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Research Highlights 

(1) Participants confirmed sensation along the meridian following acupuncture, suggesting that 

acupuncture induced a nerve action potential discharge. 

(2) We observed changes in functional activity of the cortical somatosensory area using topo-

graphical mapping of brain-evoked potential in volunteers that reported notable propagated sensa-

tion along the meridian and those that reported no propagated sensation. We also examined the 

mechanism of the propagated sensation along the meridian from the peripheral and central nervous 

system. 

 

Abstract  
Propagated sensation along the meridian can occur when acupoints are stimulated by acupuncture 

or electrical impulses. In this study, participants with notable propagated sensation along the 

dian were given electro-acupuncture at the Jianyu (LI15) acupoint of the large intestine meridian. 

When participants stated that the sensation reached the back of their hand, regular nervous system 

action discharge was examined using a physiological recording electrode placed on the superficial 

branch of the radial nerve. The topographical maps of brain-evoked potential in the primary cortical 

somatosensory area were also detected. When Guangming (GB37) acupoint in the lower limb and 

Hegu (LI4) acupoint in the upper limb were stimulated, subjects without propagated sensation along 

the meridian exhibited a high potential reaction in the corresponding area of the brain cortical so-

matosensory area. For subjects with a notable propagated sensation along the meridian, the 

tion area was larger and extended into the face representative area. These electrophysiological 

measures directly prove the existence of propagated sensation along the meridian, and the 

pheral stimulated site is consistent with the corresponding primary cortical somatosensory area, 

which presents a high potential reaction. 

 

Key Words 

neural regeneration; electro-acupuncture; propagated sensation along meridian; expanding of  

central excitation; discharge of afferent nerve; topographical mapping of brain-evoked potential; 

peripheral nerve; central nerve; grants-supported paper; neuroregeneration 
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INTRODUCTION 

    

In traditional Chinese medicine, the meridian 

is a complex network of 12 channels that 

cover the entire body. Inside the body, the 

meridian belongs to the viscus, while outside 

of the body, it connects the limb joints. The 

meridian promotes qi and blood, and nou-

rishes yin and yang. It is a contact, regulation, 

and response system important for function 

of the body, and has been widely examined 

in clinical practice
[1-2]

 and biomedical re-

search.  

 

Propagated sensation along the meridian is 

an important part of traditional Chinese 

medicine meridian. Numerous clinical trials 

and census data have shown that propagat-

ed sensation along the meridian is universal 

in humans
[3-11]

. Propagated sensation along 

the meridian has three characteristics that 

are effective in the clinic, which include 

propagated along meridian. Further, the the-

rapeutic effects of propagated sensation 

along the meridian can be blocked. In acu-

puncture clinics, induction of propagated 

sensation along the meridian is associated 

with improved therapeutic effects. For exam-

ple, propagated sensation along the meridian 

toward the affected region can produce 

marked health benefits, including a ‗single 

one needle effect‘. The mechanism of prop-

agated sensation along the meridian has 

been widely studied
[12-16]

, and is thought to 

involve either ‗expansion of central excitation‘ 

or ‗stimulation of peripheral reason‘. Expan-

sion of central excitation suggests that the 

propagated sensation along the meridian is 

caused by directed diffusion of the acupunc-

ture-induced excitatory signal in the central 

nervous system (especially in the cerebral 

cortex). This signal circulates in the periphery, 

although the essence exists in the center of 

the body; this viewpoint is also termed ‗feel-

ing in the central nervous system, circulation 

in the central nervous system‘. For peripheral 

stimulation, some motivations (or effective 

processes) run along the channels when 

acupuncture is given, which stimulates 

nervous senses distributed along the meri-

dian. This, in turn, causes nerve impulses to 

be successively transmitted to the central 

nervous system. Therefore, the propagated 

sensation along the meridian produces a 

subjective feeling in participants; this view-

point is also termed ‗feeling in the central 

nervous system, circulation in the body sur-

face‘
[17]

. Although there are suggestive ex-

perimental data for these mechanisms, there 

is no direct evidence.  

