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Abstract - Patients suffering from traumatic brain injury 
(TBI) can have severe disturbances of motor control, espe-
cially of dexterity. It is unclear at present if this is just a re-
sult of an overall slowing of psycho-motor functions, or if 
an additional deficit in coordination of the upper extremity 
has to be considered. We will present preliminary results 
from a small sample of patients. 
Our aim was to quantify the force coordination when lift-
ing a small object using the precision grip and compare 
TBI (n=7) to healthy controls. Forces were recorded by us-
ing a 3-D force transducer. 
Reaction time was significantly increased in TBI but the 
timing of the various phases of the grip-lift cycle were im-
paired differentially, compared to controls. The time 
elapsed from grasping to the onset of lift force (preload 
phase) was prolonged significantly (mean 197 vs. 62 ms, 
p<0.01) but the time needed for lifting (load phase) was 
nearly similar in both groups (mean 150 vs. 111 ms, n. s.). 
Abnormalities in force scaling during lifting were evident. 
The peak grip force was slightly increased in TBI (mean 
7.9 vs. 5.9 N, n. s.) and this increase of grip force was 
more prominent in an earlier phase of the lifting action 
(mean 2.1 vs.0.9 N, p<0.001 at start of loading) compared 
to controls.  
The increase of grip force at the start of loading character-
izes a sequential execution of grasping and lifting. This 
contrasts with a preserved regulation of lift force, suggest-
ing a reduced effectiveness of central sensorimotor proc-
essing of force coordination in TBI. Distal motor functions 
of the upper extremity (grasping) were disturbed more dis-
tinctly than proximal functions (lifting), as the timing of 
the former was affected and that of the latter preserved. 
The effect of rehabilitation on the force coordination will 
be reported in the follow-up. 

 
1. Introduction: 
 

The outcome of treatment of patients suffering from 
traumatic brain injury (TBI) has been evaluated in an in-
creasing number of studies during the past decade. Atten-
tion has been focussed primarily on survival [1] and on 
functional disability [2-5] in order to make a rough esti-
mate which resources are necessary for the rehabilitation in 
different levels of severity. Patients with TBI can have se-
vere disturbances of motor control [6, 7] and the underly-
ing mechanisms, including the impact of rehabilitation, are 
poorly understood. A good knowledge of the pathophysi-
ology of motor dysfunction in TBI could help to select ap-

propriate therapeutic strategies and new approaches in re-
habilitation could be developed [8-10]. 

Besides dysfunction of posture and gait a loss of dex-
terity of the upper extremity often follows TBI if skillful 
movements are required [8]. This can not be explained by 
a loss of force since paresis occur only in a minority of pa-
tients suffering from TBI (17% in [7]). It is our aim to 
quantify grasping movements and dexterity in TBI at an 
early time following coma and to monitor it throughout the 
rehabilitation process. We want to present preliminary re-
sults from a small number of patients who were enrolled 
during the last year. 

A loss of dexterity can result from an overall slowing 
of psycho-motor functions, which has been observed fre-
quently in TBI [11]. It was our aim to separate overall 
slowing from more specific disturbances of grip force co-
ordination. One basic task of manual dexterity is a lifting 
of an object in the hand using a precision grip. This para-
digm has been investigated extensively by Johansson et al., 
see [12] for a review. They have shown that lifting in a 
precision grip is achieved by a complex but reproducible 
sequence of motor activity [13]. We use this task to iden-
tify the pathophysiological abnormalities underlying the 
clinical syndrome of slowness and clumsiness of the hand 
function. 

It was hypothesized that a disturbance of basic phe-
nomena of grip force regulation would underlie the slow 
and clumsy behavior of dexterous hand movements in pa-
tients early after TBI. This could be 1. the result of an 
overall or selective slowing of distinct phases of the 
movement and 2. inefficiency of force regulation, i .e. 
overshooting of force beyond the level required to perform 
the task. 

 

2. Methods: 
 

Since the start of this study in 1999 seven patients 
with moderate or severe TBI were included. 12 healthy 
subjects were enrolled as normal controls. Patients were 
accessed as early as possible following coma, during hos-
pitalization in the primary hospital before admission to the 
rehabilitation unit (T1). Follow up was measured at three 
points during rehabilitation covering a time of 8 months 
following the first visit (T2-4). A large set of motor tests 
and disability ratings were taken at each visit but only re-
sults of the grip coordination task are reported here due to 
the small sample size. The subjects lifted a small test ob-
ject of 220 g from a table using the thumb and index fin-
ger. This movement was repeated 15 times and mean val-



 

 

ues were calculated from the last ten trials in order to ex-
clude learning effects. The grip force (GF), the load force 
(LF, vertical lifting force), and the vertical position of the 
object were continuously recorded and allowed the separa-
tion of distinct phases of the movement. The onset of the 
grip preparation phase was defined between the first touch 
of a finger and the definite grasp using thumb and index. 
The following preload phases lasted until the onset of LF, 
the following load phase ended at the time of lift-off of the 
object. Forces regulation has been proposed from exten-
sive physiological studies as a basic phenomenon underly-
ing the regulation of dexterous movements [14].  GF was 
calculated at its peak and at the start of the load phase, an 
early point in the grip-lift cycle were healthy subjects apply 
little GF [15]. A peak negative LF peak was present if the 
subjects pushed the object downwards prior to lift-off [15]. 
Ratios of GF and LF were calculated at the GF peak and in 
the early static phase in order to quantify the efficacy of 
the use of force [16]. 

