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Abstract

Int roduct ion: Freezing of gait  unresponsive to dopaminergic st imulat ion in pat ients with 
severe Parkinsonism. The freezing of gait  episodes (FOG) normally appear during the 
“ off”  period and generally improve with dopaminergic st imulus, at  the same t ime as 
improving other Parkinsonian symptoms. 
Pat ient s and met hods: We report  a group of 10 pat ients with severe Parkinson’s disease. 
All pat ients suffered motor fl uctuat ions, dyskinesias and episodes of FOG during the “ on”  
and “ off”  state. The pat ients received a subcutaneous apomorphine bolus, without  other 
dopaminergic medicat ion; an effect ive dose of apomorphine was considered as one that  
induced a reduct ion of at  least  a 60% in the UPDRS motor scale. 
Result s:  The baseline motor UPDRS was 61.3 ± 4.7, which dropped to 21 ± 4.3 after the 
apomorphine inj ect ion. The mean dose of apomorphine was 5.5 mg (3-7 mg). The bolus 
of apomorphine improved the parameters of the gait  related to bradykinesia and the 
tapping tests of the limbs, but  the episodes of FOG did not  vary signifi cant ly between the 
“ off”  and “ on”  state. 
Conclusions:  We present  a group of 10 pat ients with freezing of gait  episodes that  did not  
improve with t reatment  and persisted during the “ on”  period induced by dopaminergic 
st imulus with apomorphine.
© 2009 Sociedad Española de Neurología. Published by Elsevier España, S.L. All rights 
reserved.
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Introduction

Walking and stabilit y are two aspects which infl uence the 
quality of life considerably in pat ients with Parkinson’s 
disease (PD)1. It  is generally considered that  there are 
three funct ional levels involved in mot ion cont rol that  act  
in an integrated manner: musculoskeletal and neuromuscular 
system, subcort ical st ructures of the cent ral nervous system 
and cort ical st ructures (afferent , integrat ive and efferent  
systems)2. The cent ral nervous system uses and integrates 
the informat ion it  receives through the afferent  system and 
establishes the motor plans needed to maintain stabilit y 
and posture and develop a walk with the appropriate motor 
and speed pat terns, for which the subcort ical st ructures 
such as basal ganglia and cerebellum, as well as the 
connect ions between the frontal lobe and subcort ical 
st ructures, are fundamental3. The alterat ion of subcort ical 
st ructures causes walking disorders in PD; thus lack of 
movement , small steps, diminished or absent  arm swing, 
forward fl exion of the t runk, etc., confi gure the typical PD 
walk4-6. The alterat ion of walking in PD that  we call 
freezing, the locking up or freezing of gait  (FOG), began to 
be described more explicit ly from 1970, when the motor 
benefi t  achieved with levodopa on other PD symptoms was 
not  equally evident  for this st range alterat ion7. Episodes of 
freezing of gait  in which pat ients have the feeling of “ having 
their feet  stuck to the ground” , are characterised by their 
episodic appearance (at  the beginning of walking, with 
obstacles, in turns, etc.) and their brief durat ion8. They are 
often, but  not  always, associated with a hastening of the 
walk with successively faster and shorter steps, with 
uncont rolled forward displacement  of the cent re of 

gravity9,10. Blocking of gait  can occur at  the beginning of 
PD, but  always in a mild form; so much so that , if  this is not  
the case (if  it  is st rong in early stages), the diagnosis of 
idiopathic PD is called into quest ion and other types of 
Parkinsonism should be considered11,12. We have observed 
this phenomenon in most  pat ients after years of il lness and 
t reatment , when also suffering from motor complicat ions 
after chronic t reatment , such as motor fl uctuat ions and 
dyskinesias13. Locking of walk usually appears during the 
“ off”  period, coinciding with the deteriorat ion of other 
motor symptoms, but  can also occur during the “ on”  state, 
when the pat ient  has acceptable mobilit y14. Interest ingly, 
the severity of other PD symptoms does not  correspond to 
the severity of walk blockages15.

We present  a group of 10 pat ients with PD of long 
evolut ion, with highly disabling episodes of walking locks 
that  were not  modifi ed after dopamine st imulat ion despite 
evidence of improvement  in lower limb akinesia after the 
st imulus.