 

As such, in the present study we examined 

the hypothesis that integration of the peri-

phery and the central nervous system oc-

curs via domination of substantial processes 

that proceed along the meridians
[18-19]

. It 

should be emphasized that ‗periphery‘ and 

‗central nervous system‘ are indivisible as a 

whole in the formation of propagated sensa-

tion along the meridian. There is an effective 

process of transmission along the channel in 

the periphery, whereas there is a functional 

connection in the central nervous system. 

Peripheral effective processes play an im-

portant role during the cooperative process 

between the periphery and the central 

nervous system. However, it remains un-

clear whether there is a motivation in the 

periphery that occurs during propagated 

sensation along the meridian. If the propa-

gated sensation along the meridian trans-

mits to some loci, the afferent discharge can 

be recorded from the sensory nerve that is 

located at that point
[20-21]

. It is well estab-

lished that some motivations occur in the 

‗surface‘ during propagated sensation along 

the meridian, providing objective evidence 

for the existence of peripheral motivation. 

However, as the propagated sensation 

along the meridian is a subjective feeling, 

there is no direct evidence for its presence.  

 

In the present study, we used electrophysi-

ological methods to examine whether affe-

rent nervous discharges could be recorded 

when transmission arrived at the sensory 

nerve during acupuncture-induced propa-

gated sensation. In addition, we determined 

whether the propagated sensation along the 

meridian actually exists using an objective 

electrophysiological index, and elucidated 

the mechanism of propagated sensation 

along the meridian using topogra-  
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phical mapping of evoked potentials in the primary cor-

tical somatosensory area.   

 

 

RESULTS 

 

Quantitative analysis of experimental subjects  

Thirty volunteers participated in this experiment; 19 with 

marked propagated sensation along the meridian, and 11 

without propagated sensation along the meridian. There 

were no significant differences between the two groups of 

participants in sex ratio, age, height, and body mass (P > 

0.05, Table 1). All participants completed the experiments. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Comparison of the discharge between the afferent 

nerve of the superficial branch of the radial nerve 

and electromyography 

An electromyographic signal is a complex biological 

electrical wave formed when a muscle contracts. This 

signal is related to the physiological characteristics of 

muscle tissue and the neural control system. Changes 

in electromyographic signals are regulated by the 

number and activity patterns of motor units and meta-

bolic conditions. Electromyographic signals can be 

used to accurately reflect the state of muscle activity 

and function accurately in real time
[22]

, and can be eas-

ily distinguished from nerve action potentials. To con-

firm that the potentials recorded in this study were from 

the superficial branch of the radial nerve, we performed 

a control experiment on the afferent nerve discharge of 

the superficial branch of the radial nerve using elec-

tromyography. We found that the afferent nerve dis-

charge of the superficial branch of the radial nerve was 

clearly observed when the receptive field on the back of 

the second knuckle of the index finger was stimulated 

by pulling; a typical three-phase action potential is 

shown on the third line in Figure 1.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

When tactual stimulation was stopped, the action po-

tential disappeared. However, no electromyographic 

responses could be recorded in the control electrode 

located 1 cm beside the superficial branch of the radial 

nerve. By contrast, when the participant moved the 

index finger voluntarily, a series of electromyographic 

signals of different sizes and in a dense array was ob-

served in both recording and reference electrodes. 

Larger ranges of the finger movement triggered an in-

creasing frequency and size of the electromyography 

Table 1  General information of participants 

Participant Sex 
Age 

(year) 

Height 

(cm) 

Body 

mass 

(kg) 

With remarkable propagated 

sensation along the meridian 
    

 1 Male 28 170.7 57.7 

 2 Male 24 168.7 58.5 

 3 Male 26 169.8 59.5 

 4 Male 25 169.3 59.0 

 5 Male 22 168.3 60.5 

 6 Male 23 171.8 60.5 

 7 Male 27 171.8 58.4 

 8 Male 25 170.8 58.3 

 9 Male 25 172.8 62.7 

10 Male 24 174.8 62.6 

11 Male 26 174.3 62.0 

12 Male 27 173.8 61.5 

13 Male 23 174.9 62.5 

14 Male 25 172.9 63.3 

15 Female 23 160.9 51.5 

16 Female 27 157.3 46.3 

17 Female 22 158.6 48.3 

18 Female 28 159.9 50.3 

19 Female 25 156.3 45.1 

Without propagated sensation 

along the meridian 

    

