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Introduction

_____________________________________________________________________________

• The development of effective cognitive neurorehabilitation treatments demands instruments that measure functional changes in cognition in the real world.

• The development of instruments to measure the real   world outcomes of a new physical rehabilitation technique, constraint-induced movement therapy, may provide some guidelines for developing new measures in cognitive neurorehabilitation.

The development of new cognitive neurorehabilitation techniques that effectively transfer results obtained  in the clinic to the real-life setting will require innovations in measuring techniques. The assessment of treatment effect and compliance is best accomplished  through direct, continuous and objective measurement of the target of intervention in the appropriate environment. Although current neuropsychological instruments measure various cognitive abilities (Lezak, 1995), there are no instruments with these desirable qualities that measure cognitive function in the real-life setting.

Constraint-induced movement therapy (e.g. Taub,1980; Taub et al., 1993) is a new treatment for chronic upper extremity hemiparesis that successfully transfers improvement in the quality and amount of upper extremity use from the clinic to the real-life setting. Physical rehabilitation outcome evaluation instruments, however, do not provide a direct measure of motor function in the real world. Traditional instruments in physical rehabilitation focus on measuring strength, flexibility and coordination in the clinic or laboratory situation (Smith and Clark, 1995). More recent instruments measure functional ability in the  home indirectly by clinical observation of activities of  daily living performed in the laboratory or clinic  (Holbrook and Skilbeck, 1983; Baxter-Petralia et al.,  1990; Cress et al, 1996), but the relationship between  performance on these instruments and performance in the real-life situation has not been rigorously tested  (Keith, 1995). The experimental work conducted by this  laboratory and the observations of others (Andrews and Stewart, 1979) suggest that laboratory motor tests indicate a rehabilitation patient's maximum motor ability,  but that patients do not necessarily make full use of that ability in the real-life setting. Consequently, it was decided  that  the  constraint-induced  movement therapy research project should develop new instruments that measure upper-extremity function directly in the home.

The authors believe that the solutions devised for measuring motor activity outside the clinic hold some lessons for the further development of measurement technology in the field of cognitive neurorehabilitation. This  chapter reviews the development  of constraint-induced movement therapy, provides a model explaining its operation in terms of learning followed by use-dependent cortical reorganization, presents the measurement instruments used to evaluate the intervention, and discusses the applications of measurement in cognitive neurorehabilitation.

Constraint-induced movement therapy

______________________________________________________________________________

• Monkeys with a unilateral forelimb deafferentation  learn not to use their impaired limb during the initial

   postoperative period when spinal shock renders the  animals incapable of moving their affected limb extensively.
 • This phenomenon has been termed learned nonuse.

 • The monkeys continue the learned nonuse of their impaired limb after the spinal shock has passed

   off and they are physically capable of purposive movement.

 • Restricting movement of the unaffected limb and/or training of the affected limb over a number of days

   can overcome this learned nonuse. Both techniques induce massed practice in the use of the affected limb

   for several consecutive days and, thereby, convert a functionless limb into a limb that is used extensively.

 • The same techniques produce substantial increases in affected arm use when applied to people with a

   stroke-related chronic upper extremity paresis.

Most of the patients worked with to date have been  relatively high functioning; however, recent work with lower functioning patients suggests that up to 50 per cent of the stroke population with a unilateral chronic motor deficit maybe amenable to substantial improvement through application of constraint-induced movement therapy techniques.

Research with monkeys

Constraint-induced movement therapy, which consists of a family of techniques, is derived from basic research  with primates. When a single forelimb is deafferented in a monkey, the animal does not make use of it in the life situation (Mott and Sherrington, 1895; Lassek, 1953). However, by restricting movement of the intact limb for several days, the monkey can be induced to use the deafferented  extremity  permanently.  Training  of deafferented limb use also proved to be an effective technique. Initially, conditioned response techniques were employed to train limb use (Knapp, Taub and Berman, 1958,1963; and Taub and Herman, 1963; Taub, Bacon and Berman, 1965; Taub, Ellman and Berman, 1966; Taub, 1977; Taub et al., 1978). Subsequently, it was found that shaping techniques, which involve increasing behavioural requirements in very small steps (Skinner, 1938, 1968; Morgan, 1974; Panyan, 1980), are considerably more effective (Taub, 1976,1977).

Several converging lines of evidence suggest that  nonuse of a single deafferented limb is a learning phenomenon involving conditioned suppression of movement (Taub, 1977, 1980). The restraint and shaping techniques appear to be effective because they overcome learned nonuse.