Patients and method

The pat ient  characterist ics are listed in Table 1. We studied 
10 pat ients with an average age of 60.2 ± 4.5 years and 
longstanding PD (13.4 ± 3.2 years) t reated with levodopa 
(LD) for an average of 12.1 ± 2.1 years. Pat ients were also 
t reated with bromocript ine, pramipexole or ropinirole, 
combining this with rasagiline in 4 of them. All pat ients 
presented common motor complicat ions after years of 
il lness and t reatment , in the form of motor fl uctuat ions (8 
pat ients, deteriorat ion at  the end of doses and 2 more 
complex on-off  fl uctuat ions) and dyskinesias (the 10 pat ients 
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Resumen

Int roducción: Los episodios de congelación de la marcha (CDM) normalmente aparecen 
durante el “ of f ”  y en general mej oran con t ratamiento dopaminérgico a la par que me-
j oran ot ros síntomas parkinsonianos.
Pacient es y mét odos:  Presentamos un grupo de 10 pacientes con enfermedad de Parkin-
son de larga evolución con episodios de CDM. Todos los pacientes presentaban las compli-
caciones mot rices habituales t ras años de enfermedad y t ratamiento. En todos los pa-
cientes, el síntoma más incapacitante era la aparición de episodios de CDM (f reezing) 
durante el “ on” .  Los pacientes fueron somet idos a un test  agudo de apomorfi na por vía 
subcutánea; se consideró dosis efi caz la que inducía la reducción de al menos un 60% en 
la escala de mot ricidad de la UPDRS.
Result ados:  La UPDRS-III basal fue de 61,3 ± 4,7, que se reducía a 21 ± 4,3 t ras la inyec-
ción de apomorfi na s.c. a una dosis media de 5,5 mg (intervalo, 3-7 mg). Durante el “ on”  
inducido por la inyección s.c. de apomorfi na mej oraron los parámet ros de la marcha re-
lacionados con la bradicinesia, así como el t apping,  también en ext remidades inferiores, 
pero los episodios de CDM no variaron de forma signifi cat iva.
Conclusiones:  Presentamos un grupo de 10 pacientes con enfermedad de Parkinson de 
larga evolución con episodios de CDM que persist ían durante el “ on” ,  sin respuesta al 
est ímulo dopaminérgico.
© 2009 Sociedad Española de Neurología. Publicado por Elsevier España, S.L. Todos los 
derechos reservados.
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suffered from dose profi t  chorea, 4 from off  dystonia and 3 
from biphasic dyskinesias). In all pat ients the most  disabling 
symptom was the onset  of FOG episodes during the on. 
None of the pat ients presented signifi cant  abnormalit ies in 
the cranial MRI.

After the appropriate consent  from pat ients to part icipate 
in the study, they underwent  an acute test  of subcutaneous 
apomorphine; they received apomorphine doses early in the 
morning in a state of of f ,  after having spent  the night  
without  medicat ion, and the dose was considered effect ive 
when it  induced a reduct ion of at  least  60% on the unifi ed 
Parkinson’s Disease rat ing scale (UPDRS) motor scale. The 
test  was repeated on successive days to obtain the effect ive 
dose for each pat ient . During the 3 days prior to the study, 
pat ients received oral domperidone, 30 mg/ day in three 
doses.

Pat ients quant ifi ed their on and of f  t ime for 1 week 
before the study by fi ll ing in the corresponding daily sheets 
of on and of f  t ime (bet ter and worse mobilit y). During the 
study, the motor part  of the UPDRS (scoring left  and right  
limbs, with 108 as the highest  score) and a tapping test  
(t ime required to touch 50 t imes two points separated by 50 
cm in the upper limbs and 25 cm in the lower limbs) was 
used for pat ient  assessment . The freezing was quant ifi ed 
from 0 (absent ) to 4 (severe interference with walk). This 
movement  assessment  was made in the baseline situat ion 
and then during the motor benefi t  induced by the inj ect ion 
of subcutaneous apomorphine.

Student ’s t -test  was used to study the stat ist ical 
signifi cance of results (p ≤ 0.05).