 1 Male 22 174.4 63.5 

 2 Male  22 170.1 59.3 

 3 Male 20 173.4 61.3 

 4 Male 24 172.1 61.3 

 5 Male 22 172.1 62.4 

 6 Male 25 170.8 60.2 

 7 Male 19 174.1 63.3 

 8 Male 22 169.8 59.1 

 9 Female 22 162.0 50.8 

10 Female 21 160.2 49.6 

11 Female 23 158.4 48.4 

 

Figure 1  The afferent nerve discharge of the superficial 
branch of the radial nerve.  

The nerve action potential was detected using a guide 
electrode, and was input into a VC-10 storage phase 
oscilloscope and stored in a tape recorder.  

(A) Nervous discharge (downward arrow represents 
stimulation onset, upward arrow represents stimulation 
end).  

(B) Control record of the subcutaneous electrode located  

1 cm lateral to the superficial branch of the radial nerve.  

(C) Nervous system discharge recordings after 
amplification. The receptive field was the dorsal part of the 
second forefinger knuckle. 

Tactual stimulation              Move finger 

5 s 

30 μV 

20 s 
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signal. Overall, these data validate that the electrode 

recordings represent afferent discharges induced by the 

stimulation of the receptive fields (Figure 1). 

 

Discharge records of the afferent nerve when the 

propagated sensation along the meridian reached 

the superficial branch of the radial nerve 

Nineteen volunteers with significant propagated sensa-

tion along the meridian were stimulated on Jianyu (LI15) 

acupoint in the large intestine meridian. A regular dis-

charge was recorded at the superficial branch of the 

radial nerve in 18 volunteers when the propagated 

sensation along the meridian reached the back of hand 

and the dorsal part of the index finger. These results 

were stable and could be repeated. One volunteer ex-

hibited a propagated sensation along the meridian that 

only reached the elbow joint, but did not transmit down 

to the finger. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2 shows a representative example of the expe-

rimental records from a participant. After elec-

tro-acupuncture at Jianyu, participants could feel one or 

multiple senses of aching, swelling, and numbness, 

which were slowly transmitted bi-directionally through 

the line of the large intestine meridian (rate of approx-

imately 2–5 cm/s). When participants clearly expressed 

that the propagated sensation along the meridian had 

reached the elbow and wrist, the guide electrode posi-

tioned on the superficial branch of radial nerve failed to 

record any response. By contrast, when participants felt 

the propagated sensation at the back of the hands, the 

regular neuromotor discharge appeared on the guide 

electrode. When electro-acupuncture stimulation 

stopped, the propagated sensation along the meridian 

and the discharge both disappeared. Once elec-

tro-acupuncture was stimulated again, the action po-

tentials reappeared. When the afferent discharge was 

amplified, a typical three-phase action potential was 

observed.  

 

To confirm that this afferent discharge was the action 

potential of the superficial branch of the radial nerve 

triggered during propagated sensation along the meri-

dian, rather than electromyography interference, a con-

trol electrode was placed on the Shousanli (LI10) acu-

point, which was located along the meridian where the 

propagated sensation passed (Figure 3). We observed 

a regular afferent discharge on the superficial branch of 

the radial nerve when the propagated sensation along 

the meridian was transmitted down to the index finger. 

However, there was no evidence of any discharge at the 

electrode at Shousanli acupoint. These data support 

that the rhythmical discharge that occurred along the 

meridian was not electromyographic, but was rather the 

afferent discharge caused by the stimulation of the re-

ceptive field in the back of the index finger. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2  The afferent nerve discharge when the 
propagated sensation along the meridian reached the 
superficial branch of the radial nerve.  

The nerve action potential was detected using a guide 

electrode, and was input into a VC-10 storage phase 
oscilloscope and stored in a tape recorder.  

(A) Time mark (seconds). (B) Mark of the location reached 
by the propagated sensation along the meridian. (C) 

Records of the afferent nervous discharge. (D) Nervous 
system discharge after amplification.  

Acupuncture point: Jianyu acupoint; recording location: 
dorsal branch of the ipsilateral radial nerve; receptive field: 

dorsal part of the second forefinger knuckle. 

