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Original Article

Investigation of Proprioception and Kinesthesia Sensations
in the Upper Extremities of Children with Childhood Cancer

Cocukluk Cagr Kanserli Cocuklarin Ust Ekstremitelerinde Propriosepsiyon ve
Kinestezi Duyularinin Incelenmesi

i Zeynep KOLIT, ® Ceren DAVUTOGLU, ® Meral HURI, ® Sedef SAHIN

Hacettepe University Faculty of Health Sciences, Department of Occupational Therapy, Ankara, Turkey

ABSTRACT

Objective: The objective of this study was to examine the
proprioception and kinesthesia functions of the upper limbs in
children who were undergoing chemotherapy treatment and
hospitalized with various cancer diagnoses.

Methods: Two hundred thirteen (101 females, 112 males)
children with childhood cancer participated in this study. The
proprioception and kinesthesia senses of the upper extremities were
evaluated within the hospital setting. The sense of position, which
was a clinical assessment, was used to assess proprioception. The
kinesthesia subtest of Sensory Integration and Praxis Test was used
to evaluate the kinesthesia sense. Kruskal-Wallis test was used to
compare mean values according to diagnostic criteria. Spearman’s
coefficient of correlation was used for bivariate correlations and the
statistical significance was accepted as p<0.05.

Results: There was no significant difference in proprioception scores
and kinesthesia averages according to diagnosis types (p>0.05). In
proprioception scores, according to diagnosis types, the lowest score
was in the carcinoma group, while the highest score was seen in
lymphoma group. In terms of kinesthesia, the most affected was the
lymphoma group, while the leukemia group was least. In addition,
no significant relationship was found between proprioception and
kinesthesia scores (p>0.05). However, a significant correlation
was found between right and left extremity proprioception scores
(p<0.01, r=0.50).

Conclusion: This study revealed the existence of proprioception
and kinesthesia deficiencies in children who received chemotherapy.
Planning intervention programs for these areas and evaluating
sensory parameters in detail will be useful for future studies.

Keywords: Cancer, child, proprioception, kinesthesia

oz

Amag: Bu calismanin amact hastanede yatan ve kemoterapi
tedavisi goren farkli tanili kanserli ¢ocuklarin iist ekstremitelerinin
propriosepsiyon ve kinestezi fonksiyonlarin: incelemektir.

Yéntemler: Bu calismaya gocukluk cagr kanserli 213 (101 kadin,
112 erkek) cocuk katlmistir. Ust ekstremitelerin propriosepsiyon ve
kinestezi duyulari hastane ortaminda degerlendirilmistir. Klinik bir
degerlendirme olan pozisyon hissi propriyosepsiyonu degerlendirmek
icin kullanidmustir. Kinestezi duyusunu degerlendirmek icin Duyu
Biitiinleme ve Praksis Testlerinin kinestezi alt testi kullanilmistir.
Tani kriterlerine gore ortalama degerleri kargilastirmak icin Kruskal-
Wallis testi kullanild. Iki degiskenli korelasyonlar igin Spearman
korelasyon katsayist kullanildi ve istatistiksel anlamlilik p<0,05
olarak kabul edildi.

Bulgular: Tani tiplerine gore propriosepsiyon skorlari ve kinestezi
ortalamalari arasinda anlamli fark yoktu (p>0,05). Propriosepsiyon
puanlarinda tan: tiitlerine gére en diisiik puan karsinoma tani
grubunda iken en yiiksek puan lenfoma tan: grubunda goriilmiistiir.
Kinestezi agisindan en fazla etkilenen lenfoma tani grubu iken en az
16semi tan1 grubu etkilenmistir. Ayrica propriosepsiyon ve kinestezi
skorlari arasinda anlamli bir iliski bulunamamustir (p>0,05). Ancak
sag ve sol ekstremite propriosepsiyon skorlart arasinda anlamli bir
iliski bulunmustur (p<0,01, r=0.50).

