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Summary
An 80-year-old woman had a stroke during treatment 
for diffuse large B cell lymphoma. She exhibited left 
hemispatial inattention, forced grasping with her left 
hand and moderate left hemiplegia. She always grasped 
the guard rail of the bed with her left hand, which 
prevented her from standing up and performing activities 
of daily living (ADL) centred on move and transfer 
operations. During a medical examination, she showed 
an imitation behaviour (IB), mimicking gestures visually 
presented by the examiner, such as holding up. By 
using her IB in rehabilitation training, flexor-dominated 
posture of the upper arm was gradually reduced and 
performance of ADL improved. Her brain lesion was 
localised in the right middle frontal gyrus. Based on our 
experience of concomitant appearance of forced grasping 
and IB in this case, the pathophysiological involvement of 
the lesion was discussed.

Background
Forced grasping or grasp reflex (GR) is known to be 
a primitive reflex not normally seen in adults and is 
caused by a pathological lesion located in the frontal 
lobe.1 2 A positive GR is defined as forced grasping 
of the examiner’s hand by the patient in response to 
the examiner touching the patient’s palm between 
the thumb and index finger. When a patient unin-
tentionally grasps a visually presented object, it is 
called a groping reflex. Forced grasping and groping 
are usually performed by the hand contralateral to 
a destructive lesion in the frontal lobe, such as a 
lesion in the supplementary motor area (Brodmann 
area 6) or front-orbital area (Brodmann area 8). 
Forced grasping may be released by stroking the 
back of the hand. When this manoeuvre is inef-
fective to release the forced grasp, the patient may 
lose balance and fall when trying to stand up while 
grasping the guard rail of the bed at the same time, 
which hinders him/her from standing. This reflex 
is considered one of the symptoms that impede the 
performance of ADL in stroke rehabilitation.3 4 

On the other hand, imitation behaviour (IB) is 
a tendency to imitate the examiner’s gesture or 
movement, even after explicit instructions not to 
imitate or copy.5 6 Lesions in the front-orbital area 
(Brodmann area 8) and the frontal pole (Brodmann 
area 10) have been reported to be associated with 
this symptom. Despite the topological similarities 
of the lesions, simultaneous manifestation of GR or 

groping reflex and IB in the same patient is rarely 
observed.

We encountered a patient with a stroke lesion 
located in the right middle frontal gyrus who exhib-
ited both forced grasping and IB. This case suggested 
that forced grasping that hindered performance of 
activities of daily living (ADLs) may be released by 
inducing the IB. Furthermore, we discuss the possi-
bility that IB may promote functional recovery of 
the paretic hand and render the synergistic posture.

Case presentation
An 80-year-old woman living independently with 
her daughter presented at the department of otolar-
yngology of our hospital because of throat pain and 
common cold symptoms for 2 months. Examination 
revealed lymphadenopathy in the cervical region, 
and she was diagnosed with malignant lymphoma 
(stage III). Treatment was started with 50 mg/day of 
prednisolone, but improvement was not observed. 
She was admitted to our hospital because of diffi-
culties with eating. Chemotherapy was started the 
next day. On day 5 of hospitalisation, she suddenly 
showed conjugated deviation of the  eyes to the 
right together with left hemiparesis. Her symp-
toms included left hemispatial inattention, forced 
grasping with the left hand and left hemiparesis. 
The Mini-Mental State Examination could not be 
completed because of her hearing impairment, but 
she was able to follow our instructions except to 
release the grasping hand. Her Barthel Index score 
was 5/100. MRI revealed a high signal intensity area 
in the right middle frontal gyrus on fluid-attenuated 
inversion recovery images (figure 1).

Physiotherapy and occupational therapy were 
started on the same day. Early in rehabilitation inter-
vention, inattention to the left side, forced grasping 
with the left hand, muscle weakness (grade 3/5 in the 
right upper and lower limbs and 5/5 in the finger by 
the manual muscle testing) and moderate left hemi-
plegia (Brunnstrom stage 4 in the arm, fingers and 
leg) were identified. Particularly, her left paretic 
hand was eager to grasp anything that her left hand 
touched. Verbal instruction to release the grasp and 
to refrain from holding any object did not resolve 
the forced grasping (figure 2A). In addition, during 
training of transfer between the bed and the wheel 
chair, her left hand held the guard rail of the bed 
and the armrest of the chair, preventing her from 
standing up. In the walking training, she assumed 
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a forward bending posture, with the left hand tending to hold 
on to anything. She needed assistance to perform all items of 
ADLs. She showed increased muscle tone in her left arm during 
passive movements and a flexor synergistic pattern during active 
left arm movement. All these findings made training very diffi-
cult. Therefore, the goals of rehabilitation in the early period 
were to resolve the forced grasping and to reduce the amount of 
assistance in ADL training.

