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ABSTRACT

The purpose of this study was to determine the validity of a step by step 

nonsimultaneous method for measuring somatosensory evoked potentials (SSEPs) and 

to determine reliability of a neurophysiologic evoked potential instrument, Bio-logic 

Evoked Potential System, on healthy, adult volunteers in a controlled environment. 

The neurophysiologic monitoring during anesthesia and surgery is used to optimize 

surgical outcomes and minimize neurologic morbidity. During surgery, the anesthetic 

regimen and subject variables can affect the electrical signals of neurophysiologic 

monitoring. The neurophysiologic instrument has an important role in the successful 

monitoring of the central nervous system. The research questions were: (1) What is 

the content validity of a research protocol that is a step by step method for measuring 

SSEPs (as assessed by a panel of experts)?; (2) What is the precision of repeated 

measurements across five generators of SSEPs on the right and left median nerves 

using the Bio-logic Instrument?; (3) What is the difference in the measurements of 

SSEPs on the median nerves between males and females?; and (4) What is the 

relationship between the length of the arm from the wrist crease to Erb’s point and 

the poststimulus latency? Content validity was determined by a panel of experts, who 

assessed the research protocol for measuring SSEPs. Using Lynn’s (1986) Content 

Validity Index, a one hundred percent agreement was calculated from the content 

validity assessment results. The results of the assessment of the research protocol 

content demonstrated that the step by step methods for measuring SSEPs designed by 

the investigator was a content valid approach. This descriptive study used 

convenience sampling for a two group design of 52 healthy adult volunteers divided
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by gender. The t-test results of mean difference between the two groups was 

statistically significant (g <_ 0.05) for height, arm length, and stimulus. Data 

collection consisted of three nonsimultaneous somatosensory evoked potential 

measurements on each median nerve (right and left) and of three arm length 

measurements (nerve length) on each arm from the posterior wrist crease to Erb’s 

point. The results of latency, interwave latency, and amplitude of the SSEP 

measurements across the five generators showed the Bio-logic Evoked Potential 

Instrument to be precise according to the consistency of the repeated measurements, 

the calculated R-Square Value, and the coefficients of variation. The study results 

showed a difference between males and females with statistical significance (g <.

0.05) for the measurements of latency and amplitude. The mean latencies for the five 

generators were computed to be less for females as compared to males. Yet, the 

female group had greater mean log amplitudes for all five generators when compared 

to the male group. The results of the study supported the theory that as nerve length 

increased so does latency as measured at Erb’s point (brachial plexus). But the 

results were not statistically significant (g J> 0.05), even when the gender variable 

was analyzed for an interaction with arm length. The findings of the study showed 

the step by step research protocol accurate for measurement of SSEPs and the Bio

logic Instrument precise for measurement of SSEPs.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



ACKNOWLEDGMENTS 

This dissertation is dedicated to Jeff and the CRNAs at the University 

Hospital, without their support this scientific endeavor would not have been possible.

I would like to acknowledge Marilyn S. Sommers, Ph.D. RN, Lou Ann Emerson,

D.N.Sc., RN, and Robert W. Keith, Ph.D. for their unwavering support, expertise, 

and guidance through this learning process.

I would also like to thank Tiffany Frye, evoked potential technician, for her 

efforts in this study.

Financial support for this study was generously provided by University 

Anesthesia Associates and Phillip O. Bridenbaugh, M.D., chairman of the department 

of anesthesia at the University of Cincinnati Medical Center.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



i

TABLE OF CONTENTS 

LIST OF FIGURES iv

LIST OF TABLES v

CHAPTER PAGE

I. INTRODUCTION TO THE STUDY 1

Introduction to the Problem 1
Purpose of the Study 5
Variables 8
Significance 10

II. REVIEW OF RELATED LITERATURE 13

Introduction 13
Evoked Potentials 13
Technical Aspects 15
Variables Affecting Evoked Potentials 20

Anesthetic Agents 20
Physiologic Factors 21

Summary of Review of Related Literature 25
Theoretical Rationale 26

Introduction 26
Transport of Ions 26

Diffusion 27
Active Transport 28

Membrane Potentials 29
Resting Membrane Potential 32
Nerve Action Potential 34
Threshold for Initiation of Action Potential 37
Propagation of Action Potential 38
Summary of Action Potential 38

Summary of Theoretical Rationale 39

III. Method 41

Research Design 41
Setting 41
Subjects 42
Human Subjects Considerations 46
Instruments 47

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Content Validity Index

u

47
Bio-logic Evoked Potential System 49

Electrode Placement 49
Terminology 50
Designation of Components 50
Recording 51
Filters 51
Averaging 53
Electrical Safety 53
Calibration 54

Measurement Tool 54
Procedure - Part I 54

Procedure for Accuracy Assessment 54
Procedure - Part II 56

Procedure for Precision Assessment 57
Procedure for Measurement of Arm Length 66

Data Management 67

RESULTS 72

Introduction 72
Description of the Sample 73
Findings 75

Content Validity Assessment 75
Precision Assessment 79

Latency 97
Interwave Latency 99
Amplitude 100

Gender Assessment 101
Arm Length to Poststimulus Latency Assessment 105

DISCUSSION AND RECOMMENDATIONS 108

Discussion 108
Content Validity Accuracy 108
Precision of the Bio-logic Instrument 110
Gender Differences 113
Relationship between Arm Length and Latency 114

Implications for Nursing Practice 115
Application of the Theoretical Perspectives 118
Summary of the Findings 119
Limitations 120

Sample 120

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



iii

Internal Validity 121
Accuracy 121
Precision 123

External Validity 124
Recommendations for Further Study 125

LIST OF REFERENCES 126

APPENDICES 133

A. Institutional Review Board Approval: University of
Cincinnati Medical Center 133

B. American Society of Anesthesiologists (ASA) Physical
Status Classification 135

C. Assessment of Content Validity 137

D. Data Collection Form 142

E. Calibration of the Bio-logic System 147

F. Notice Seeking Volunteers 150

G. Informed Consent 152

H. Correlation Analysis 158

I. Printout of SSEP Measurement from Study Results 161

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



LIST OF FIGURES

FIGURES PAGE

1. Schematic Diagram of the Neural Pathway
of the Median Nerve Somatosensory System 4

2. Evoked Potential Measurement: Latency,
Interwave Latency, and Amplitude with
Positive and Negative Labeling 17

3. Diagram of a Normal SSEPs: Median Nerve 
Stimulation with Recordings from Erb’s
Point, Fifth Cervical Spine, and Sensory Cortex 18

4. Recording of a Typical Evoked Action
Potential 35

5. Changes in Sodium and Potassium Conductances
During an Action Potential 37

6. Median Nerve SSEP Schematic Diagram of the
Electrode Placement 60

7. International 10-20 System Standardization
of Scalp Electrode Location 61

8. Distribution for Latency 82

9. Distribution for Interwave Latency 87

10. Distribution for Amplitude 92

11 Mean Latency by Gender and Generator 103

12. Mean Amplitude by Gender and Generator 104

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



LIST OF TABLES

TABLES PAGE

1. Bio-logic Evoked Potential Instrument
Settings 65

2. General Characteristics of the Study
Subjects 74

3. Results of the Content Validity Assessment for
Items in the Research Protocol 77

4. Means and Standard Deviations of Latency,
Interwave Latency, and Amplitude by Generators 80

5. Coefficients of Variation for Latency, Interwave
Latency, and Amplitude by Generators 81

6. Repeated Measures ANOVA with GLM Procedure
for Latency 98

7. Scheffe’s Test for Variable: Latency 98

8. Repeated Measures ANOVA with GLM Procedure
for Interwave Latency 100

9. Repeated Measures ANOVA with GLM Procedure
for Log Amplitude 101

10. Latency by Gender 103

11. Log Amplitude by Gender 104

12. ANCOVA with GLM Procedure for Latency: Arm
Length as Covariate 106

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



1

CHAPTER I 

INTRODUCTION TO THE STUDY 

Introduction to the Problem 

Monitoring devices provide multiple physiologic data to clinicians, who must 

then critically interpret the information to treat the patient and make therapeutic 

decisions. The purpose of monitoring is to obtain and record vital information that 

will: (1) enable the clinician to ascertain whether physiologic homeostasis is present, 

(2) alert the clinician to undesirable changes in a patient’s status so that therapeutic 

interventions may be initiated, and (3) serve as a means for the clinician to assess the 

efficacy of therapeutic interventions. Investigators and clinical evaluators are highly 

dependent upon the quality and characteristics of this recording equipment (Nuwer, 

1986). Inherent to the use of monitoring technology is the need for accuracy and 

precision of the measuring instrument. Blitt (1995) asserts that monitoring can 

improve early recognition of abnormal or adverse findings, thus allowing the clinician 

the opportunity to intervene and affect outcomes positively.

The development of modem electronics and microprocessors has allowed rapid 

evaluation of electrical data from the human body to permit nearly real-time 

evaluation of the nervous system function. The nervous system is the primary site for 

receptors and resulting pharmacodynamic actions of anesthetic agents; the methods 

and instruments used for monitoring the nervous system during anesthesia are in a 

period of rapid development. Monitoring the nervous system has become an 

essential/indispensable component of some operations on the central nervous system
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(CNS), an important tool to facilitate the surgical procedures, and a mechanism to 

improve surgical outcomes.

Electrophysiologic monitoring of the nervous system allows noninvasive 

assessment of the functional integrity of neural structures when clinical neurologic 

assessment is severely limited or impossible because of anesthesia or other altered 

states of consciousness (Grundy, 1995). Loss of the specialty function of electrical 

conduction in the neurons of the CNS is affected before permanent structural damage 

occurs to the cell. Monitoring for change in the electrical function of the neuron, 

therefore, serves as an early indicator of an impending threat to cell viability (J.A. 

Katz, personal correspondence, September 3, 1997). An evoked potential (EP) is an 

electrical waveform elicited by and temporarily related to a stimulus, most commonly 

an electrical stimulus delivered to a sensory receptor or nerve, or applied directly to a 

discrete area of the brain, spinal cord, or muscle. Evoked potentials (EPs) are useful 

indicators of the functional status of the tested neural tracts rather than simply a 

structural assessment (Sloan, 1996). Somatosensory evoked potentials (SSEPs) are a 

type of evoked potentials that are electrical waveforms of biologic origin from the 

somatosensory pathway (from peripheral nerves to the cerebral cortex) elicited by 

electrical stimulation or physiologic activation of a peripheral nerve.

The somatosensory nervous system processes sensations (touch, temperature, 

and pain) that arise from the skin. Each receptor in the skin interacts with the CNS, 

through a distinct pathway (see Figure 1). Because of this physiologic arrangement, 

activation of a sensory receptor produces the same sensation independent of the
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stimulus that activates the receptor. For example, activation of small unmyelinated 

fibers that innervate the nociceptor (nerve endings distributed in the dermis and 

epidermis) by electrical stimulation leads to the sensation of pain. Somatosensory 

information is transmitted to the brain via three distinct systems: the dorsal column 

medial lemniscus, the lateral columns, and the spinocervical system (Sperelakis & 

Banks, 1996).
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Figure 1. Schematic diagram of the neural pathway of the median nerve 

somatosensory system.

Intraoperative monitoring is based on the principle that EPs reflect the 

moment-to-moment functional integrity of the monitored neural pathways, i.e.,
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ability of the pathway to conduct signals (Deletis, 1994). During intraoperative 

neurophysiologic monitoring, the patient serves as his/her own control. Since no 

"gold standard" exists for evoked potential instrument comparison, the accuracy of the 

instrument can not be assessed by comparison to a reference technique.

Intraoperative data are analyzed by comparison with either a preoperative baseline 

measurement or an immediate post anesthetic induction baseline measurement 

recorded on the same subject. Technical, electrical, pharmacological, and physiologic 

variables threaten to confound the data and conclusions derived from use of the 

evoked potential instrument in research. Therefore, a major problem exists with 

assessment of accuracy and precision of the neurophysiologic instrument used to 

measure somatosensory evoked potentials prior to its use in the surgical suite. 

Intraoperatively multiple variables can affect measurements, with regard to the 

accuracy (truth) and precision (consistency) of the monitor, the method, and data 

collection.

Purpose of the Study 

The purpose of this study was to assess the validity and reliability of a 

nonsimultaneous method measuring somatosensory evoked potentials of the right and 

left median nerves on healthy subjects in a controlled environment. Because no 

validity and reliability information was available in current literature, content validity 

of a standard protocol was determined by a panel of seven experts. The experts 

assessed a standard protocol for measuring somatosensory evoked potentials of the 

right and left median nerves. Reliability was assessed through nonsimultaneous
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repeated measurements of somatosensory evoked potentials of the right and left 

median nerves using the Bio-logic Evoked Potential System. Replication can be 

demonstrated by consistency of latency and amplitude measures of evoked potential 

components recorded in successive averages (AEEGS, 1994). The somatosensory 

evoked potentials are potentially one of the most usable measurements because of the 

length of the defined neural tract allowing for assessment of many neural structures 

(peripheral nerves, plexus components, spinal cord tracts, brain stem structures, and 

sensory cortex). The median nerve is a mixed sensory and motor nerve. The use of 

mixed nerves has an advantage over pure sensory nerves in that stimulation can be 

verified by motor activity in the peripheral structure. The median nerve 

somatosensory evoked potential is considered to be a large, robust response (Nuwer, 

1986). The median nerve SSEPs can be easily separated from the background noise 

for assessment and analysis of neural structures from the periphery to the cortex.

This study also assessed if a difference exists in the measurements of SSEPs 

on the median nerves between males and females. Gender is a variable that most 

studies try to control, matching body size by gender. Chiappa (1990) reported 

statistically significant differences between males and females in regards to conduction 

times, head and brain size, and body temperature. General characteristics, latencies, 

interwave latencies, and amplitudes by gender were analyzed in this study to 

determine if a difference existed. When establishing normal data, most studies in the 

literature were gender specific.
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Analysis of the study results also determined if a relationship was present 

between the length of the arm (i.e., length of the nerve) from the wrist to the 

shoulder (Erb’s point) and the time from stimulus to response. Latency of SSEPs is 

related to the distance between stimulus site and waveform generators (Chiappa,

1990). According to DeLisa, Lee, Baran, Lai, and Spielholz (1994), latency 

measurements vary with arm length. Chiappa (1990) reported that the effect of body 

size was more prominent with lower limb measurements (posterior tibial SSEPs).

This study determined if a relationship was present between arm length and Erb’s 

point latency with median nerve SSEPs in the adult volunteers from the investigator’s 

institution.

The research questions were: (1) What is the content validity of a research 

protocol that is a step by step method for measuring SSEPs (as assessed by a panel of 

experts)?; (2) What is the precision of repeated measurements across five generators 

of SSEPs on the right and left median nerves using the Bio-logic Instrument?; (3)

What is the difference in the measurements of SSEPs on the median nerves between 

males and females?; and (4) What is the relationship between the length of the arm 

from the wrist crease (posterior surface) to the Erb’s point (a point at the angle 

between the clavicle and the posterior border of the sternocleidomastoid and trapezius 

muscles, or about 2 cm above the midpoint of the clavicle) and the poststimulus 

latency measurements?
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Variables

Accuracy relates to the ability of the instrument to measure faithfully the true or 

correct level of the signal or to represent the underlying concept of the system under 

study (Rubin, 1989). It has influence on internal and external validity of the study - 

the degree to which the observed findings lead to the correct inferences about the 

phenomena taking place in the study sample and in the universe, and is affected by 

systemic error (bias).

Arm length relates to the measurement from the wrist crease (posterior surface) to 

Erb’s point (a point at the angle between the clavicle and the posterior border of the 

stemomastoid muscle, or about 2 cm above the midpoint of the clavicle) (Chiappa, 

1990).

Content validity is a subjective judgement by a panel of experts of whether a 

measurement protocol makes sense intuitively or whether it seems to be a reasonable 

approach (Hulley & Cummings, 1988).

Median nerve SSEPs are a short-latency response (occurs within 25 millisecond after 

stimulation of the median nerve) components to median nerve stimulation designated 

as P9, Pn, P13, P14, N20, and P^ in recordings taken between the scalp and 

noncephalic reference electrodes and N9, Nu , N13, and N14 in cervical spine and scalp 

derivation (DeLisa et al., 1994).

Pane! of experts is a selected number of persons (M.D.s, Ph.D.s, or EP technicians) 

who are knowledgeable of neurophysiologic monitoring and protocols for measuring 

somatosensory evoked potentials and who are involved in clinical and intraoperative
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measurement and interpretation of evoked potentials. The experts are members of the 

American Society of Neurophysiologic Monitoring and/or American 

Electroencephalographic Society.

Poststimulus latency is the interval of time between the stimulus and the onset of a 

waveform response.

Precision relates to the consistency of the measurement and how nearly the same 

value is recorded each time it is measured (reproducibility), has influence on the 

power of the study, and is affected by random error (variance). The more precise a 

measurement, the greater the statistical power is at a given sample size to estimate 

mean values and to test hypotheses. Instrument precision reflects the consistency or 

reproducibility of the instrument to measure the level of the biologic signal (Rubin, 

1989).

Somatosensory evoked potentials (SSEPs) are the electrical waveforms of biologic 

origin elicited by electrical stimulation or physiologic activation; the normal SSEP is a 

complex waveform with several components that are specified by polarity and average 

peak latency (DeLisa et al., 1994).

Stimulus is any external agent, state, or change that is capable of influencing the 

activity of a cell, tissue, or organism (DeLisa et al., 1994). In clinical nerve 

conduction studies, an electrical stimulus generally is applied to a nerve or a muscle. 

The electrical stimulus may be described in terms with respect to the evoked potential 

of the nerve or muscle (see Figure 4) and is defined by the duration (millisecond), a 

waveform, and a strength or intensity measured in voltage (V) or current
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(milliAmpere). The frequency, number, and duration of stimuli should be specified.

Significance of the Problem 

Monitors allow the clinician to acquire information about instantaneous events, 

trending, and projections. This information is required to make clinical decisions and 

initiate therapeutic interventions to maintain or restore health.

Evoked potentials, specifically somatosensory evoked potentials (SSEPs), are 

defined as the electrophysiologic responses of the nervous system to stimulation of 

specific sensory neural pathways. Somatosensory evoked potentials (SSEPs) reflect 

the functional integrity of specific pathways, serve as indicators of the function in 

adjacent structures, and provide information about neurologic function. * For example, 

electrical potentials elicited by electrical stimulation of a sensory or mixed nerve in an 

extremity and reproducibly recorded from the scalp during surgery on the spine or 

spinal cord indicate preservation of sensory transmission through the spinal cord 

(Croft, Brodkey, & Nulsen, 1972). The length of the neural tract involved makes the 

SSEP potentially one of the most widely usable monitors because of the many neural 

structures that can be assessed (peripheral nerves, plexus components, spinal cord 

tracts, brain stem structures, and sensory cortex) (Sloan, 1997). According to Nuwer 

(1986), the median nerve somatosensory evoked potential is large, robust, and easy to 

separate from the background noise. Because general anesthesia prevents patient 

participation in assessment of somatosensory pathways (i.e., pain or loss of 

sensation), there is a growing need to develop noninvasive methods and instruments to 

monitor the integrity of these neural pathways intraoperatively to prevent irreversible
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neurologic damage during surgery.

Conceptually, recording SSEPs may be valuable whenever pathways amenable 

to SSEP monitoring are at risk; deteriorating neurologic function will be detected 

early, so that the surgeon and/or anesthetist can intervene to optimize function and 

minimize the possibility o f permanent damage to the nervous system. The surgeon 

may need to stop manipulation or compression of the sensory pathway or abandon the 

surgical procedure. The anesthetist may decrease or discontinue the anesthetic 

technique to optimize recordings at critical monitoring periods. If the clinician does 

not have an accurate protocol prior to going into the hostile environment of the 

operating room, where multiple variables can affect the measurement of evoked 

potentials, how can the clinician be sure that the measurements are accurate and 

precise in regards to the functional integrity of the nerve pathway?