Results

Pat ients had an average of 4.5 ± 1.3 h off  t ime between 
8.00 and 22.00 with their usual medicat ion. Study results 
are listed in Table 2. Baseline UPDRS-III was 61.3 ± 4.7, 
which was reduced to 21 ± 4.3 after inj ect ion of subcutaneous 
apomorphine in an average dose of 5.5 (range 3-7) mg. 
Tapping also improved signifi cant ly (p < 0.001) in the upper 
ext remit ies (128 ± 12.6 to 46.3 ± 4.2 s) and the lower 
ext remit ies (83.9 ± 11.7 to 42.8 ± 8.3 s). During the on state 
induced by the subcutaneous inj ect ion of apomorphine, the 
walk parameters related to bradykinesia (incorporat ion 
from a chair, amplitude of steps, arm movement , etc.) 
improved, but  the episodes of FOG did not  vary signifi cant ly 

between the off  and on (3.2 ± 1.4 in the off ;  3.7 ± 1.6 in the 
on).

Discussion

We present  a group of 10 pat ients with longstanding PD and 
FOG episodes that  persisted during the on state, without  
response to dopaminergic st imulat ion. FOG episodes are 
common in pat ients with longstanding PD. Lambert i et  al. 13 
observed this phenomenon in 60 pat ients out  of 100 
evaluated PD pat ients, and the durat ion of the disease was 
the main determining factor for their appearance. Similarly, 
Giladi et  al.16 consecut ively studied 172 pat ients with PD, 
all with a progression t ime of disease over 5 years, and 53% 
showed evident  FOG episodes. Chronic levodopa therapy 
and the existence of other motor complicat ions (fl uctuat ions 
and dyskinesias) are also risk factors for it s appearance. 
Episodes of FOG that  occur during the of f  may improve with 
dopaminergic therapy, as other PD symptoms improve, but  
there are pat ients (such as the group referred to in this 
study) in whom the improvement  of bradykinesia is not  
accompanied by an improvement  of the episodes of freezing 
of gait .  Some authors point  out  the discrepancy between 
the severity of bradykinesia and FOG episodes15;  in fact , in 
our pat ients the improvement  of akinesia after dopaminergic 
st imulat ion with subcutaneous apomorphine was not  
accompanied by an improvement  in FOG episodes. Years 
ago, when high doses of L-dopa were used in pat ients with 
advanced PD, there was an improvement  in blocking 
episodes during the on state when the dosage of L-dopa was 
reduced, and it  was considered that  dopaminergic 
overst imulat ion was a main cause of FOG during the on in 
these pat ients7,17.  This is not  the case with the pat ients 
described in this study, who received a dose of L-dopa which 
was never >750 mg/ day and in whom the study was carried 
out  after more than 12 hours from the last  dose of L-dopa.

FOG physiopathology is not  well understood. Although it  
is associated to PD, st riatonigral degenerat ion is not  an 
essent ial condit ion for it s appearance; thus, there is a 
primary form of FOG in which no other symptoms or PD 
signs are added18,19.  Some authors indicate that  PD pat ients 
who present  FOG have a background of general alterat ion in 
terms of sequence, rhythm and symmetry of movements 
during walking, which is much more severe than in PD 
pat ients without  this problem, and that  blocking episodes 

Table 1 Pat ient  characterist ics

Pat ients, n 10

Age (years) 60,2 ± 4,5

Durat ion of il lness (years) 13,4 ± 3,2

Levodopa t reatment  (years) 12,1 ± 2,1

Fluctuat ions 10

Dyskinesias

Chorea 10

Dystonia “ of f ”  4

Biphasic  3

Table 2 Response to t reatment

“ Of f ” “ On”