One day during medical examination, while exhibiting 
compulsive grasping, the patient unexpectedly imitated a gesture 
when prompted by the action of the neurologist (MN). In doing 
so, she released her hand from the nearby guard rail of the bed 
that she had grasped. Furthermore, when the examiner made a 
gesture of putting his right hand (left as seen from the patient) on 
his knee or his back, the patient imitated the gesture. After that, 
even when given verbal instruction not to imitate, the patient 
continued to perform the act of placing her left hand on the left 
knee or on her back. The act recognised repeatability. There-
fore, observed IB was obstinate (figure 2B).7 These observations 
suggest that IB may appear at the same time as GR because of 
the pathological lesion. We suspected that during the training at 
rehabilitation, IB could be used to control the GR that hindered 
the patient from performing ADLs independently.

Treatment 
The patient was prescribed rehabilitation training 4 days a week, 
40 min a day. The training included feeding, dressing, getting 
in and out of bed, standing up and sitting down, and walking. 
During the training, the physiotherapist intentionally used the IB 
to resolve the GR. For example, during standing-up training, the 
physiotherapist presented to the patient the act of holding up the 
right hand in order to prompt the patient to imitate this action 
and to release her grasp on the parallel bar. This strategy resulted 

in the performance of the following activities: standing up, trans-
ferring, balancing and walking. The IB also prompted the patient 
to use her paretic left hand actively and eventually enhanced 
functional recovery of the paretic hand.

Seven days after the start of rehabilitation training, the GR 
became subtle and even stopped through verbal instructions 
(figure  3). When she handled an object unconsciously, she 
was able to release it by herself. As a result, her performance 
of ADLs improved, the standing-up motion was possible with 
light support of the buttocks, and transfer between the bed and 
the wheelchair became possible with only oral instructions. In 
addition, she was able to walk 50 m using a walker. After walking, 
she was able to move away from the handrail of the walker by 
herself and sit down. Finally, her Barthel Index score improved 
to 35/100. Although IB remained, it was possible to suppress 
it when she understood the situation, and IB was not a factor 
impeding performance of ADLs. Regarding motor paralysis, 
paresis was evaluated as grade 5/5 by the manual muscle testing 
and Brunnstrom stage 5 for the arm, fingers and leg. Improve-
ment in voluntary control was confirmed. This change was 
attained mainly by the task-specific training, but the hampering 
effect by GR was lessened by IB, particularly in the early stage 
of rehabilitation training. However, increased muscle tone in 
the forearm flexor muscle group and poor dexterity remained. 
Finally, she was transferred to a rehabilitation hospital on the 
eighth day after initiation of rehabilitation.

Outcome and follow-up
Although forced grasping is considered as one of the restricting 
factors in stroke rehabilitation, concomitant appearance  of 
IB has suppressed grasping and prompted functional recovery. 
Finally, the patient finished acute-stage rehabilitation and trans-
ferred to a rehabilitation hospital within 8 days since the onset 
of stroke.

Discussion 
Denny-Brown and Chambers discussed forced grasping as a 
sensorimotor imbalance between the frontal lobe and the parietal 
lobe.2 The frontal lobe and the parietal lobe represent internal 
and external worlds, respectively. Frontal lobe damage and loss 
of normal inhibitory function of the frontal lobes presumably 
release parietal lobe activity elicited by visual, auditory and 
tactile sensory information. IB, first coined by Lhermitte et al, 
refers to a tendency to imitate the examiner’s gestures or move-
ments.5 6 For example, patients may cover their mouths, wave 
or clap their  hands in response to observing the examiner 
performing the same motions. This tendency to imitate or copy 

Figure 1  MRI revealed a high-signal intensity area in the right middle 
frontal gyrus on fluid-attenuated inversion recovery  images.

Figure 2  Forced grasping reflex and imitation behaviour. (A) The 
patient held the examiner’s hand forcefully, and the grasp could not be 
released. (B) When the examiner showed her a gesture to put the left 
hand on the chest, she imitated the act and released her left hand.

Figure 3  The patient no longer showed grasp reflex after training 
using her imitation behaviour.
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movements persists even after the patients are explicitly told not 
to imitate or copy and are given negative feedback after they 
have copied the movements. This IB was classified as obstinate 
IB and was  exclusive to the frontotemporal pathology.7 Lher-
mitte et  al  interpreted IB as the environmental dependency 
syndrome (EDS), which strongly depends on the stimulation of 
social and physical environments to guide human behaviour in a 
socially complex context.5 6 As one symptom of EDS, Lhermitte 
et al coined utilisation behaviour (UB), referred to as automatic 
elicitation of usage of instrument. Like GR, IB is also regarded 
as resulting from a loss of inhibitory control over a more prim-
itive reflex, although involving a more complex set of sensory 
and motor functions. Both GR and IB are seen as phenomena of 
release from the frontal inhibitory function; GR is the primitive 
reflex induced by tactile stimulation, while IB is one induced by 
visual stimulation. With regard to  these different functions of 
the nervous system, Goldberg proposed the theoretical frame-
work of an inner motor system and an outer motor system, as 
shown in figure  4.8 Using this theory, he tried to explain the 
behavioural abnormalities that are supposed to be based on the 
imbalance between the inner (medial) motor system, in which 
movement is planned and executed by the person him/herself 
(voluntary, goal directed and future directed), and the external 
(lateral) motor system (automatic, stimulus bound, and visu-
ally based) in which movement is triggered from outside. The 
frontal lobe has connections with many cerebral tissues. Stuss 
and Benson pointed out that frontal lobe dysfunction may result 
in the following: (1) disturbance of spontaneous behaviour, (2) 
disturbance of execution of a series of actions and gestures and 
(3) implementation of actions not done normally.9 Of these, 
the GR and the IB observed in our case are considered to corre-
spond to the third category. In other words, these reflexes may 
appear due to dominant excitation of the outer motor system 
accompanying declined function of the  frontal lobe, including 
the middle frontal gyrus.

