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Abstract

Background: CAPOS syndrome (cerebellar ataxia, areflexia, pescavus, optic atrophy, and sensorineural hearing loss)
is a rare congenital autosomal dominant disorder. The resulting neurological sequelae of impairments are progressive in
nature and may interfere with functional independence, performing activities of daily living (ADL’s), and subsequently,
affecting the quality of life (QOL). Since it is an extremely rare disorder, there is a severe dearth in the literature about how
specific physiotherapy interventions may affect their functional status. Therefore, our objective was to investigate the
effects of proprioceptive neuromuscular facilitation (PNF) and Frenkel’s coordination exercises on functional recovery in a
patient with CAPOS syndrome.

Case presentation: We herein present a case of a 25-year-old Indian male with complaints of generalized body
weakness, difficulty visualizing distant objects, nystagmus, progressive sensorineural deafness, and ataxia. He was
rehabilitated with a structured/customized physiotherapy protocol consisting of PNF approach and coordination exercises
for 4 weeks, 6 days/week, 60 min daily. An improvement in overall functional performance of patient as per post-
intervention scores of manual muscle testing, trunk control measurement scale, functional independence measure
(components of self-care, transfers, and locomotion), and decline in severity of ataxia on scale for assessment and rating
of ataxia scale was observed.

Conclusion: PNF and Frenkel’s exercises resulted in an improvement in overall functional performance of the patient.
Improvement was observed in post-test scores of Manual Muscle Testing (MMT), Trunk Control Measurement Scale
(TCMS), and Functional Independence Measure (FIM) for the components of self-care, transfers, and locomotion.
Additionally, results also showed a decline in severity of ataxia on post-test scores of scale for the assessment and
rating of ataxia (SARA) scale (i.e., from severe to moderate).

Keywords: CAPOS syndrome, Proprioceptive neuromuscular facilitation, Frenkel’s exercises, Case report

Background
Cerebellar ataxia, areflexia, pescavus, optic atrophy, and
sensorineural hearing loss (CAPOS) syndrome was first
reported in 1996 by Nicolaides et al. in a family with a
maternally dominant inherited pattern [1]. It was found

to have an association with a mutation in the ATP1A3
gene. Classically, patients have an onset from 6 months
to 7 years and present with acute non-specific recurrent
febrile sickness accompanied by persistent neurological
symptoms like hypotonia, areflexia, nystagmus, strabis-
mus, dysarthria, lethargy, and cerebellar ataxia. In
addition, there are reports of a variable degree of optic
atrophy, sensorineural hearing loss, and pes cavus seen
in adolescence [2–4].
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Proprioceptive neuromuscular facilitation (PNF) is one
of the well-established treatment techniques incorporat-
ing functional diagonal movement patterns that helps fa-
cilitate, strengthen, and promote motor control in the
rehabilitation of neurological disorders [5]. Previously,
there has been documented evidence suggesting effect-
iveness of PNF trunk exercises on stability, balance, and
upper limb function in patients with stroke. A study by
Dionisio et al. revealed that RS during the task of reach-
ing promotes an increase of multifidus activity ipsilateral
to its application [6].
Evidence has proven effectiveness of a wide range of

physical therapy (PT) interventions comprising of pro-
prioceptive neuromuscular facilitation (PNF), Frenkel’s
exercises, dynamic postural stability training, muscle
strengthening and flexibility exercises, balance re-
education, and gait training in patients with cerebellar
disorders [7, 8]. Out of the nine studies studied in a
systematic review by Martin et al. [7] on investigating
the effectiveness of physiotherapy in adults with cere-
bellar dysfunction; five studies used PNF and Frenkel’s
exercise in their intervention protocol. They found
modest evidence that suggested physiotherapy has a
positive effect on gait, trunk control, and activity limita-
tions in people with cerebellar dysfunction. Additionally,
several clinical trials and a case study conducted on indi-
viduals with ataxia have indicated a significant improve-
ment in functional capabilities, such as self-care, gait, and
in ataxic symptoms after rehabilitation programs [9–11].
However, to our knowledge, there is a serious gap in

literature to determine the impact of rehabilitation in
such a rare disease. Thus, the current case report was
conducted to find out how a diagnosed case of CAPOS
syndrome responds to PT intervention involving PNF
and Frenkel’s coordination exercises and thereby add
value to present resources for rehabilitation of such rare
cases.