Summary

Somatosensory evoked potentials are measures of neural function. Median 

nerve SSEPs are useful in the evaluation of a variety of disorders affecting the 

peripheral and central nervous systems. Investigators and clinicians are dependent 

upon the quality and characteristics of the recording equipment; as well as, the 

accuracy and precision of the monitoring instrument. An accurate and precise 

monitoring instrument can improve early recognition of abnormal or adverse findings, 

thus allowing the clinician the opportunity to intervene and affect outcomes positively.

The somatosensory evoked potential technique is considered indispensable for 

intraoperative evaluation and monitoring during anesthesia and surgical procedures of
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peripheral nerves and plexus regions because SSEPs allow direct testing of the 

function of several pathways, are sensitive enough to detect abnormalities, and 

provide evidence about the anatomical localization of an abnormality. According to 

the American Academy of Neurology (1990), considerable evidence favors the use of 

evoked potential monitoring as a safe and efficacious tool in clinical situations where 

there is significant nervous system risk.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



13

CHAPTER H 

REVIEW OF RELATED LITERATURE 

Introduction

Evoked potentials were first described by Caton in 1875 but not fully 

developed until electronic averaging machinery was introduced by Dawson and others. 

Dawson first reported the existence of human somatosensory evoked potentials, using 

the relatively crude technique of superimposing multiple oscilloscope tracings 

(Dawson, 1947). Since the advent of portable, affordable, digital averaging 

computers in the 1970s, the methods used for monitoring the nervous system have 

rapidly developed and the applications of SSEPs have become widespread.

Surgical procedures are continuously being improved to lessen trauma to 

patients, decrease perioperative morbidity and mortality, and to shorten recovery 

room and hospital stays thereby reducing health care costs. The development of new 

pharmacologic agents and technical equipment, along with increasing knowledge and 

understanding of anatomy and physiology, have allowed the refinement of anesthetic 

and surgical procedures. The value of intraoperative neurophysiological monitoring 

increases as nonsurgical causes of neurophysiologic changes are better understood and 

controlled.

Evoked Potentials

Although the technology used is relatively sophisticated, evoked potentials are 

rather simple in concept (Sloan, 1997). Evoked potentials are a measurement of the 

electrical waveform produced in response to stimulating the nervous system (evoked).
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EPs allow assessment of defined neural tracts, including peripheral and subcortical 

regions, and have gained popularity because measurements can be made without 

subject cooperation. Thus, EPs are useful for diagnosis and monitoring of patients 

during altered states of consciousness (e.g., head trauma), during anesthesia (e.g., 

intraoperative monitoring), and during sedative therapy (e.g., barbiturate coma).

The somatosensory evoked potential is typically generated by applying 

electrical stimuli to an extremity nerve. An electrical stimulus of 0.1 - 0.2 

millisecond is commonly used at an intensity sufficient to produce motor activity.

The stimulus preferentially activates the largest peripheral nerve sensory fibers, which 

are also known to mediate vibratory and proprioceptive sensation. The propagated 

nerve action potentials elicited by electrical stimulation (i.e., at the wrist) can be 

recorded proximally over the peripheral nerve (e.g., Erb’s point with median nerve 

stimulation).

Input to the somatosensory system is from mechanical stimulation of receptors 

in the skin, muscle, and joints. Information from these receptors is conveyed from 

the peripheral nerves to the spinal cord via the dorsal roots, the cell bodies which 

comprise the dorsal root ganglia (MoHer, 1995). The central branches of the dorsal 

root ganglia cells that receive input from the upper limbs and the upper body ascend 

the dorsal column of the spinal cord on the ipsilateral side as primary afferent fibers 

(Moller, 1995). The fibers of the dorsal column that originate in the cervical segment 

terminate on the neurons of the cuneate nucleus (Moller, 1995).
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In the laboratory and during certain surgeries under anesthesia, the functional 

integrity of the nervous system is measured by evoked potentials to monitor 

intraoperative changes of the nervous system and prevent permanent neurological 

injury. The most commonly used EPs are those produced by stimulation of the 

sensory system to measure manifestations of the CNS’s response to external stimuli. 

Somatosensory evoked potentials are recorded by stimulating a peripheral sensory 

nerve and recording the resulting electrical potential at various sites along the sensory 

pathway to the cerebral cortex (Black, Mahla, & Cucchiara, 1994). Intraoperative 

changes in evoked potentials, such as decreased amplitude, increased latency, or 

complete loss of waveform, are considered indications of surgical compression or 

ischemia on neural pathways (Black et al., 1994). According to Deletis (1994), 

criteria for determining which changes are significant include: (1) a decrease in 

amplitude of greater than 50 percent in critical peaks, indicating a significant change 

in integrity of a neural pathway; (2) an increase in latency of greater than 10 percent 

in the critical peaks indicating a significant slowing in signal transmission.

Technical Aspects

During intraoperative neurophysiologic monitoring, the subject serves as 

his/her own control. No "gold standard" exists for evoked potential instrument 

comparison. Intraoperative data are analyzed by comparison with either a 

preoperative baseline measurement or an immediate postanesthetic induction baseline 

measurement recorded on the same subject. Early intraoperative baselines serve two 

important purposes. First, they allow determination of whether the anesthetic
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technique is favorable for monitoring (Grundy, 1995). Second, the early acquisition 

of responses allows monitoring during the period of patient positioning and may, 

therefore, warn of potential hazards to the neural system (AEEGS, 1994).

Somatosensory evoked potentials are displayed as a plot voltage against time 

and described in terms of the post-stimulus latencies (in milliseconds) and peak-to- 

peak amplitudes (in microvolts or nanovolts) of individual peaks in the waveform 

(Grundy, 1983). Since sensory evoked potentials are very small (less than 10 

microvolts), signal averaging is used to extract the small potentials from the normal 

larger background bioelectric activity from electroencephalogram, the 

electrocardiogram, muscle activity, and other extraneous electrical activity. Signal 

averaging involves stimulating the nervous system and measuring the response for a 

set window of time. After multiple repetitions of stimuli, the evoked response 

becomes apparent in the accumulated average as it relates to the stimulus and the 

unwanted random background activity (noise) averages to zero, since it is unrelated to 

the stimulus. Technically, the ratio of the signal to noise builds by the square root of 

the number of averages (Sloan, 1997).

Since the evoked response consists of a plot of voltage versus time, a simple 

measurement would record voltage over a certain period of time using three 

electrodes. A differential amplifier compares the activity of an active electrode 

(placed near the neural structure producing the desired electrical activity) with the 

activity at a reference electrode at an another point. This difference is compared with 

a ground electrode and presented to the averager after filtering the signal and
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converting it to digital information. Use of a differential amplifier allows removal of 

a large amount of noise, which is common to all electrodes. The plot of voltage 

versus time typically has an artifact of stimulation at time zero (coincident with 

stimulation) and a subsequent series of peaks and valleys at later times (see Figure 2).

MICROVOLT

MILLISECOND

Note: A = amplitude, L = latency, N = negative, P = positive.

Figure 2. Evoked potential measurement: latency, interwave latency, and amplitude 

with negative and positive labeling. Peak latency can be measured from the stimulus 

to the first negative, first positive, and second negative. Peak amplitude is measured 

from the first positive to a preresponse baseline, peak to peak of the preceding 

polarity, or peak to peak of the following polarity. Interwave latencies are measured 

between the designated peaks of the same EP.
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Peaks may be positive or negative (with respect to the active electrode) and 

may be plotted upward or downward depending on the convention of the technique 

and individual. Peaks are labeled by the polarity [positive (P) or negative (N)] 

followed by the time in milliseconds from stimulation. For example, the cortical N20 

of the median nerve is a negative peak occurring about 20 milliseconds (ms) after 

stimulation. The peaks and valleys are thought to arise from specific neural 

generators (often more than one neural structure) and therefore can be used to follow 

the response at various points along the stimulated tract. The information recorded is 

usually the amplitude (peak to adjacent trough) and the time from the stimulation to 

the peak (called latency) (see Figure 3). Also, the time between peaks (interwave 

latency or conduction time) can be measured.

STIMULUS
MICROVOLT

ca’

GROUND

MEDIAN NERVE 
STIMULUS

0 10 20 30 40 SO
t I 1 1 — 1------------ L .

MILLISECOND

Figure 3. Diagram of a normal SSEPs: median nerve stimulation with recordings 

from Erb’s point, fifth cervical spine, and sensory cortex.
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The somatosensory evoked potentials can identify and monitor parts of the 

nervous system from the peripheral nerves to the cerebral cortex and are the most 

useful of all EP modalities for intraoperative neurophysiology (Frost, 1993). The 

length of the neural tract involved makes the SSEP potentially one of the most widely 

usable techniques because of the many neural structures that can be assessed 

(peripheral nerves, plexus components, spinal cord tracts, brain stem structures, and 

sensory cortex). The technique of SSEPs consists of stimulating a peripheral nerve 

and measuring the neural response. Stimulation produces both dromic (propagating in 

the normal direction) and antidromic (propagating opposite to normal) neural 

transmission in both the sensory and motor pathways (Sloan, 1997). The dromic 

motor stimulation elicits a muscle response and the dromic sensory response initiates 

the SSEPs. Nerves stimulated tend to be mixed motor and sensory nerves (e.g., 

median nerve), although pure sensory nerves can be used. Mixed nerves have an 

advantage over pure sensory nerves in that stimulation of the nerve can be verified by 

motor activity in the peripheral muscles.

Currently, it is thought that incoming neural activity from the upper extremity 

represents primarily the activity of the pathway of proprioception and vibration. 

Stimulation of the peripheral nerve causes a response that ascends the ipsilateral 

dorsal column, synapses near the nucleus cuneatus, decussates near the 

cervicomedullary junction, ascends via the contralateral medial lemniscus, synapses in 

the ventroposterolateral nucleus of the thalamus, and finally projects to the 

contralateral parietal sensory cortex (Sloan, 1997).
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Specific surgeries, such as intracranial and spinal cord resection of 

arteriovenous malformations and tumors, correction of spinal deformities, and carotid 

endarterectomies, require intraoperative neurophysiologic measurement (McPherson, 

1994). Multiple variables, which can affect the measurement of EPs, have been 

documented in the literature. Knowledge of these variables and of ways to control for 

the effects is needed to increase the accuracy and precision of the instrument used to 

measure EPs.

Variables Affecting Evoked Potentials

Anesthetic agents

Multiple studies have been published reporting the effects of anesthetic agents 

(inhalational and intravenous) on EPs. The relative effects of different volatile 

anesthetic agents on SSEPs are somewhat controversial. Inhalational volatile 

anesthetic agents have the greatest effect of all anesthetics on EPs, causing a dose 

dependent decrease in wave amplitude and increases in latency (Morgan & Mikhail,

1996). Some evidence suggests that halothane has a greater impact on SSEPs than 

either enflurane or isoflurane (Pathak, Ammadio, Kalamchi, Scoles, Shaffer, & 

Mackay 1987), although the reverse effect has been reported by Peterson,

Drummond, & Todd (1986). As with volatile anesthetics, nitrous oxide causes a 

decrease in amplitude without changes in latency in SSEPs when used alone or when 

added to a narcotic based or volatile anesthetic (McPherson, Mahla, Johnson, & 

Traystman, 1985; Peterson et al., 1986; Sebel, Flynn, & Ingram, 1984).
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At present, no anesthetic regimen is considered "perfect". Importantly, the 

literature reports the need for maintenance of a steady state anesthetic during critical 

periods of intraoperative monitoring along with collaboration between the anesthetist 

and the neurophysiologic monitoring technician.

Physiologic factors

Several physiologic conditions, such as hypoxia, hypocarbia, hypercarbia, 

hypotension, hypoglycemia, and hypothermia, can alter or obliterate evoked 

potentials. Deterioration of EPs are just as marked with hypotension and 

cardiovascular collapse as with surgical manipulation or compression of sensory 

pathways (AEEGS, 1994). Maintenance of a normal arterial pressure by the nervous 

reflexes of a normal nervous system is essential to maintain effective local blood flow 

to the periphery. Normal arterial blood flow is essential to maintain a healthy 

environment for normal function of the nervous system. Systemic hypotension below 

levels of cerebral autoregulation produces progressive decreases in amplitude of 

cortical SSEPs until the waveform is lost, with no changes in latency (Bendo,

Hartung, Kass, & Cottrell, 1992).

Other variables that can affect SSEPs include age, blood flow, hematocrits 

and hemoglobins, major organ disease or abnormalities, and pharmacological agents 

that act on the CNS. According to Nuwer (1986), the elderly have decreased cortical 

evoked potentials. With advancing age, conduction velocity in peripheral nerves 

slows, neurons decrease in number, and nerve fibers in the spinal cord tracts decrease 

(Miller, 1994). With aging, attrition of afferent conduction pathways in the
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peripheral nervous system and spinal cord, as well as reduced velocity and amplitude 

of electrical transmission occur in the neural pathways (Miller, 1994).

Numerous studies have demonstrated a relationship between blood flow and 

evoked potentials. Although clinical function of the neuron becomes abnormal at 

about 25 milliliter/minute (ml/min) per 100 grams (g) (about one half of the normal 

50 ml/min per 100 g), the SSEP remains normal until blood flow is reduced to about 

20 ml/min per 100 g and at blood flows between 13 and 18 ml/min per 100 g, the 

SSEP is altered and lost (Sloan, 1997).

Increased intracranial pressure is another physiologic variable that can have 

adverse consequences on survival of the neurons. Several studies have shown 

reductions in amplitude and increase latency of cortical generated somatosensory 

evoked potentials also occur with increasing intracranial pressure (Nagao, Roccaforte, 

& Moody, 1979; Sloan, 1997).

Isovolemic hemodilution can significantly and progressively decrease SSEP 

latency (Black et al., 1994). Changes in hematocrit can alter both oxygen-carrying 

capacity and blood viscosity. Maximum oxygen delivery is thought to occur in a 

midrange hematocrit (30 to 32 percent); thus evoked response changes with the 

hematocrit are consistent with this range (Sloan, 1997). Nagao, Roccaforte, and 

Moody (1978) reported an increase in amplitude with mild anemia, an increase in 

latency at hematocrits of 10 to 15 percent, and further latency changes and amplitude 

reductions at hematocrits below 10 percent. Hematocrit change usually occurs slowly 

and other events (such as changes in blood pressure, blood volume, body temperature,
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or electrolyte concentrations) may occur coincident with the hematocrit change. Also, 

a significant reduction in blood volume can alter evoked responses due to changes in 

blood flow distribution, despite absence of significant blood pressure changes (Sloan,

1997).

Intraoperatively, other variables that can affect measurements of SSEPs include 

the subject’s temperature, end-tidal carbon dioxide level, and oxygen saturation. 

Intraoperative monitoring must distinguish changes associated with physiologic 

alterations and anesthesia, in order to improve sensitivity of the neurophysiologic 

monitoring to surgical factors and ensure optimal neural environment monitoring. 

Hypothermia can alter evoked responses by changing nerve depolarization (increased 

action potential duration, reduced conduction velocity, and decreased synaptic 

function), resulting in increases in latency and decreases in amplitude (Sloan, 1997). 

Hypothermia appears to affect synaptic function more than conduction, by interference 

in the postsynaptic membrane. Temperature affects both axonal conduction and 

synaptic transmission, according to Frost (1993). According to McPherson (1994), 

hypothermia causes an increase latency but presents less clear changes in amplitude. 

Studies suggest that a decrease in temperature of 2-3 degrees Centigrade (C) increases 

latency about 3 milliseconds which can be indicative of neural injury. Black et al.

(1994) reported that hypothermia of 25 to 27 degrees C will cause complete loss of 

the waveform. Hyperthermia (42 degrees C) suppresses SSEP amplitude to the level 

of only 15 percent of that at normothermia (37 degrees C) (McPherson, 1994).
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At least three metabolic factors have potent effects in controlling cerebral 

blood flow. These metabolic factors are carbon dioxide concentration, hydrogen ion 

concentration, and oxygen concentration. Regulation of cerebral blood flow within 

normal range is a protective mechanism for normal nerve activity. Changes in 

arterial tensions of oxygen and carbon dioxide alter SSEPs, reflecting changes in 

blood flow and/or oxygen delivery to neural structures (Bendo et al., 1992). Clark, 

Hosick, and Rosner (1971) reported that the effects of carbon dioxide on the nervous 

system arise by direct action, by alteration of the hydrogen ion concentration, or by 

alteration of the ionized calcium concentration (increasing carbon dioxide causes 

increases ionized calcium which depresses the CNS). Alterations in cortically 

generated latency and amplitude have been observed as ventilation is altered beyond 

the extremes of arterial or end-tidal carbon dioxide concentrations routinely seen 

during anesthesia and surgery. The most significant changes were noted when the 

carbon dioxide was extremely low which might indicate cerebral ischemia from 

vasoconstriction associated with excessive hyperventilation (carbon dioxide levels 

below 20 mm Hg) (Sloan, 1997). It is not clear whether the evoked response changes 

are due to changes in cerebral blood flow or cerebral spinal fluid pH, or other 

cerebral changes altered by ventilation. Hypocapnia can aggravate hypotension due to 

arterial vasoconstriction with excessive hyperventilation. Changes in glucose, 

sodium, potassium, and other electrolytes important in the neurochemical environment 

and affecting neural depolarization and conduction can result in evoked response 

changes. About 97 percent of the oxygen transported from the lungs to the tissues is
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carried in chemical combination with hemoglobin in the red blood cells. As long as 

normal conditions are maintained in the internal environment (i.e., oxygen and blood 

flow), the cells of the body continue to live and function properly.

Summary of Review of Related Literature 

Information about the validity and reliability of the evoked potential 

neurophysiologic instrument is unavailable in the current literature; therefore, the 

review of the literature addressed the issues and variables (technical, electrical, 

pharmacological, and physiological) that confound the measurement of SSEPs. The 

value of neurophysiologic monitoring increases as instruments are refined and as 

nonsurgical causes of neurophysiologic changes are understood and controlled.

Intraoperative monitoring can distinguish changes associated with physiologic 

alterations and anesthesia, increasing sensitivity of neurophysiologic monitoring to 

surgical factors and optimizing the neural environment for monitoring. The goal of 

intraoperative monitoring is to warn of important changes when a patient is 

anesthetized so that immediate intervention can occur to prevent irreversible 

neurologic damage. Intraoperatively, a relatively constant pharmacologic and 

physiologic state must be maintained during critical monitoring periods. 

Neurophysiologic measurements of evoked potentials, specifically somatosensory 

evoked potentials, are used to diagnose and to monitor the functional integrity of the 

nervous system during surgery and anesthesia. Monitoring for change in the 

electrical function of the neuron serves as an indicator of an impending threat to the 

nerve cell viability.
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Theoretical Rationale 

Introduction

The theoretical framework guiding this research study was the physiologic 

theory of neurologic function. The transmission of nerve signals is the basis of 

function in the nervous system. The specialized function of neurons is to transmit 

impulses by changing their membrane permeability. The theoretical rationale for 

nerve transmission involves the biophysics of the nerve cell membrane, including the 

transport of ions through the cell membrane and the development of electrical 

potentials across the cell membrane.

Transport of Ions

The extracellular fluid outside the cell membrane contains large quantities of 

sodium and chloride and small quantities of potassium. The intracellular fluid 

contains the small quantities of sodium, chloride, and large quantities of potassium. 