Figure 3  Comparison of the recordings at the superficial 
branch of the radial nerve and the subcutaneous part of 

Shousanli (LI10) acupoint.  

The nerve action potential was detected using a guide 
electrode, and was input into a VC-10 storage phase 

oscilloscope and stored in a tape recorder. (A) Time mark 
(seconds). (B) Mark of the location reached by the 
propagated sensation along the meridian. (C) Discharge 

record of the afferent nervous system. (D) Nervous system 
discharge after amplification. (E) Records from the 
subcutaneous electrode at Shousanli acupoint. The 

acupuncture point was the Jianyu acupoint. 

10 ms 

Jianyu 

(LI15) 

The large intestine 

meridian of Hand- 

yangming 

Twirl     Elbow       Wrist      Finger, stop 
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Overall, these data indicate that a clear afferent nerv-

ous discharge could be recorded in the superficial 

branch of the radial nerve when Jianyu of the large 

intestine meridian was stimulated and the propagated 

sensation along the meridian was transmitted down to 

the index finger. 

 

Performance of topographical mapping of evoked 

potential in the cerebral cortical somatosensory area 

I during propagated sensation along the meridian 

We typically observed high potential reactions in the 

representative area of the lower and upper limbs on the 

topographical map of evoked potential in the cortical 

somatosensory area after stimulation of Guangming 

and Hegu acupoints in volunteers that reported no 

propagated sensation along the meridian. Volunteers 

with a significant propagated sensation along the meri-

dian exhibited a high potential reaction in the lower and 

upper limbs representative area, as well as in the meri-

dian route along where the propagated sensation 

passed, when Guangming and Hegu acupoints were 

stimulated. When the propagated sensation along the 

meridian was blocked by stress and was not transmitted 

to the head and face, the high potential reaction in the 

representative area disappeared (Figure 4). Thus, the 

high potential reaction in the representative area was 

consistent with the sensory reaction induced by peri-

pheral acupuncture. 

 

 

DISCUSSION 

 

Xie and Lin
[23]

 analyzed the meridian phenomenon in the 

spinal cord at the neurobiological level, and found that 

the anterior horn motor neurons of the spinal cord exhi-

bited a propagated sensation along the meridian in re-

sponse to peripheral afferent stimuli in cats, rats, and 

monkeys. Further, following injection of cholera toxin B 

subunit-conjugated horseradish peroxidase into the 

acupoints along the stomach, gallbladder, and bladder 

meridian, every meridian located on the anterior horn of 

the spinal cord was visualized as a columnar motor 

neuron chain in a longitudinal array. Thus, meridian ac-

tivity likely reflects a functional representation for the 

reflex activity of muscle groups with a collaborative do-

minative function and motor neurons with specific spatial 

association. Using transganglionic cholera toxin B sub-

unit-conjugated horseradish peroxidase tracing in rabbits, 

Lin and colleagues
[24]

 also suggested the presence of a 

neural network chain with a specific distribution corres-

ponding to the stomach and bladder meridians in the 

spinal cord and brainstem substantia gelatinosa. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In the present study, we examined the superficial branch 

of the radial nerve, which is a sensory nerve branch that 

does not contain any motor nerve fibers, but controls the 

back of the hand, half of the skin in the dorsal radius of the 

thumb, index finger, and middle finger, and the subcuta-

neous tissue
[22]

. The superficial branch of the radial nerve 

was easy to locate near the styloid process of the radius, 

and the electrode was simple to insert. Furthermore, this 

was a convenient location that allowed volunteers to 

maintain a comfortable body position during experiments.  

 

The action potential recorded in a sensory nerve is likely 

to reflect the afferent discharge induced by stimulation on 

a peripheral receptive field
[25-29]

. In our study, the re-

cording reflected the afferent nerve discharge, rather 

than an alternative potential. When we inserted the guide 

Figure 4  Volunteer‘s topographical map of evoked 
potential in the cortical somatosensory area I.  

(A) Topographical map of volunteers without propagated 
sensation along the meridian. A clear high potential 

reaction was confined to the representative area of the 
upper limb (red section).  