Sonug: Bu calisma kemoterapi alan ¢ocuklarda propriosepsiyon
ve kinestezi sorunlarinin varligini ortaya koymustur. Bu alanlara
yonelik miidahale programlarinin  planlanmasi  ve duyusal
parametrelerin detayli olarak degerlendirilmesi ileride yapilacak
calismalar icin faydali olacaktir.
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Introduction

Childhood cancers are examined under 12 main groups
according to the international classification of pediatric cancers.
These include leukemia, nervous system tumors, lymphoma,
bone tumors, neuroblastoma, Wilms tumor and soft tissue
sarcomas. Leukemia, nervous system tumors and lymphoma are
the most common types (1). Detection of cancer and related
treatments (eg, chemotherapy) cause undesirable physical (eg,
pain, fatigue), and psychological (eg, anxiety, depression, and
irritability) complications for children (2). Significant decreases
occur in children’s functional capacity and physical fitness
compared to pre-disease period. Furthermore, multiple and
sometimes prolonged hospitalizations lead to limitations and
reduced quality of life of children in performing their daily
activities (eg, self-care, play, social participation and educational
activities) (3,4).

Sensory deficits occur in cancer due to the infestation of the nerve
tissue by the tumor or the treatment received. It has been stated that
the occurrence of these sensory damages in pediatric cancers may
adversely affect somatosensory development (5). Proprioception,
which is one of the subsystems in the somatosensory system, is
defined as the awareness of the position and movement of the
body and its extremities. This feeling also includes the feeling
of heaviness. Proprioception allows the person to interact with
the environment by regulating muscle tone, revealing voluntary
movement and, giving the person the sense of where he/she is
in space (6). Proprioception is generally assumed to consist of
two modalities: joint position sensation (kinesthesia) and limb
movement sensation. The ability to be aware of the position
of body parts in space, consciously or unconsciously, defines
proprioception, while kinesthesia is defined as the proprioceptive
stimulation reaching the central nervous system and resulting in
conscious awareness of joint position (7).

It has been shown that proprioceptive awareness is necessary to
coordinate multiple joints, maintain muscle contraction, and even
perform complex finger movements with vision. Functionally,
individuals who have problems with the proprioceptive system
have been reported to have difficulty in fine motor skills such
as fastening buttons or writing (8). It has been shown that poor
proprioception is associated with more activity limitations (9).

Many people diagnosed as having cancer are inevitably treated
with chemotherapy despite its neurotoxic side effects (10). Since
chemotherapy affects all body systems, carrying on with daily
life becomes difficult for individuals. Due to the suppression
of the bone marrow in the early period of the chemotherapy
treatment, various side effects emerge including but not limited
to leukopenia, thrombocytopenia, anemia, infection, fatigue,
gastrointestinal complaints, pain, tingling, numbness, etc.
(11). Studies have shown that these side effects correspond
approximately to the time of the patient receiving the third cure
of chemotherapy (12,13). It was observed that as the number
of cures increased, the physical symptoms experienced by
individuals also increased as well (14).

94

Correct processing of proximal sensory stimuli such as
proprioception, tactile and vestibular stimuli is important in the
normal neurodevelopmental period. In particular, disturbances
in the somatosensory system signal processing will cause
problems in postural control, movement coordination, motor
development and adaptive response. These would negatively
affect the child’s participation in all life activities in the future
(15). Assessing how a child reacts to proprioceptive signals for
regulation and modulation is substantial for characterizing a
child’s skill to participate in activities of daily life (8).

Identified somatosensory deficits
kinesthesia might provide clinicians for rehabilitation with

in proprioception and

information about many factors (16). It has been reported that
ignoring these parameters means missing critical opportunities
for interventions to enhance the children’s development.
Therefore, it is important to assess the child’s ability to process
and use proprioceptive and kinesthesia information with a
comprehensive assessment (17). In many pediatric populations,
such as cerebral palsy, developmental coordination disorder and
children with obesity, sensory problems that negatively affect
motor behavior and motor development have been reported to
be associated with proprioceptive or kinesthesia deficits (18-20).