The concentrations of phosphates and proteins in the intracellular fluid are greater 

than that in the extracellular fluid. The differences in the concentrations of ions and 

other substances across the cell membrane are important to the life of the cell and 

especially to nerve transmission of signals.

The cell membrane consists almost entirely of a lipid bilayer with large 

numbers of protein molecules floating in the lipid (Guyton & Hall, 1996). The lipid 

bilayer is not miscible with either the extracellular fluid or the intracellular fluid; 

therefore, it constitutes a barrier for the movement of most water molecules and 

water-soluble substances between the two fluid compartments. The protein molecular
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structures interrupt the continuity of the lipid bilayer, supply an alternate pathway 

through the cell membrane, and function as transport proteins.

Transport through the cell membrane, either directly through the lipid bilayer 

or through the proteins, occurs by one of two basic processes, diffusion (passive 

transport) or active transport (Guyton & Hall, 1996). Diffusion is the random 

molecular movement of substances molecule by molecule either through the 

intermolecular spaces in the membrane or in combination with a carrier protein. The 

energy that causes diffusion is the energy of the normal kinetic motion of matter. 

Active transport is the movement of ions or other substances across the membrane in 

combination with a carrier protein against an energy gradient, such as movement from 

a low concentration state to a high concentration state (a process that requires an 

additional supply of energy).

Diffusion

What is important to the cell is not the total substance diffusing in both 

directions, but the difference between the two, which is the net rate of diffusion in 

one direction. Factors that affect the net rate of diffusion are: (1) the permeability of 

the membrane, (2) the difference in concentration of the diffusing substance between 

the two sides of the membrane, (3) the pressure difference across the membrane, and 

(4) with ions, the electrical potential difference between the two sides of the 

membrane (Guyton & Hall, 1996).

When considering the effect of a concentration difference, the rate at which the 

substance diffuses inward is proportional to the concentration of molecules on the
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outside, for this concentration determines how many molecules strike the outside of 

the channels each second and the rate at which the molecules diffuse outward is 

proportional to their concentration inside the membrane. Therefore, the rate of net 

diffusion into the cell is proportional to the concentration on the outside minus the 

concentration on the inside and the permeability of the membrane for the substances. 

Active Transport

When a cell membrane moves molecules or ions against a concentration 

gradient, the process is called active transport. Active transport is divided into 

primary and secondary types, according to the source of the energy used to cause the 

transport. In primary active transport, the energy is derived directly from the 

breakdown of adenosine triphosphate (ATP) or some other high-energy phosphate 

compound. In secondary active transport, the energy is derived secondarily from 

ionic concentration gradients that have been created by primary active transport. Both 

types of active transport depend on carrier proteins that penetrate through the 

membrane. The carrier proteins in active transport impart energy to the transported 

substance to move it against an electrochemical gradient.

Substances that are transported by primary active transport include sodium, 

potassium, calcium, hydrogen, chloride, and other ions. One type of active transport 

mechanism is the sodium-potassium pump, a transport process that pumps sodium 

ions outwardly through the cell membrane and pumps potassium ions inwardly. This 

pump is responsible for maintaining the sodium and potassium concentration 

differences across the cell membrane, as well as establishing a negative electrical
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potential inside the cells. This pump is the basis of nerve function to transmit nerve 

signals throughout the nervous system.

The sodium-potassium pump moves three sodium ions to the exterior for every 

two potassium ions to the interior, which means that a net of one positive charge is 

moved from the interior of the cell to the exterior for each revolution of the pump. 

The electrogenic sodium-potassium pump creates an electrical potential across the cell 

membrane as it pumps and causes intracellular and extracellular ion concentration 

gradients of for sodium and potassium across the resting nerve membrane.

Membrane Potentials 

Electrical potentials exist across the membranes of essentially all cells to allow 

for two major functions: self generation of electrochemical impulses and transmission 

of signals along the membrane. Nerve cells are capable of self-generation of 

electrochemical impulses at their membranes and employ these impulses to transmit 

signals along their membranes. A concentration difference of ions across a selectively 

permeable membrane can, under appropriate conditions, cause the creation of a 

membrane potential. Rapid changes in membrane potentials observed during the 

course of nerve impulse transmission result from the occurrence of rapidly changing 

diffusion potentials. Methods for membrane potential development include the 

diffusion of ions through the membrane as a result of ion concentration differences 

between the two sides of the membrane and active transport of ions through the 

membrane.
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The potential level across the membrane that will prevent net diffusion of an 

ion in either direction through the membrane is called the Nemst potential for that 

specific ion (Guyton & Hall, 1996). The magnitude of the electrical potential 

required to prevent further diffusion of ions (the equilibrium potential) is related to 

the concentration gradient via the Nemst Equation:

Equilibrium Equation = (RT/zF) In (K+ outside/K+ inside) 

where R is the gas constant, T is the absolute temperature, z is the valence of the ion, 

F is the Faraday constant , K + outside is the concentration of potassium outside the 

cell, and K+ inside is the concentration of potassium inside the cell (M. Behbehani, 

lecture, January 4, 1996). Thus, the greater the ratio, the greater the tendency for the 

ions to diffuse in one direction, and therefore, the greater is the Nemst equation.

With equation conversion, the Nemst equation can be used to calculate the potential 

for any univalent ion at normal body temperature (37 degrees C):

EMF (millivolts) =  +/-61 log (concentration inside/concentration outside)

When using this equation, it is assumed that the potential outside the membrane 

remains at zero potential. Thus, the Nemst potential calculated is the potential inside 

the membrane.

The Nemst Equation is used to calculate the electromotive force (EMF) that is 

needed to repel ions and block their diffusion against the concentration gradient. This 

equation is also important because it demonstrates that concentration differences 

across semi-permeable membranes under appropriate conditions can create a 

membrane potential. The Nemst Equation expresses that the magnitude of the
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membrane potential at any one time depends on the distribution of sodium, potassium, 

and chloride ions and the permeability of the membrane to those ions.

When a membrane is permeable to several different ions, the diffusion 

potential depend on three factors: (1) the polarity of the electrical charge of each ion, 

(2) the permeability of the membrane to each ion, and (3) the concentrations of the 

ions on the inside and outside of the membrane (Guyton & Hall, 1996). The 

Goldman equation can be used to calculate membrane potentials for three ions 

(sodium, potassium, and chloride) important in the development of membrane 

potentials in nerve fibers and neuronal cells in the central nervous system. The 

concentration gradient of each of these ions across the membrane helps determine the 

voltage of the membrane potential. The degree of importance of each of the ions in 

determining voltage is proportional to the membrane permeability for that particular 

ion. When a positive ion concentration gradient moves from inside the membrane to 

the outside, it creates electronegativity inside the membrane. The opposite effect 

occurs when there is a negative ion gradient. The permeabilities of the sodium and 

potassium channels undergo rapid changes during conduction of the nerve impulse, 

whereas the permeability of the chloride channels does not change greatly during this 

process but is passively distributed. The chloride concentration shifts to meet the 

equilibrium forces dictated by the Nemst Equation for chloride. Therefore, the 

changes in the sodium and potassium permeabilities are primarily responsible for 

signal transmission in the nerves.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



32

The Goldman constant-field equation describes with considerable accuracy the 

relationship of the magnitude of the membrane potential at any given time, the 

distribution of sodium, potassium, and chloride, and the permeability of the 

membrane to each of these ions. The Goldman equation shows the importance of the 

concentration gradients of sodium, potassium, and chloride, and therefore, the serum 

levels of the ions. Also, the equation shows the importance of cell permeability of 

sodium, potassium, and chloride. The Nemst equation calculates the EMF of each 

ion but that calculation cannot be directly converted into the membrane potential, 

because it does not consider the membrane permeability and the active transport of the 

ions. The Goldman equation calculates the resting membrane potential.

Resting Membrane Potential

At rest, there is a potential difference across the membranes of excitable cells. 

Factors which contribute to the genesis of the resting membrane potential include the 

following: (1) the membrane is permeable to potassium, (2) the concentration of 

potassium inside is much larger than outside the membrane, (3) there are large, 

negatively charged molecules inside the cell that cannot cross the cell membrane, and 

(4) the potassium ion is positively charged. These factors create a difference in 

potential between the inside and the outside of the cell because: (1) the difference in 

the concentration of potassium between the inside and outside of the cell creates a 

chemical force that causes potassium to move from the inside to the outside of the 

cell, (2) as the positively charged potassium ions leave the inside of the cell, the ions 

leave behind an excess of negative charges, (3) since molecules with opposite charges
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attract each other, the excess negative charges inside the cell attracts positive charges 

outside of the membrane and creates an electrical force that is in the opposite 

direction of the chemical force, and (4) at equilibrium, the two forces are equal in 

magnitude.

The membrane potential of large nerve fibers when not transmitting nerve 

signals is about -90 mV (Guyton & Hall, 1996). The potential inside the fiber is 90 

mV more negative than the potential in the interstitial fluid on the outside of the fiber. 

The active transport of sodium and potassium through the membrane at a 3 to 2 ratio 

by the electrogenic sodium-potassium pump transports more positive charges outside 

the membrane than inside. The pump creates a net potential difference at the cell 

membrane, while the net charges inside and outside are in equilibrium.

Also, the sodium-potassium pump causes concentrations gradients for sodium 

and potassium across the resting nerve membrane. The gradients are: (1) sodium 

outside = 142 mEq/L, (2) sodium inside =  14 mEq/L, (3) potassium outside =  4 

mEq/L, and (4) potassium inside = 140 mEq/L. The ratios of the each ion from the 

inside to the outside are: (1) sodium inside/outside =0 .1  and (2) potassium 

inside/outside = 35.0. Sodium and potassium can leak through the nerve cell 

membrane via a channel protein. Potassium leakage is greater due to the higher 

permeability of potassium in comparison to sodium. Potassium is 100 times more 

permeable through the channels, and this difference in permeability is important in 

determining the level of the normal resting membrane potential. The combination of 

passive ion leaks counterbalanced by an energy-requiring transport pump is the way
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for a cell to maintain a steady state of ion concentrations.

Nerve Action Potential

Nerve signals are transmitted by action potentials (see Figure 4), which are 

rapid changes in the membrane potential which transmit nerve signals. Each action 

potential begins with a sudden change from the normal resting negative potential to a 

positive membrane potential and ends with a rapid return to the negative potential.

To conduct a nerve signal, the action potential moves along the nerve fiber until it 

reaches the fiber’s end. With the potential, there is a transfer of positive charges to 

the interior of the fiber at its onset and return of positive charges to the exterior at its 

end. The action potential follows three stages: (1) resting stage, (2) depolarization 

stage, and (3) repolarization stage (see Figure 4).

The resting stage consists of the membrane potential before the action potential 

occurs. The membrane is considered to be polarized during this stage because of the 

presence of the negative membrane potential. The depolarization stage begins when 

the membrane becomes more permeable to sodium ions, allowing tremendous 

numbers of sodium ions to flow to the interior of the axon. The potential rises 

rapidly in the positive direction and is termed depolarization. In the large nerve 

fibers, the membrane potential overshoots the zero level and becomes somewhat 

positive (see Figure 4). In some smaller fibers and neurons of the central nervous 

system, the potential approaches zero level and does not overshoot to the positive 

state. The repolarization stage occurs almost as rapidly following the membrane 

permeability to sodium ions. The sodium channels begin to close and the potassium
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channels open more than normal. Rapid diffusion of potassium ions to the exterior 

re-establishes the normal negative resting membrane potential.
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Figure 4. Recording of a typical action potential.

Necessary factors causing both depolarization and repolarization of the nerve 

membrane during the action potential include the voltage-gate sodium channel and the 

voltage-gate potassium channel, in addition to the sodium-potassium pump and the 

sodium-potassium leak channels (see Figure 5). The voltage-gate sodium channel 

contains two gates, the activation gate (near the outside) and the inactivation gate 

(near the inside). In the normal resting membrane when the membrane potential is 

-90 mV, the activation gate is closed and prevents entry of sodium ions to the interior 

of the fiber through the channels. The inactivation gate is open at this time and does
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not constitute any barrier to the movement of the sodium ions.

When the membrane potential becomes less negative than the resting state 

level, somewhere between -70 and -50 mV the activation gate opens rapidly, sodium 

ions flow inward through the channel, and the inactivation gate closes slowly. Then 

the membrane potential begins to recover back toward the resting level, 

repolarization. The inactivation gate will not reopen until the membrane potential 

returns either to or nearly to the resting membrane potential level. Therefore, the 

sodium channels can not reopen without the nerve fiber first repolarizing.

The voltage-gate potassium channels are closed during the resting state. When 

the membrane potential starts to rise toward zero, this voltage change causes a slow 

opening of the gate and allows potassium diffusion out through the channel. The 

decrease in sodium entry in the cell and the simultaneous increase in potassium exit 

speeds the repolarization process.
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Figure 5. Changes in sodium and potassium conductances during an action potential. 

Threshold for Initiation of Action Potential

As long as the membrane of the nerve fiber remains undisturbed, no action 

potential occurs in the normal nerve. A sudden rise in the membrane potential of 15 

to 30 mV is required to initiate an action potential. In the membrane potential of a 

large nerve fiber, a sudden rise from -90 mV to about -65 mV will cause an action
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potential (Guyton & Hall, 1996). The level of -65 mV is considered the threshold for 

stimulation. A slow increase in the internal potential of a nerve fiber either requires a 

higher threshold voltage than normal to cause firing or prevents firing entirely. This 

phenomenon is called accommodation of the membrane to the stimulus (Guyton &

Hall, 1996).

Propagation of Action Potential

The transmission of the depolarization process along a nerve fiber is called a 

nerve impulse. The action potential can travel in both directions away from the 

stimulus and even along all branches of a nerve fiber until the entire membrane has 

become depolarized. Once an action potential has been elicited at any point on the 

membrane of a normal fiber, the depolarization process travels over the entire 

membrane if conditions are right (Guyton & Hall, 1996). This is called the 

all-or-nothing principle.

Occasionally, the action potential reaches a point on the membrane at which it 

does not generate sufficient voltage to stimulate the next area of the membrane and 

the spread of depolarization stops. Therefore, for continued propagation of an 

impulse to occur, the ratio of action potential to threshold for excitation must at all 

times be greater than one (Guyton & Hall, 1996). This called the safety factor for 

propagation.

Summary of Action Potential

During the resting state, before the action potential begins, the 

transport/movement of potassium ions can be 50 to 100 times as great as the
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transport/movement of sodium ions, due to the greater leakage of potassium ions 

through the leakage channels. At the onset of the action potential, the sodium 

channels become activated and allow an up to 500-fold increase in sodium movement 

(Guyton & Hall, 1996). During the inactivation process, the sodium channels close 

within a few fractions of a millisecond. The action potential onset also causes the 

potassium voltage-gates to open a fraction of a millisecond after the sodium channels 

open. At the end of the action potential, the membrane potential returns to the 

negative state causing the potassium channels to close.

The membrane potential can become more negative than the starting negative 

resting potential for a few milliseconds after the action potential is over. This 

positive afterpotential is caused mainly by the remaining open of the potassium 

channels for several milliseconds after the repolarization process of the membrane is 

complete. This allows excess potassium ions to diffuse out of the nerve fiber, leaving 

a deficit of positive ions on inside (more negativity).

Summary of Theoretical Rationale

The physiologic theory of neurologic function provides an extensive foundation 

for neurophysiologic monitoring. Knowledge of the normal cellular physiology of the 

action potential of nerve cells is needed to plan a method of measurement of nerve 

function, to interpret results of neurophysiologic evoked potential results, and to 

diagnose abnormalities within the nervous system.

Application of a sensory stimulus (electrical stimulus) results in an afferent 

nerve impulse that can be detected by appropriately placed surface electrodes.
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Somatosensory evoked potentials (SSEPs) by electrical stimulation can evoke an 

action potential in the nerve fiber. The waveforms of evoked potentials represent 

potentials from specific neural generators depending on the electrode placement. 

SSEPs graphically record the evoked potentials (action potentials) of specific nerve 

pathways and neural generators for measurement and interpretation of the neural 

functional integrity. Measurement of SSEPs provide functional information that is 

both complimentary and supplementary to the clinical neurological examination, 

where both are based on the basic principles of normal neurophysiologic theory.
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CHAPTER III 

METHOD 

Research Design

A descriptive study using a two group research design was used for this study 

to assess accuracy and precision of a method measuring somatosensory evoked 

potentials (SSEPs) of the right and left median nerves. Content validity was 

determined by a panel of seven experts, who assessed the protocol for measuring 

SSEPs of the right and left median nerves. Reliability was assessed through 

nonsimultaneous repeated measurements of SSEPs of both median nerves using the 

Bio-logic Evoked Potential Instrument. This study sought to determine if a difference 

exists in the measurements of SSEPs on the median nerves between the two groups 

(males and females). And the study assessed if a relationship exists between arm 

length (i.e., length of the nerve) from the wrist to the shoulder (Erb’s point) and the 

time from stimulus to response.

Setting

The setting for the study was a research laboratory area associated with the 

audiology department at the University of Cincinnati Medical Center, a 350 bed 

teaching facility. All data collection occurred in a quiet room, away from the 

distractions of the audiology department and away from excess electrical activity.

The most troublesome sources of electrical artifact/interference in EP recording are 

usually muscle activity and patient movement (AEEGS, 1994). Data were collected 

on assigned days, with volunteers scheduling available time at their convenience for
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approximately 30 minutes.

Subjects

The sample included healthy adult males and females between the ages of 18 

and 60 years. A nonrandom convenience sample was used, with subjects recruited 

from the University of Cincinnati and the University of Cincinnati Medical Center. 

Sample Size

Chiappa (1990) stated that each laboratory should perform evoked potentials 

on at least 35 normal subjects to determine a normal range for that laboratory. A 

sample size was determined as 30 subjects from computer power analysis for a 

repeated measures analysis of variance (ANOVA) using normal mean values and 

+ /- 3 standard deviations and coefficient of variations. Oken (1990) stated that to 

determine a normal range the sample needs to be larger than 25 to 30 subjects or at 

least 40 to 50. After reviewing results of normative SSEP data from other 

researchers and computing a power analysis, a maximum sample size of 100 subjects 

with a minimum of 50 subjects was found to be appropriate. Therefore, for this 

study, a sample of 52 subjects (26 males and 26 females) was chosen with an even 

number of subjects in each group for randomization of right and left median nerve 

stimulations. This sample size allows for the SSEP measurement of 104 median 

nerves because both right and left median nerves were measured three times on all 

subjects. A total of three hundred and twelve measurements were computed with 

markings and labeling across five generators.
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Subject Selection

Appropriate selection of subjects for normative studies of EPs is of critical 

importance to assess the accuracy and precision of an EP neurophysiologic monitor 

(AEEGS, 1994; Misulis, 1994). Healthy adult volunteers were recruited to control 

for certain variables (i.e., physiological and pharmacological) that could complicate 

the assessment of precision of the neurophysiologic monitor. Subjects were excluded 

if their medical or surgical history included previous surgery, injury, or altered 

sensations involving the central nervous system (CNS), history of seizures or 

convulsions, history of vascular abnormalities affecting the CNS, or history of tumors 

of the CNS. Also, the subjects were excluded if they were taking any prescribed 

pharmacological agents (i.e., anticonvulsants) that act specifically on the CNS or if 

they admit to taking substances such as narcotics, excessive alcohol, stimulants, 

cocaine, or marijuana. A number of potentially confusing variations other than injury 

to neural structures can alter the EP recorded. Variations considered may fall into 

three categories: technical difficulties, drug effects, and physiologic alterations 

(Grundy, 1995).

