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Habituation and conditioning of the human long latency stretch reflex J.C. Rothwell, B.L. Day, A. Berardelli*, and C.D. Marsden Department of Neurology, Institute of Psychiatry and King's College Hospital Medical School, DeCrespigny Park, London SE5 8AF, U.K.



Summary. The effects of stretch repetition rate, prior warning stimuli and self administered stretch were examined on the size of the short and long latency components of the stretch reflex electromyographic EMG response in flexor pollicis longus and the flexor muscles of the wrist and fingers. Stretches of constant velocity and extent were given every 10 s, 5 s, 2 s, or 1 s to either the wrist or thumb during a small background contraction of the flexor muscles. The size of the long latency component of the stretch reflex (measured as the area under the averaged rectified EMG responses) declined dramatically at faster repetition rates, especially in the wrist and finger flexors. The size of the short latency component was relatively unaffected. The size of the electrically elicited H-reflex in forearm muscles also failed to habituate under the same conditions. If each individual trial of a series was examined, the long latency component of the stretch reflex EMG could be seen to decrease in size over the first three to six stretches if stretches were given every 1 s, but not if stretches were given every 10 s. When stretches were given every 5 s to either wrist or thumb, an electrical stimulus applied to the digital nerves of the opposite hand 1 s before stretch reduced the size of the long latency component of the reflex EMG response. The short latency component was unaffected. Self triggering of wrist or thumb stretch by the subject pressing the stimulator button himself with his opposite hand, also decreased the size of the long latency component of the reflex EMG response without affecting the short latency component. It is concluded that factors other than stretch size or velocity can have marked effects on the size of the long latency component of * Permanent address: Quinta Clinica Neurologica, Dipartimcnto di Scicnzc Neurologiche, Universita di Roma "a Sapienza', Viale dell' Universita, 30, 1-00100 Roma, Italy Offprint requests to: C.D. Marsden (address see above)



the stretch reflex. These factors must be taken into account when comparing values of reflex size obtained with different stretching techniques and in different disease states in man.
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Introduction There have been many studies on the stretch reflexes of normal subjects and neurological patients (e.g. Desmedt 1978 for references), yet little attention has been paid to conditions other than stretch amplitude and velocity which might influence reflex size. However, many other human reflexes are known to be influenced by factors other than stimulus intensity. A well-documented phenomenon is the gradual decrease in size of reflex responses to a repetitive series of identical stimuli, known as habituation. For example, the size of the electrically evoked blink reflex (Kugelberg 1952; Sanes and Ison 1983) or of the cutaneous flexor reflex after electrical stimulation of the foot (Shahani and Young 1971), depends on the rate and regularity at which stimuli are given. The presence of a prior warning stimulus or self-triggering the stimulator also affects the size of some reflex responses. A prior auditory, visual or somaesthetic stimulus can reduce the amplitude of the late (R2) component of the blink reflex (Boulu et al. 1981). Self-administration of stimuli (by pressing the stimulator button oneself) also depresses the size of blink and cutaneous flexor reflex responses (Young 1973). Factors such as these have not been considered as possible influences on the size of the mechanically-
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evoked stretch reflex in muscles of the arm. Nashner (1976) showed that the functional stretch reflex evoked in calf muscles of a freely standing subject either diminished of facilitated progressively over consecutive trials depending upon whether the reflex was appropriate to reduce body sway. However, this reflex may not be directly comparable to the stretch reflex evoked by passive stretch in muscles of the arm or leg. It was present in only 5 out of 12 subjects, and appeared at an unusually long latency (120 ms). The only other investigations on adaptation in human stretch reflex pathways have used electrical stimulation to produce H-reflexes in the muscles under test. Habituation of the H-reflex has been studied in some detail. In active muscles, the H-reflex in triceps surae does not habituate at repetition intervals as short as 1 s, but in relaxed muscles the H-reflex is known to habituate at repetition intervals up to 5 s (Hoehler et al. 1981). The H-reflex is mediated largely monosynaptically via muscle spindle Ia afferents, a pathway which is thought to be shared by the mechanically elicited tendon jerk. It would, therefore, be surprising if the tendon jerk did not habituate in the same way. The stretch reflex of muscles in the upper limb consists of more than the tendon jerk. In the EMG record there are two distinct components, a short latency spinal event (analogous to the tendon jerk) followed by a later, long-latency, reflex event, the origin of which still is debated (see Marsden et al. 1983). In this paper we have examined the effect of presentation rate on the short and long latency components of the mechanically evoked stretch reflex of flexor pollicis longus and of the flexor muscles of the wrist and fingers. In addition, we have examined the effect of prior warning stimuli and of self triggered stretches on the size of the two components of the reflex. Part of these data have been published previously in abstract form (Berardelli et al. 1985).