UPDRS-movement  61,3 ± 4,7 21 ± 4,3

Tapping, upper limbs(s) 128 ± 12,6 46,3 ± 4,2

Tapping, lower limbs(s)  83,9 ± 11,7 42,8 ± 8,3

Freezing (unchanged)  3,7 ± 1,6  3,2 ± 1,4

Tapping: t ime(s) required to touch 50 t imes on two points 

separated by 50 cm the upper limbs and 25 cm in the lower 

limbs; UPDRS: Unifi ed Parkinson’s disease rat ing scale.
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are an exacerbat ion of this phenomenon as a response to 
certain st imuli (init iat ion of walk, obstacles, turns, etc.)20;  
the frontal lobe would be very involved in it s appearance21.  
Funct ional neuroimaging studies (posit ron emission 
tomography [PET], funct ional magnet ic resonance imaging 
[MRI]),  seem to point  to an affectat ion of the fronto-caudal 
pathway, predominant ly in the right  hemisphere22;  some 
studies also implicate the parietal lobe. It  can be deduced 
from this that  sensory motor integrat ion is a part  of the 
genesis of the problem22,23.

In recent  years, the possible involvement  of the 
degenerat ion of cholinergic and glutamatergic neurons from 
the pedunculopont ine nucleus, in advanced PD stages, is 
being studied as at  least  part ial cause of postural and gait  
disorders that  are observed in advanced PD stages and that  
do not  respond to dopaminergic t reatment 24.  Kuo et  al.25 
have recent ly described a pat ient  with infarct ions in both 
pedunculopont ine nuclei with FOG as a predominant  
symptom.

Peripheral level studies have also obj ect ifi ed an abnormal 
pat tern in the sequence of cont ract ion of agonist  and 
antagonist  muscles in the lower limbs26.

A fascinat ing phenomenon is the improvement  
experienced by pat ients if  they use external cues, usually 
visual or auditory, to cont rol the FOG episodes. In this sense, 
Stern et  al.27 recorded the motor t ricks used by 61 PD 
pat ients with FOG. The most  frequent  were of verbal or 
auditory type (such as military marches) or of visual type 
(such as reaching the foot  of another person placed in 
front ). One of our pat ients was able to walk around the 
house thanks to having placed coloured lines on the fl oor to 
walk on. Hallet 28 indicates a loss in motor automat isms and 
an alterat ion in internally-induced movements in PD in 
general and in the phenomenon of FOG in part icular, which 
would explain the improvement  with external keys or 
signs27,29.  Moreover, this loss of automat isms would also 
explain the worsening of locking of gait  when the pat ient  is 
asked to perform another task simultaneously, such as 
count ing by sevens. Camicioni et  al.30 explored the gait  
(t ime required to walk a certain distance) while performing 
verbal tasks in PD pat ients with and without  FOG, and the 
worsening of gait  was much sharper in PD pat ients with 
FOG.

What  does seem clear is that  FOG episodes are not  merely 
a consequence of akinesia or rigidity; the response to 
dopaminergic therapy may therefore not  be the same. 
Knowing the physiopathology underlying this disorder, 
mainly during the on state, may help to orient  the 
therapeut ic approach, which is very unrewarding at  the 
moment , from a pharmacology point  of view7,8.  In this 
regard, previous studies suggest  that  the development  of 
FOG is more common in pat ients t reated with dopaminergic 
agonists than in those t reated with L-dopa31,32 and that  
selegiline and rasagiline might  have some benefi cial effects 
on the episodes of blocking of gait 33,34.  It  was considered 
that  the noradrenergic system might  be involved in PD gait  
disorders, and there are studies indicat ing that  chronic 
t reatment  with high doses of methylphenidate would 
benefi t  gait  parameters, including FOG, in pat ients with 
advanced PD35.  The benefi t  of caffeine has also been 
indicated, as it  would act  as an antagonist  of the A2 

adenosine receptors36.  The benefi t  with inj ect ion of 
botulinum toxin init ially reported in an open study in twins 
was not  confi rmed later in a double blind study; in fact , 
there were even more falls in the group of PD pat ients with 
FOG t reated with toxin, apparent ly due to adding to the 
muscular weakness produced by the t reatment 37.  Deep 
brain st imulat ion of the usual targets does not  seem to 
improve episodes of FOG that  occur during the on38.  There 
are already some encouraging results with deep brain 
st imulat ion of the pedunculopont ine nucleus39.  Current ly, 
gait  rehabilitat ion with the search for external cues, with 
dif ferent  st rategies tailored to the usual environment  of 
each pat ient , can be a valid therapeut ic alternat ive40.
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