Substantial neurological injury usually leads to a  shock-like phenomenon, whether at the level of the spinal cord (spinal shock) or brain (diaschisis or cortical shock). Deafferentation initially results in a reduction within the spinal cord in the background level of excitation that keeps neurons ready to respond. This effect is most marked in the deafferented segments of the spinal cord, where the depressed condition of the motor neurons greatly elevates the threshold for excitation necessary to produce movement. With time, recovery processes raise the background level of excitability of motor neurons so that movements, at least potentially, can be expressed. In monkeys, the period of spinal shock lasts from two to six months following forelimb deafferentation (Taub, 1977).

The inability of the monkeys to use the deafferented limb due to spinal shock leads to conditioned suppression of use of that limb. Animals with one deafferented limb try to use that extremity in the immediate postoperative situation, but they cannot. Attempts to use the deafferented limb often lead to painful and otherwise aversive consequences such as falls and loss of food. These failures in use constitute punishments that sup press arm use (Kimble, 1961). Meanwhile, the monkeys cope quite well in the laboratory environment on three limbs and are therefore positively reinforced for this pattern of behaviour, which as a result is strengthened. This response set persists, and consequently the monkeys never learn that, several months after the operation, the limb has become capable of movement. The development of learned nonuse is shown in Fig. 13.1. 







Fig. 13.1 Schematic model for the development of learned nonuse. (From "Constraint-induced movement therapy for motor recovery after stroke' by David M. Morris, Jean E. Crago, Stephanie C. DeLuca, Rama D. Pidildti and Edward Taiib, 1994, NeuroRehabilitation, 9, p. 31. Copyright 1994 by Elsevier Science Ireland Ltd. Reprinted with permission of the author.)

The restraint of the intact limb several months after unilateral deafferentation serves to overcome this conditioned suppression of movement or "learned nonuse'. Restriction of the intact limb forces animals to use the deafferented limb or forego feeding, locomotion and other important daily activities with any degree of efficiency.  This  change  in  motivation  overcomes the learned nonuse of the deafferented limb and  consequently the animal uses it. The counterconditioning of learned nonuse is shown in Fig. 13.2.





Fig. 13.2 Schematic model of mechanism for overcoming learned nonuse. From "Constraint-induced movement therapy for motor recovery after stroke' by David M. Morris, lean E. Crago. Stephanie C. DeLuca, Rama D. Pidikiti and Edward Taub, 1994, NeuroReliabitiWtion, 9, p. 31. Copyright 1994 by Elsevier Science Ireland Ltd. Reprinted with permission of the author.)

An experiment was carried out to test the learned nonuse formulation directly (Taub,  1977,  1980). Movement of a unilaterally deafferented forelimb was prevented with a restraining device in several animals so that they could not attempt to use that extremity for a period of three months following surgery. The reasoning was that in preventing an animal from trying to use the deafferented limb during the period before the spinal shock had passed off, one should hereby prevent the animal from learning that the limb could not be used during that interval. In  conformity with this prediction, the animals were able to use their deafferented extremity in the free situation after the restraint was removed. Suggestive evidence in support of the learned nonuse formulation was also obtained during the course of deafferentation experiments carried out on the day of birth (Taub et al., 1973) and prenatally (Taub et al., 1975; Taub, 1980). 

Research with humans

In 1980, it was proposed that learned nonuse might develop in some humans after stroke (Taub, 1980). It was suggested that this phenomenon could develop in some humans by mechanisms similar to those that operate after deafferentation in monkeys, with the exception that the initial period of motor incapacitation would be due to cortical rather than spinal shock. It was suggested, therefore, that the same techniques that overcome learned nonuse in monkeys following unilateral deafferentation might also constitute a treatment to increase the amount of limb use in humans after stroke.

Constraint-induced movement therapy techniques were first successfully applied to humans with an upper extremity hemiparesis by Steven Wolf (Ostendorf and Wolf, 1981; Wolf et al., 1989) in conformity with the unaffected limb constraint portion of Taub's protocol (1980), but not including the affected limb training component. The 1989 study included stroke and traumatic brain injury patients who were more than one year postinjury and who possessed a minimum of 10 degrees extension at the metacarpophalangeal and interphalangeal joints and 20 degrees extension at the wrist of the affected arm (minimum motor criterion). The patients were asked to wear a sling on the unaffected arm all day for two weeks, except during a half-hour exercise period and sleeping hours. The patients demonstrated significant improvements in  speed or force of movement, depending on the task, on  19 out of 21 tasks on the Wolf Motor Function Test (Wolf et al., 1989; Taub et al., 1993), a laboratory test involving simple upper extremity movements.