It has been shown that poor upper limb proprioception is
associated with difficulties in handwriting and poor coordination
(21). It has been reported that those with proprioceptive and
kinesthesia deficits in the upper extremities exhibit spatially
inefficient poor  spatial
movements, and difficulty in timing of movements (19). It
has been reported in the literature that deficiencies in upper
extremity proprioceptive and kinesthesia functions negatively
affect quality of life and functional independence (22-24).
In the light of this information little data is available on how
somatosensory involvement in children with childhood cancer

hand movements, reference for

changes. Studies show that clinical sensory and motor changes
need to be determined. This study focuses on proprioception
and collectively used kinesthesia with it. The aim of the study
was to examine proprioception and kinesthesia function of the
upper limbs in children who were undergoing chemotherapy
treatment and hospitalized with various cancer diagnoses.

Methods

The study was carried out in the inpatient clinic of the University
Hospital, Department of Pediatric Oncology. Inclusion criteria
for children diagnosed as having childhood cancer were as
follows: (a) being between the ages of 6 and 14; (b) receiving at
least three curing of chemotherapy (12); (c) not having a central
or peripheral nervous system disease or disorder; (d) scoring
1.65-2.83 according to the Semmes-Weinstein Monofilament
Test and scoring 7 correct answers in 10 trials for superficial pain
assessment; (e) having scores higher than 28, 30 and 35 in the
mini-mental state exam devised for children of ages 6-8, 9-11
and 12-14, respectively (25); and (f) not having metastases. The
exclusion criteria for children were: (a) having relapsed disease
or being in palliative care; (b) not speaking Turkish fluently; (c);
being diagnosed as having brain tumor.
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Children who received inpatient treatment during the study were
included as potential participants. The sample size was calculated
as a result of the power analysis performed with 80% power and
5% error rate. According to the inclusion criteria, 244 children
were initially eligible. However, 31 of these children later met the
exclusion criteria: Not speaking Turkish fluently enough (n=5),
having relapsed disease (n=3), being diagnosed as having brain
tumor (n=10), having metastases (n=7) and having a peripheral
nervous system disease (n=6). Before the study procedure,
an informed written consent was taken from each child and
legal guardian, which was approved by the University’s Ethics
Committee (decision number: 677-25, date: 28.02.2017).

Assessments

In order to avoid distraction, each child was evaluated separately
in their own room in a quiet environment. Demographic data
(i.e. age, gender, number of cures and cancer type) were obtained
during the interview. Later, proprioception and kinesthesia
assessments were performed in the children. The first author
evaluated kinesthesia, and the third author scored. The second
author evaluated proprioception, and the last author scored. Tests
were administered with dominant and non-dominant hands in
an appropriate setting. Total evaluation time was approximately
15 minutes.

Proprioception (Sense of Position)

Common proprioception clinical assessments investigate the
determination of the position or direction of motion in which
a finger or more proximal joint passively places or moves (8).
Proprioception was evaluated by evaluating the sense of motion
in the elbow, wrist, thumb and index finger. The therapist
moved different joints in small widths in flexion-extension
and the child was instructed to say ‘yes' when movement was
felt. Proprioception was scored as normal (2), impaired (1), or
absent (0). (2= Normal: Movement is felt in a small width with
all three attempts. 1= Impaired: Movement is only felt over a
greater breadth. 0= Absent: The movement is not felt in great
breadth with any attempt). The test took about 5-10 minutes.
The child was asked to close his/her eyes with this assessment
and the therapist did not give any feedback on the accuracy of
their estimates to eliminate a learning effect (17).

Kinesthesia

The kinesthesia subtest of Sensory Integration and Praxis Tests
(SIPT) was used to evaluate the kinesthesia discrimination of the
children under consideration. The kinesthesia test is one of 17
subtests included as part of the SIPT, developed by Ayres (26) as
a standard measure of sensory integration and praxis functions
in children aged 4-8 years and 11 months. The test most directly
measures proprioceptive function, namely sense of movement.
Therapists who have a practitioner certificate can apply this test.
The child with closed eyes was asked to hold her/his fingers
and move from one predetermined point to the other on the
paper, and then the child was asked to repeat this movement
according to her/his own sense of movement. The test took
about 5 minutes. The distance to the correct point was recorded

in centimeters. The mean distances of both upper limbs to the
correct point were calculated. Low mean score was interpreted as
good kinesthetic perception (27).