Methods Stretch reflexes were elicited in the flexor pollicis longus and tile wrist and finger flexor muscles of the forearm in six normal subjects agcd 22-35 years. For the flexor pollicis Iongus, subjects sat with their semi-pronated forearm supported before them on a table, and with the thumb pad resting on the lever arm of a small torque motor (Printed Motors type G9M4H). The interphalangeal joint of the thumb was aligned with the axis of rotation of the motor shaft and the proximal phalanx was clamped so that movement was limited to the distal phalanx. The starting position of the thumb was at approximately 30~ flexion at the interphalangeal joint. For the wrist and finger flexor muscles, the semipronated forearm rested on a platform above a torque motor (Printed Motors type G12M). The fingers were encased in a rigid



splint attached to the motor and the wrist was aligned with the motor shaft. The forearm was then clamped securely to allow movement only at the wrist joint. The starting position was approximately 30~ flexion at the wrist joint. The parameters of stretch were chosen so as to produce submaximal stretch reflexes in the two muscles studied. For flexor pollicis longus, subjects held their thumb in a constant position with reference to an oscilloscope display before them against a steady standing torque of 0.06 Nm. Stretches were given by increasing the torque to 0.20 Nm for 50 ms. At the wrist, the standing torque was 0.16Nm, rising to 1.1 Nm for 200ms. Stretches either were given regularly every 10 s, 5 s, 2 s or 1 s, in batches of 32 trials, or were given irregularly with one of the four intervals between stretches chosen at random. With regular presentation, the subjects knew the timing of muscle stretch, whereas with irregular presentation this could not be forecast. Subjects were instructed not to react to the stretch in any way (i.e., by opposing or assisting the motor), but to maintain a constant level of muscle activation throughout the experiment. Joint angular position (from an infinite resolution Bourns 2" diameter servopotentiometer mounted on the motor shaft), joint velocity (by analogue differentiation of the position signal), and rectified surface EMG (from Ag/AgC1 electrodes placed over the muscles) were recorded. The EMG was amplified by Devices 3120 and 3160 amplifiers with bandpass filters set at 80 Hz and 2.5 kHz (3 dB points). All data was collected by a PDPI2 computer with a sampling rate of 1 kHz per channel and stored on floppy discs using programmes devised by Mr. H.B. Morton. A second series of experiments was performed on six different subjects aged from 30-37 years. Stretches were given, as above, to the thumb or wrist at 5 s intervals. In half the trials, at random, a 200 ms train of electrical stimuli (50 Hz, 300 ~ ; Disa constant current stimulator type 15 E07) at twice sensory threshold was given via ring electrodes to the contralateral index finger 1 s before stretch onset. Subjects were instructed not to respond in any way to the stimulation. 32 trials were averaged with and without the preceding stimulus. A final group of experiments was made on five further subjects aged 30-37 years. Stretches were given to the thumb or wrist automatically every 5 s, or were triggered individually by the subject himself preying a button with the other hand at approximately 5 s intervals. Two groups of sixteen consecutive trials of each type were averaged and compared. The reflexes were measured by visual inspection on the computer display of averaged records of full-wave rectified EMG activity. The end of the short latency and beginning of the long latency reflex was determined by an abrupt increase in the averaged surface rectified EMG at a latency of between 45 and 50 ms for both muscles studied. First, the duration of the spinal and long latency components of the EMG responses were estimated. Then, the size of the reflex at every repetition rate was taken as the integral of the rectified EMG activity measured by the computer within the same interval. Finally, this size was expressed as a percentage of control levcls of EMG activity extrapolated from the first 50 ms of the sweep, before stretch was delivered. H-reflexes were evoked in wrist and finger flexor muscles by stimulating the median nerve in the cubital fossa with single submotor threshold electrical pulses of l ms duration (for details see Day et al. 1984). Stimuli were given as for stretch in batches of 32 at intervals of 10, 5, 2, and 1 s. This procedure was performed with the subject at rest and whilst holding the wrist at a constant position against a steady extending torque of 0.16 Nm which was supplied by the torque motor. The amplitude of each H-reflex was measured peak to peak. The size of the electrical stimulus was adjusted so that control reflex sizes were approximately the same when the subject was activating the flexor muscles as when relaxed.
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Fig. 1A and B. Average (of 32) changes in joint angle (superimposed upper records) and rectified EMG responses (four lower records) in response to stretch of flexor pollicis longus (A, Thumb) and flexor muscles in the forearm (B, Wrist) given at different repetition intervals in one subject. The EMG responses in both musclc groups consist of a short (SL) and long (LL) latency component with onset latcncies indicated by the vertical arrows. As the repetition interval is decreased, the size of the LL component decreases, but the SL component remains approximately the same size. The mechanical consequences of the change in EMG responses can be seen in the position records. Those records showing the most rapid return to the starting position belong to EMG records which have the largest stretch reflex responses
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Fig. 2A and B. Average data (with 1 S. E.) from six subjects showing the change in size of short latency (open bars) and long latency (hatched bars) components of the stretch reflex when stretches are given at four different intervals (10 s, 5 s, 2 s, and 1 s. A shows results from flexor pollicis longus, B from flexor muscles in the forearm, thc size of the two components of the e.m.g, response is expressed as a percentage of the background level of EMG activity (= 100%, dotted line). When the interstretch interval was small, the long latency components in both thumb and wrist wcrc smaller than when stretches were given every 10 s. (* = p < 0.05 for paired comparisons in each subject with the l0 s interval).
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Results