Case presentation
History
Presenting a case of 25-year-old young Indian male, sec-
ond child born at term out of a non-consanguineous
marriage, achieved all typical milestones at the expected
times and demonstrated a normal psychomotor develop-
ment. In his early childhood, he experienced several epi-
sodes of non-specific febrile illness accompanied by
generalized body weakness, clumsy bodily movements,
and balance dysfunctions requiring frequent hospital ad-
missions. With advancing age, he experienced a gradual
decline in visualizing distant objects accompanied by a
profound hearing loss more on right side. Presently, he
is experiencing generalized body weakness, difficulty
visualizing distant objects, nystagmus, progressive sen-
sorineural deafness, incoordination in all four limbs,

sitting balance dysfunction, truncal hypotonia, ataxia,
and mild dysarthria. These primary neurological impair-
ments have shown to interfere with independence to
carry out activities of daily living (ADLs) such as sit to
stand, independent standing, and walking which led to
total dependence on caregivers. The relatives gave a
positive family history in the patients elder sibling, who
remained undiagnosed till he died at a young age of 18
years. Details of the same could not be retrieved from
the family.

PT assessment
According to the initial neurological assessment, general
condition was fair with an ectomorphic built with no
history pre-existing systemic illnesses. Observational
findings revealed bilaterally (b/l) dilated pupil, muscle
wasting on all four limbs including intrinsic muscles of
the hand and an appearance of plantar flexed, inverted
cavus feet. Further on clinical examination, higher men-
tal functions, attention, and memory were intact. Cranial
nerve examination for CN II revealed a loss of distant
vision on Snellen’s chart. CN III indicated absence of
pupillary constriction, while results of CN III, IV, and VI
demonstrated nystagmus with abnormal saccadic eye
movements and saccadic pursuits. CN VIII indicated
sensorineural hearing loss on Weber’s and Rinne’s test.
Sensory examination demonstrated intact superficial,
deep, and combined cortical sensations. Non-equilibrium
tests such as finger nose test, diadakokinesia, and heel shin
revealed severe incoordination as seen by past pointing
and intentional tremors. Also, sitting on the edge of the
bed (equilibrium test) was not achievable without support
suggesting severe affection. Muscle tone assessment indi-
cated hypotonia, diminished deep tendon reflexes with b/l
pendular knee jerk. Moderate muscle tightness was noted
in b/l hamstrings severe tightness in b/l plantar flexors.
Muscle strength was assessed using Manual Muscle Test-
ing (MMT) as per Medical Research Council (MRC) grad-
ing. Scale for the assessment and rating of ataxia (SARA)
demonstrated moderate to severe ataxia. Trunk control
measurement was performed using Trunk Control Meas-
urement Scale (TCMS), findings of which indicated poor
trunk control.
Tables 1 and 2 depict performance on outcome mea-

sures from baseline to post 4 weeks of intervention.
Physical and functional examination indicated involve-

ment of cerebellum which was confirmed by MRI find-
ings suggesting bilateral cerebellar atrophy. Computed
topography of brain revealed loss of hair cells in the
right mastoid. Additionally, audiometric report con-
firmed moderate sensorineural loss on (left) with an ex-
tensive loss on right with decreased hearing abilities.
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Intervention goals and dosage
PT interventions were designed in order to improve bal-
ance and postural reactions in sitting as well as standing
against external stimuli and gravity. Our aim was to im-
prove joint stabilization by gaining good postural control
both during independent sitting and standing in the long
run. Also, treatment focused on promoting coordination
in functional positions and patterns to achieve independ-
ence in ADL’s. Total treatment dosage was once a day (6
days/week) over 4 weeks (total 24 sessions) period for 60
min with appropriate patient- and therapist-controlled
rest intervals. Session started with 15 min of general
warm-up exercises such as passive movements, stretch-
ing of lower limb muscles with active-assisted mobility
of upper limb and trunk for 10 repetitions of two sets
followed by 45 min of exercises involving PNF and
Frenkel’s respectively. Table 3 describes details of inter-
vention protocol that was administered. During the

Table 1 Pre- and post-intervention scores of MMT

MMTa Pre-intervention (baseline) Post-intervention (post 4 weeks)

Right Left Right Left

Shoulder

Flexors 2/5 2/5 4/5 4/5

Extensors 2/5 1/5 4/5 3/5

Abductors 2/5 2/5 4/5 4/5

Rotators 1/5 1/5 3/5 3/5

Elbow

Flexors 2/5 2/5 4/5 4/5

Extensors 2/5 2/5 3/5 3/5

Wrist

Flexors 1/5 1/5 3/5 3/5

Extensors 2/5 2/5 4/5 4/5

Hip

Flexors 1/5 1/5 3/5 3/5

Extensors 2/5 2/5 4/5 4/5

Abductors 1/5 1/5 3/5 3/5

Knee

Flexors 1/5 1/5 3/5 3/5

Extensors 2/5 2/5 4/5 4/5

Ankle

Plantarflexors 1/5 1/5 3/5 3/5

Dorsiflexors 2/5 2/5 3/5 3/5

Invertors 2/5 2/5 3/5 3/5

Evertors 1/5 1/5 2/5 2/5

Trunk

Flexors 2 3

Extensors 2 3

MMT Manual Muscle Testing
aAs per MRC grading

Table 2 Pre- and post-intervention score of Trunk Control
Measurement Scale, Scale for the assessment and rating of
ataxia, and functional independence measure scale