Taub et al. (1993) undertook further work on the application of constraint-induced movement therapy to stroke patients with a chronic upper extremity hemiparesis. This study employed an attention-placebo control group, combined training of the paretic arm with restraint of the contralateral upper extremity, and emphasized transfer of therapeutic gains in the laboratory to the life situation. Four treatment subjects had their unaffected arms restrained in a sling for 14 days and on ten of those days received seven hours of supervised practice using their affected arms. Five control subjects were told they had much greater movement in their affected limbs than they expressed, were led through a series of passive movement exercises in the treatment centre, and were given passive movement exercises to perform at home. All were at least one year poststroke  (mean 4 years)  and had passed  the minimum motor criterion before admission to the study. Treatment efficacy was evaluated using the Wolf  Motor Function Test, the Arm Motor Ability Test   (McCulloch et al., 1988; Kopp et al., 1997), and the   Motor Activity Log (Taub et al., 1993), which tracks arm  use in 14 activities of daily living through a semi structured interview. The treatment group demonstrated a significant increase in motor ability as measured by the Wolf Motor Function and Arm Motor Ability tests over the treatment period, whereas the control subjects showed no change or a decline in arm motor ability. On the Motor Activity Log, the treatment group showed a large increase in real-world arm use over the two-week period and demonstrated a further small increase in use when tested two years after treatment; the  control subjects exhibited no change or a decline in arm use over  same period.

Other experiments (Taub and Crago, 1995; Taub et al.,1995) suggested that there is a family of techniques that can overcome learned nonuse. The interventions that proved effective included placement of a sling on the less-affected arm and shaping of the paretic arm, placement of a half-glove on the less-affected arm as a reminder not to use it, and shaping of the paretic arm, shaping of the paretic arm only, and intensive physical therapy of the paretic arm for five hours a day for ten consecutive weekdays. The therapeutic elements shared by these different techniques appear to be focusing of attention on the paretic arm and massing of practice of the paretic arm. These two effects are induced in most of the techniques by constraining movement of the lessaffected arm (Taub and Wolf, 1997).

Initial motor ability of patients

The patients treated to date have almost all had relatively high initial levels of motor ability. This selection has occurred largely because of the minimum motor criterion for entry into treatment. It is estimated that approximately 20-25 per cent of the chronic stroke population meet this motor criterion (Wolf and Binder-Macleod, 1983). However, recent work with lower functioning patients is proving to very promising, suggesting that constraint-induced movement therapy may be applicable to up to 50 per cent of the stroke population with a chronic unilateral motor deficit. The minimum motor criterion for inclusion of lower functioning patients into therapy is 10 degrees extension at the wrist and enough active extension of the fingers to release a tennis ball placed in the hand by the experimenter. Five patients whose initial motor ability fell below the minimum criteria for the higher functioning group and above the minimum criteria for the lower functioning group have been given constraint-induced movement therapy to date. All five lower functioning patients  exhibited  substantial  improvement. The change on the outcome measures was slightly lower than that of the higher functioning patients, while the final level was somewhat lower than that of the higher functioning patients since the lower functioning patients started from a lower initial level of motor ability. One patient with probable Alzheimer's disease was not compliant in wearing the restraint device once out of the laboratory. His treatment gain was more modest than that of the other subjects, but his therapy was also much reduced compared to theirs and was not consistent with the laboratory's protocol. The data suggest that the motor capacity of chronic patients is modifiable in a larger percentage of the population than research originally indicated.
Neurophysiological mechanisms involved in constraint-induced movement therapy

______________________________________________________________________________
• Cortical reorganization is associated with the effect of   constraint-induced movement therapy.

• A neurophysiological prognosticator of the recovery  of upper extremity function after stroke may exist.

Recent magnetic source imaging studies with humans, carried out by a group of investigators including one of the coauthors (E.T.), and an intracortical microstimulation study with monkeys suggest that cortical reorganization may be associated with the therapeutic effect of constraint-induced movement therapy. The human imaging studies followed the seminal work of Merzenich and coworkers with monkeys (e.g.Merzenich et al., 1984) and showed that the cortical somatosensory representation of the digits of the left hand was larger in string players than in nonmusician controls (Elben et al., 1995). Moreover, the representation of the fingers of blind Braille readers, who use several fingers jointly to read, was found to be enlarged (Sterr et al., 1998). These results, in conjunction with research on cortical reorganization in adult phantom limb patients (Flor et al., 1995), suggest that the size of the cortical representation of a body part in adult humans depends on the amount of use of that part. The intracortical  microstimulation  study  demonstrated that, in adult squirrel monkeys which were surgically given an ischaemic infarct in the cortical area controlling the movements of a hand, training of the affected limb results in cortical reorganization of the area surrounding the infarct (Nudo et al., 1996). These findings suggest the possibility that the increase in affected arm use produced by constraint-induced movement therapy results in a use-dependent increase in the cortical representation of the affected arm.

