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Background: Deep brain stimulation (DBS) of the subthala-
mic nucleus (STN) improves motor signs in Parkinson’s
disease. However, clinical studies suggest that DBS of the
STN may also affect cognitive and emotional functions.
Objective: To study the impact of STN stimulation in
Parkinson’s disease on perception of facial expressions.
Results: There was a selective reduction in recognition of angry
faces, but not other expressions, during STN stimulation.
Conclusions: The findings may have important implications
for social adjustment in these patients.

S
ubthalamic nucleus (STN) deep brain stimulation (DBS)
has become an accepted form of treatment for patients
with Parkinson’s disease who have medically intractable

motor symptoms. STN stimulation facilitates movement
related frontal activity,1 2 but is not necessarily coupled with
improvement in non-motor function. Clinical studies in
patients with STN stimulation show subtle cognitive impair-
ment.3–6 Furthermore, there is evidence for emotional
changes, probably affecting social interaction—for example,
STN stimulation can lead to poor behavioural control,5

mania,7 depression, anxiety, emotional lability, and social
maladjustment.8

Facial expressions are powerful non-verbal displays of
emotions, which signal valence information to others and are
an important communication element in social interaction.
Six basic emotions (happiness, surprise, fear, sadness,
disgust, and anger) have distinct facial expressions and are
expressed as well as perceived universally.9

Whereas previous studies of STN stimulation focused on
emotional experience and behaviour,5 8 in the present study
we investigated the effects of STN stimulation on emotion
perception, using facial expressions. We hypothesised that
STN stimulation has a negative influence on the perception of
facial expressions of the emotions.

METHODS
Subjects
The study included six men and four women with idiopathic
Parkinson’s disease and bilateral DBS placed in the STN.
Mean (SD) age was 61 (11.1) years, range 39 to 78, and the
average duration of illness was 16 (3.1) years, range 12 to 20.
All except one of the patients were on levodopa (mean dose
600 mg/d, range 0 to 1200), with entacapone in three
patients. In addition, seven patients were treated with a
dopamine agonists (bromocriptine, cabergoline, pergolide,
pramipexole, or ropinirole).

Informed written consent according to the declaration of
Helsinki was obtained from each subject. The local ethics
committee of the Technische Universität München gave
approval for the study.

Neurosurgery
The electrodes were implanted stereotactically in accor-
dance with preoperative magnetic resonance and intraopera-
tive stimulation. All patients received quadripolar electrodes
(3387, Medtronic Inc, Minneapolis, Minnesota, USA) which
had four platinum-iridium cylindrical surfaces 1.27 mm in
diameter and 1.52 mm in length, with a 3 mm centre to
centre separation. Contact 0 was the deepest, most distal
contact. During the operation, the electrodes were adjusted
to achieve the maximum beneficial effect on the motor
symptoms. Brain magnetic resonance imaging (MRI) done
a few days later confirmed the positions of the electrodes.
The stimulation characteristics were as follows: mean
pulse width 66 (12.7) ms for all patients for both sides,
mean frequency 143.5 (22.6) Hz for both sides, and mean
voltage 2.91 (0.78) V for the right side and 2.69 (0.65) V for
the left.

Background neuropsychological assessment
Neuropsychological assessments were done independently of
the neurosurgical team, at least three months after implanta-
tion of the electrodes (mean 11 (7) months, range 3 to 24)
with medication and stimulator ON for the whole day before
testing recognition of facial expressions.

Background testing included the mini-mental state exam-
ination (MMSE).10 To measure intelligence, we used either a
German vocabulary test as an index of verbal intelligence
(MWT-B11) or the German short version of the Wechsler
adult intelligence scale,12 consisting of the subtests ‘‘informa-
tion,’’ ‘‘similarities,’’ ‘‘picture completion,’’ and ‘‘block
design.’’

The Vistech vision contrast test system (VCTS) 6000
contrast sensitivity chart was used to test for basic visual
processing. This test measures visual accuracy and contrast
sensitivity. Higher visuoperceptual functions were assessed
with the visual object and space perception test (VOSP),13

including the subtests ‘‘screening,’’ ‘‘incomplete letters,’’
‘‘position discrimination,’’ ‘‘number location,’’ ‘‘dot count-
ing,’’ and ‘‘cube analysis.’’ To establish that early processing
stages of perception of faces were intact, the Benton
recognition test14 was used. Scores of neuropsychological
background tests are given in table 1.

Assessment of motor function and recognition of
facial expressions
After overnight withdrawal of symptomatic treatment, we
measured the patients’ motor functioning and ability to
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Abbreviations: ACC, anterior cingulate cortex; MMSE, mini-mental
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recognise facial expression with STN stimulation ON and
OFF.

Motor symptoms ON and OFF stimulation were assessed
with the motor score of the unified Parkinson’s disease rating
scale (UPDRS)15 and the Hoehn and Yahr rating,16 and
subsequently compared using the non-parametric Wilcoxon
test with one tailed a= 0.05.

To measure perception of facial expressions (happiness, fear,
surprise, sadness, disgust, and anger) we used a set of com-
puter transformed pictures showing faces of the actor JJ taken
from the Facial expressions of emotions: stimuli and test (FEEST).17

Each face shows two emotions with different degrees of
intensity (for example: 90% happiness/10% surprise; 70%
happiness/30% surprise, 50% happiness/50% surprise, 30%
happiness/70% surprise, and 10% happiness/90%surprise; for a
detailed description, refer to the FEEST handbook17).