(B) Topographical map of volunteers with significant 
propagated sensation along the meridian. A high potential 

reaction covered the representative area of the upper limb, 
and extended to the face representative area (red area 
reflects the representative area of the upper limbs, head, 

and face).  

The color from blue, green, light yellow, yellow, red, to dark 
red reflects the reaction process of the cortical potential 
from low to high. 

A 

B 
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electrode, a strong feeling of radiation to the tip of the 

index finger was observed, with a clear receptive field, 

and a stable response afferent discharge was recorded 

when the receptive field was stimulated by pressure or 

touch. When the stimulation was stopped, the afferent 

discharge disappeared immediately. These data support 

that the recorded action potential recorded arose from 

the afferent discharge of certain receptive fields. 

 

The records collected in the present study were not 

electromyographic, as we used completely quiet expe-

rimental conditions and a determinate receptive field of 

the afferent discharge. Nerve muscle units, also known 

as motor units, comprise an anterior horn motor neuron 

and its innervated muscle fiber. Muscle fibers exist in a 

polarized state when normal motor units are at rest. 

When the muscle is stressed or voluntarily moves, nerve 

impulses are then transmitted to muscle fibers to trigger 

muscle fiber depolarization, and generation of action 

potentials. A slight change in the electrode locations 

causes the afferent discharge to disappear. If another 

electrode is inserted into the site at 1 cm lateral to the 

superficial branch of the radial nerve, the amplitude of 

afferent discharge significantly dropped or could not be 

recorded completely. By contrast, the muscle reaction of 

the flexor was almost identical in the recordings at the 

superficial branch of the radial nerve and at the subcu-

taneous part of Shousanli acupoint. Overall, these data 

indicate that the action potential recorded in our study 

was not electromyographic. Furthermore, the interfe-

rence electromyography and rhythmic afferent nerve 

discharge exhibited significantly different types of curves. 

Thus, the potential recorded in our experiment was an 

afferent impulse of the sensory nerve induced when the 

propagated sensation along the meridian reached a re-

ceptive field. 

 

We also compared the topographical maps of evoked 

potential in the cortical somatosensory area between 

volunteers with and without propagated sensation along 

the meridian. We found that the two groups exhibited 

different reaction areas in response to electro-acupunc- 

ture stimulation. The reaction area in the volunteers 

without propagated sensation along the meridian was 

generally limited to the representative area of the upper 

limb, with no invasion to adjacent area. By contrast, the 

reaction area in the volunteers with propagated sensa-

tion was larger and usually extended into the represent-

ative area of the face. The reaction characteristics of the 

topographical mapping of evoked potential in the cortical 

somatosensory area in volunteers with propagated sen-

sation along the meridian corresponded with the region 

that the propagated sensation along the meridian passed 

through when the upper limb acupoints were stimulated. 

Overall, these data prove that there was a ‗stimulative 

motivation in the periphery‘ (or a peripheral substantive 

process) on the body surface during propagated sensa-

tion along the meridian, and suggest a potential me-

chanism underlying propagated sensation
[30-35]

. 

 

 

SUBJECTS AND METHODS 

 

Design 

A clinical controlled neural electrophysiological experi-

ment. 

 

Time and setting 

The experiment was completed in the Class III Labora-

tory of Acupuncture Physiology, Fujian Meridian Institute 

of Traditional Chinese Medicine, Key Unit of the Propa-

gated Sensation along the Meridian of State Administra-

tion of Traditional Chinese Medicine, China from January 

2009 to December 2011. 

 

Subjects  

We called for volunteers to participate in the experiment 

by oral solicitation and advertising from Fujian University 

of Traditional Chinese Medicine Research Interest Group 

and Fujian University of Traditional Chinese Medicine, 

China. Nineteen volunteers (11 males, eight females), 

aged 25 ± 3 years, who exhibited marked propagated 

sensation along the meridian, were recruited from the 

Outpatient Department of Fujian People‘s Hospital, Chi-

na. When the Jianyu acupoint of the large intestine me-

ridian was acupunctured, the propagated sensation 

along the meridian reached the Shangyang acupoint in 

all these subjects. The route was clear and stable, the 

transmission speed was 10–15 cm/s
[3]

, and the route 

length was 50–60 cm
[36]

. Eleven volunteers (eight males, 

three females; aged 22 ± 3 years) without propagated 

sensation along the meridian were recruited from stu-

dents at Fujian University of Traditional Chinese Medi-

cine in China. All volunteers signed the informed consent 

forms. 