The hypothesis that constraint-induced movement therapy produces a large, use-dependent  cortical reorganization in humans with stroke-related hemiparesis of an upper extremity was recently confirmed in two studies. One study used focal transcranial magnetic stimulation (TMS) to map the areas of the brain that control arm movement in six patients with a chronic upper extremity hemiparesis (mean chronicity=six years) before and after constraint-induced movement  therapy (Liepert et al., 1998). The investigators found   the therapy produced a significant increase in the  patients' amount of arm use in the home over the two- week treatment period. Over the same period, they  found that the cortical region from which EMG  responses of a hand muscle can be elicited by TMS was  more than doubled. Kopp et al. (1999) carried out a  current source density analysis of the steady-state  electroencephalographic motor potential of constraint induced movement therapy patients. They found that  three months after treatment the motor cortex ipsilateral to the affected arm, which normally controls movements of the contralateral arm, had been recruited to  generate movements of the affected arm. This effect  was not in evidence immediately after treatment and  was presumably due to the sustained increase in  affected arm use over the three-month follow-up period  produced by constraint-induced movement therapy. To  the best of the authors' knowledge, these two studies are

 the first to demonstrate an alteration in brain structure  or function associated with therapy-induced rehabilitation of movement after central nervous system damage  in humans.

Preliminary MRI data collected by Chatterjee et al.  suggest that there may be an association  between the  locus of the infarct and the ability to pass the minimum  motor criterion. If the initial findings are confirmed,  then the MRIs obtained in the acute phase could serve as a  prognosticator of amenability to constraint-induced movement therapy in the chronic phase or, alternatively, suggest preventive treatment in the acute phase itself.

Measurement of constraint-induced movement therapy efficacy and compliance

______________________________________________________________________________________________
• Constraint-induced movement therapy outcome is  measured in two domains: motor ability in the labor-

  atory and extremity use in the home (i.e. function in  the real world).

• Motor ability is assessed in the laboratory using two  standard motor tests and two motor tests developed

  by the authors' laboratory. The standard tests are  active and passive range of motion and the Fugl- Meyer Poststroke Motor Recovery Test. The new tests are the Wolf Motor Function Test and Ann Motor Ability Test.
 • Function in the real world is assessed using four measures: Motor Activity Log, Daily Home Treatment

Diary, Actual Amount of Use Test, and accelerometry.

 • Accelerometry can provide a direct, continuous and objective measure of arm use in the real world.

 • Laboratory motor tests indicate the maximum motor ability of patients, whereas real-world measures 

   indicate how much the arm is being used in the home. Direct measures of real-world arm use are

   necessary because motor ability and the amount of arm use in  the home are not strongly related.
 Laboratory upper extremity motor ability measures  range of motion

Passive and active range of motion measurements are  taken with respect to 26 joint motions of the upper  extremity. The two primary measures are: (1) the  number of joint motions which show a clinically  significant change (>5 degrees) from pretreatment to  posttreatment; and (2) the average change in range of  motion across those joint motions that are outside of  normal limits prior to treatment. The range of motion  data that have been collected to date have been dominated by a ceiling effect. Patients treated, on average, displayed 84 per cent of normal active range of motion  before treatment and 89 per cent of normal active range of motion after treatment. The minimum motor criterion and other exclusion criteria appear to have screened  out patients with more restricted range of motion.  

Fugl-Meyer Poststroke Motor Recovery Test

The upper extremity portion of this test is a standard laboratory test with an established reliability and validity (Fugl-Meyer et al., 1975; Duncan, Propst and Nelson, 1983; Berglund and Fugl-Meyer, 1986) that measures the coordination, flexibility and sensory capability of the patient's affected arm. Patients are asked to perform simple arm movements and to respond to tactile stimuli; in addition, the examiner passively moves the patient's upper extremity at each of the joints. The synergy of the movements, the response to tactile stimuli, the range of motion, and the occurrence of pain are rated on three-point scales. The ratings for the individual items are summed to produce a subtest score for the upper extremity. The items include abducting the shoulder, grasping a piece of paper between thumb and forefinger, and detecting a light touch to the palmar surface of the hand. The test data in the authors' laboratory also appear to have been dominated by a ceiling effect. The mean score pretreatment was 101 out of a possible 126 points; the mean score posttreatment was 113.

