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Letters to the Editor 

The Current Model of Basal Ganglia 
Organization: A Clinician’s View 

Parent and Cicchetti comment that the current model of basal 
ganglia organization is obsolete, because it has failed to inte- 
grate essential anatomic and functional information.’ Although 
some neurobiologic data allow a criticism of part of the syn- 
thesis contained in this model, evidence based on clinical prac- 
tice supports it. In the scientific making, models are to provide 
a synthetic and innovative view on a specific subject and this is 
clearly the case for the current basal ganglia model. The pos- 
sibility to disprove a theory (or part of it) supports, rather than 
weakens, its scientific value.2 Furthermore, recent clinical evi- 
dence has strongly supported the model despite, or as a result 
of, its disarming simplicity, whereas fundamental research has 
progressively collected data which are at odds. Thus, the ex- 
treme synthesis provided by the model strengthens its value 
while providing at the same time matter for criticism. 

The most limiting feature of the current basal ganglia model 
lies in the classification of basal ganglia nuclei as “hyperac- 
tive” or “hypoactive.” This crude terminology mainly derives 
from 2-deoxyglucose activation st~dies.’.~ In physiological 
terms, hyperactivity of basal ganglia nuclei is considered to 
correspond to a higher than normal overall neuronal activity, a 
view confirmed by recordings performed in parkinsonian mon- 
k e y ~ . ~ , ~  Some of the existing criticism clearly points out the 
need for modeling at a more detailed level (for example, con- 
sidering the discharge pattern and rate of neural populations, 
dendritic and synaptic events). Evidence that the simple schema 
derived from activation studies particularly does not apply to 
the globus pallidum externum (GPe) does not disprove the 
model but rather enriches it. Similar evidence is expected for 
other basal ganglia nuclei and attempts have already been made 
to detail the complexity of the functional interplay occurring at 
the neuronal level in “hyperactive” and “hypoactive” nuclei?.8 

Recent critics to the basal ganglia model have not suffi- 
ciently acknowledged what still is its most innovative feature: 
the central role played by the subthalamic nucleus (STN) in 
basal ganglia organization and functioning. This has been 
clearly recognized in earlier reviews’ before scientific interest 
concentrated on the globus pallidum internum (GPi) and the 
pathways directly or indirectly interconnecting it with the neo- 
striatum. The central role played by the STN is now confirmed 
by clinical evidence. STN inactivation does not simply allow 
reversal of all parkinsonian features (including rigidity, akine- 
sia, tremor, festination, and off-related free~ing),”-’~ but also 
compensates for the reduction of antiparkinsonian medication, 
including levodopa and dopamine agonists. To the contrary, 
GPi inactivation inhibits the antiparkinsonian efficacy of levo- 
dopa, as correctly predicted by the model. I4-l6 

In a series of seven patients with Parkinson’s disease (PD) 
who were implanted for bilateral STN neurostimulation at the 
Gemelli Hospital, Unified Parkinson’s Disease Rating Scale 
motor scores in the off-state improved by 42% whereas levo- 

dopa equivalent daily doses were reduced by 65% (Table 1). 
On-state motor condition did not vary, showing that the effect 
of antiparkinsonian medication did not add up to STN inacti- 
vation. The possibility to compensate for a reduction in dopa- 
minergic medication by a functional inactivation of the STN 
provides substantial support to the role assigned to this nucleus 
by the current basal ganglia model. 

By contrast, critics, based on earlier and more recent experi- 
mental data particularly, question the role assigned by the 
model to the GPi and the GPe. In keeping with this, it has been 
observed that functional inactivation of the GPi in PD patients 
has not provided unequivocal  result^.'^.'^ Notwithstanding, 
physiological recordings performed in PD patients undergoing 
basal ganglia surgery have shown that, as predicted by the 
model, GPi neurons have an increased firing rate which is 
counteracted by injecting the anti-parkinsonian agent apomor- 
phine.” Taken together, clinical data do not indicate that the 
information provided by the model is wrong, rather that it is 
incomplete. Clinical evidence requires that the roles assigned to 
the GPi and to the GPe be expanded and refined. 