The gender and age criteria reflected the range of the University of Cincinnati 

Medical Center surgical patients undergoing intraoperative somatosensory evoked 

potentials. Other inclusion criteria reflected the need for each subject to understand 

and give informed consent for participation in the research study. A subject was 

eligible for inclusion in this study if all of the following criteria applied: (1) age - 18 

to 60 years; (2) gender - male or female; (3) ASA I or II classification, healthy adult
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who is neurologically normal and has no family history of inherited neurologic 

disorders (see Appendix A); and (4) language - fluent and literate in the English 

language.

A subject was not eligible for inclusion in this study if any one or more of the 

following criteria applied: (1) any subject taking prescribed pharmacological agents 

that act specifically on the central nervous system as stated in the Physicians’ Desk 

Reference (pharmacological reference) sections on actions and side effects; (2) history 

of psychiatric illness, senility, or other conditions that may impair the subject’s ability 

to provide informed consent; (3) any subject with a positive response to the 

questioning of taking substances that affect EPs (i.e., alcohol, narcotics, stimulants, 

or neurotropic drugs) such that the subject is unable to provide informed consent; and 

(4) subjects who have had previous surgery, injury, or altered sensations involving the 

central nervous system.

To maintain representiveness of the sample the following characteristics were 

recorded: ethnic status, birth date, arm length, medical history, current medications, 

past surgical and anesthetic history, and smoking history. Attrition was not an issue 

of concern in this study because data sampling occurred only once.

Overview of the Study Procedures

According to Chiappa (1990), electrode locations and channel derivations for 

SSEP recordings are based on two principles: (1) the waveforms are best recorded 

from electrode sites on the body surface closest to the presumed generator sources 

along the somatosensory pathways, and (2) studies of the potential-field distribution of
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each waveform of interest dictate the best techniques to be used. For upper limb 

testing the reference point for latency measurements is the time when the action 

potential in the mixed peripheral nerve conducts through some point in the brachial 

plexus and this activity is best recorded by an electrode placed at Erb’s point in the 

supraclavicular fossa.

Noninvasive surface electrodes were applied and secured to ten prepared areas 

on each subject’s skin according to the guidelines set by the American 

Electroencephalographic Society (1994). The voltage of the stimulus (gradually 

increased from zero to the first visible motor twitch of the thumb to prevent any 

discomfort) was adjusted for each individual subject to confirm adequate placement 

for stimulation of the mixed nerve. The number of responses to be averaged depends 

on the noise present and the voltage used (AEEGS, 1994) According to Grundy

(1995), the number of averaged responses for median nerve near-field evoked 

potentials can range from 64 to 256. For this study, each median nerve received 256 

electrical stimuli (the maximum level) to reduce the sources of noise and to improve 

the signal-to-noise ratio. Averaged measurements of the evoked responses were 

recorded at five different sites (generators) along the neural pathway. The five sites 

for measurement along the neural pathway included the brachial plexus, the cervical 

spinal cord, the thalamus and brain stem, the right sensory cortex, and the left 

sensory cortex. According to the AEEGS standards (1994), a minimum montage 

requirement is four channels for SSEP measurements. Three repeated measurements 

were conducted on each median nerve. According to the Association for the
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Advancement of Medical Instrumentation (AAMI) standards (1989), the mean values 

of an instrument measurements should be calculated with an odd number of 

measurements.

Human Subject Considerations

The investigator obtained permission for the study from the Institutional 

Review Board before any subjects were enrolled. Four main considerations for the 

protection of human subjects identified by Ryan-Wenger (1992) were addressed with 

each subject.

First, all subjects have the right to full disclosure, which implies obtaining 

informed consent. All subjects were informed of the procedure and purpose of the 

study by the investigator, which was followed by allowing each subject to read the 

informed consent or to have the informed consent read to them. All questions and 

concerns of the subject were addressed. Second, all subjects had the right of self- 

determination (freedom from coercion). Subjects were informed of their right to 

participate or refuse to participate in the study and their right to withdraw at any 

time, without any consequences.

Third, all subjects have the right to privacy, confidentiality, and anonymity. 

Subjects were assured that their anonymity, confidentiality, and privacy would be 

protected. During data collection only subject numbers were recorded on the data 

collection sheet. No names were used on any records or printed reports. All data 

were stored in a locked cabinet at the home of the investigator and a copy of the data 

on a computer disk was stored in a locked cabinet at the University of Cincinnati
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Medical Center. Data will be destroyed five years after completion of the study. 

Fourth, all subjects have the right not to be harmed physically, psychologically, and 

socially. Subjects were informed of the risks and benefits of participation in the 

study. Risks included: (1) skin irritation after preparation of the sites for electrode 

placement with Nuprep, (2) skin irritation from the Ten 20 Paste used for the skin- 

electrode interface, (3) discomfort in the hand with the initial adjustment of the 

electrical stimulus, and (4) electrical shock with possible tissue damage, considered to 

be a minimal risk.

Health care benefits to the subjects were the assessment of SSEPs on the right 

and left median nerves. Subjects were notified of the test results and informed 

whether the results were normal or abnormal. If an abnormality did exist, subjects 

would be encouraged to have further medical evaluation. A monetary benefit of 

twenty-five dollars was paid to each subject participating on the study for 

reimbursement of their time.

Instruments

Content Validity Index

Ten items from the research protocol were selected for assessment of content 

validity by a panel of seven experts. The seven experts consisted of two M.D.s, 

three Ph.D.s, and two EP technicians, who are knowledgeable of neurophysiologic 

monitoring and protocols for measuring SSEPs and who are involved in the clinical 

and intraoperative measurement and interpretation of EPs. All experts are members 

of either the American Society of Neurophysiologic Monitoring and/or the American
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Electroencephalographic Society.

The items from the protocol for assessment were: the type of evoked potentials 

being used to measure functional integrity of the neural structures (nonsimultaneous 

repeated measurements of the right and left median nerves), the generators of obligate 

peaks (brachial plexus, cervical spinal cord, brain stem and thalamus, and right and 

left sensory cortex), the common reference (midforehead), the ground electrode 

placement (left forearm), the impedance set on the EP system (<  5 kilohms), the 

stimulus repetitions per measurement (256), the filter settings (channel 3, 4, & 5: low 

- 30 and high - 3000, channels 1 and 2: low - 30 and high - 750), the types of 

electrodes to be used (paired electrode on each wrist and eight skin-surface, silver 

metal cup electrodes), the areas for placement of the electrodes for measurements, 

and the subject sample for the study.

Following a review of the literature, the ten items were selected from the 

protocol because the characteristics from the protocol appear to be relevant to 

individual clinicians when measurements are conducted. No published studies were 

found where the Bio-logic Evoked Potential System was used to measure SSEPs on 

the median nerve. Assessment of the protocol’s content validity for the study by the 

seven experts was needed before submission to the Institutional Review Board.

Content validity of the protocol was assessed by the four option rating scale of the 

Content Validity Index (see Appendix C). The items from the protocol were 

considered accurate if there was eighty to one hundred percent agreement on each 

item with the rating of 3 (relevant but could have minor alterations and still be
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relevant) or 4 (very relevant and succinct) by a panel of seven experts (Lynn, 1986). 

Bio-logic’s Evoked Potential System

Somatosensory evoked potentials on the median nerves were measured using 

the Bio-logic’s Evoked Potential System (version: 5.67, model: 755), a 

microcomputer-based system designed to collect and analyze scalp-recorded brain 

activity. The evoked potential system contains a multichannel subsystem for 

amplification, filtering, and analog-to-digital conversion of low-level EP signals. 

During data collection, the computer sends out a synchronized pulse to activate a 

stimulus device. Electrodes then transmit the electrical signals from the subject to the 

electrode connection device. EPs can not be seen in routine EEG recordings because 

of their low amplitudes and their admixture with background brainwave activity and 

artifacts. The EP must be extracted from the background activity by the technique of 

computer-signal averaging. The signals are sent to the computer for further 

amplification and frequency filtering.

With upper extremity SSEPs, recorded waveforms can be generated and 

recorded from the following structures: (1) brachial plexus, proximal cords, spinal 

nerves, and dorsal roots; (2) dorsal root entry zone-dorsal horn; (3) posterior columns 

(primarily cuneate fasciculus); (4) dorsal column nuclei (primarily nucleus cuneatus); 

and (5) medial lemniscus (Chiappa, 1990).

Electrode Placement. Guidelines on evoked potentials were established in 

1984 by the American Electroencephalographic Society (AEEGS) and then revised in 

1991. According to the AEEGS guidelines, Cc (cerebral contralateral) and Ci
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(cerebral ipsilateral) correspond to C3 (cerebral 3) and C4 (cerebral 4) positions on 

the International 10-20 System, respectively contralateral and ipsilateral to the 

stimulated limb (1994). CPc (cerebral parietal contralateral) and CPi (cerebral 

parietal ipsilateral) correspond to positions halfway between C3 or C4 and P3 or P4 

(see Figure 5). CVS denotes electrode position over the interspinous space of the 

fifth cervical vertebrae. EPi corresponds to an electrode over Erb’s point, ipsilateral 

to the stimulated limb. Fz denotes a cephalic common reference on the frontal 

portion of the scalp/forehead. Oz, also labeled onion, is the point of maximum height 

of the occipital protuberance.

Terminology. The system nomenclature for SSEP waveforms uses N or P to 

designate the presumed polarity of the recorded signal (negative or positive), and an 

integer to denote the nominal poststimulus latency of the signal (AEEGS, 1994).

Designation of Components. SSEPs following median nerve stimulation 

include the following components: (1) EP (N9), the propagated volley (nonstationary 

aggregate of nerve impulses) passing under Erb’s point; (2) N13, the nonpropagated 

(stationary) cervical potential recorded referentially from the dorsal neck (reflecting 

postsynaptic activity in the cervical cord); (3) P14, a subcortically generated far-field 

potential, recorded referentially from the scalp electrodes (reflecting activity in the 

caudal medial lemniscus); (4) N18, a subcortically generated far-field potential, 

referentially recorded from the scalp electrodes ipsilateral to the stimulated nerve 

(reflecting postsynaptic activity from multiple generator sources in the brain stem and 

the thalamus); and (5) N20, reflecting activation of the primary cortical
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somatosensory receiving area (AEEGS, 1994).

Far-field and near-field are terms used to classify potentials. Far-field 

potentials arise from the subcortical neurogenerative sources (i.e., brain stem) that are 

relatively "far away" (at a considerable distance) anatomically from the scalp 

electrodes (Cooper & Stirt, 1989). Near-field potentials are stimuli that are recorded 

by electrodes close to the neurogenerative source (i.e., sensory cortex) (Cooper et al.,

1989).

Recording. The minimal montage (a composite picture made by combining 

several separate pictures) recommended by the AEEGS (1994) is a four channel 

recording and is as follows: Channel 4: CPc - Fz (or CPi); Channel 3: CPi - EPc 

(noncephalic reference); Channel 2: C5S - EPc; Channel 1: EPi - EPc. In the 

montage, the channels are numbered from bottom to top. Channel 1 of the montage 

registers passage of the afferent volley past Erb’s point (EP). Channel 2 records 

principally the stationary cervical potential. Channel 3 registers subcortical far-field 

potentials of the thalamus and brain stem, including P14 and N18. Channel 4 records 

the primary cerebral cortex as N20. This study added a fifth channel, labeled Fz-Oz, 

for recording to observe the thalamus and brain stem generators from another aspect. 

The montage for this study was the following recordings: (1). EPc - EPi; (2). EPc - 

CVS; (3). Fz -Oz; (4). EPc - CPi; and (5). Fz - CPc.

Filters. Filtering helps to eliminate several types of artifact which can obscure 

the EP results. Four types of filters are: (1) the high pass filter, (2) the low pass 

filter, (3) the notch filter, and (4) a digital smoothing filter. Filters exist because the
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body and the environment are full of many types of electrical signals, including those 

that have nothing to do with EPs or monitoring. High pass filters attenuate low 

frequency activity and low pass filters attenuate high frequency activity. The settings 

of the high and low filters depend on the type of EP measurement, on the subject, and 

on the types of artifacts and noise present during recordings. The special notch filters 

are designed primarily to attenuate only the 60-Hz artifact that comes from the main 

electrical power lines supplying wall sockets and most equipment. The high, low, 

and notch filters are analog filters which affect the recorded voltages at the time of 

amplification prior to the conversion of voltages into digital numbers. Although the 

notch filter affects a narrow part of the frequency spectrum in an EP, the frequency 

of the filtered band may form an important part of the EP (Misulis, 1994). The EP 

maybe distorted significantly by the notch filter; thus, this filter should not be used 

routinely (Misulis, 1994).

The digital smoothing filter acts to average together the data from several 

consecutive points in time within an averaged EP. With the artifact rejection setting 

enabled, the smoothing function tends to reduce discontinuities caused by fast 

transients such as muscle artifacts. The smoothing process uses a weighted averaging 

procedure to reduce high frequency components and make the waveform appear 

"smoother". This process affects the displayed waveform but not the data saved.

The gain settings on the computer were set at 75000. The term gain reflects 

the degree of amplification and relates to the sensitivity of the measurements 

(Bio-logic Systems Corp., 1990). The higher rate of gain relates to a lower level of
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sensitivity.

Settings for the filters, smoothing process, and gain were discussed with 

Robert W. Keith, Ph.D., director of intraoperative monitoring at the University of 

Cincinnati, and reflected the settings used at the University of Cincinnati Medical 

Center for intraoperative monitoring of surgical patients. Filter settings were included 

in the protocol items for content validity evaluation by a panel of experts.

Averaging. Averaging was conducted by the Bio-logic digital computer.

First, the computer recorded electrical activity during the selected time period.

Second, the computer converted the continuous voltage charge of the analog signal 

into a sequence of numbers. Next, the computer added the numbers representing the 

recordings of successive responses. Last, it scaled the responses to calculate the 

average. A segment of the amplified signal was sampled at regular intervals and 

converted into a digital signal, which was a series of numeric values representing the 

voltage at each sampling point. The investigator marked and labeled peaks with 

different polarities with the computer cursor for analysis. All SSEP measurements 

were collected, marked, and labeled by the same investigator with the same 

instrument.

Electrical Safety. Prior to data collection, the Bio-logic instrument was tested 

for voltage accuracy and electrical leakage by the institution’s biomedical engineering 

department. Leakage current to the subject should be less than 10 microAmperes, 

and leakage current to the instrument case must be less than 100 microAmperes 

(Grundy, 1995; NFPA, 1984).
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Calibration. The Bio-logic instrument was calibrated prior to data collection 

by the investigator. Calibration was accomplished using the Precision Square Wave 

Calibrator as recommended by the Bio-logic Systems (Bio-logic Systems Corp., 1990) 

(see Appendix E).

Measurement Tool

The arm length of the right and left arms from the wrist crease to Erb’s point 

was measured using a routine surgical tape measure by the investigator. No validity 

and reliability information existed in the literature to assess a measurement protocol 

or the anatomical landmarks. Three consecutive measurements were obtained of each 

arm. Consistency and reproducibility were assessed when the investigator measured 

the arm length with the same tape measure. The three measurements on the right arm 

and the left arm were averaged and calculated for a mean value.

Procedure - Part 1 

Procedure for Accuracy Assessment

First Question. What is the content validity of a research protocol that is a 

step by step method for measuring SSEPs (as assessed by a panel of experts)?

A panel of seven experts (i.e., M.D.s, Ph.D.s, and EP technicians) in the area 

of neurophysiologic monitoring was contacted to assess the protocol for content 

validity. According to Lynn (1986), a minimum of five experts would provide a 

sufficient level of control for chance agreement, but one hundred percent agreement is 

needed. This study used seven experts for the assessment of content validity for the 

protocol, where one or more can be in disagreement and the instrument can be
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assessed content valid (Lynn, 1986). Content validity is the determination of the 

content representiveness or content relevance of the elements/items of an instrument 

(Lynn, 1986).

The number of experts needed and the proportion of those experts that must 

agree for content validity to be established can be decided by application of the 

standard error of proportion; content validity can be quantified with application of the 

Content Validity Index (Lynn, 1986). Calibration is done by determining the 

proportion of the number of experts who might agree out of the total number planned 

for use, and then setting the standard error of the proportion to identify the cut-off for 

chance versus real agreement (Lynn, 1986). According to Lynn’s table of proportions 

of experts agreeing on the content validity of an item, five or fewer experts must all 

agree on the content validity for their rating to be considered a reasonable 

representation to establish content validity beyond the 0.05 level of significance 

(Lynn, 1986).

Copies of the protocol, list of content relevant items from the protocol, and a 

Content Validity Index (CVI) were sent to each expert (see Appendix C). The 

content validity index consisted of a 4-option rating scale: 1 = not relevant; 2 = 

unable to assess relevance without item revision or item is in need of such revision 

that it would no longer be relevant; 3 = relevant but could have minor alteration and 

still be relevant; and 4 =  very relevant and succinct. This 4-point quantifiable scale 

was preferable because it did not include the ambivalent middle rating. Also, the 

experts were asked to identify any areas that they felt were relevant and had been
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omitted from the protocol, asked if the protocol should include measurement of the 

subjects’ vital signs before data collection, and asked to include any further comments 

in regards to the protocol.

Procedure - Part 2

After obtaining approval from the IRB (see Appendix A) and the content 

validity had been assessed by a panel of experts, data collection of SSEPs on the right 

and left median nerves began. Notices were posted within the University of 

Cincinnati and the University of Cincinnati Medical Center seeking volunteers for this 

study (see Appendix F). The investigator scheduled appointments for data collection 

with the volunteers.

This research design used healthy volunteer ASA I and II subjects (see 

Appendix B) between the ages of 18 and 60 years. Prior to data collection, two 

subjects were a part of a pilot study to test the protocol for workability, to strengthen 

the research technique and to make the routine of measurements an art form, thus 

increasing internal validity and rater reliability by measuring the truth and accuracy of 

the EPs.

Prior to data collection, the Bio-logic Instrument was checked for electrical 

leakage and calibrated using the Bio-logic Precision Square Wave Calibrator to 

increase accuracy of the data obtained from the instrument. A known calibration 

signal of approximately the same amplitude as the biologic signal of interest at the 

electrode board was used, and the signal was processed by the amplifier and averager 

system, and displayed and plotted to provide a check of polarity, amplitude, latency,
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and Alter characteristics of the system.

At the scheduled appointment, informed consent was obtained (see Appendix 

G). Demographic data about each subject were collected and recorded on the data 

collection sheet (see Appendix D) and on a computer disc. Demographic data 

included ethnic status, sex, age, height, weight, smoking history, medical history, 

surgical and anesthetic history, and current medications.

Procedure for Precision Assessment

Second and Third Questions. What is the precision of repeated measurements 

across five generators of SSEPs of the right and left median nerves using the 

Bio-logic Instrument? What is the difference in the repeated measurements of SSEPs 

on the median nerves between males and females?

The subjects were allowed to relax for five minutes in a reclining lounge chair 

with a pillow to minimize neck muscle tone (Chiappa, 1990), while a skin 

temperature was measured with a Sham Crystalline temperature indicator. Muscles at 

the recording sites, especially the scalp and neck muscles, should be relaxed to avoid 

contamination of the SSEPs by muscle potentials (Misulis, 1994). If the skin 

temperature of the arm was excessively cool ( < 9 0  degrees Fahrenheit), the 

extremities were covered with a blanket to prevent further cooling of the skin or a 

further decrease in skin temperature. Extremity skin temperature should be kept 

between 30 and 35 degrees C (DeLisa et al., 1994). A decrease in the temperature 

may prolong peak latencies (Misulis, 1994). Peripheral limb temperature affects the 

conduction velocity of the stimulus along the nerve. The cooler the peripheral limb
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temperature is the greater the peripheral limb velocity. The room was as quiet as 

possible with the temperature comfortable for the subject.