Wolf Motor Function Test
This laboratory motor test, developed specifically to evaluate the effects of constraint-induced movement therapy (Wolf et al., 1989; Taub et al., 1993), measures the ability of patients to perform 19 simple limb movements and tasks with the affected arm. The items include activities such as lifting the affected arm fromthe test table surface to a box, extending the elbow past a line 40 cm from the initial position, turning over playing cards, and picking up a pencil. Test performance is timed and videotaped and later rated independently by three clinicians blinded to the pretreatment or posttreatment status of the patient. As originally  developed,  performance  time  was  the primary measure (Wolf et al.. 1989). Subsequently, rating scales for quality of movement and functional ability were added (Taub et al., 1993). Currently, only the Functional Ability Scale is used, because the two rating scales appear to measure identical constructs (rQOM RA=0.98). Patients, on average, demonstrated significant reductions in median performance time, from 6.0seconds before treatment to 3.2 seconds after treatment, and significant increases in mean functional ability, from 3.5 to 4.0 rating points. The attentionplacebo controls did not show significant changes. The reliability and validity of the Wolf Motor Function Test are currently being evaluated by the authors' laboratory.

Arm Motor Ability Test
This laboratory motor test, also developed specifically to evaluate the effects of constraint-induced movement therapy (McCulloch et al., 1988; Taub et al., 1993, Kopp et al., 1997), measures the ability of patients to perform 13 activities of daily living with their affected arm. Each of the 13 tasks is a complete activity of daily living commonly carried out in the real-life setting, such as putting on a sweater, dialling a telephone number, and unscrewing a jar cap. Test performance is timed and videotaped and later rated on the Functional Ability Scale by three  dependent clinicians blinded to the treatment status of the patient. For timing and rating, 12 of the tasks are broken down into two to three simpler components. This breakdown into component segments allows for the type of quanitification possible with simpler actions without interfering with the normal flow of movement characteristic of everyday activity. In the 1993 Taub et al. study, patients in the treatment group demonstrated significant decreases in median performance time, from 4.4 seconds to 3.4 seconds, and significant increases in functional ability, from 3.4 to 3.8 rating points. Attention-placebo controls did not show significant changes.

In a study with 33 subacute stroke patients, the Arm MotorAbilityTest demonstrated high interrater reliability,  internal consistency and  construct validity,  and good concurrent validity (Kopp et al., 1997). The patients were administered the test and the Motricity Index - Arm Test (Demeurisse, Demol and Robaye, 1980), which assesses motor impairment by rating movement at three upper extremity joints. Half of these patients were given the Arm Motor Ability Test again one week later and the other half two weeks later. The interrater reliabilities (Spearman correlation coefficient) between two observers on the initial test day for functional ability and performance time were 0.98 and 0.99, respectively. The internal consistencies (Chronbach's alpha) on this day for functional ability and performance time were 0.99 and 0.94, respectively. The concurrent validities (Spearman correlation coefficient) between the Arm Motor Ability Test and the Motoricity Index-Arm for functional ability and performance time were 0.61 and 0.45, respectively; these values were limited by the relatively low internal consistency of the latter (Kopp et al., 1997). Construct validity was demonstrated by the ability of the Arm Motor Ability Test to detect improvements in motor ability due to  spontaneous recovery as measured by the Functional Ability Scale and performance time over the one-week and two-week retest intervals and by its ability to discriminate between the initial improvement at one week and the larger improvement at two weeks as measuredby the Functional Ability Scale.

Real-world upper extremity function measures

Motor Activity Log

This semistructured interview measures how much and how well patients use their affected arm for activities of daily living in the home over a specified period. The Motor Activity Log is administered independently to the patient and a significant other or informant. The patient or caregiver is asked to rate how much and how well the patient has used the affected arm for 14 activities of daily living tasks in the past day, week or year. Patients and caregivers use a six-point Amount of Use Scale to rate how much they are using their affected arm and a six-point Quality of Movement Scale to rate how well they are using it. The tasks include such activities as brushing teeth, buttoning a shirt or blouse, and eating with a fork or spoon.

The constraint-induced movement therapy patients treated in the authors' laboratory improved from a mean of 1.2 (1 =very little use) a year before treatment to 3.2 (3 = moderate use, 4 = almost normal amount of use) four weeks after treatment on the Amount of Use Scale and improved from 1.1 (1 =very poor quality of movement) to 3.4 (3 = moderate quality of movement, 4  = almost normal quality of movement) on the Quality of Movement Scale. The caregiver reports indicated similar improvements: 1.1 to 3.1 on the Amount of Use Scale and 0.8 to 3.0 on the Quality of Movement Scale. The interrater reliability within patient and caregiver pairs on both scales was very high, mean Inter Class Correlation Type 3,1 (Shrout and Fleiss, 1979) =0.90. Attention-placebo controls did not show significant changes; mean Quality of Movement Scores remained constant at 1.6 rating points. 

The Motor Activity Log has drawbacks that are typically associated with self-report instruments. Patients'ratings may be influenced by experimenter bias or demand characteristics or patients simply may not beable to recall accurately how they used their affected extremity. However, there is no other instrument available for assessing the actual amount of use of affected extremities in the real-life setting. Although there are several global measures of functional independence (Functional Independence Measure: Keith et al., 1987; Barthel Index; Mahoney and Barthel, 1965), these are "burden of care" assessments that determine to what extent patients can carry out activities of daily living independently, regardless of the function of their affected arm.