Patients were instructed to categorise each computer
transformed face according to one of the six basic emotions.
Participants gave verbal examples for the six basic emotions
to assure their understanding of the meanings of the verbal
emotion terms used for responses. Two sets of 30 pictures
constituted one experimental block. Four experimental
blocks were undertaken with the stimulator alternately
switched ON and OFF between blocks. The initial setting of
the stimulator (ON or OFF) was counterbalanced within the
group. The maximum number of correct recognitions was 16
for each stimulator setting (ON and OFF) and each emotion
(according to the test manual,17 ambiguous pictures with 50%
of each emotion were excluded). Scores ON STN stimulation
were compared with the OFF state using the non-parametric
Wilcoxon tests with two tailed a= 0.05.

RESULTS
Significant improvement in motor function associated with
stimulation ON compared with stimulation OFF was
reflected in lower motor scores of the UPDRS (ON, 26.6
(12.6); OFF, 53.0 (18.7); p,0.05) and in the Hoehn and Yahr
ratings (ON, 3.0 (0.8); OFF, 3.6 (0.8); p,0.05).

Recognition of angry expressions was selectively reduced
during STN stimulation compared with the OFF state
(p,0.05). For all other facial expressions, the identification
score did not differ between ON and OFF STN stimulation
(cf. table 2).

DISCUSSION
In this study we investigated perception of emotional
expressions in Parkinson’s disease patients with STN
stimulation. STN stimulation selectively reduced the recogni-
tion of angry faces, while recognition of all other emotional
expressions was unaltered. Although our study population is
small, the selective reduction in recognition of angry facial
expressions during STN stimulation was remarkable and may
contribute to the understanding of behavioural dyscontrol
and social maladjustment previously reported in STN
stimulated patients with Parkinson’s disease.5 8

In a previous neuropsychological study, perception of
anger and disgust was reduced in unmedicated Parkinson’s
disease patients.18 While these results seem to resemble our
results in unmedicated patients, there is an important
difference—in our study reduced anger perception was
independent of drug treatment (patients were off drug
treatment throughout the experiment) and can only be
attributed to STN stimulation.

The human STN is a small nucleus with average dimen-
sions of 368612 mm (coronal/sagittal/axial), which is
densely surrounded by fibre tracts. Animal studies suggest
that the STN can be divided into a limbic (medial), a
sensorimotor (dorsolateral), and a cognitive-associative
(ventromedial) part (for a review, see Parent and Hazrati19).
Owing to current spread occurring during DBS, an electrode
centred in the sensorimotor part of the STN may co-stimulate
the limbic STN. The medial tip of the STN in animals is
principally targeted by limbic cortices19 such as the orbito-
frontal cortex and the anterior cingulate cortex (ACC).20 A
close functional connection between the STN and the ACC
has been further underlined by a positron emission tomo-
graphy study in Parkinson’s disease with STN stimulation.6

Moreover, the ACC has been associated with the perception
of angry faces in a functional imaging study.21 We therefore
propose a possible link between the selective difficulty in
recognising angry faces and STN stimulation affecting
anterior cingulate cortex function.

Facial expressions of anger signal discontent with the
behaviour of others and aim to discourage socially in-
appropriate and unexpected behaviour.22 An fMRI study has
shown involvement of the orbitofrontal and medial pre-
frontal cortex in the processing of transgression of social
norms.23 As both structures have previously been associated
with the perception of angry faces,21 the authors suggested
a possible role for social cues in modulating social
behaviour.23

However, the relation between the perception of angry
faces and social maladjustment in patients with Parkinson’s
disease receiving STN stimulation needs to be confirmed in
future studies with combined investigation of facial recogni-
tion and neuropsychiatric inventory, as well as neurobeha-
vioural measurements.

Table 1 Neuropsychological test scores

Variable Mean (SD) Range

Dementia
MMSE 27.7 (1.4) 25 to 30

Intelligence
IQ (MWT-B or WIP) 108.4 (9.9) 97 to 127

Contrast sensitivity and visual acuity
VCTS Normal

Visuoperceptive function (VOSP)
Shape detection (max 20; cut off ,17) 19.7 (0.5) 19 to 20
Incomplete letters (max 20; cut off ,16) 19.3 (1.1) 17 to 20
Position discrimination (max 20; cut off
,18)

19.7 (0.5) 19 to 20

Number location (max 10; cut off ,7) 8.9 (1.2) 7 to 10
Dot counting (max 10; cut off ,8) 9.5 (1.0) 7 to 10
Cube analysis (max 10; cut off ,6) 9.5 (1.0) 7 to 10

Facial perception
Benton recognition test (cut off ,39) 43.6 (3.7) 39 to 49

Max, maximum; MMSE, mini-mental state examination; MWT-B,
Mehrfachwahlwortschatztest B; VCTS, vision contrast test system; VOSP,
visual object and space perception test; WIP, Wechsler intelligence test.

Table 2 Average number of correct responses
for each emotion during ON and OFF
stimulation

Emotion ON OFF

Happiness 15.9 (0.3) 15.6 (0.7)
Surprise 11.9 (4.3) 11.4 (3.7)
Fear 8.1 (4.7) 7.7 (4.9)
Sadness 11.5 (5.0) 11.9 (5.0)
Disgust 10.8 (6.4) 11.0 (5.8)
Anger 8.8 (5.3) 10.5 (4.8)*

Values are mean (SD).
*p,0.05
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