After assessing the subject’s comfort, the investigator instructed the subject not 

to talk or move during the SSEP measurements. Next, using universal precautions, 

the investigator prepared the skin surfaces for electrode placement. The skin surfaces 

were cleaned with Nuprep (D.O. Weaver Co., Denver, Colorado), an abrasive 

pumice paste (liquid preparation with fine sand) on cotton tipped applicators. Proper 

preparation of the electrode-subject interface required the use of a mild abrasive and 

cleansing agent to remove skin oils, dirt, and dead cells which act as insulation 

impeding the flow of the current. Both needle and surface electrodes are considered 

acceptable and show no significant difference in test results (Chiappa, 1990). This 

study used skin and scalp surface electrodes to decrease the incidence of subject 

discomfort. Paired electrodes were placed on each arm between the palmaris longus 

and flexor carpi radialis tendons. The disk electrodes have a larger surface area 

allowing for a more even delivery of current over adjacent tissue. The anode disk of 

the stimulating bar electrode was distally at the level of the proximal wrist crease and 

adjusted to get the thumb twitch. Ten 20 Paste (D.O. Weaver Co., Denver, 

Colorado), interface conducting material, in small amounts was applied to each 

electrode if needed.

One centimeter (cm) silver metal cup electrodes with a small central hole and 

a flat rim were heavily covered with Ten 20 Paste, placed at the interface, covered 

with a 2X2 gauze or cotton balls, and secured with clear plastic tape as needed. Cup
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electrodes (2) were placed over each brachial plexus (Erb’s point) at a point 2-3 cm 

bisecting an angle formed by the posterior border of the clavicle head of the 

sternocleidomastoid and trapezius muscles and the clavicle (or about 2 cm above the 

midpoint of the clavicle). One ground cup electrode was placed on the left forearm.

A cup electrode was be secured on the skin over the interspinous process of the fifth 

cervical spine and referenced to the cephalic common reference (Fz) on the frontal 

portion of the scalp/forehead (see Figure 6). One electrode was secured to the area 

immediately below the occipital protuberance (Oz). The midline (midsagittal plane) is 

labeled Z.
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Figure 6. Median nerve somatosensory evoked potential schematic diagram of the 

electrode placement.

Next, scalp electrodes were placed at CP3 and CP4 (sensory parietal cortex 

locations) according to the International 10-20 System (see Figure 7), where even 

numbers are used for the left side and odd numbers for the right side, with larger 

numbers successively further from the midline. The international system of 

placement of 10 to 20 electrodes normalized the placement for physiologic variables 

in skull shape and size and is used for electrode placement for EP monitoring. The 

sensory cortex electrodes (CP3 and CP4) were placed 2 cm behind C3 and C4 which
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are located 3 to 4 cm behind the central plane and 7 cm lateral from the midline.

FOREHEAD
REFERENCE

FRONT

REFERENCE

RIGHT MEDIAN NERVE 
CP3 LEFT MEDIAN NERVE 

CP4

INION

TOP OF HEAD

Figure 7. International 10-20 System standardization of scalp electrode location.
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Each median nerve was stimulated separately (nonsimultaneous) to increase 

sensitivity of the SSEPs in providing a clear measurement of functional integrity of 

neural structures and in detecting differences in neural conduction on either the right 

or left median nerve. The selection of which median nerve to measure the first 

somatosensory evoked potentials was random. Random selection of the median 

nerves was designed to decrease bias. Randomization occurred prior to data 

collection. Using a table of random numbers (Blalock, 1979), cards for each group 

were designated as right or left median nerve and sealed in envelopes with the subject 

number on the outside. The division of right or left median nerve was equal for each 

group. The randomization was done by a fellow researcher without the investigator’s 

knowledge. Using numerical sequence, an envelope was drawn from the appropriate 

group as subjects were entered into the study. If a subject withdrew or the study was 

discontinued or terminated due to equipment failure, the research number would be 

used again.

Following stimulation of the median nerves, waveforms were recorded from 

the neural pathway response along five generators (channels). These measurements 

were displayed on the monitor as the following: channel 1 - Erb’s point (brachial 

plexus), a near-field wave; channel 2 - cervical spine (fifth cervical vertebrae), a 

near-field wave; channel 3 - brain stem and thalamus, a far-field wave; and channels 

4 and 5 - right and left sensory cortex, a near-field wave. Electrodes were connected 

in marked designated slots in the electrode headbox and the wrist electrodes were 

plugged into the stimulator gauge.
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Near-field potentials are electrical activity of biologic origin generated near the 

recording electrodes (DeLisa et al., 1994). Far-field potentials are defined as 

electrical activity of biologic origin generated at a considerable distance from the 

recording electrodes (DeLisa et al., 1994).

After placement of all electrodes, electrical impedance measurements were 

checked for integrity of the electrodes. Electrode impedance, or opposition to 

alternating current flow, was measured to ascertain good electrical contact between an 

electrode and the scalp or skin after the electrode has been applied (Misulis, 1994). 

Impedance should be less than 5 kilohms overall and less than 3 kilohms 

interelectrode (AEEGS, 1994; Legatt, 1995). For this study, the impedance was set 

for less than 5 kilohms (K). A comparison of all five generators for each median 

nerve should reflect a relative close measurement of impedances (differences between 

1 K or less) (R. Clark-Bash, personal correspondence, November 18, 1997).

The stimulator gauge was set at zero, and gradually, the stimulus intensity 

(current) was increased until a thumb twitch was visualized, so not to cause undue 

discomfort. The stimulus intensity was noted on the data collection sheet for each 

subject. Hume and Cant (1978) found that the amplitude of all components of median 

nerve SSEPs increased significantly when the stimulus intensity was increased just 

above sensory threshold to a level which was just below that producing a thumb 

twitch, but further increases in intensity produced only slight increases in amplitude. 

Discomfort during SSEP stimulation was reduced by minimizing current intensity and 

increasing the stimulus electrode surface area. Rate of stimulation was usually limited
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by pain. Stimulation at rates exceeding 5/second often produces a moderately painful 

tightening of the thumb muscle (Nuwer, 1986). The rate of stimulation for this study 

was set at 4.1/second which had little detrimental effect on SSEPs while allowing a 

large series of stimuli to be delivered in a reasonable period of time. During data 

collection, the evoked potential waveforms were displayed for observation on the 

computer monitor with a split screen (see Appendix I - recording of a study subject’s 

SSEPs). The stimulation and recording settings of the research protocol are 

summarized in Table 1.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



65

Table 1

Bio-logic Evoked Potential Instrument Settings

STIMULATION RECORDING

Sites:
1. Right median nerve at wrist
2. Left median nerve at wrist

Two electrode pairs: paired disks on bar 
(cathode proximal) on right & left 
wrists.

Eight cup skin electrodes: right & left 
Erb’s point, forearm ground, CP3, 
CP4, CVS, Oz, and Fz reference.

Constant electrical current: sensory 
threshold (usually 2-10 mA)

Only one site is stimulated for a given 
SSEP average (nonsimultaneous).

Duration: 250 milliseconds

Rate: 4.1 Hertz/second

Stimulus repetitions: 256

Impedance: < 5  Kilohms and <3 
Kilohms interelectrode

Channel 4 & 5: primary somatosensory 
cortex
CP3 - right and CP4 - left 
Cpc - contralateral 
Cpi - ipsilateral 
referenced to EPc and Fz 

Electrode positions designated 
according to International 10-20 
System.

Channel 3: brain stem and thalamus 
Fz - Oz

Channel 2: cervical spinal cord
CVS (skin over interspinous space of 
fifth cervical vertebra)
Epc-CVS

Channel 1: brachial plexus 
Erb’s point 
Epc-Epi

Common reference: midforehead (Fz)

Ground: forearm

Filters: low - 30 & high - 3000 for 
channel 3, 4, & 5 and low -30 & 
high - 750 for channels 1 & 2

Note: CP =  cerebral parietal; Ep = Erb’s point; c =  contralateral; i = ipsilateral; 
Fz = forehead reference; Oz =  occipital protuberance; CVS = fifth cervical spine.

After measurements were completed, the electrodes were removed and cleaned 

with a tooth brush, antibacterial soap, and hot running water according to the unit
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protocol. The subjects were assisted in removing any remaining Ten 20 Paste from 

the skin surface and allowed to sit on the edge of the stretcher for five minutes 

before standing after completion of arm measurements.

Procedure for Measurement of Arm Length

Fourth Question. What is the relationship between the length of the arm from 

the wrist crease (posterior surface) to the Erb’s point (a point at the angle between the 

clavicle and the posterior border of the sternocleidomastoid and trapezius muscles, or 

at about 2 cm above the midpoint of the clavicle) and the poststimulus latency 

measurements?

Following the collection of the demographic data and assessing the subject’s 

comfort, the measurement process of arm length began. The length of the arm (i.e., 

nerve length) was measured from the wrist crease on the posterior surface of the arm 

to Erb’s point, which is a point at the angle between the clavicle and the posterior 

border of the sternocleidomastoid and trapezius muscles (about 2 centimeters above 

the midpoint of the clavicle).

The subject’s arm length was measured with a routine surgical tape measure 

by the investigator. Currently, no information on the validity and reliability of a tape 

measure protocol exists in the literature. For this study, three measurements were 

taken consecutively on the right arm. As recommended by AAMI (1989), an odd 

number of measurements will be assessed and averaged for the mean value. The 

measurements were recorded on the data collection sheet. Without changing the 

subject’s position, the surgical tape measure was applied to the left arm for three
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consecutive measurements. The three measurements were averaged into a single 

measurement value. Consistency were assessed by repeated measurements of the arm 

length by the same investigator using the same tape measure.

The subjects were thanked for their voluntary participation in the study, given 

twenty-five dollars for reimbursement of their time, and reassured that they would be 

contacted regarding results of their tests.

Data Management 

Data were analyzed using the Statistical Package for the Social Sciences 

(SPSSX) for Windows™ 95 software and Statistical Analysis System (SAS) for 

Windows™ 95 software (Microsoft Corporation: Redmond, Washington) to answer 

the research questions for this study, following consultation with a statistician from 

the Institute for Data Science at the University of Cincinnati. Descriptive statistics 

were calculated from the demographic data (mean, standard deviation, and range of 

age, temperature, arm length, stimulus, and height; ethnic status will be totaled).

The Bio-logic digital computer recorded electrical activity during the selected 

time period and converted the continuous voltage charge of the analog signal into a 

sequence of numbers. The computer added the numbers representing the recordings 

of successive responses and scaled the responses to calculate the average for each time 

period. A segment of the amplified signal was then sampled at regular intervals and 

converted into a digital signal, which was a series of numeric values representing the 

voltage at each sampling point. The investigator marked and labeled peaks with 

different polarities with the computer cursor for analysis. The averaging data,
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produced by the Bio-logic digital computer, were recorded as a hard paper copy with 

a graphic display of the averaged SSEPs of the five generators for both the right and 

left median nerves and with numerical averages for latencies, interwave latencies, and 

amplitudes of the designated positive and negative points. The data results were also 

recorded and stored on a computer disk.

The investigator received three teaching sessions involving computer 

monitoring and data acquisition prior to data collection. The training sessions was 

performed by Robert W. Keith, PhD, professor and director of audiology and 

intraoperative neurophysiologic monitoring at the University of Cincinnati Medical 

Center. Follow-up sessions were conducted by Tiffany Frye, EP technician at the 

University of Cincinnati. Also, the investigator was involved in evoked potential 

measurements of two subjects following the training sessions to assess validity and 

reliability of computer monitoring techniques and data acquisition.

Prior to data marking and labeling, the investigator marked and labeled blinded 

data from the University of Cincinnati intraoperative monitoring stored bank. The 

same eight data sets were also marked and labeled by Robert W. Keith, PhD, director 

of intraoperative monitoring at the University of Cincinnati. Two generators, cortical 

and brain stem, were marked and labeled for negative and positive latency points. All 

four marked and labeled latency points were analyzed with a correlation statistical 

method in SPSSX for Windows™ 95 by Marilyn S. Sommers, PhD, RN, to 

determine if a relationship existed between the expert markings of Robert W. Keith, 

PhD, director of intraoperative monitoring at the University of Cincinnati, and the
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investigator after the educational sessions (see Appendix H). The correlation between 

the investigator and an expert was r =  .799 to 1.00 (p <0.05).

According to Chiappa (1990), most laboratories use 2.5 (98.8%) or 3 (99.7%) 

standard deviations from the mean results of the evoked potential measurements.

The standard deviation multiple used as the limit of normal must include at least 98% 

of the population being tested (Chiappa, 1990). For this study the alpha was set at 

0.05, which is the appropriate level needed to insure that a Type I error does not 

occur (Lipsey, 1990). A moderate effect size of 0.60 was selected due to the absence 

of published research on the validity and reliability of the instrument. Cohen (1988) 

suggests that a small to moderate effect size be used by investigators in situations 

where previous minimal research exists. According to Lipsey (1990), the power used 

for a study should be the minimum value of 0.80 that will insure correct statistical 

inferences. This study used a power of 0.80.

First Question

The first question stated: What is the content validity of a research protocol 

that is a step by step method for measuring SSEPs (as assessed by a panel of 

experts)? The percent agreement was mathematically calculated for each item listed 

on the form for assessment of content validity. The items were rated by the 4-option 

scale of Lynn’s (1986) Content Validity Index. The panel of experts consisted of 

seven experts (M.D.s, Ph.D.s, and EP technicians) who were knowledgeable of 

neurophysiologic monitoring and protocols for measuring somatosensory evoked 

potentials and who were involved in clinical and intraoperative measurement and
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interpretation of evoked potentials. The experts were members of the American 

Society of Neurophysiologic Monitoring and/or American Electroencephalographic 

Society.

Second Question

The second question stated: What is the precision of repeated measurements 

across five generators of SSEPs of the right and left median nerves using the 

Bio-logic Instrument? The second step of data analysis used repeated measures 

analysis of variance (ANOVA) full model with General Linear Models (GLM) 

Procedure to statistically analyze the measurements of latency, interwave latency, and 

amplitudes for reliability for between and within the study groups. The GLM 

procedure uses the method of least squares to fit general linear models and has several 

statistical methods available: regression, analysis of variance, analysis of covariance, 

and partial correlation (SAS, 1990). GLM handles classification variables, which 

have discrete levels, as well as continuous variables, which measure quantities (SAS,

1990). Also, GLM allows the statistician to specify any degree of interaction (crossed 

effects) and nested effects.

Third Question

The third question stated: What is the difference in the repeated measurements 

of SSEPs on the median nerves between males and females? Analysis of the data for 

this research question involved an ANOVA full model with GLM Procedure of the 

measurements for each gender to determine if there was a difference in the 

measurements across genders.
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Fourth Question

The fourth question stated: What is the relationship between the length of the 

arm from the wrist crease (posterior surface) to the Erb’s point (a point at the angle 

between the clavicle and the posterior border of the sternocleidomastoid and trapezius 

muscles, or about 2 cm above the midpoint of the clavicle) and the poststimulus 

latency measurements? For the final question, the statistical method analysis of 

covariance (ANCOVA) was used to determine if a relationship existed between arm 

length and poststimulus latency measurements. With the ANCOVA, the investigator 

was allowed to determine the relationship between a categorical variable (independent) 

and a continuous outcome variable (dependent), because the mean arm length was 

considered a constant variable while the poststimulus latency variable changed.
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CHAPTER IV 

RESULTS 

Introduction

This study sought to answer the following research questions: (1) What is the 

content validity of a research protocol that is a step by step method for measuring 

SSEPs (as assessed by a panel of experts)?; (2) What is the precision of repeated 

measurements across five generators of SSEPs of the right and left median nerves 

using the Bio-logic Instrument?; (3) What is the difference in the repeated 

measurements of SSEPs on the median nerves between males and females?; and (4) 

What is the relationship between the length of the arm from the wrist crease 

(posterior surface) to the Erb’s point (a point at the angle between the clavicle and the 

posterior border of the sternocleidomastoid and trapezius muscles or about 2 cm 

above the midpoint of the clavicle) and the poststimulus latency measurements?

Statistical analysis for the first research question was accomplished by using 

Lynn’s (1986) Content Validity Index with percent agreement calculated to assess 

content validity of the research protocol items. For the second question, repeated 

measures ANOVA full model with General Linear Models (GLM) Procedure was 

used to answer the Bio-logic Instrument measurements of somatosensory evoked 

potentials on the right and left median nerves. An ANOVA full model with GLM 

Procedure was used to answer the third research question, if a difference existed in 

the measurements of SSEPs of the median nerves between males and females. The 

fourth question was answered by ANCOVA to assess if a relationship existed between
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the length of the arm (length of the nerve) and the poststimulus latency measurements 

at Erb’s point. Statistical significance was set a priori at the alpha level =  0.05 level.

Description of the Sample 

The sample consisted of 52 healthy adults between the ages of 18 and 60 

years. The sample was equally divided by genders: 26 males and 26 females. 

Inclusion criteria for all subjects included adults who were neurologically normal (no 

history of neurologic abnormalities or deficits) and had no family history of inherited 

neurological disorders. Excluded from the study were all subjects with a history of 

taking prescribed pharmacological substances that act specifically on the central 

nervous system or that affect evoked potential measurements or a history of having 

had previous surgery, injury, or altered sensations involving the CNS.

Racial makeup of the two groups included: 3 African Americans and 23 

European Americans in the female group; and 5 African Americans and 21 European 

Americans in the male group. A summary of the general characteristics of the study 

subjects is displayed in Table 2.
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Table 2

General Characteristics of the Study Subjects

Characteristics Mean SD Range

Age (years)

Female 36.50 8.13 25 to 52

Male 37.31 9.57 21 to 60

Temperature (degrees)

Female 93.61 1.74 90 to 97

Male 93.88 1.65 90 to 97

Height (inches)

Female 65.52 2.59 61 to 71

Male 70.52 2.03 66 to 74

Arm Length (cm)

Female 62.59 3.73 55 to 70

Male 67.96 2.70 61 to 74

Stimulus (mA)

Female 5.07 1.35 3 to 8.6

Male 6.08 1.72 3.5 to 12

Note: SD = standard deviation: cm = centimeters: mA = milliAmpheres.

Multiple t-tests were computed on the general characteristics of the two 

groups. The results showed a statistically significant difference (p <_ 0.05) between
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the two groups in three of the five general characteristics: height (t =  -7.748, g = 

0.001); arm length (t = -5.947, g = 0.001); and stimulus (t =  -2.355, g = 0.022). 

The general characteristics of age (t = -0.329, g =  0.744) and skin temperature (t = 

-0.574, g =  0.568) were similar for males and females and the t-tests showed no 

statistically significant difference (g >_ 0.05).

Findings

Content Validity Assessment

To test the first research question, a panel of seven experts (i.e., two M.D.s, 

three Ph.D.s, and two EP technicians) in the area of neurophysiologic monitoring 

were contacted to assess the protocol for content validity. According to Lynn (1986), 

a number of five or fewer experts would provide a sufficient level of control for 

chance agreement, but one hundred percent agreement was needed. This study used 

seven experts for the assessment of content validity for the protocol, where one or 

more can be in disagreement and the instrument can still be assessed for content 

validity.

A letter of introduction and explanation, copies of the protocol, list of content 

relevant items from the protocol, and a Content Validity Index (CVI) were sent to 

each expert (see Appendix C). The CVI consisted of a 4-option rating scale: 1 = not 

relevant; 2 =  unable to assess relevance without item revision or item is in need of 

such revision that it would no longer be relevant; 3 = relevant but could have minor 

alteration and still be relevant; and 4 =  very relevant and succinct. Also, the experts 

were asked to identify any areas that they felt were relevant and had been omitted
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from the protocol, asked if the protocol should include measurement of the subjects’ 

vital signs before data collection, and requested inclusion of any further comments in 

regards to the protocol.