When stretches were given at regular intervals to either the thumb or to the wrist, and the E M G responses were averaged over 32 trials, the size of the stretch reflex was highly dependent on the rate at which the stretches were presented. For thumb stretches, the effect was limited to the long latency component of the reflex in flexor pollicis longus (Fig. la). Its size decreased to about 60% of its value at I s intervals compared with the size at 10 s intervals (Fig. 2a). Whether thumb stretches were given at 10 s intervals of 1 s intervals, the size of the short latency spinal component remained unchanged. The initial parameters of stretch (the position 50 ms after stretch onset, and peak velocity of stretch) did



not change with repetition rate (Table 1). For wrist stretches, there was a small decrease in the size of the spinal component of the reflex when stretches at 10 s and 1 s intervals were compared, but not at any other intervals (Fig. lb and 2b). However, there was a striking decline in the size of the long latency stretch reflex at all repetition rates below 10 s intervals. As with the thumb, the initial mechanical parameters of wrist stretch did not change with repetition rate (Table 1). The duration of the long latency stretch reflex was measured at different presentation frequencies. It remained constant in the flexor pollicis longus, but decreased considerably in the wrist and finger flexor muscles as the repetition rate increased. When stretches were given every 1 s, the duration
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Table 1. Mechanical parameters of stretch at different repetition intervals in six subjects



10s Thumb Position (deg) Max. vcly. (deg/s) Wrist
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Change in position of the thumb or wrist was measured 50 ms after stretch onset. Figures are mean + I S.E. Repetition interval has no effect (p > 0.05) on either position or velocity measurements
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Fig. 4. Average (+ 1 S.E.) data from four subjects showing how the size of the short and long latency components of the stretch reflex in the wrist changes with interstretch interval when the interval is randomised from trial to trial. Reflex size is expressed as a percentage of background EMG levels (= 100%, dotted linc). Although there is a trend for the long latency component to be smaller when the interstretch interval is shorter, this is not as pronounced as when the intervals were not randomised (see. Fig. 2). There was no differencc (p > 0.05) between each interval and the size at 10 s
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Repetition Interval (s) Fig. 3. Comparison of habituation of the H-reflex in the flexor muscles of the forearm when subjects arc active and relaxed. Upper panel: raw data from one subject. Traces show the average of 16 H-reflexes elicited either every 10 s (top records) or every 1 s (bottom records). Those on the Icft were elicited whilst the subject maintained a small background flcxor contraction of the wrist against an isotonic opposing torque of 0.16 Nm, those on the right were elicited at rest. With the subject relaxed, the H-reflex becomes much smaller when cvoked every 1 s compared with every 10 s. Lower panel: average data (+ 1 SE) from six subjects. The size of the H-reflex in each subject was expressed as a percentage of its size when stimuli were given cvery 10 s



(22 + 3 ms; mean + 1 SE) was less than half that seen when stretches were given every 10 s (46 _+ 3 ms). We confirmed that with the subject at rest Hreflexes elicited in wrist and finger flexor muscles habituated at interstimulus intervals of 1 to 10 s (Fig. 3). However, stretch reflexes were obtained with the muscles activated voluntarily to maintain a constant position against a background force. When H-reflexes were elicited with the subject exerting a similar background contraction the H-reflex failed to habituate (Fig. 3). The decline in the size of the long latency reflex with increasing rates of muscle stretch was not seen as clearly when the presentation rate was varied from trial to trial, rather than remaining constant at a given interval over many trials. The results from four subjects in whom stretch intervals of 10 s, 5 s, 2 s and 1 s were intermixed at random, and the E M G responses averaged over 32 trials, are shown for the wrist and finger flexor muscles in Fig. 4. The size of the spinal component of the reflex was unaffected by presentation rate. However, the long latency component tended to decrease in size as the stretch interval decreased, although the effect was considerably less than that seen with regular presentation. In order to investigate the reason for the difference between regular and irregular presentation rates, each single trial of a sequencc of regular stretches was investigated. When this was done, the long latency stretch reflex could be seen to habituate
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