Statistical Analysis

Statistical analysis was executed by SPSS (Statistical Package
for Social Sciences version 22). Data distribution normality
was examined using visual and analytical methods. Outcome
measurements were defined using mean and standard deviations
for continuous variables and frequencies and ratios for categorical
variables. Descriptive statistics were reported using medians and
interquartile range for the non-normally distributed and ordinal
variables. Proprioception and kinesthesia values were not normally
distributed and the Kruskal-Wallis tests were conducted to
compare them based on diagnosis criteria. Spearman’s coefficient
of correlation was used for bivariate correlations between
proprioception scores and kinesthesia averages. An overall 5%
type-1 error level was used to infer statistical significance.

Results

Two hundred thirteen children with
participated in this study. The demographic characteristics of the

childhood cancer

participants are shown in Table 1.

The proprioception scores of the right and left upper extremities of
the participants according to the types of cancer shown in Figure
1. Proprioception scores reveal that that the carcinoma group is
the most affected cancer type in the sense of proprioception.

The average of kinesthesia scores with respect to cancer types
are shown in Figure 2. The lowest averages of the kinesthesia
are in the leukemia group and the highest averages are in the
lymphoma group. According to these results, the most affected
cancer type in terms of kinesthesia sensation is lymphoma group.

The mean proprioception scores according to their cancer types
is shown in Figure 3. The childhood cancers when sorted from
the least affected group to the most affected group according to
mean proprioception scores were lymphoma, leukemia, ewing
sarcoma, osteosarcom and carcinoma.

The differences between the means of proprioception and
kinesthesia according to cancer types are shown in Table 2.
There were no statistically significant differences between the
proprioception scores and kinesthesia averages of children with
childhood cancer according to the diagnosis groups (p>0.05).
Considering that the maximum possible proprioception score
was 8, both right and left extremities average scores were low.

While standard deviations (SD) between +1 and -1 in kinesthesia
scores were accepted as normal perception (27). The calculated
standard deviations of kinesthesia scores were more than +1
SD among children with childhood cancer. Therefore, it was
observed that the kinesthetic perceptions of children were
negatively affected with cancer.

The relationship between right and left extremity proprioception
scores and means of kinesthesia values are shown in Table 3. A
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significant moderate positive correlation was found between
right and left extremity proprioception scores (RSpearman=0.50,
p<0.01). No correlations were detected proprioception scores
between with mean of kinesthesia scores (p>0.05).

Discussion

The aim of this study was to examine proprioception and
kinesthesia functions of the upper limbs in children with
childhood cancer undergoing chemotherapy treatment who
were hospitalized according to different diagnosis groups. It
was observed that the average proprioception levels of children
with childhood cancer were low. The carcinoma group showed
the lowest, while the lymphoma group showed the highest
proprioception scores among various types of cancer. In terms
of kinesthesia scores, the lymphoma group was the most
affected types of cancer. Also, no difference was detected in
proprioception (both right and left limb) and kinesthesia values
according to cancer types. In addition to these, a significant
relationship between right and left proprioception values was
found. However, there was no relationship between kinesthesia
and proprioception values.