The content validity assessment occurred in two stages. The first stage 

consisted of mailing to the experts the first evaluation, reviewing the return 

evaluations from the experts, and revising the items for evaluation. Five responses 

were received out of a total of seven experts. The five responses were received from 

three Ph.D.s and two evoked potential technicians. The two M.D.s contacted the 

investigator by E-mail to retrieve more information and to seek further explanation of 

content validity and the research protocol.

The revised list of content relevant items, the CVI, and the research protocol 

was mailed to the seven experts for the second stage. Five responses were received 

from three Ph.D.s and two EP technicians. Again, the M.D.s responded with more 

questions in regards to content validity. After reviewing and calculating the five 

responses, the percent agreement for the revised list of content relevant items was 

calculated to be one hundred percent (see Table 3). Following consultation with the 

dissertation committee chairperson, the investigator proceeded with the research 

proposal after receiving a one hundred percent agreement from five experts.
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Table 3

Results of the Content Validity Assessment for Items in Research Protocol

ITEMS NUMBER OF RESPONSES 
FOR RATINGS 

1 2  3 4

Nonsimultaneous Median Nerve Stimulation: 
3 repeated measurements on right & 
left median nerves (randomized for order 
of right or left)

5

Five Generators: 1 - Erb’s point; 2 - 
cervical spine; 3 - brain stem & thalamus;
4 - primary sensory cortex ipsilateral; &
5 - primary sensory cortex contralateral

5

Common reference: midforehead 5

Ground: forearm 5

Impedance: <  5 kilohms 1 4

Stimulus repetitions: 256 1 4

Filters: low - 30, high - 3000 for 
generators 3, 4, & 5; low - 30, high - 
750 for generators 1 & 2

1 4

Electrodes: paired (2) and skin- 
surface silver metal cups (8)

5

Placement of electrodes: wrist - between 
palmaris longus & flexor carpi radialis 
tendons; cortex - CP3 & CP4; occipital 
protuberance - Oz; cervical spinal cord - 
5th cervical vertebra interspinous space; 
brachial plexus - right & left Erb’s 
point; & forehead reference - Fz

5

Subjects: 52 healthy volunteers (26 males & 
26 females); ASA I or II classification 
(see Appendix A) between ages of 18 - 60

1 4

Note: 1 = not relevant; 2 = unable to assess relevance without item revision or item 
is in need of such revision that it would no longer be relevant; 3 =  relevant but could 
have minor alterations and still be relevant; 4 =  very relevant and succinct.
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Responses of Open Ended Items

Areas omitted from the protocol. Three experts responded that the protocol 

appeared complete and that nothing had been omitted. One expert recommended that 

reliability of the Bio-logic instrument should be established by a calibration pulse run 

through the system instead of connecting humans to the system. This expert stated,

" The latency and amplitudes of EPs collected from humans over time will be 

expectedly ’noisy’. That is, electrophysiological interference (e.g. EMG activity) will 

affect the amplitudes and latencies of the EPs."

Measurement of vital signs as part of the research protocol? Give a brief 

rationale of vour answer. Four of the experts stated that skin temperature is an 

important measure to include because the skin temperature of limbs affects the 

peripheral conduction velocity of the nerve and can alter EP outcome. One expert 

stated that measurement of vital signs in healthy volunteers would only give 

unnecessary extra data.

Further comments in regards to the protocol. None of the experts included 

further comments.
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Precision Assessment

To test the second research question, a repeated measures ANOVA full model 

with GLM procedure was used to analyze the measurements of the dependent 

variables (latency, interwave latency, and amplitude) for reliability of median nerve 

SSEPs measurements across five generators.

The measurements of the five generators for all 52 subjects were first 

computed according to means and standard deviations of the latency, interwave 

latencies, and amplitudes (see Table 4).

The precision of the Bio-logic Evoked Potential Instrument was assessed 

through replication (repeated measures). According to DeKeyser and Pugh (1990), 

duplicate measurements are a method of determining reliability. Precision is seen as 

the amount of reproducibility, repeatability, and consistency between measurements 

(DeKeyser & Pugh, 1990). Coefficient of variation can be used as an expression of 

the precision (reliability) of an instrument. The coefficient of variation is calculated 

by dividing the standard deviation by the mean (coefficient of variation = standard 

deviation / mean) (DeKeyser & Pugh, 1991). Using the mean and standard deviations 

for latency (milliseconds), interwave latency (milliseconds), and amplitude 

(microvolts) measurements across the five generators, coefficients of variation were 

determined to further assess the precision of the Bio-logic Instrument (see Table 5). 

Precise measurements are those with a small coefficient of variation (Hulley & 

Cummings, 1988). Each variable across the five generators showed small coefficients 

of variation.
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Table 4

Means and Standard Deviations of Latency. Interwave Latency, and Amplitude bv 

Generators

Generator Variable Mean SD Min Max

Erb’s Point Latency 9.62 0.85 7.68 12.80

Interwave Latency 1.53 0.38 0.59 3.35

Amplitude 4.07 2.72 0.22 13.70

Fifth Cervical Spine Latency 12.11 1.10 8.67 14.97

Interwave Latency 2.68 1.01 0.79 5.71

Amplitude 1.64 1.01 0.01 6.50

Brain Stem & Latency 13.48 0.74 11.62 15.37

Thalamus Interwave Latency 2.95 0.85 0.98 5.52

Amplitude 1.87 1.06 0.25 7.21

Ipsilateral Cortex Latency 19.03 1.04 16.15 21.67

Interwave Latency 4.12 1.24 1.38 8.67

Amplitude 2.16 1.09 0.10 6.12

Contralateral Cortex Latency 19.27 0.93 16.55 21.87

Interwave Latency 3.60 1.12 1.38 8.08

Amplitude 1.36 0.88 0.03 5.08

Mote: St) =  standard deviation; min = minimum: max =  maximum.
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Table 5

Coefficients of Variation for Latency. Interwave Latency, and Amplitude 

Measurements bv Generators

Generator Variable Coefficient of Variation

Erb’s Point Latency 0.09

Interwave Latency 0.25

Amplitude 0.67

Fifth Cervical Spine Latency 0.09

Interwave Latency 0.38

Amplitude 0.62

Brain Stem & Thalamus Latency 0.06

Interwave Latency 0.29

Amplitude 0.57

Ipsilateral Cortex Latency 0.06

Interwave Latency 0.30

Amplitude 0.51

Contralateral Cortex Latency 0.05

Interwave Latency 0.31

Amplitude 0.65
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All five generator measurements fell within the normal distribution for latency 

(see Figures 8a, 8b, 8c, 8d, & 8e) and interwave latency (see Figures 9a, 9b, 9c, 9d, 

& 9e). With the amplitude measurements (see Figures 10a, 10b, 10c, lOd, & lOe), 

the results were skewed to the left of a normal distribution curve.

FREQUENCY
OF LATENCYMEASUREMENTS

7.50 8.50 0.50 10.50 11.50 12.50
8.00 9.00 10.00 11.00 12.00 13.00

LATENCY (msec)

Figure 8a. The graph of distribution for latency according to the Erb’s point 

generator site from the study results.
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FREQUENCY
OF LATENCY MEASUREMENTS 

70t---------------------------
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8.50 9.50 10.50 11.50 12.50 13.50 14.50
9.00 10.00 11.00 12.00 13.00 14.00 15.00

LATENCY (msec)

Figure 8b. The graph of distribution for latency according to the fifth cervical spine 

generator site from the study results.
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FREQUENCY
OF LATENCY MEASUREMENTS 
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Mean »13.48  
N = 312.00

11.50 12.50 13.50 14.50 15.50
12.00 13.00 14.00 15.00
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Figure 8c. The graph of distribution for latency according to the brain stem and 

thalamus generator site from the study results.
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FREQUENCY
OF LATENCY MEASUREMENTS
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Figure 8d. The graph of distribution for latency according to the ipsilateral cortex 

generator site from the study results.
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FREQUENCY
OF LATENCY MEASUREMENTS 
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Figure 8e. The graph of distribution for latency according to the contralateral cortex 

generator site from the study results.
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OF INTERWAVE LATENCY MEASUREMENTS 
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Figure 9a. The graph distribution for interwave latency according to the Erb’s p< 

generator site from the study results.
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FREQUENCY
OF INTERWAVE LATENCY MEASUREMENTS 
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Figure 9b. The graph of distribution for interwave latency according to the fifth 

cervical spine generator site from the study results.
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FREQUENCY
OF INTERWAVE LATENCY MEASUREMENTS 
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Figure 9c. The graph of distribution for interwave latency according to the brain 

stem and thalamus generator site from the study results.
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FREQUENCY
OF INTERWAVE LATENCY MEASUREMENTS
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Figure 9d. The graph of distribution for interwave latency according to the ipsilateral 

cortex generator site from the study results.
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Figure 9e. The graph of distribution for interwave latency according to the 

contralateral cortex generator site from the study results.
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Figure 10a. The graph of the skewed distribution for amplitude according to the 

Erb’s point generator site from the study results.
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Figure 10b. The graph of the skewed distribution for amplitude according to the fifth 

cervical spine generator site from the study results.
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Figure 10c. The graph of skewed distribution for amplitude according to the brain 

stem and thalamus generator site from the study results.
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Figure 10d. The graph of the skewed distribution for amplitude according to the 

ipsilateral cortex site from the study results.
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Figure lOe. The graph of the skewed distribution for amplitude according to the 

contralateral cortex site from the study results.
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Latency. The ANOVA full model with GLM procedure (see Table 6) for the 

latency measurement with the Bio-logic Instrument computed an F Value (88, 1471) 

of 369.22, p =  0.0001. At the 0.05 level of significance (0.0001 < 0.05), the 

results were statistically significant. The R-Square (R2) computed for the GLM 

procedure for latency was 0.96. The result showed statistical support for the Bio

logic Instrument as a precise instrument for measurement of evoked potential latency. 

The R2 of 0.96 suggests that 96% of the variance proportion in the dependent variable 

can be accounted for or explained by a group of independent variables. The 

coefficients of variation for latency measurements ranged from 0.05 to 0.09. The 

Bio-logic Instrument was precise for latency measurements with small coefficients of 

variation.

A full model ANOVA with GLM procedure for Type III was computed to 

assess which variable was a significant source. For data with no missing cells and 

with a significance level of 0.05, the type III Sum of Squares (SS) with the GLM 

procedure was recommended by the SAS User’s Guide (1990) for linear regression. 

One source of significance was the generator variable. Each generator had a different 

mean value (see Table 4). This result was confirmed by a test for contrast for linear 

trends in generators, where the results were statistically significant with an F value of 

672.48 and p =  0.0001.

Following the computation of significant results with the ANOVA full model 

with a GLM procedure, a Scheffe’s test, a conservative post hoc test, was computed 

to see if differences existed between the generator variables (see Table 7). All five
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generators were significantly different.

Table 6

Repeated Measures ANOVA Full Model with GLM Procedure for Latency

Source DF SS MS E S

Model 88 23309.66 264.88 369.22 0.0001

Error 1471 1055.31 0.72

Corrected Total 1559 24364

R-Square CV Root MSE Latency Mean

0.96 5.76 0.85 14.70

Table 7

Scheffe’s Test for Variable: Latency

Scheffe Grouping Generator Mean

A Contralateral Cortex 19.27

B Ipsilateral Cortex 19.03

C Brain Stem & Thalamus 13.48

D Fifth Cervical Spine 12.11

E Erb’s Point 9.62
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Interwave Latency. The ANOVA full model with GLM procedure (see Table 

8) for the interwave latency measurement with the Bio-logic Instrument computed an 

F Value (88, 1471) of 17.23, p =  0.0001. At the 0.05 level of significance (0.0001 

< 0.05), the results were statistically significant. The R2 computed for the GLM 

procedure for interwave latency was 0.51. The R2 indicated that 51% of the variance 

proportion could be explained. A full model ANOVA for Type in  SS with the GLM 

procedure was computed to assess which independent variable was a significant 

source. The generator variable was a significant source. This result was confirmed 

by a test for contrast for linear trends in generators, where the results were significant 

with an F value of 71.36 and p = 0.0001. The coefficients of variation for interwave 

latency measurements ranged from 0.25 to 0.38. With small coefficients of variation, 

the Bio-logic Instrument was precise in the measurements of interwave latency.
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Table 8

Repeated Measures ANOVA Full Model with GLM Procedure for Interwave Latency

Source DF SS MS F B

Model 88 1355.13 15.40 17.23 0.0001

Error 1471 1315.00 0.89

Corrected Total 1559 2670.13

R-Square CV Root MSE Interwave Latency Mean

0.51 31.76 0.94 2.98

Amplitude. Since the amplitude findings were skewed to the left on the 

distribution curve, the natural log was computed for the amplitude measurements for 

statistical reasons not to normally distribute the findings but to normally distribute the 

residuals.

The ANOVA full model with GLM procedure for the log amplitude 

measurements (see Table 9) computed an F Value (88, 1471) of 12.93, p = 0.0001. 

At the significance level of 0.05 (0.0001 <  0.05), the results were statistically 

significant. The R2 computed for the GLM procedure for log amplitude was 0.44. 

The R2 value suggests that 44% of the variance proportion can be explained. A full 

model ANOVA for Type HI SS with the GLM procedure for amplitude on a log scale 

was computed to assess all variables for significance. The generator source was the 

only significant source. This result was confirmed by a test for contrast for linear
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trends in generators, where the results were significant with an F value of 21.08 and 

2 =  0.0001. The coefficients of variation for amplitude measurements ranged from 

0.51 to 0.67. The Bio-logic Instrument was determined to be precise in the 

measurement of amplitude with small coefficients of variation.

Two outliers with extremely low amplitude measurements were found within 

the amplitude results. The two results (0.01 mA and 0.03 mA) were from different 

generators and different subjects. A second analysis was done with the two outliers 

removed and the basic results were unchanged.

Table 9

Repeated Measures ANOVA Full Model with GLM Procedure for Log Amplitude

Source DF SS MS F E

Model 88 386.94 4.40 12.93 0.0001

Error 1471 500.37 0.34

Corrected Total 1559 887.31

R-Square CV Root MSE Log Amplitude Mean

0.44 109.72 0.58 0.53

Gender Assessment

To test the third research question, a repeated measures ANOVA full model 

with GLM procedure was used to analyze if a difference existed with median nerve
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SSEP measurements between males and females.

After the ANOVA was computed for each dependent variable (latency, 

interwave latency, and amplitude), a separate analysis was computed for gender. The 

test of hypothesis using full model ANOVA with GLM procedure - Type in MS for 

subject (order*gender) as an error term was computed. With the latency variable, 

gender was statistically significant: F value of 25.27 with p = 0.0001 (see Table 

10). Yet, no statistically significant values were found with gender for interwave 

latency. With log amplitude, gender again produced statistically significant results: F 

value of 10.23 with p = 0.0024 (see Table 11). For graphic results of latency and 

amplitude see Figures 11 and 12.
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2 5
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Male
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Figure 11. Mean Latency by Gender and Generator.

Table 10

Latency (msec) bv Gender

Generators Females Males

Erb’s Point 9.03 10.20

Fifth Cervical Spine 11.99 12.22

Brain Stem & Thalamus 13.26 13.70

Ipsilateral Cortex 18.95 19.10

Contralateral Cortex 18.99 19.54
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Figure 12. Mean Log Amplitude by Gender and Generator.

Table 11

Log Amplitude (uV) bv Gender

Generator Female Male

Erb’s Point 1.42 0.93

Fifth Cervical Spine 0.49 0.10

Brain Stem & Thalamus 0.68 0.27

Ipsilateral Cortex 0.69 0.55

Contralateral Cortex 0.14 0.07
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Arm Length to Poststimulus Latency Assessment

To test the fourth research question, an analysis of covariance (ANCOVA) was 

computed to determine if a relationship existed between a categorical variable (arm 

length) and a continuous outcome variable (poststimulus latency at Erb’s point). The 

mean arm length was considered a constant variable while the poststimulus latency 

variable changed.

The ANCOVA with GLM procedure (see Table 12) for the poststimulus 

latency measurement (dependent variable) with arm length as a covariate computed an 

F value (3, 48) of 19.47, p =  0.0001. At the 0.05 level of significance (0.0001 < 

0.05), the results are statistically significant. The R2 computed for the GLM 

procedure for poststimulus latency with arm length as a covariate was 0.55. The R2 

of 0.55 suggests that 55% of the variance in the dependent variable can be explained 

by the covariate.
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Table 12

ANCOVA with GLM Procedure for Latency: Arm Length as Covariate

Source DF SS MS F a

Model 3 18.77 6.26 19.47 0.0001

Error 48 15.42 0.32

Corrected Total 51 34.20

R-Square CV Root MSE Latency Mean of Erb’s Point

0.55 5.89 0.57 9.62

The dependent variable and the covariable were closely related and exhibited a 

linear relationship. The poststimulus latency increased as the mean arm length 

increased. Since gender was a significant variable for the ANOVA with the GLM 

procedure for latency, gender was also considered and adjusted for the effect of arm 

length. An interaction effect between the two variables: arm length and gender (the 

effect of one variable depended on the level of the other variable) was tested with the 

GLM procedure Type I SS to determine the slope of the regression lines (SAS, 1990). 

The analysis computed a p =  0.25 >  0.05, meaning that the slopes were parallel and 

that the interaction was not significant.

The GLM procedure - Type III SS was computed for one variable (arm length) 

when the other variable (gender) was removed from the model. The computed F 

value of 0.24 was small compared to the F value (29.94) in the Type I SS. The
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results (g = 0.63) were not statistically significant.
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CHAPTER V 

DISCUSSION AND RECOMMENDATIONS 

Discussion

This study sought to examine a research protocol for measuring SSEPs of the 

right and left median nerves and to examine an evoked potential neurophysiologic 

monitor. The purpose of this study was to assess the validity of a nonsimultaneous 

method measuring SSEPs of the right and left median nerves on healthy adult 

volunteers in a controlled environment. A panel of seven experts was contacted to 

assess the research protocol for measuring the SSEPs. Reliability was assessed 

through nonsimultaneous repeated measurements of SSEPs using the Bio-logic Evoked 

Potential System. The sample (52 subjects) consisted of two equal groups: males and 

females. The study also assessed if a difference existed in the measurements of 

SSEPs between males and females. Also, the study sought to determine if a 

relationship was present between the length of the arm and the poststimulus latency. 

Content Validity Accuracy

Content validity is the determination of the content representiveness or content 

relevance of the elements/items of an instrument (Lynn, 1986). According to Lynn’s 

table of proportions of experts agreeing on the content validity of an item, five or 

fewer experts must all agree on the content validity for their rating to be considered a 

reasonable representation to establish content validity beyond the 0.05 level of 

significance (Lynn, 1986). According to Waltz and Bausell (1981), the actual content 

validity index was the proportion of items that received a rating of 3 or 4 by the
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experts on a scale of 1 through 4.

Following a review of the literature and consultation with an expert, the 

research protocol for measurement of SSEPs on the right and left median nerves for 

this study was designed by the investigator. Ten items for content validity assessment 

were selected from the research protocol. After reviewing the literature, the items 

from the protocol appeared relevant to individual clinicians when measurements were 

conducted. Ten items selected from the protocol content as being relevant to the 

measurement protocol were assembled in a table format for evaluation.