Outcome measures Pre-intervention
(baseline)

Post-intervention
(post 4 weeks)

TCMS 17/58 30/58

SARA 35/40 28/40

FIM score

• Self-care 37/56 44/56

• Transfers 6/21 13/21

• Locomotion 2/14 8/14

• Communication 9/14 9/14

• Social cognition 18/21 18/21

TCMS Trunk Control Measurement Scale, SARA Scale for the assessment and
rating of ataxia, FIM Functional independence measure scale
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course of rehabilitation, there were no reports of any ad-
verse effects, worsening of symptoms, or any other com-
plications due to the exercise regime.

Results and discussion
Outcomes measures in this study demonstrated an im-
provement in overall functional performance of patient
according to post-intervention scores of MMT, TCMS,
and FIM (components of self-care, transfers, and loco-
motion). Additionally, we also observed a decline in se-
verity of ataxia on post-test scores of SARA scale (i.e.,
from severe to moderate) (Tables 1 and 2).
This case is worthy of being reported because as per

our knowledge, there is paucity in evidence on how indi-
vidualized physiotherapy interventions involving PNF
and Frenkel’s coordination exercises affect functional
outcomes in CAPOS syndrome. In the following 4
weeks, outcomes of present study showed a beneficial ef-
fect in overall functional status of the patient.

Key tenants for improving postural control are facilita-
tion and muscle activation which produces purposeful
coordinated movements required to carry out ADL’s ef-
ficiently. PNF utilizes diagonal and rotational movement
patterns to facilitate, strengthen, and promote motor
control thereby producing mass functional movement
patterns. It is based on the principle that control of mo-
tion proceeds from proximal to distal body regions. Fa-
cilitation of trunk control, therefore, is used to influence
the extremities. PNF techniques such as dynamic rever-
sals (slow reversals) bring about coordinated patterns be-
tween opposite muscle groups in a controlled manner. It
utilizes isotonic contractions of first agonists, and then
antagonists performed against resistance. Contraction of
stronger pattern is selected first with progression to
weaker pattern. The movements are coupled with princi-
ples of Frenkel’s exercises to promote coordination. The
limb is moved through full range of motion. Rhythmic
stabilization (RS) and stabilization reversals (SR) help in

Table 3 Details of intervention protocol that was administered

Rationale Treatment activities

Week 1

To improve upper limb and trunk muscle strength Core stability: Static abdominals, partial curls, and trunk rotations.
PNF: Rhythmic initiation and active-assisted symmetrical UL and LL, D1,
and D2 flexion-extension along with pelvic and scapular patterns in
reclining positions in bed.
Stretching: B/L hamstrings, calves, invertors groups of muscles.

Promote limb coordination and gaze stabilization
(continued in every week)

Frenkel’s exercises: Fowler’s position for ataxia in UL and LL movements
in PNF diagonal patterns using auditory and visual cues starting involving
single joint (assistance was provided if needed).
Eyes open, active eye and head movements between two stationary targets
as self-selected speed.

Week 2

Promote upper limb muscle strength and coordination PNF patterns progressed to active and bilateral patterns in Fowler’s position.

Improve postural control in sitting RS and SR with minimal manual resistance in quadruped and bridge positions.

Improve upper and lower limb coordination Frenkel’s exercises in EOB position with minimal support (emphasizing on
multiple/combination joint movements in functional patterns).

To improve strength of intrinsic muscles of hand Exercises to improve strength of intrinsic muscles of hand were incorporated.

Week 3

Promote dynamic sitting control and anticipatory
postural reactions

Sitting EOB: Starting with midline and then multidirectional reach outs under
supervision.
RS and SR with manual resistance in sitting EOB.
EOB: small amplitude perturbations in all four directions.

To initiate and train sit to stand transition Incorporated as per the biomechanical principles and facilitatory techniques
of NDT.

To impart lower limb weight bearing and proprioception
in standing

Supported standing holding onto a walker for 5 min, keys points of control at
bilateral hips and knees.

Week 4

Promote muscle strength Progression with 1/2 kg weight cuffs for UL/LL muscles in mass functional patterns.

To improve limb coordination Frenkel’s exercises with dynamic reversals for limbs to further enhance strength
and coordination.