Daily home treatment diary 

This diary provides an estimate of how well the patient has complied with the main intervention in the home environment. During treatment, patients are instructed to wear a sling or half-glove on the unaffected arm formore than 90 per cent of the time when they are at home and awake. Patients record when the constraint device is on and what activities are engaged in during the day. If patients do not fill out the diary, because of forgetfulness, difficulty writing with the affected hand, or functional illiteracy, the experimenter helps them fill it out upon arrival in the laboratory the next day. If there has been substantial noncompliance with wearing the constraint device, the experimenter attempts to determine the reasons and then problem solves with the patient to help increase compliance. The experimenter calculates the patient's percentage compliance with the constraint protocol on the basis of the diary account. Patients, on average, reported a 74 per cent compliance rate at home.

The daily home treatment diary is subject to the same problems as the Motor Activity Log: experimenter bias, demand characteristics, and inaccurate recall. These biases are especially salient if the experimenter must help the subject to complete the diary.

Actual Amount of Use Test

This observational test measures how much patients spontaneously use their affected arm to perform a set of tasks in the laboratory. It is administered on first entrance into the laboratory before pretreatment testing and again just prior to posttreatment testing.  Patients are videotaped as they are unobtrusively led through a standardized scenario of 20 tasks that they might encounter in the clinic on a regular basis (e.g. remove coat, place project card in wallet, fill out form). The patients are not prompted as to what arm to use to accomplish the tasks or informed that they are being tested. Nor are patients told that they are being video- taped during test administration: they have given informed consent to be videotaped when they enter the constraint-induced movement therapy  project. Independent clinicians use the videotape to rate the patient's behaviour on the amount of arm use. The patients' performance on the Actual Amount of Use Test is believed to be more closely related to how much they actually use their affected arms in their daily lives than their performance on tests of motor ability in which they are asked to perform tasks specifically with their affected arm.

Although the Actual Amount of Use Test is not subject to the problems associated with self-report measures, the relationship between performance on this in-laboratory test and actual use of the limb in the home has yet to be evaluated experimentally. Preliminary results indicate a large increase in the percentage of activities carried out spontaneously by the affected arm with treatment. Five patients in the sling constraint and shaping group who have been administered the Actual Amount of Use Test so far performed 34 per cent of the tasks attempted with the affected arm before treatment and 64 per cent after treatment. This increase is congruent with the increase in the amount of use reported on the Motor Activity Log.

Accelerometers

Accelerometers can provide a more objective, direct and detailed measure of how much patients use their affected arm in the home situation and how well they comply with the home treatment protocol than interview  or  in-laboratory  observational  measures. Accelerometers have been used by fitness researchers, with moderate success, to measure overall physical activity levels in children and adults outside the laboratory. These investigators have established that laboratory manipulations of physical activity produce reliablechanges in accelerometer recordings (Wong et al., 1981; Nichols, Patterson and Early, 1992; Bouten et al., 1994;Melanson and Freedson, 1995), and have validated accelerometer recordings in the home against self- reports or caregiver  reports  of physical  activity (Patterson et al., 1993; Miller, Freedson and KUne, 1994; Janz, Witt and Mahoney, 1995) and other objective measures of activity, such as heart rate telemetry (Janz, 1994; Makikawa et al., 1994). In physical rehabilitation, accelerometers have been used with initial success to measure overall physical activity in the laboratory (Kochersberger et al., 1996; Veltnic et al., 1996) and the home (Kochersberger et al., 1996), the use of a prosthetic device by transtibial amputees in the home (Stam, Eijskoot and Bussmann, 1995), and the use of the arm to propel a wheelchair in the laboratory (Tajima et al., 1994).

The accelerometers employed in the authors' labora- tory are Computer Science Application Inc. Model 7164 Activity Monitor Accelerometers. They are plastic units about the size and weight of a large wristwatch that are based on piezoelectric crystal technology. When the piezoelectric crystal in the accelerometers is subject to acceleration, it deforms and produces a charge. This charge is digitized at a 10 Hz sampling rate and summed over a user-specified epoch. The reported sumis called an activity count; 128 counts represent an acceleration of 2.13 g at 0.75 Hz over a 0.1 second epoch. The Activity Monitors are differentially sensitive to different frequencies of movement; they are relatively insensitive to movements at frequencies below 0.1 Hz and above 3.6 Hz (Computer Science Applications Inc., 1996). This range closely matches the frequency of healthy human arm movement (Foster, McPartland and Kupfer, 1978).