 
3. Results: 

 
Disturbances of the timing and force coordination were 
most prominent at the first visit (T1) before the patients 
were referred to the rehabilitation unit. Reaction time was 
increased in TBI but the timing of the various phases of the 
grip-lift cycle were impaired differentially, compared to 
controls. The grasp preparation phase was prolonged sig-
nificantly (mean 134 vs. 46 ms, p<0.01) at T1 and the 
same was true for the preload phase (mean 197 vs. 62 ms, 
p<0.01, see Fig. 1). The timing of both phases recovered 

 
 

Fig. 1: Grasp preparation and preload duration were signifi-
cantly prolonged in TBI at the time of first visit. **p<0.01. 
 

 
early during  rehabilitation and appeared nearly normal 
since the visit T2. The time needed for the development of 
the load force (load phase duration) was less affected in 
TBI, compared with controls (mean 150 vs. 111 ms, n. s.) 
and the effects of rehabilitation on this parameter were 
only gradual. 

Abnormalities of the force scaling during lifting were 
evident. The peak GF was increased in TBI, compared 
with controls (mean 7.9 vs. 5.9 N, n. s.) and this force  

Fig. 2: Grip force (GF) was significantly increased at the first 
visit following TBI (T1) and decreased during rehabilitation. 
This force excess was most pronounced at an early point of 
the grip-lift synergy. T1and T2 refer to subsequent visits dur-
ing follow-up.  *p<0.05; **p<0.01 

excess was more prominent at the start of loading (mean 
2.1 vs. 0.9 N, p<0.001) compared to controls. During re-
habilitation an early improvement of force excess was pre-
sent (see Fig. 2). GF at start of loading decreased to nearly 
normal values at T2 but a slow increase of GF during the 
subsequent follow-up was observed in three patients. The 
ratio of GF and LF was significantly increased at T1 
(p<0.01) both when GF reached its peak and in the early 
static phase, during the object was held above the table. 
The follow-up of the force ratios showed an early recovery 
at T2. Negative LF (pressing down) before the onset of 
lifting was significantly increased in TBI at T1 only (-0.44 
vs. –0.18N in controls, p<0.01) and recovered since T2 
(see Fig. 3). Peak lift force and vertical acceleration were 
nearly equal in TBI and controls. 

 

 

Fig. 3: The negative LF (pressing down before lifting) was 
significantly increased at the first visit following TBI (T1) and 
decreased at an early point during rehabilitation. T1-4 refer to 
subsequent visits during follow-up. **p<0.01. 
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4. Discussion: 
 

We present findings pointing at a possible disturbance 
of grip force coordination following TBI. As these data 
were derived from a small sample in an ongoing study the 
preliminary stage of research limits its impact. Different 
pathological patterns were present in single patients in-
cluded tremor and a segmentation of the movement, lead-
ing to a multimodal profile of force development. Some 
abnormalities were consistent amongst the patients and 
were subjected to quantitative analysis. Surprisingly, no 
mayor differences were evident comparing patients with 
focal brain damage (i. e. epidural hematoma) with those 
suffering from a predominant diffuse brain injury. 

The basic pattern of a coupling between grip and load 
force was preserved even at the earliest visit following TBI 
when lifting a small object in the precision grip but the 
timing appeared to be influenced by the rehabilitation 
process. A sequential pattern of grip force development 
before the onset of load force could be observed at the first 
visit following coma. Since the second visit (following re-
habilitation) both forces increased rather in parallel, as is 
the case in healthy subjects. A similar sequential pattern of 
grip force increase before the development of load (lifting) 
force has been described in several diseases like in chil-
dren with cerebral palsy [17, 18], in adults suffering from 
Parkinson’s disease [19], multiple system atrophy [20], 
cerebellar disorders [21] and writer’s cramp [15].  

A second observation was a predominant slowing of 
early phases of the grip-lift action at the first visit. The load 
phases, following the development of the grasp, was 
slowed in only one patient. Those early phases are domi-
nated by grasping while the lifting action manly involves 
muscles acting at the elbow joint during the load phase 
[22]. Those finding could point at a predominant distur-
bance of distal motor functions (grasping) early after TBI 
while proximal functions (lifting) were widely preserved. 
We speculate that deficits in the central integration of af-
ferent signals could account for a selective slowing of the 
grasping action. It has been demonstrated that discrete sen-
sory events trigger the subsequent phases of the motor task 
[13, 23]. There was no evidence for a hypoesthesia of the 
hand in the patients but a disturbed central processing of 
sensory signals during grasping could explain a slowing of 
the respective phases of the task. The overshooting of grip 
force could not be explained in terms of force production 
deficits, but rather by impairments in the use of sensory in-
formation to guide motor output [23]. Patients operated 
with an increased safety margin, possibly due to a de-
graded feedback control. 

 As only four patients have finished the follow-up un-
til now, further effects of rehabilitation on force coordina-
tion will  be reported in the future. 
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