Table 1. The demographic characteristics of childhood
cancer with children

Mean £ SD n=213

Age (year) 11.16%3.03
Number of cures 3.73£0.73
Type of cancer n (%)
Osteosarcoma 46 (21.6)
Ewing sarcoma 54 (25.4)
Lymphoma 37 (17.4)
Leukemia 37 (17.4)
Carcinoma 39 (18.3)
Gender

Female 101 (47.4)
Male 112 (52.6)
Dominant hand

Right 137 (64.3)
Left 76 (35.7)

SD: Standard deviation
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Figure 1. Proprioception scores according to types of
childhood cancer
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It is emphasized that a sedentary lifestyle accelerates the loss
of proprioceptive acuity (6). Wang et al. (20) examined the
proprioception of knee and ankle joints in pre-pubertal obese and
non-obese boys. The study concluded that obese boys showed
deficit proprioception in knee flexion (20). In another study
evaluating the proprioception of children with cerebral palsy,
proprioceptive deficit was found in all limbs of children (16).
Most childhood cancers are more common in boys, and this is
even more evident in developing countries (28). In the light of
this information, the high number of boys in our study is similar
to the literature. Considering that we had a higher number of
boys in our study, it was not surprising that their proprioception
levels were low. Cancer treatment usually requires repeated and/
or prolonged hospitalization (29). It has been stated that in
children with cancer who are hospitalized for a long time, the
opportunity to establish an active relationship with environment
decreases and the ability to process and use sensory information
to organize, direct and regulate behavior in the future is negatively
affected (30). The results of our study showed that considering
the maximum possible score in proprioception was 8, the scores
of children with childhood cancer were quite low. We claim that
this is because the treatment of cancer in childhood takes months
and children often stay in hospitals for a long time. According to
the results in our study, the lowest proprioception scores belong
to the carcinoma group. Our study demonstrated that although
the evaluation of the sense of proprioception was very important
in all cancer types, children with carcinoma who had the lowest
proprioception scores should especially be focused on during
related evaluations and interventions.
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Figure 2. Averages of kinesthesia considering types of
childhood cancer
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A study conducted to measure and compare kinesthetic sensitivity
in children who were typically developing and in children with
Developmental Coordination Disorders (DCD) showed that
children with DCD were significantly less sensitive to the sense
of kinesthesia (18). In another study examining the kinesthesia
sense of children with specific language disorders, it was reported
that these children performed poorly in kinesthesia tasks (31).
In our study, it was found that the distance of the average of the
kinesthesia scores to the target point was quite high. Hence, we
can state that the kinesthesia senses are also affected in children
with cancer. In a study conducted on the writing analysis of
children receiving leukemia treatment, it was stated that children
could overcome problems other than the constantly increasing
drawing pressure and this increased drawing pressure might be
related to the children’s attempt to obtain sufficient kinesthetic
information (32). In a study of fine motor and tactile-perceptual
functions in children with cancer, they found transient problems
in children treated for leukemia and more persistent problems in
children treated for solid tumors (33). It was stated that children
who experienced the side effects of cancer treatment or who
were hospitalized for a long time due to illness had difficulty
in learning and participating in play activities and therefore lost

Table 2. The differences between the means of
proprioception and kinesthesia according to cancer types

Variable Cancer types Mean + SD p
Osteosarcoma
. 3.97+1.08
Ewing sarcoma 3.9840.99
Proprioception -90610.
. Lymphoma 0.10
right (0-8) yme ) 4.05+1.02
Leukemia
. 3.94+1.02
Carcinoma
3.48+0.75
Osteosarcoma 3.86+0.95
Ewing sarcoma 3.81+£0.93
Proprioception .
left (0-8) Lymphoma 4.10+0.87 v
Leukemia 3.94+0.88
Carcinoma 3.74£0.78
Osteosarcoma 5.89+1.39
Ewing sarcoma 5.94+1.20
. . Lymphoma 6.19+1.06
Kinesthesia (cm) . 0.79
Leukemia 5.51+0.90
Carcinoma 6.06+0.98

SD: Standard deviation, min: Minimum; max: Maximum. The significance of
differences for means of the proprioception and kinesthesia was compared
using the Kruskal-Wallis test.