It is proposed that patients should wear Activity Monitors on each arm and the hip during 95 per cent oftheir waking hours for one week, starting seven days prior to treatment, the two-week treatment period, oneweek starting 21 days after treatment, and one week starting two years after treatment. The acceleration recordings from these devices will indicate how much arm, and the whole body. Activity counts from the affected arm unit will be compared before and after treatment to evaluate the change in arm use due to treatment. Activity counts from the unaffected arm unit during treatment will be used to monitor compliance with the constraint protocol, and activity counts from the hip unit before and after treatment will be used to assess the impact of the intervention on general physical activity. The ratio of affected to unaffected arm activity counts will be compared before and after treatment to evaluate whether there is an increase in the use of the affected arm relative to the unaffected arm. In addition, the data will be examined in five-minute increments to provide a detailed account of the patient's arm movements.

A series of experiments is currently being conducted to provide reliability and validity data for using accelerometers to measure arm use. Experiment 1 examined the relationship between acceleration recordings and simple, standardized arm movements performed by college students in the laboratory. The results suggested that the Activity Monitors provide highly reliable measures of simple arm movement, with high sensitivity to movement parallel to the x and y axes of the units, low sensivity to movement parallel to the  z- axis, and higher sensitivity to changes in movement speed than distance (Uswatte et al., 1997a). Experiment 2 examined the relationship between acceleration recordings and three parameters of arm movement (speed, excursion, duration) involved in three activities of daily living (vacuuming, shelving, sponging) performed by college students in the laboratory (Uswatte et al., 1997b). The results suggested that the Activity Monitors provide highly reliable measures of activities of daily living-like arm movement, with high sensitivity to the duration of the task and the speed of the arm movement, but low sensitivity to the excursion of the movement. Experiment 3 will evaluate the relationship among accelerometer recordings taken from the arm and observer counts of arm movements and judgements of the duration of task related arm movement involved in activities of daily living tasks engaged in by constraint-induced movement therapy patients and age-matched controls in the laboratory. Experiment 4 will study the relationship among accelerometer recordings, patient and caregiver diaries of arm use, and observer counts of arm movement in constraint-induced  movement  therapy patients over five weeks in the home. A high positive correlation between the accelerometer recordings and observation measures and the recordings and diary measures in Experiments 3 and 4 will suggest that the accelerometers are valid measures of arm use in the laboratory and real world, respectively.

The first two experiments and other pilot work suggest that there are some limitations to using accelerometers to measure arm use in the home. First, when measuring arm movement, accelerometers respond more strongly to certain kinds of movement than to others. The sample of movement obtained by accelerometers, however, is likely to be an adequate index of the amount of arm use because activities of daily living tasks generally involve movement components in each of the three spatial axes (Redmond and Hegge, 1985). Second, not all movements of the upper extremity are related to use of the limb (e.g. swinging the arm during ambulation). Third, variation in physical dimensions, pace and coordination across subjects may be so large that the accelerometer measure may be useful only on a within-subjects basis. This may limit the generality of the data obtained in absolute terms, but would not invalidate the use of the accelerometers for obtaining information on the relative change in the amount of extremity movement for individual subjects before and after treatment. Fourth, the variability in the type of tasks performed on different days may limit the accuracy of the accelerometer measure for evaluating upper extremity use in the home by constraint-induced movement therapy patients on a day-to-day basis. However, this variability is likely to be less of a problem when easurements are cumulated over a longer period of time, such as a week. Finally, sudden or shaky upper extremity movements tend to inflate accelerometer recordings in a manner that is not consistent with the actual amount of use of the extremity. Data-smoothing techniques used in psychophysiological research may be of value in substantially reducing this problem. Although these limitations must be given serious consideration, it is not anticipated that they will cause serious problems for measuring upper extremity function in a real word.

Relationship between motor ability and real-world function measures
Laboratory motor tests and real-world outcome measures  provide  complementary  information  about patient motor status. On laboratory motor tests, clinicians observe the best a patient is able to achieve when explicitly asked to carry out a movement or task in the laboratory; the results indicate a patient's maximum motor ability. However, this performance does not indicate whether the patient is actually using the extremity for the tested purpose in the life situation. In a study of 29 stroke patients who were consecutive admissions to a rehabilitation facility (Andrews and Stewart, 1979), primary caregivers reported that in 25-45 per cent of cases activities of daily living were performed less well in the home situation than in the laboratory. This observation has been confirmed by every clinician the authors have contacted. Among the patients treated in the authors' laboratory, there were no significant correlations between performance on the pretreatment motor ability tests and the baseline measure of arm use. These observations and the authors' results suggest that the transfer from the laboratory to the home needs to be tested directly. 