Although the basal ganglia model adequately explains the 
elementary pathophysiology of parkinsonian signs and that of 
choreic disorders,2°.21 it is inadequate for dystonia or tics. 
Some patients with primary dystonia benefit from GPi inacti- 
vation,22 indicating that a direct interference with basal ganglia 
outflow pathways is helpful. Response of dystonia to different 
medications is also poorly predictable, making pathophysi- 
ological interpretations based on neurotransmitter function un- 
tenable.23 It appears that the current level of simplification does 
not provide an adequate interpretation for dystonia, and knowl- 
edge on the finer tuning of function at a physiological and 
pharmacologic level is indeed required. 

In summary, current clinical studies provide a direct evalu- 

TABLE 1. Bilateral STN stimulation in severe PD patients 
allows reduction of drug therapy to improve off-state and to 

reduce maximal differential fluctuation 

Last available 
Before visit 
surgery (on stimulation) Variation 

Worst measured off 67.6 k 9.9 39.3 t 12.0 -42% 
Best measured on 29.3 k 9.4 30.5 + 12.4 5% 
Maximal differential 56.7% 21.3% -34.8% 

fluctuation* 
Total LEDDt 1507.3 521.3 -65.4% 

STN, subthalamic nucleus; PD, Parkinson’s disease. 
* Percent variation of UPDRS-I11 in best on as compared with worst 

off. 
t Levodopa equivalent daily dose (LEDD) was computed for each 

drug by multiplying the total daly dose by the potency relative to a 
standard levodopa preparation: levodopa controlled-release prepara- 
tions = 0.77, bromocriptine = 10, apomorphine = SO, pergolide = 
100. The total LEDD is then calculated. 
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ation in people of the theory of basal ganglia function and allow 
verification of the model. The currently available model is an 
excellent basis for collecting new experimental and clinical 
data aimed at expanding current knowledge in view of a new 
synthesis to come. 

Effects of apomorphine on globus pallidus neurons in parkinsonian 
patients. Ann Neurol 1997;42:767-775. 

20. DeLong MR. Primate models of movement disorders of basal gan- 
glia origin. Trends Neurosci 1990;13:281-285. 

J Neurol Sci 1993:20:177-183. 
21. Hallett M. Physiology of basal ganglia disorders: an overview. Can 
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The Current Model of Basal Ganglia 
Organization Under Scrutiny 

I read with great interest the editorial by Parent and Cic- 
chetti’ on the shortcomings of the currently popular basal gan- 
glia models.24 I too have been critical of these models’ but 
now must rise to their defense. Parent and Cicchetti point out 
several pieces of data (many from Parent’s work) that contra- 
dict the models. Indeed, Parent and his collaborators have made 
many important contributions to advancing our knowledge of 
basal ganglia anatomy in the past two decades. Their points are 
well made and certainly support the premise that it is time to 
move beyond those models. However, I strongly disagree with 
the suggestion to “stay away from basal ganglia models for 
some time.” As an author of a recent model that includes a 
“boxes and arrow-type’’ I acknowledge some 
personal sensitivity to the criticism of Parent and Cicchetti. 
Therefore, I will not discuss our model, but will focus on the 
models of Albin, Penney, and Young’ and Alexander, 
Crutcher, and DeLong.”.“ 

The failure of these models to account for all currently avail- 
able data is not the result of shortcomings of the models, per se. 
Indeed, the strength of the models lies in the specificity of the 
hypotheses, the testability of the hypotheses, and the amount of 
interest they generated. If one measures the value of a model by 
the amount of scientific research it stimulates, these models 
have been highly successful. Parent and Cicchetti state “Mod- 
els in science tend to reassure and appease researchers who do 
not like to wander alone in the universe of knowledge.”’ That 
may be true, but good scientific models contain specific hy- 
potheses. Wandering alone in the universe of knowledge does 
not necessarily make for good science, but careful hypothesis- 
driven experimental research does. The models have also been 
important for treatment of basal ganglia diseases. Together with 
important empirical the models provided the important 
conceptual foundation responsible for the resurgence of stereo- 
taxic ablation procedures for the treatment of movement dis- 
orders. Whereas some results of these surgeries do not support 
the models, others do.9 