P-values of <0.05 were considered significant

Table 3. Correlation between the proprioception scores and

kinesthesia
Variable n Mean+SD 1. 2. 3.
1. Proprioception right 213 3.90+1.08 - 0.001* 0.28
2. Proprioception left 213 3.69+0.92 - 0.15

213 5.92+1.15 =

SD: Standard deviation; min: Minimum; max: Maximum. P-values of <0.05 were
considered significant *p<0.001

3. Kinesthesia

opportunities to improve in their physical, problem-solving and
social-interactive skills (34). Based on the findings in the literature,
we think that children with cancer will experience more problems
in their playing, fine motor skills, academic performance and social
relationship skills if their sensory deficiencies are left unidentified
and untreated. According to our study, it was shown that the
leukemia group was better than other diagnostic groups in terms
of kinesthesia, and the lymphoma group was the most affected
of childhood cancer types. For this reason, it would especially be
useful to evaluate children with lymphoma in the early period and
to plan interventions in this area.

Childhood cancers vary according to the type of the disease, the
organ in which it is located, and the individual characteristics of
the patient (35). Carcinoma is the name given to the tumoral
mass that occurs in the skin or in the epithelial cells surrounding
the internal organs (36). The skin, muscles, and joints of limbs
are richly innervated by a variety of sensory receptors that convey
proprioceptive information to all levels of the nervous system. It is
known that loss or impairment of sensation in the limbs can lead
to serious movement disorders and sensory input plays a critical
role in controlling movement (37). Carcinoma tumors can also
arise in cutaneous cells that are associated with proprioception
(38). In the results of our study, it was revealed that the carcinoma
group was more affected in the proprioceptive area, which was
in line with this information in the literature. Lymphomas are
malignant diseases originating from lymphoreticular cells. These
types of cells are found mainly in the lymph nodes, and the leading
clinical symptom is tumoral enlargement of the lymph nodes (39).
Lymphedema can be seen as a secondary symptom in lymphoma
(40). It has been reported in the literature that loss of kinesthetic
sensation is associated with upper extremity lymphedema (41,42).
In the results of our study, it was seen that the lymphoma group
was most affected in the sense of kinesthesia. However, we think
that it will be valuable to reveal whether this condition is associated
with lymphedema in future studies.

Proprioception contributes to body image, and the development
of motor control when learning new skills (43). Chancel et al.
(44), emphasized that proprioceptive afferents were bilaterally
integrated during bimanual tasks. Several studies have highlighted
strong interactions between the muscle proprioceptive afferents
for the two arms (45,46). In our study, a moderately significant
correlation was found between right and left proprioception
scores. Our finding is in line with the results in the literature.
According to our results, we can state that approaches involving
the coordination of extremities and bilateral activities are needed
in children with childhood cancer due to low proprioception mean
scores and a significant relationship between the two extremities.

Study Limitations

There were some limitations to this study. Primarily, these
findings could not be generalized for age and childhood cancer
types not included in our study, depending on the heterogeneous
population. Secondly, there was no control group of same aged

97



Kolit et al. Proprioception & Kinesthesia in Children with Cancer

healthy children. Another limitation of our study was that we
only evaluated the upper extremity and not the lower extremity
in our study.

Conclusion

This study provides valuable information on the proprioception
and kinesthesia senses of children with childhood cancer, an area
which has not yet been explored adequately in an early phase of
pediatric oncological aftercare. Early identification of sensory
impairment is especially relevant in pediatric populations as sensory
dysfunction is occurring during somatosensory development (47).
The studies in the literature conducted in children with similar
chronic or neurological diseases show that sensory impairments
closely affect the development of motor skills. Thus, considering
our study results, we think that sensory deficits may also affect
motor skills in children with cancer. Sensory problems can
potentially be critical, as proprioceptive transmitters are required
for strong motor behaviors such as fine motor skills and balance.
In this respect, it will be important to include sensorimotor
interventions, which are an important component of long-term
care, in the treatment protocol, together with early detection of
proprioception and kinesthesia deficits in children with childhood
cancer. Sensory assessments may also be useful for identifying
and monitoring other patient populations with known or
potential sensory dysfunction, such as other pediatric cancers and
individuals with adult cancers. Further investigation and analysis
of sensory skills of children with cancer are recommended.
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