Indeed, the gap between performance on laboratory tests and the actual amount of extremity use in the home is an index of learned nonuse. Constraint-induced movement therapy operates in this window. It provides a bridge between the laboratory or clinic and the life setting so that the therapeutic gains made in the clinic transfer maximally and contribute to the functional independence of the patient in the real world.

Among the patients treated in the authors' laboratory, there has been a moderately strong, positive relationship between the initial level of arm motor ability and  the improvement in arm use produced by therapy: 0.48  <rs<0.57, ps<0.01; patients with a high initial level of motor ability have shown larger gains in arm use than patients with a low initial motor ability level. Given that  there was no significant relationship between the initial level of arm use and arm ability, this result is congruent with the hypothesis that constraint-induced movement therapy operates in the gap between arm motor ability  and arm use: patients with high motor ability have more room to improve. The relationship between changes in arm motor ability and changes in arm use with treatment is not yet clear.

Cognitive and affective measures

In addition to the use of measures of motor performance, a measure of expectancy and self-efficacy, and a measure of depression, the Zung Depression Inventory (Zung and Durham, 1965), patients in the authors' laboratory are also examined pretreatment and posttreatment using five neuropsychological tests - (1) Mini-Mental State Exam (Bleecker et al., 1988), (2) Cancel-H Test (Gordon et al.,  1984),  (3)  Line Cancellation  Task  (Albert,  1973),  (4)  Sentence Repetition Test (Benton and Hamscher, 1983), and (5) Token Test (Benton and Hamscher, 1983). No significant  changes between pretreatment and posttreatment performance have been detected on these measures.

Conclusions

______________________________________________________________________________

• There are no instruments in cognitive psychology or   neuropsychology that measure cognitive function directly in the real-life setting.

• New measurement instruments in cognitive neurorehabilitation are needed that provide direct, continu  ous and objective measures of real-world cognitive activity.

There are no instruments in cognitive psychology or neuropsychology that measure cognitive function directly in the home situation. Traditionally, neuropsychological instruments have been used to diagnose cognitive disorders (Hart and Hayden, 1986). Therefore, cognitive function in the home has not been examined carefully. However, substantial research has been done on the relationship between performance on neuropsychological instruments and activities of daily living function. Investigators have examined the validity of neuropsychological instruments for assessing and predicting functional ability by studying the relationship between performance on neuropsychological tests and laboratory performance tests of activities of daily living and instrumental activities of daily living function (Goldstein, et al., 1992; Richardson, Nadler and Malloy, 1995; Baum et al., 1996), and by studying the relation-

ship between neuropsychological test performance and retrospective questionnaires of home (Searight et al.,  1989; McCue, Rogers and Goldstein, 1990; Tuokko and Crockett, 1991) and social functioning (Dunn et al.,  1990; Millis, Rosenthal and Lourie,  1994; Kaitaro, Kosldnen and Kaipio, 1995). These approaches may be flawed for the same reason that it is wrong to assume that motor ability or function in the clinic reflects motor function in the home. As with motor ability in the clinic and motor function at home, there may be a disparity between cognitive ability in the clinic and cognitive practice at home, as well as between activities of daily living function in the clinic and activities of daily living  behaviour at home. 

The authors suggest that the approach their laboratory has taken to measure arm use in the real world can serve as a model for measurement procedures in cognitive rehabilitation. Interventions that aim to improve cognitive skills so that people with brain injuries can function better in their daily lives require instruments that measure cognitive activity in the life situation.  These instruments might include measures such as the Motor Activity Log, which quantifies retrospective reports from the patient or caregiver, and the Actual Amount of Use Test, which unobtrusively samples the spontaneous behaviour of the patient. Accelerometry, in particular, might serve as a good model because it provides a direct measure of activity in the life setting and avoids the problems of obtaining self-reports from people with brain damage. An instrument parallel to the accelerometerin cognitive neurorehabilitation might be a portable electroencephalographic (EEG) device. This device could provide information on power in different parts of the EEG spectrum while a patient is engaged in different types of activities throughout the day. The activities could be recorded by a caregiver or could be tasks that are carried out with a personal computer whose clock is coordinated with that of the EEG device. 

Researchers in cognitive neurorehabilitation may want to adopt the assessment of motor function as a model for the assessment of real-world cognitive function because of the complexity of cognitive activity relative to motor activity. The mechanisms underlying cognitive activity are less well defined and less well  understood than those underlying motor activity. In addition, cognitive activity is less easily measured than motor activity because a given observable behaviour is an unreliable index of the cognitive processes with which it may be associated. The approach adopted in the authors' laboratory for the relatively simple task of measuring motor activity may be a useful guide to some ways in which the assessment of cognitive activity in the real world can be carried out.
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