 

Methods  

Propagated sensation along the meridian following 

electro-acupuncture at Jianyu acupoint  

When subjects entered the laboratory, they were asked 

to lie quietly for 30 minutes and maintain a stable mood 

to acclimatize to the laboratory environment. The Jianyu 

acupoint of the large intestine meridian in the upper limbs 

was then stimulated. The stimulating electrodes were a 
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pair of stainless steel needles. The active electrode 

needle was inserted perpendicularly and quickly into the 

Jianyu acupoint, and then gently lifted and thrust again. 

When the feeling of aching, swelling, and numbness was 

reported, another needle was inserted into the route of 

the gall bladder meridian (1 cm below the Jianyu acu-

point, depth 0.5 cm). The distance between the two 

needles was 5 mm to form an electrical stimulation circuit. 

A constant voltage stimulation was given to the partici-

pants via an isolator (Nihon Kohden Corporation, Tokyo, 

Japan) with a rectangular wave of 0.2 ms pulse width, a 

stimulation frequency of 1.5 s/pulse, and a stimulus in-

tensity of 2–3 V. When participants began to accurately 

express every location of the propagated sensation 

along the meridian (such as propagated sensation along 

the meridian arriving at the elbow, wrist, and back of the 

hand), and when the propagated sensation along the 

meridian was stable at the back of the hand, we started 

to record the afferent nervous discharge. Three tests 

were performed per day per person. 

 

Action potential recordings 

The recording electrode was a tungsten 

semi-microelectrode (0.2 mm diameter) equipped with a 

conical tip (10 μm diameter). The tungsten was insulated 

by insulation varnish, with only a 200 μm tip exposed. 

The electrode was placed at the superficial branch of the 

radial nerve at 10–15 cm from the thumb. The reference 

electrode, a 2.5 cm long stainless needle, was inserted 

subcutaneously at 5 cm lateral to the recording electrode. 

The potential signals were monitored using a storage 

oscilloscope VC-10 (Nihon Kohden), and were stored by 

a tape recorder (type RMG-5204; Nihon Kohden). The 

nervous discharge was recorded (type RMG-6200; Nihon 

Kohden) following stimulation of the skin by gently 

touching the receptive field of dorsal index finger with 

swabs.  

 

Recordings of the brain electrical topographic map 

A 4400 electroencephalography (Nihon Kohden) and an 

ND-1 brain electrical topographic mapping instrument 

(Beijing Institute of New Technology Application) were 

used. For recording somatosensory evoked potentials, 

we cleaned the skin surface with ethanol to remove 

grease and dust, and the impedance of the skin was 

maintained below 10 kΩ. A disc electrode of silver chlo-

ride (7 mm diameter; Nihon Kohden) was adhered to 

the scalp of the cortical somatosensory area using 

electrode paste (Nihon Kohden); the main components 

were sodium chloride, carboxymethyl cellulose, and 

medical electrical paste. The cortex evoked potential 

was recorded with a 15-electrode-composed matrix, 

with the electrodes arranged into three rows, and a cen-

ter electrode distance of 15 mm. Every row was made up 

of five electrodes that stimulated the representative area 

from the foot to the face of the somatosensory cortex, 

and the center distance of the electrodes was 20 mm. A 

reference electrode was placed into the ipsilateral ear-

lobe, and the contralateral earlobe was connected to the 

ground. The amplifier was used with a high cutoff fre-

quency 1 000 Hz, 256 times superposition, and 200 mil-

lisecond analysis time. The peak-peak value of C4–5 

composition was measured, and the distribution charac-

teristics of the evoked reaction in the brain electrical to-

pographic map were observed
[37-40]

. 

 

Statistical analysis 

SPSS 13.0 software (SPSS, Chicago, IL, USA) was used 

for statistical analyses. A two-sample t-test was used to 

compare differences between the groups. A P value less 

than 0.05 was considered statistically significant.  
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