Albin, Penney, and Young acknowledged the limitations of 
their model, indeed any model.’’ They wrote “What would be 
most beneficial at this time would be for the model to break 
down.” Further, they stated “We look forward to the destruc- 
tion of this model and its resurrection in a more realistic form.” 
The model has broken down and by virtue of that breakdown 
we have the opportunity to develop an improved conceptual 
framework for understanding the normal physiology and patho- 
physiology of the basal ganglia. The improved framework will 
include many key aspects of the existing models which have 
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been proven correct or have not been tested. It must also ac- 
count for the facts that are pointed out by Parent and Cicchetti.’ 
If the next generation of basal ganglia models stimulates as 
much research as the last, our progress will be great. However, 
a moratorium on new models will do little to encourage research 
or further our conceptual understanding of this rich system. 

Jonathan W. Mink, MD, PhD 
Movement Disorders Section 

Department of Neurology 
Washington University School of Medicine 

St. Louis, Missouri, U.S.A. 
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We thank Drs. Albanese and Mink for their comments on our 
recent editorial concerning the current basal ganglia model.’ 

Albanese has provided some interesting clinical observa- 
tions, but we disagree with his idea that it is principally the data 
derived from basic research that are at odds with the model. We 
believe that there are as many experimental data that are con- 
gruent with the model as there are clinical findings that do not 
follow the model’s predictions. Unfortunately, most of the 
clinical issues raised in our editorial were not directly ad- 
dressed in Albanese’s letter. We concur with Albanese’s re- 
mark that the subthalamic nucleus occupies a crucial position in 
basal ganglia organization, a position that was clearly estab- 
lished following experimental studies undertaken before the 
elaboration of the model.* We also acknowledge the fact that 
the subthalamic nucleus is hyperactive in Parkinson’s disease 

(PD), but we argue against the idea that this hyperactivity is 
mediated only through the indirect pathway. We are thankful to 
Albanese for having provided new clinical data from stimula- 
tion of the subthalamic nucleus and for having drawn our at- 
tention to the fact that the current model does not explain 
dystonia and tics. 

Mink rightly argues that, when measured by the interest it 
has generated, the current basal ganglia model has been highly 
successful and that science progresses through careful 
hypothesis-driven experimental work. However, simple and 
testable hypotheses are not to be confounded with models, 
which are complex intellectual constructs designed to predict 
how different entities will behave under various conditions. 
When examined in that perspective, we consider that the cur- 
rent model is no longer tenable. We question Mink’s inference 
to the model as a source of a resurgence of stereotaxic surgery 
for movement disorders. Functional surgery has been around 
for quite some time and this approach was initiated long before 
any basal ganglia models had ever been formulated. It was 
particularly popular in the 1950s and early 1960s, at a time 
when the beneficial effects of pallidotomy or thalamotomy on 
PD symptoms were thought to result from the elimination of an 
excessive excitatory drive exerted on premotor thalamocortical 
neurons by the internal pallidum. Functional surgery fell from 
its pedestal at the end of the 1960s, not because a new model 
of basal ganglia was born, but because of the discovery that PD 
was the result of a lack of striatal dopamine that could be 
overcome by the systemic administration of do dopa.^.^ Like- 
wise, the recent resurgence of stereotaxic surgery was fueled 
mostly by the need to alleviate the side effects of L-dopa treat- 
ment, principally dyskinesia, a phenomenon that was not at all 
predicted by the current basal ganglia model. 

Albanese and Mink are right in assuming that the formula- 
tion of a new basal ganglia model could be an exciting en- 
deavor. However, we believe that major breakthroughs in our 
understanding of basal ganglia are likely to come from else- 
where, particularly from detailed studies of the physiopatho- 
logic mechanisms involved in diseases that specifically target 
this set of subcortical structures. 

AndrC Parent, PhD, FRSC 
Francesca Cicchetti, MSc 

Centre de recherche Universite‘ Lava1 Robert-Giffurd 
Beauport, Qudbec, Cunada 
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