Initiate gait training with facilitation Functional lower limb patterns required for gait in parallel bars with therapists
support and cues.

UL upper limb, LL lower limb, EOB edge of bed, RS rhythmic stabilization, SR stabilizing reversals, NDT neurodevelopmental technique

Gardas and Mahajan Bulletin of Faculty of Physical Therapy            (2021) 26:8 Page 4 of 6



proximal/larger muscles recruitment thereby bringing
about postural stability in tasks such as sitting. RS is
characterized by isometric contractions against the re-
sistance provided by the therapist, with the subject try-
ing to maintain their position as the therapist changes
the direction of resistance. On the other hand, SR is
characterized by alternating isotonic contractions op-
posed by resistance to prevent motion, allowing small
movements.
Improvement seen in the TCMS scores post-intervention

in our study could be attributed to enhanced trunk muscle
co-activation as a result of RS and SR techniques. By the
end of 4 weeks, there was considerable improvement in
sitting postural control, from inability to sit at the start to
being able to sit independently over edge of bed. Synofzik
et al. in their study on patients with ongoing cerebellar de-
generation observed improvement in multi-joint coordin-
ation and dynamic balance by intensive and continuous
physiotherapy [12]. Furthermore, findings in a systematic
review undertaken by Martin et al. provided modest evi-
dence that physiotherapy may have a positive effect on gait,
trunk control, and/or activity limitations of patients with
cerebellar dysfunction [7].
Another important component responsible for optimal

functional performance is coordination. In present study,
our patient demonstrated severe incoordination in non-
equilibrium tests; therefore, Frenkel’s exercises were in-
corporated initially in supine, progressed to Fowler’s
position in bed followed by sitting on the edge of the
bed. Exercises were aimed to improve voluntary control
by sequential activation of agonist and antagonist groups
of muscles using appropriate verbal and visual feedback.
Principles of Frenkel’s, namely perception, precision,
practice, peak performance, and progression, were incor-
porated during the intervention. Emphasis was placed
on performing the movements in diagonal PNF patterns
to achieve functional movement synergies. After 4 weeks
of PT protocol, we observed a reduction limb ataxia with
respect to past pointing and intentional tremors. Stabil-
ity at trunk is considered to be an essential factor influ-
encing upper limb function. RS and SR coupled with
dynamic reversals utilizing principles of Frenkel’s exer-
cises in functional positions could have resulted in the
decrease of peripheral ataxia. Consequently, this was
reflected in the post-intervention scores of self-care do-
main in FIM. Similar findings were observed by Pallavi
et al. in her study, where intensive coordinative exercises
resulted in improved motor performance and reduced
ataxia symptoms, enabling patients with ataxia to
achieve personally meaningful goals in everyday life [13].
Muscle weakness in bilateral extremities and trunk,

coupled with ataxia was a major limiting factor for activ-
ity limitation and participation restriction in our patient.
Stability of trunk serves as a key element to determine

functional independence in standing and to maintain the
center of mass within the base of support. RS and SR
technique used in our study protocol may have helped
facilitate trunk musculature and improve co-activation
of abdominals and paraspinal muscles. Results of a study
by Kim and Park revealed that trunk stability exercise
using rhythmic stabilization could effectively enhance
balance ability under one-leg and double-leg conditions.
Additionally, incorporation of graded strengthening
protocol with PNF techniques of slow and dynamic
reversals in our protocol could have led to an improve-
ment in strength and subsequent functional perform-
ance. Giuliani in their review report found that strength
training was beneficial in improving physical perform-
ance in persons with neurological disorders [14].
The findings of this study has provided some evidence

that specific rehabilitation approaches such as PNF and
Frenkel’s when implemented in a structured way is ef-
fective in CAPOS syndrome, thereby paving the way for
future researchers to conduct studies which would give a
higher level of evidence in such extremely rare disorders.
There are some limitations of this study, making it

difficult to draw definite conclusions. Firstly, we focused
only on one patient, who received physiotherapy in
hospital, which restricts generalization. Therefore, in
future, experimental studies in a larger population on
patients with similar disorders could be conducted for
generalizability of the protocol and better applicability.
Secondly, the patient described in the paper was not
followed up after the 4-week physiotherapy program, so
it is not known if the effects obtained in the study per-
sisted in the long-term observation. Lastly, our physical
therapy protocol focused on impairments related to
cerebellum. A more holistic/multidisciplinary approach
could have been formulated involving specialists from
varied fields.

Conclusion
The findings of the study provide evidence to suggest
that structured and customized rehabilitation protocol
can improve muscle strength, coordination and func-
tional status and reduce severity of ataxic in an individ-
ual with CAPOS syndrome.
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