004

Maximum Forearm  
Supination (°) 69.4 (16.5) 8.5 (36.9) <0.001

Total Forearm Excursion (°) 125.0 (23.4) 58.4 (33.4) <0.001

Because correct identification of shapes and objects dem-
onstrated strong correlation (r = .826), stereognosis scores are 
reported as a percent of total correct indemnifications for nine 
items. No relationship was observed between stereognosis 
scores and active range of motion for the uninvolved arms. For 
the involved arms, stereognosis score was moderately correlat-
ed with MACS (r = -.438). Stereognosis scores were moderately 
correlated with maximum wrist extension (r = .472) and total 

wrist excursion (r = .523). Weak correlations were observed 
between stereognosis scores and other AROM of fingers and 
forearms (Table 2). 
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Discussion

In 1958 Tachdjian & Minear reported sensory disorders were 
present in 42% of children diagnosed with CP [8]. The most 
common deficits were stereognosis, two-point discrimination 
and position sense. It is not until the last decade that studies 
have assessed sensory disorders for persons diagnosed with 
cerebral palsy for a renewed focus on the concept that cere-
bral palsy is a sensory and motor disorder. In their 2021 review 
of the literature Brun et al. reported all 20 studies consistently 
demonstrated a decrease in spatial tactile perception for CP 
populations [9]. Specifically, deficits in stereognosis, graphes-
thesia and two-point discrimination. Additionally, impairments 
in tactile perception were almost systematic, while impairments 
of proprioception and pain were more heterogenous across CP 
populations [9]. 

Russo et al. used structural equation model to assess the re-
lationships between self-care and upper extremity impairments 
(spasticity, sensory function, and manual abilities) for children 
with hemiplegia [1]. In that study, self-care was directly affected 
by manual abilities and processing skills with indirect effects of 
sensation. In our current study, we identified weak to moderate 
correlations between stereognosis and active range of motion. 
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Park et al. assessed the relationship between MACS level 
andsensory processing (sensory sensitivity) of children diag-
nosed with CP hemiplegia [10]. Weak negative correlations 
were reported. In our study, we observed moderate negative 
correlationsbeen MACS level and stereognosis scores. These 
differences could support premise that proprioception is het-
erogeneous across CP populations. 

Study limitations

This study was limited to children diagnosed with cerebral 
palsy, hemiplegia. The majority of the participants were MACS 
level II which limits the ability to generalize the results of this 
study for children with CP. Additionally, the wide age ranges of 
participants could affect results of study because different de-
velopmental ages are represented. No cognitive tests were per-
formed clinically; therefore, we could not assess the influence 
of cognitive skills. Four (6%) participants did not appear to un-
derstand stereognosis task because they scored less than 50% 
correct identification with their uninvolved sides. The dominant 
hand of each participant was not identified. However, previ-
ous work by Wingert et al. reported “classifying dominant side 
matched reported less involved side” for children with diplegia 
[11]. We did not provide any specific instructions regarding fin-
ger motions or wrist radial/ulnar deviation during AROM data 
collection. Which could have contributed to weak correlation of 
finger AROM and stereognosis scores. Lastly, because this was 
a retrospective study we did not report other extremity impair-
ments, specifically, strength and spasticity because these were 
not consistently collected during each clinical visit. 

Conclusions

The results of this study show that children with cerebral pal-
sy, hemiplegia demonstrated weak and moderate relationships 
between stereognosis scores and with total wrist excursion 
and forearm excursions. Impaired stereognosis may contribute 
to decreased dexterity and fine motor skills. Thisimplies treat-
ments to improve AROM may improve tactile discrimination 
abilities for persons diagnosed with CP. Future studies assessing 
relationships between stereognosis, AROM and functional abili-
ties are warranted.
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