In addition, the phenomenon of suppression of the GR by IB as 
observed in our case may be explained by the difference in sensory 
input and a shift of dependency from tactile to visual. Hirayama 
reported that these reflexes are all due to decreased suppres-
sion of the prefrontal cortex for motor response (figure  5).10 
In either GR or IB, sensory input is projected from the proper 
sensory area to the parietal association area and is transferred 
to the premotor area and the hand motor area. Finally, GR or 
IB is elicited in the case of disturbance in the frontal lobe or in 
infancy. In that report, Hirayama also commented on the possi-
bility of coexistence of GB and IB.10 In our case, we observed the 

beneficial effect of IB in overcoming GR during rehabilitation 
training in a patient who had a stroke.

Hirayama proposed the concept that GR, forced groping, IB 
and mirror movements are seen normally in childhood, whereas 
they are suppressed accompanying development of motor func-
tion in children.10 A recent study has pointed out the importance 
of mirror neurons in the process of motor learning in children. 
The mirror neuron is a system (an observation and execution 
matching system) that matches observation and execution of 
an  action.11 The system works when the person watches the 
action only, without the need to actually perform the act. In 
other words, the system is activated by input of visual informa-
tion alone through seeing an action performed by others. This 
suggests that children may learn movement and communication 
through the mirror neuron system. Ertelt et al reported that 
upper limb functions of hemiplegic patients are significantly 
improved through  using the mirror neuron system.12 Several 
theories have been proposed regarding the existence of mirror 
neurons, such as the innate theory and the  learning experi-
ence theory. However, motor learning through imitation may 
be involved in newborn imitative movements, early childhood 
language acquisition process and also performance of skills in 
sports. Among many theories of learning in humans, imitation is 
the most natural and familiar.11

Mirror neurons are hypothesised to be in the posterior part 
of the inferior frontal cortex and the anterior part of the inferior 
parietal lobule and are  interconnected to  the mirror neuronal 
system (MNS).13 The stroke lesion in our case was in the right 
middle frontal gyrus. Therefore, the MNS spared from the lesion  
in our case could exert its mimicking function as IB which was 
escaped from the monitoring function of the  middle frontal 
gyrus, besides GR is best conceived as an aspect of interhemi-
spheric or intrahemispheric fibre-disconnection syndrome.4 For 
EDS such as IB and UB, the supervisory attentional system (SAS) 
is supposed to monitor and inhibit actions triggered by percep-
tual input and inappropriate to the situation.14 Thus, we suggest 
that the middle frontal gyrus could be related to SAS.

As a limitation of this study, we did not have SPECT data that 
reflect brain function, and we did not know the outcome of the 
patient after discharge from our hospital. Also, we are not sure 
whether using IB led to the correct, and not erroneous, direction 
toward recovery.

In conclusion, we experienced the appearance of some prim-
itive reflexes in a patient who had a stroke with cerebral infarc-
tion confined to the right middle frontal gyrus. Forced grasping 

Figure 4  Medial system and lateral system (modified from Goldberg, 
1985).8 PMC, primary motor cortex; SMA, supplementary motor area.

Figure 5  Schematic illustration of forced grasping and IB (modified 
from Hirayama, 1993).10 The red arrow represents facilitation, the blue 
arrow represents suppression and the cross represents lesion. The 
diagram on the left explains forced grasping, and that on the right 
explains the coexistence of forced grasping and IB. assoc, association; 
IB, imitation behaviour; L, left; R, right; sup, superior.
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reflex impeded the performance of ADLs but was suppressed by 
using IB.

Learning points

►► Despite the causative lesions similarly in the frontal lobes, 
simultaneous manifestation of grasping reflex and imitation 
behaviour (IB) in the same patient who had a stroke was 
rarely observed.

►► Forced grasping impeded performance of activity of daily 
living but was suppressed by using IB.

►► The rare combination of these frontal signs was seen in the 
patient with the localised lesion in the contralateral middle 
frontal gyrus.

►► In case of forced grasping, the IB should be checked in 
a neurological examination, because its examination is not 
included in standard neurological examination.
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