The results of the assessment of the research protocol content demonstrated 

that the step by step method for measuring SSEPs designed by the investigator was a 

content valid approach. A one hundred percent agreement on each item with the 

rating of 3 (relevant but could have minor alterations and still be relevant) or 4 (very 

relevant and succinct) was reached by the five experts (three Ph.D.s and two EP 

technicians) who responded to the revised items for content validity assessment. The 

investigator provided all information requested by the two M.D.s. The two M.D.s 

did not return a response to either the first or the revised content validity assessments.

Techniques for measuring SSEPs are individualized by different clinicians 

from multiple institutions. Following telephone conversations and/or FAX 

correspondence, the investigator was enlightened as to how different each expert 

defined his SSEP measurement protocol. After explaining the investigator’s 

credentials and reasons for the content validity evaluation, five of the experts 

responded by agreeing that the investigator’s protocol had content validity for the
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measurement of median nerve SSEPs. The remaining two experts (M.D.s) did not 

respond with the final evaluation provided.

In the future, the investigator could expand the content validity evaluation to 

include the entire research protocol, not limiting the evaluation to ten items. Even 

with busy schedules, the five experts who responded were extremely helpful after 

personal contact with the investigator was established. Personalization of the process 

made a difference with the five experts that responded. Correspondence through a 

E-mail and the postal service was the only source of contact with the two M.D.s.

The type of correspondence seemed to be a factor for return of responses. Comments 

made by the experts produced ideas for secondary analyses of the data (i.e., 

calculation of conduction velocity and relationship between skin temperature and 

conduction velocity) and for future research endeavors (i.e., heating the limbs to a 

certain skin temperature before measurement and effects of new anesthetic agents on 

SSEPs).

Precision of the Bio-logic Instrument

The results of this study demonstrated precision of the Bio-logic Instrument for 

the measurement of evoked potential latency in healthy volunteers, where 96% of the 

variance can be explained. The generator variable (five generators: Erb’s point, fifth 

cervical spine, brain stem and thalamus, right sensory cortex, and left sensory cortex) 

results computed to be a statistically significant source of variance. The generator 

results for latency and interwave latency increased as the distance from the electrical 

stimulus site increased. The results for latency and interwave latency were
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predictable due to the theory of normal neurophysiology. As the electrical stimulus 

travels the nerve pathway, each generator source has a different value (see Table 4) 

due to the distance away from the original stimulus site (median nerve) and due to the 

normal propagation of the neural transmission response to stimulus.

For interwave latency, the study results demonstrated precision of the 

Bio-logic Instrument for this measurement in healthy volunteers, where 51% of the 

variance could be explained. Again, the generator variable was a significant source 

of variance. The interwave latency measurement decreased as the distance from the 

stimulus site increased. But according to the R2 analysis, latency measurements 

(0.96) were a more precise measure by the Bio-logic Instrument than interwave 

latency (0.51). According to the literature and the study results, latency was the most 

precise and clinically relevant measurement.

The measurement of latency and interwave latency should be consistent, 

because two markings and labels made on the same waveform are used to calculate 

the interwave latency. This finding posed two questions: (1) Does the increased 

markings by the investigator result in interperson variability? and (2) Are there any 

physiologic or genetic responses that can increase unexplained variability for 

interwave latency and not latency? The factor that the investigator considered to 

cause such a difference in R2 was the number of markings and labeling. For latency, 

one subjective mark and label was made by the investigator. Two subjective marks 

and labels were made for calculation of the interwave latency, thus increasing the 

chance of interperson variability and random error. In healthy adults, no physiologic
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or genetic causes for increasing the unexplained variability of only interwave latency 

could be found in the literature.

For amplitude, the results varied from generator to generator. According to 

Cooper and Stirt (1989), the signal strength fades as the distance it travels increases. 

This results in a relatively lower voltage and, therefore, a lower amplitude. The 

study results for amplitude measurement by the Bio-logic Instrument demonstrated 

that 44% of the variance could be explained and the normal distribution of amplitude 

was skewed to the left. According to Chiappa (1990), amplitudes have a much 

greater variation in results than latencies when obtained from normal subjects. Also, 

amplitudes are more likely than latencies to have a non-Gaussian (non-normal) 

distribution (Chiappa, 1990). Amplitude measures demonstrate a steeper curve on the 

low-amplitude side than on the high-amplitude side (Chiappa, 1990). For statistical 

analysis, the natural log of the amplitude measurements was computed not to normally 

distribute the findings but to normally distribute the residuals. The term residual is 

the error variance and provides a measure of experimental error.

The measurement of amplitudes within this study showed a wide variation 

among the 52 subjects with two results so low that they were considered to be 

outliers. Also, the results were not normally distributed, but skewed to the low 

amplitude side for all five generators. Amplitude measurements across the five 

generators varied. Amplitude should decrease as travel distance from the signal 

increases; but in this study, the amplitude measurements had wide variation across the 

generators. Thus, the amplitude results are a less useful interpretive tool clinically
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because of the greater variation in results obtained from normal subjects. This 

finding supported the R2 analysis where 44% of the variance could be explained. 

During surgery, the patient serves as his own control, so each amplitude measurement 

is compared to the individual’s baseline measurement and not to a normal standard.

The Bio-logic Instrument was precise for repeated measurements of SSEPs on 

the right and left median nerves with consistent results for latency, interwave latency, 

and amplitude across five generators. Following the repeated measurements, the 

means and standard deviations were calculated for each variable across all generators. 

Next, coefficients of variations were determined from the means and standard 

deviations. The Bio-logic System was determined to be a precise instrument for the 

measurement of SSEPs according to repeated measures, R-Square calculations, and 

coefficients of variation. The study results increase the credibility of future SSEP 

measurements with the Bio-logic Instrument for both the clinical and the research 

areas.

Gender Differences

The study results showed a difference between males and females with 

statistical significance for the measurements of latency and amplitude. The mean 

latencies for all five generators (see Table 9) were computed as shorter latencies for 

females as compared to males. Yet, the female group had greater mean log 

amplitudes for all five generators (see Table 10) when compared to the male group. 

The study found no significant differences in interwave latencies between males and 

females. The effect of differences in body size on the interwave latencies is small
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enough that it can be disregarded (Chiappa, 1990). The statistical results of the 

gender differences were supported by the physiological theory that females as a group 

have smaller body sizes than males.

Gender differences were found to be statistically significant for the general 

characteristics of height, arm length, and stimulus. The female group was shorter in 

height, had shorter arm lengths (i.e., nerve lengths), and required less stimulus (mA) 

to produce a thumb twitch. The height and arm length differences are physical 

characteristics explained by physiological gender differences in body size. The 

difference in stimulus could be explained by the difference in hand and wrist 

structures: larger muscle, bone, tendon, and ligament development in males. These 

larger developed structures can provide impedance to flow of the stimulus, resulting 

in a need for a greater stimulus to produce a thumb twitch.

Skin temperature was not statistically significant. The temperature range for 

both groups fell within the normal range as suggested by Chiappa (1990). Skin 

temperature measurement was suggested by several panel experts, since the 

temperature of the limbs affects the peripheral conduction velocity of the nerve and 

can alter evoked potential outcome.

Relationship Between Arm Length and Latency

The results of the study also supported the theory that as nerve length 

increases so does latency as measured at Erb’s point, but the results were not 

statistically significant, even when the gender variable was analyzed for an interaction 

with arm length. According to the t-tests on the demographic characteristics, arm
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lengths were significantly different based on gender. The female subjects had shorter 

arm lengths than the male subjects. Arm length is not clinically relevant 

intraoperatively since the subject serves as his or her own control. But in the 

diagnostic area, the measurement of arm length becomes relevant when comparing 

abnormal neurologic results to normal data at an institution.

DeLisa et al. (1994) indicated that with upper limb SSEP measurements, 

latency results vary with arm length; therefore, arm length must be measured and 

recorded. Other sources in the literature report less concern with arm length in upper 

limb EPs. Thus, the relevance of arm length measurements remains unclear. The 

findings from this study showed increases in latencies as the arm length (nerve length) 

increased, but the analysis was not statistically significant. The results are supported 

by normal neurophysiology, where time for the signal increases with greater distances 

to the generator site.

Implications for Nursing Practice 

Electrophysiologic monitoring of the nervous system allows noninvasive 

assessment of the functional integrity of neural structures when clinical neurologic 

assessment is severely limited or impossible because of anesthesia or other altered 

states of consciousness (Gmndy, 1995). Since loss of the central nervous system 

neurons’ specialty function of electrical conduction is affected before permanent 

structural damage occurs to the cell, monitoring for change in the electrical function 

of the neuron serves as an early indicator of an impending threat to cell viability (J.A. 

Katz, personal correspondence, September 3, 1997). Monitoring the nervous system
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has become an essential and indispensable component of some operations on the 

central nervous system, an important tool to facilitate the surgical procedures, and a 

mechanism to improve surgical outcomes.

Monitoring devices provide multiple physiologic data to clinicians, who must 

then critically interpret the information to treat the patient and make therapeutic 

decisions. Investigators and clinical evaluators are highly dependent upon the quality 

and characteristics of this recording equipment (Nuwer, 1986). Inherent to the use of 

monitoring technology is the need for accuracy and precision of the measuring 

instrument. Intraoperative monitoring is based on the principle that EPs reflect 

moment to moment functional integrity of the monitored neural pathway, i.e., the 

ability of the pathway to conduct signals (Deletis, 1994).

Evoked potentials, specifically somatosensory evoked potentials (SSEPs), are 

defined as the electrophysiologic responses of the nervous system to stimulation of 

specific sensory neural pathways. Somatosensory evoked potentials (SSEPs) reflect 

the functional integrity of specific pathways, serve as indicators of the function in 

adjacent structures, and provide information about neurologic function. The length of 

the neural tract involved makes the SSEP potentially one of the most widely usable 

monitors because of the many neural structures that can be assessed (peripheral 

nerves, plexus components, spinal cord tracts, brain stem structures, and sensory 

cortex) (Sloan, 1997). Because general anesthesia prevents patient participation in 

assessment of somatosensory pathways (i.e., pain or loss of sensation), there is a 

growing need to develop noninvasive methods and instruments to monitor the integrity

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



117

of these neural pathways intraoperatively to prevent irreversible neurologic damage 

during surgery. The nurse anesthetist can collaborate with the intraoperative 

monitoring technician and the surgeon to plan, implement, and adjust the anesthetic 

for each individual for a safe neurologic environment. According to the results of 

this study, the latency measurements can be used with the greatest confidence to note 

changes in nerve conduction intraoperatively. While interwave latency and amplitude 

are measured intraoperatively, their measurements did not result in the same level of 

confidence as the latency measurements in this study.

Conceptually, recording SSEPs may be valuable whenever pathways amenable 

to SSEP monitoring are at risk; deteriorating neurologic function will be detected 

early, so that the surgeon and/or anesthetist can intervene to optimize function and 

minimize the possibility of permanent damage to the nervous system. The surgeon 

may need to stop manipulation or compression of the sensory pathway or abandon the 

surgical procedure. The anesthetist may decrease or discontinue the anesthetic 

technique to optimize recordings at critical monitoring periods. If the clinician does 

not have an accurate protocol prior to going into the hostile environment of the 

operating room, where multiple variables can affect the measurement of evoked 

potentials, how can the clinician be sure that the measurements are accurate and 

precise in regards to the functional integrity of the nerve pathway? With 

documentation of a normal data base for the Bio-logic Instrument at the University of 

Cincinnati Medical Center, research can be conducted on the effects of other variables 

(i.e., new anesthetic agents) introduced in the operating room environment.
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Application of the Theoretical Perspective 

The mechanism underlying evoked potentials is the normal physiologic theory 

of nerve conduction. Neurons transmit information via electrical currents, generated 

by changes in the permeability of the neural cell membrane to specific ions. As the 

current flows across the cell membranes, potentials can be recorded. Somatosensory 

evoked potentials are generated by applying an electrical stimuli to an extremity 

nerve. The propagated nerve action potentials elicited by this electrical stimulus can 

be recorded. Application of a sensory stimulus (i.e., electrical stimulus) results in an 

afferent nerve impulse that can be detected by appropriately placed surface electrodes. 

Evoked potentials are used intraoperatively to monitor the integrity of specific sensory 

pathways and are small amplitude responses to a specific stimulus that are pathway 

specific. The waveforms of EPs represent potentials from specific neural generators. 

Somatosensory evoked potentials evaluate functional integrity of ascending sensory 

pathways.

Results of this study supported the theory of normal nerve conduction. Using 

healthy adult volunteers, the study results produced waveforms consistent with the 

potentials from five specific neural generators: Erb’s point, fifth cervical spine, brain 

stem and thalamus, right sensory cortex, and left sensory cortex. The evoked 

responses showed positive and negative reflects as noted by Guyton and Hall (1996). 

The generator variable was a significant source of variance for each dependent 

variable: latency, interwave latency, and amplitude. The normal neurophysiological 

theory supports the study results: as the electrical stimulus travels along the nerve
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pathway, each generator has a different measurement of latency and amplitude due to 

distance from the original stimulus site and due to the normal propagation of the 

neural response to the stimulus. The Scheffe’s test also supported the results that 

each generator was significantly different. Within this study, as the stimulation at the 

median nerve crossed the five generators, the test for linear trends in generators 

showed progression in a normal sequence along the nerve pathway from the median 

nerve stimulation to the cerebral cortex.

The complex statistical results not only answered the four research questions, 

but also inadvertently tested the physiologic theory used for this research. The 

research results were supported by the neurophysiological theory, and the theory for 

normal neurophysiology was supported by the research results.

Summary of the Findings 

Somatosensory evoked potentials are measures of neural function. Median 

nerve SSEPs are useful in the evaluation of a variety of disorders affecting the 

peripheral and central nervous systems. Investigators and clinicians are dependent 

upon the quality and characteristics of the recording equipment; as well as, the 

accuracy and precision of the monitoring instrument. An accurate and precise 

monitoring instrument can improve early recognition of abnormal or adverse fmdings, 

thus allowing the clinician the opportunity to intervene and affect outcomes positively.

The somatosensory evoked potential technique is considered indispensable for 

intraoperative evaluation and monitoring during anesthesia and surgical procedures of 

peripheral nerves and plexus regions because SSEPs allow direct testing of the
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function of several pathways, are sensitive enough to detect abnormalities, and 

provide evidence about the anatomical localization of an abnormality. According to 

the American Academy of Neurology (1990), considerable evidence favors the use of 

evoked potential monitoring as a safe and efficacious tool in clinical situations where 

there is significant nervous system risk.

This study assessed the content validity of a step by step measurement of 

SSEPS and reliability of the neurophysiologic evoked potential instrument used at the 

University of Cincinnati Medical Center. The study findings provided statistical 

results that the investigator’s method for SSEP measurements had content validity and 

the Bio-logic Instrument was a reliable monitor. Also, the results provided a normal 

data base for the Bio-logic Instrument at the University of Cincinnati. Each 

institution needs to establish normal data using their SSEP measurement technique, 

their instrument, and their population (Chiappa, 1990; Nuwer, 1986). Interpretation 

of EPs depend on recognition of reproducible characteristic patterns in the waveforms 

and comparison of quantitative measurements to measurements of EPs recorded from 

a population of normal subjects (Greenberg & Ducker, 1982; Grundy, 1995).

Limitations

Limitations to this study included the sample and threats to internal and 

external validity.

Sample

The sample size was determined following review of the literature, 

consultation with a statistician, and an analysis of power. The final determination
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resulted in a sample size of 52 subjects equally divided into two groups (26 males and 

26 females). These subjects, because of convenience sampling and the use of one 

institution for data collection, may not be representative of the total population. 

Internal Validity

Internal validity determines the extent to which the measurements of latency, 

interwave latency, and amplitude from SSEPS of the right and left median nerves in 

the two groups reflect the true variables. The single largest threat to the study’s 

internal validity was the instrumentation: the research protocol and the evoked 

potential instrument. According to Rubin (1987), two aspects of instrumentation that 

are important are the truth of the observation of the signal (accuracy or validity) and 

consistency of the observation of the signal (precision or reliability). The investigator 

assessed accuracy and precision of the neurophysiologic instrument by specific 

strategies as outlined in the study’s procedure.

Accuracy. Since no "gold standard" exists for comparison to the Bio-logic 

Instrument, accuracy of the research protocol used for measurement of SSEPS of the 

right and left median nerves was assessed by a panel of experts. Five experts, three 

Ph.D.s and two EP technicians, responded to the initial list of content relevant items 

and to the revised list on the second mailing. After reviewing and calculating the 

second responses, the percent agreement for the revised list of content relevant items 

was one hundred percent agreement for ratings of 3 (relevant but could have minor 

alterations and still be relevant) and 4 (very relevant and succinct). Bias could have 

been a limitation if the conscious or unconscious tendency of the experts was to
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hurriedly complete the CVI or to please the investigator by agreeing with the research 

protocol.

The Food and Drug Administration (FDA) approved this evoked potential 

instrument through the division of cardiovascular, respiratory, and neurological 

devices. The neurological device division establishes validity (safety and 

effectiveness) at fundamental levels depending on the intended use of the instrument 

(D. Spyker, personal correspondence, November 11,1997). The Bio-logic Instrument 

was cleared by the FDA for marketing under a Premarket Clearance [510(k)] which 

explicitly claims equivalence to an already marketed device using a side-by-side 

comparison. According to the Bio-logic Systems Corporation, validity of their 

instrument relates to the following: stimulus - the instrument stimulates at the 

frequency and current that it says it does; amplification - the instrument amplifies the 

signals that it says it does; and filtering - the instrument filters out the signals that it 

says it does (R. Rolfson, personal correspondence, May 5, 1997).

Calibration was an important assessment for accuracy of the Bio-logic 

Instrument to reduce nonrandom error (bias). According to Hulley and Cummings, 

the accuracy of an instrument, especially those that are mechanical or electrical, can 

be increased by periodic calibration using a "gold standard". Since the evoked 

potential instrument has no "gold standard" for comparison, the possibility of 

nonrandom error could have been a limitation. The Bio-logic Instrument was 

calibrated with a company manufactured calibrator and according to the method set by 

the company. The Bio-logic Instrument was calibrated on a daily basis before the
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start of measurements with the Precision Square Wave Calibrator as recommended by 

the Bio-logic Systems. Since calibration was not assessed before each individual 

subject’s measurements, nonrandom error could have been introduced.

Prior to the start of the data collection the instrument was tested for voltage 

accuracy and electrical leakage by the institution’s biomedical engineering department. 

Nonrandom error may have been a limitation if the biomedical engineering tools were 

not calibrated prior to testing of the research instrument.

Precision. The precision of the Bio-logic Instrument was assessed by repeated 

measures of SSEPs on the right and left median nerves. Using the mean and standard 

deviation for the latency, interwave latency, and amplitude measurements across the 

five generators, a coefficient of variation was determined for each dependent variable 

at each generator and an averaged coefficient of variation was calculated for each 

variable. The measurements by the Bio-logic Instrument showed consistency across 

the five generators with small coefficients of variation for the variables. Precise 

measurements are those with a small coefficient of variation (Hulley & Cummings, 

1988). The Bio-logic Instrument showed small averaged coefficients of variation for 

latency (0.07), interwave latency (0.31), and amplitude (0.60). Measurements of 

latency showed the smallest coefficient of variation, making this measurement the 

most precise of the three variables to be measured by the Bio-logic Instrument.

In the clinical area, each client serves as their own control. The degree of 

anxiety, muscle tension, and movement of each subject could increase the variability 

of the measurements and be a limitation in this study. Just the thought of receiving
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an electrical stimulus created anxiety in the individuals, even when volunteering for 

the study.

Nonsimultaneous measurements of the evoked potentials may have lead to 

errors in precision. This nonsimultaneous measurement may have introduced random 

error due to moment to moment variation of the responses. Three measurements with 

256 repetitions were taken on each median nerve. A single evoked potential 

technician with six years of experience secured electrodes according to the guidelines 

setup by the investigator. The investigator was the single data collector, thus 

avoiding inter-rater reliability problems. Intra-rater reliability was assessed prior to 

the study through training sessions including computer monitoring techniques and data 

acquisition, two pilot measurements, and comparison study involving data marking 

and labeling.

External Validity

The findings are limited to healthy volunteers between the ages of 18 and 60 

years and should not be generalized to other populations. This study focused on the 

assessment of validity and reliability of data from a neurophysiologic evoked potential 

instrument, using adult volunteers. The sample (total of 52 subjects) from a single 

institution limited the generalizability of the study’s findings. The fact that the 

analysis found the research protocol accurate for a step by step measurement of 

median nerve somatosensory evoked potentials and the Bio-logic instrument extremely 

precise for measurement of evoked potential latency and only moderately precise for 

measurement of interwave latency and amplitude raised questions for further research
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in this and other populations.

Recommendations for Further Study 

Based on the previously discussed limitations o f this study, replication of this 

study with changes in the research method could result in different findings.

Suggested changes in the method include: calibration with the Bio-logic Square Wave 

Calibrator (the method as recommended by the Bio-logic Systems) before each 

subject, each marking and labeling checked by an expert, paired subjects according to 

age groups, and two separate testings on each subject at different times. Future 

research studies might include SSEP measurements on neurologically healthy subjects 

while using different levels of a new anesthetic agent (such as remifentanil, 

sevoflurane, or desflurane) and a comparison between normal subjects and subjects 

with a diagnosed neurologic impairment.

The results of this study establish normative data for the neurophysiologic 

evoked potential monitoring team at the University of Cincinnati Medical Center.

Due to the individuality of measurement techniques and to use of different 

instruments, each institution must establish a bank of normative data for comparison 

and reference when measuring SSEPs on subjects with abnormal neurophysiology.

Prior to this study, no normative studies were documented at the investigator’s 

institution. With future research endeavor, the study results can be referenced for 

content validity of the research protocol used at the University of Cincinnati Medical 

Center and for the reliability of the Bio-logic Instrument. The study results can 

increase credibility of future SSEP research with the Bio-logic Instrument.
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UNIVERSITY OF CINCINNATI MEDICAL CENTER 
INSTITUTIONAL REVIEW BOARD 

NOTIFICATION FORM

PRINCIPAL INVESTIGATOR: W anda O. Wilson, CRNA, MSN

CO-INVESTIGATOR(S): Marilyn Sommers, RN, Ph.D.

PROTOCOL #98-1-22-2EE-"Asaesament of Validity and Reliability of an Evoked Potential 
Neurophysiologic Instrument"

XXX APPROVED

PATE: J a n u a r y  2 3 , 1998

1. If the study involves a  d u g , you must complete the Pharmacy Committee D u g  Information 
Sheet (available a t the In-Patient Pharmacy, University Hospital).

2. You a re  required to immediately report any adverse reactions or complications of the project to 
the Institutional Review Board.

3. An annual progress report form m ust be filed with the Institutional Review Board. If the 
progress report is not returned by the specified date, your department head will be notified.

4. There may be no change or addition to the project, or changes of the investitgators involved, 
without prior approval of the IRB.

5. If this protocol has not been initiated within two years of this date, you will be required to 
resubmit the study for reconsideration by the Institutional Review Board.

6. Notification of approval by the Institutional Review Board does not necessarily indicate 
approval by other committees of the Medical Center with the exception of Radiation Safety.

7. You are  required to modify this study, subject to IRB approval, if subsequent information 
regarding any d u g , device or procedure utilized in the study is received from the manufacturer 
or any other reliable source, tha t could reasonably increase or alter potential harm to subjects. 
The informed consent statem ent must be modified to include this new information or an 
addendum must be prepared a s  a  m eans to assure subject notification. In c a se s  where the 
subject has completed the study, the modification or addendum is only necessary  if the 
additional information received could impact the subjects in the future.

DHHS Assurance No. M1138 
Identification No. 01

*The attached consent has been approved by the IRB. Please copy this ICS docum ent and use for 
all subjects entered into the study.
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American Society of Anesthesiologist (ASA) Physical Status Classification

Class 1: A healthy patient.

Class 2: A patient with mild systemic disease.

Class 3: A patient with severe systemic disease that limits activity but is not 

incapacitating.

Class 4: A patient with an incapacitating systemic disease that is a constant threat to 

life.

Class 5: A moribund patient not expected to survive 24 hours with or without an 

operation.
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Department of Anesthesia 
University of Cincinnati Medical 
Center - University Hospital 
231 Bethesda Ave.
Cincinnati, Ohio 45267-0531 
December 20, 1997

Robert W. Keith, Ph.D.
Director of Audiology
University of Cincinnati Medical Center
231 Bethesda Ave.
Cincinnati, Ohio 45267-0528

Dear Dr. Keith:

Thank you for agreeing to be on a panel of experts to assess the content validity of 
my protocol using the Bio-logic Evoked Potential Instrument. I have included a copy 
of my research protocol, the Content Validity Index used for assessment, and the 
items from my protocol to assess. Also, I would appreciate any comments in regards 
to improving the protocol.

If you have any further questions, please contact me at  or by E-mail: 
. Thank you for your time and participation.

Sincerely,

Wanda O. Wilson, MSN, CRNA
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DATE:

CREDENTIALS:_________________________________________

INSTITUTION:_________________________________________

DEPARTMENT:__________________________________________

INSTRUMENT CURRENTLY USING:_________________________

ASSESSMENT OF CONTENT VALIDITY; Protocol for Somatosensory Evoked

Potentials on Median Nerves

Instrument: Bio-logic Evoked Potential System 

Version - 5.67, Model - 755 

Content Validity Index: 4-option rating scale

1 =  not relevant

2 = unable to assess relevance without item revision or item 

is in need of such revision that it would no longer be relevant

3 = relevant but could have minor alterations and still be relevant

4 =  very relevant and succinct

Please rate the following items from the research protocol using the content 

validity index.

Check the appropriate rating box and include any comments that you might have 

on the research protocol.
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Items for Content Validity Assessment

ITEMS RATINGS
______________________________________ 1 2  3 4

Nonsimultaneous Median Nerve 
Stimulation: 3 repeated 
measurements on right & left 
median nerves (randomized for 
order of right or left)

Five Generators: 1 - Erb’s point; 2 - 
cervical spine; 3 - brain stem & 
thalamus; 4 - primary sensory 
cortex ipsilateral; & 5 - primary 
sensory cortex contralateral

Common reference: midforehead

Ground: forearm

Impedance: < 5 kilohms

Stimulus repetitions: 256

Filters: low - 30, high - 3000 for 
generators 3, 4, & 5; low - 30, 
high - 750 for generators 1 & 2

Electrodes: paired (2) and skin- 
surface silver metal cups (8)

Placement of electrodes: wrist - 
between palmaris longus & flexor 
carpi radialis tendons; cortex - CP3 &
CP4; occipital protuberance - Oz; 
cervical spinal cord - 5th cervical 
vertebra interspinous space; brachial 
plexus - right & left Erb’s point; & 
forehead reference - Fz

Subjects: 52 healthy volunteers (26 
males & 26 females); ASA I or II 
classification (see Appendix A) 
between ages of 18 - 60
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Please identify any areas that you feel have been omitted from the protocol.

Should the measurement of vital signs (blood pressure, heart rate, respirations, skin 
temperature, and oxygen saturation) prior to SSEP measurements be included as part 
of the research protocol? Give a brief rationale of your answer.

Please include any further comments in regards to the protocol.
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SUBJECT #: DATE:

DEMOGRAPHIC DATA

Date of Birth: Sex:

Race: ASA Classification:

Height: Weight:

Smoking History:

Medical History:

Surgical & Anesthetic History:

Current Medications:

Notes:

Skin temperature
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RIGHT ARM LEFT ARM

MEASUREMENTS: MEASUREMENTS:

1 1

2 2

3 3

MEAN MEASUREMENT MEAN MEASUREMENT

VALUE: VALUE:
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RIGHT MEDIAN 

NERVE

LEFT MEDIAN 

NERVE

STIMULUS (mA)

LATENCY (msec) 

1

CHANNELS (N/P)

1 2 3 4 5

CHANNELS 

1 2 3

(N/P) 

4 5

2

3
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INTERWAVE

LATENCY

1

CHANNELS (N/P) 

1 2 3 4 5

CHANNELS (N/P)

1 2 3 4 5

2

3

CHANNELS 

1 2 3 4 5

CHANNELS 

1 2 3 4 5

AMPLITUDES (uV) 

1

2

3
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Calibration of the Bio-logic System 

Recommendations for Calibration by the Bio-logic System Corporation: All 

Bio-logic EP systems are calibrated before being sent to a customer (Bio-logic 

correspondence, 1997). An important test to run on the system is the amplitude 

calibration which makes sure that the physiologic signal which comes into the system 

is accurately reproduced by the system. One way to determine if the amplitude 

readings on the Bio-logic system are correct is to put a signal of a known amplitude 

and frequency into the system and measure the signal collected by the system. The 

Bio-logic precision square wave calibrator can be used to supply the known signal to 

the system.

Prior to connecting the calibrator to the system, the following parameters, as 

recommended by the Bio-logic Systems Corporation, should be set up in the EP 

program:

Gain: 20,000

Hi Filter: 3000

Lo Filter: 0.1

Notch Filter: out

Art. Reject: disabled

Points: 256

Window: 512

Max # of Stim: 1

Rate: 10.0
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The precision calibrator can be plugged into the headbox via the red wire into 

the Fz channel of the montage on the headbox. Select on the calibrator the 20 

microvolts calibrated pulse. Record one trial recording with all settings the same as 

for a routine patient or as recommended by the Bio-logic Systems Corporation for 

calibration recording.

With the software parameters set and the calibrator adjusted to a 20 microvolts 

level, collection can begin. After collecting the calibrated signal, the results can be 

saved to a disk for analysis and comparison. After saving the data to a disk, proceed 

to the analysis screen to analyze the wave which was collected. Once the calibrated 

signals are loaded use the cursors to measure the peak to peak amplitude of the 

signal. To measure the cursor is positioned near the rising edge of the positive peak 

and near the negative edge of the negative peak in order to get the best reading for 

the signal.

Next, take the value obtained for the positive square wave, S, and take the 

value obtained for the negative square wave, W, and add the two values. The two 

resulting values should be equal to 20 microvolts (Bio-logic Systems Corporation, 

personal correspondence, June 24, 1997; R. Clark-Bash, personal correspondence, 

November 18, 1997).
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SEEKING HEALTHY 
VOLUNTEERS

FOR PARTICIPATION IN A RESEARCH 
STUDY

Title of study: Assessment of Validity and Reliability o f an Evoked
Potential Neurophysio logic Instrument.

TtmcdUrSUm UtVm (n alsstcodi)

Contact: W anda Wilson, MSN, CRNA
(Principal Investigator)

 
Mail Location: 0531

Payments to Participants: Payment o f twenty-five dollars ($25) for an 
approximately 90 minnte participation in this study during one visit.
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T I T L E  O F  S T U D Y :

Assessment of Validity and Reliability of a Neurophysiologic Evoked Potential 
Instrument

Institutional Study Number Sponsor Study Number

INVESTIGATOR INFORMATION:

Wanda O. Wilson. CRNA. MSN  
Principal Investigator Name Telephone Number

INTRODUCTION:

Before agreeing to participate in this study, it is important that the following 
explanation of the proposed procedures be read and understood. It describes the 
purpose, procedures, benefits, risks, discomforts, and precautions of the study. It 
also describes alternative procedures available and the right to withdraw from the 
study at any time. It is important to understand that no guarantee or assurance can be 
made as to the results. It is understood that refusal to participate in this study will 
not influence standard treatment for the subject.

" I ______________________________________________________________, have been
asked to participate in a research study under the direction and supervision of Wanda 
O. Wilson, CRNA, MSN. Other professional persons associated with the study may 
assist her.

I will be one of approximately 52 subjects to participate in this study.

PURPOSE:

The purpose of this research study is to assess the validity and reliability of an evoked 
potential neurophysiologic instrument on healthy volunteer subjects between the ages 
of 18 and 60 years. The evoked potential neurophysiologic instrument measures the 
function of neural structures along the selected nerve pathway. The measurement 
procedure is noninvasive and routinely employed in clinical practice.

Duration:

My participation in this study will last for approximately 90 minutes. If there is a 
significant variance from the stated time period, I will be notified.
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PROCEDURES:

I have been told that during the course of the study, the following will occur: (1) 
demographic data will be obtained, (2) my arm skin temperatures and arm length will 
be measured, and (3) skin surfaces will be prepared and electrodes placed on each 
wrist, on each brachial plexus, over the fifth cervical vertebra interspinous space, on 
the occipital protuberance, on left and right lateral parietal cranium, on forehead for 
reference, and on the left forearm as a ground for measurements of evoked potentials. 
The order of measurements (whether right or left is measured first) has been 
randomized prior to data collection. Three repeated measurements will be obtained 
from each median nerve.

EXCLUSION:

I should not participate in this study if any of the following apply to me:
(1) if I am taking any pharmacological agents that act specifically on the central 
nervous system;
(2) history of psychiatric illness, senility, or other conditions that may impair my 
ability to provide informed consent;
(3) clinically significant abuse of substances (alcohol, illicit, or prescribed medication) 
such that I am unable to provide informed consent; and
(4) if I have had any previous surgery or past injury involving the central nervous 
system.

RISKS/DISCOMFORTS:

I have been told that the study described above may involve the following risks and/or 
discomforts:
(1) skin irritation after preparation of the sites for electrode placement with Nuprep;
(2) skin irritation from the Ten 20 paste used for the skin-electrode interface;
(3) discomfort and/or pain in the hand with the initial adjustment of the electrical 
stimulus; and (4) electrical shock with possible tissue damage.

I have been told that the following precautions and safeguards to reduce risks include:
(1) immediate removal of excess cleaning solution;
(2) immediate removal of paste from the skin following the measurements;
(3) slow gradual increase in stimulus intensity until the first thumb twitch is 
visualized; and
(4) prior to data collection, the Bio-logic instrument will be tested for voltage 
accuracy and electrical leakage by the institutional’s biomedical engineering 
department.

There also may be risks and discomforts which are not yet known.
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PREGNANCY:

If I am a woman and I am or should become pregnant, there is no risks to me or my 
fetus by participation in this study.

BENEFITS:

I have been told that the benefits of participating in this study will be that I will 
receive information regarding the assessment results, whether normal or abnormal, of 
my SSEP somatosensory evoked potentials on the right and left median nerves. My 
participation may help care practitioners better understand the validity and reliability 
the evoked potential neurophysiologic instrument.

CONFIDENTIALITY:

Every effort will be made to maintain the confidentiality of my records. Agents of 
the United Stated Food and Drug Administration and the University of Cincinnati will 
be allowed to inspect sections of my medical and research records related to this 
study. The data from the study may be published; however, I will not be identified 
by name. My identity will remain confidential unless disclosure is required by law.

FINANCIAL COSTS TO THE SUBJECTS:

Funds are not available to cover the costs of any ongoing medical care and I remain 
responsible for the cost of nonresearch related care. Tests, procedures, or other costs 
incurred solely for purposes of research will not be my financial responsibility. If I 
have questions relative to research participation, I may contact Wanda O. Wilson 

).

COMPENSATION IN CASE OF INJURY:

The University of Cincinnati Medical Center follows a policy of making all decisions 
concerning compensation and medical treatment for injuries occurring during or 
caused by participation in biomedical or behavioral research on an individual basis. If 
I believe I have injured as a result of research, I will contact Wanda O. Wilson  

 or Drs. Harry Rudney or Robert Baughman, Co-Chairs, Institutional 
Review Board, University of Cincinnati Medical Center . I understand 
that by signing this informed consent statement I am not waiving the right to seek any 
legal options to which I am entitled.
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PAYMENTS TO PARTICIPANTS:

I have been told that I will receive twenty-five dollars ($25) for my participation in 
this study according to the following schedule: after measurements of somatosensory 
evoked potentials on the right and left median nerves.

RIGHT TO REFUSE OR WITHDRAW:

I understand that my participation is voluntary and I may refuse to participate, or may 
discontinue my participation AT ANY TIME, without penalty or loss of benefits to 
which I am otherwise entitled. I also understand that the investigator has the right to 
withdraw me from the study AT ANY TIME. I understand that my withdrawal from 
the study may be for reasons related solely to me (e.g., not following study-related 
directions from the investigator; a serious adverse reaction) or because the entire 
study has been terminated. I understand the Sponsor has the right to terminate the 
study or the Investigator’s participation in the study at any time.

OFFER TO ANSWER QUESTIONS:

This study has been explained to my satisfaction by Wanda O. Wilson and my 
questions were answered. If I have any other questions about this study, I may call 
Wanda O. Wilson at .

If I have any questions about my rights as a research subject, I may call Drs. Harry 
Rudney or Robert Baughman, Co-Chairs, Institutional Review Board, University of 
Cincinnati Medical Center at .

IF RESEARCH RELATED INJURY OCCURS, I WILL CALL Wanda O. Wilson, 
Principal Investigator at  and Drs. Harry Rudney or Robert Baughman, 
Co-chairs, Institutional Review Board, University of Cincinnati Medical Center at 

PARTICIPATION IN ANOTHER STUDY:

Is the subject participating in another study? YES/NO If yes, please provide the 
Principal Investigator’s name and title of the study.

TITLE OF STUDY:
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INSTITUTIONAL STUDY NUMBER:

SPONSOR STUDY NUMBER:

I HAVE READ THE INFORMATION PROVIDED ABOVE. I VOLUNTARILY 
AGREE TO PARTICIPATE IN THIS STUDY. AFTER IT IS SIGNED, I WILL 
RECEIVE A COPY OF THIS CONSENT FORM.

Subject Signature Date

[ ] CHECK BOX IF VERBAL CONSENT OBTAINED BY INVESTIGATOR

Legal Representative Date

Signature of Person Obtaining Consent Date

Signature of Investigator Date

Witness Signature Date
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Results of Correlation Analysis

Keith 1 Wanda 1

Pearson Keith 1 1.000 .799*
Correlation Wanda 1 .799* 1.000

Significance Keith 1 .031
(2-tailed) Wanda 1 .031 •

N Keith 1 7 7
Wanda 1 7 8

Keith 2 Wanda 2

Pearson Keith 2 1.000 1.000**
Correlation Wanda 2 1.000** 1.000

Significance Keith 2 .000
(2-tailed) Wanda 2 .000 .

N Keith 2 7 7
Wanda 2 7 8

Note: ** =  Correlation is significant at the 0.01 level (2-tailed).

Keith 3 Wanda 3

Pearson Keith 3 1.000 .964**
Correlation Wanda 3 .964** 1.000

Significance Keith 3 .000
(2-tailed) Wanda 3 .000 •

N Keith 3 8 8
Wanda 3 8 8
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Keith 4 Wanda 4

Pearson Keith 4 1.000 1.000**
Correlation Wanda 4 1.000** 1.000

Significance Keith 4 .000
(2-tailed) Wanda 4 .000 •

N Keith 4 8 8
Wanda 4 8 8
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Printout of SSEP Measurement from Study Results
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A computer printout of an SSEP measurement taken from the study results. 

The EP waveforms were displayed on the computer monitor with a split screen. All 

five generator sites: Erb’s point, fifth cervical spine, brain stem and thalamus, 

ipsilateral cortex, and contralateral cortex were displayed. Amplitude (uV) and 

latency (msec) were labeled on the graphic display. Positive and negative markings 

were entered by the investigator for computer analysis.
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